3 . ) . . v

'CANADIAN THESES ON MICROFICHE .
- THESES CANADIENNES SUR MICROFICHE

-

l* National Library of Canada
Collections Development Branch

Canadian Theses on.

Microfiche Service sur microfiche

Ottawa, Canada
K1AON4

. NOTICE .

S

The quality of this microfiche is heavily dependént |

upog the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quality of reproductnon possuble

If. pages ‘are mtssmg, contact the umversnty which
granted the degree.

>

Some pages may have indistinct print espe’cially

_ if the original pages were typed with a poor typewriter

ribbon or if the university sent us a poor photcscopy.

L, s
‘

Previously copyrigpted matenals (Journa| artlcles :

publlshed tests, etc.) are not fllmed

Reproduction\ in full or in part of thjs fi'lm'ié gov-v ’
1970, .

erned by the Canadian Copyright Act, -R.S.C.
.C-30. Please read the authonzanon forms which
accompany this thesis. -

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-=339 (r. 82/08)

T

‘I.\S.B‘.N;

Bibliotheque nationale du Canada
Direction du développement 'des coliections

Service des théses canadlennes T

AVIS

La quallte de cette microfiche. depend grandement de
la qualité de la thése soumise au m;croﬂlmage Nous
avons - tout falt pour’ assurer ure ‘qualité supérieure

~

de reproductlon

S’iI‘ ,vmanque des ’pagés,_ veuillez- communiquer
avec l'université qui a conféré le grade.

La  qualité d'impression e cerfaines pages peut
laisser & désirer, surtout si les pages or|g|na|es ont été
dactylographiées & I'aide d’un ruban usé ou si I'univer-
sité nous a fait parvemr une pl)‘uotocople de mauvaise

quallte

Les documents quu font déja Iobjet d'un droit
d'auteur (articles de revue, _examens publles etc) ne
sont pas microfilmés. :

La. reproduction,‘ méme partieller,. de-ce microfilm

" ~gst_soumise a la Loi canadienne ‘sur le droit d‘auteur,

SRC 1970, c. C-30. Veuillez prendre connaissance des

- formules d’autorisation qui-accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
'NOUS L'AVONS RECUE

Canad"' "




s Ao A g e A A

.'( . 1 : e : . : ;
R . » _ H-315-0&6R8~ X
l* National Library- - . ifliothéque nationale. : o '
. --of Cahada. . . dy Canada » :
“ " Canadian Theses Division ~ Pivision des théses canadiennes ‘
N . s R . - N
. Ottawa, ,anada e 8 k
. K1ADN4 53948 .
. 'PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

e Please print or type — Ecrire en lettres moulées ou dactylograghier L { , . : :

Full Name of Author — Nom complet de I'auteur ) ‘

: JO.M R . 0‘3.‘ JWSGV\S .

-

Date éf Birth — Date\ de lr[\aissance C : - ' X Country of Birt.h ~— Lieu de naissance
Febo. 9, 195% Befg umm |
Permanent Address — Résidence fixe . _ ‘ ) ,
34, Schypshaak . o IR

| @32024? )'R'vdfu;euu\- SR | - : | o
 Begasn s |
Title of Thesis — Titre de la thése . o

" Gugost Brgophytes i Rodreen Borirpia; Their Poliosmriromsion- |

ok ond Pyrguruabicl Sgpimnes

view L A e R A AN

-
. - . Yo

’ ' ' ‘ " )
Uni;/ersity — Unive.rsité , .
Unudersidy of Albeto

-

‘ Degree for which thesis was presented — Grade pour lequel cette thése fut présentée

- PhD, BRI ‘

\

Year this degree conferred — Année d’'obtention de-ce grade  Name of Supervisor — Nom du directeur de these
QR | Or. D.H Ve S
» . . . . . .
Permission is hereby granted to the NATIONAL LIBRARY OF L'autorisation est, par la présenté',' accerdée a la BIBLIOTHE-
CANADA to microfilm this thesis and to lend. or sell copies of * QUE NATIONALE DU CANADA de microfilmer cette these et de
the film: : _ i . préter ou de vendre des exemplaires du film. ‘
The author reserves other publi_cationﬂ rights, and neither the L'auteur se réserve Ieséutrgs droits de publication; ni la these
. thesis nor extensive extracts.from it may be printed or other-" ~ ni de longs extraits de celle-ci ne doivent étre imprimés ou
wise reproduced without the author's. written permission. » : autrement reproduits sans "autorisation écrite de I'auteur.
¥
Date " Signature

o . -

J "/

7 Sepbember 30, 1921

t %
-5

NL-91 (4/77)



THE UNIVERSITY OF ALBERTA
SUBFOSSIL BRYOPHYTES IN EASTERN BERINGIA: THEIR PALEOENVIRONMENTAL AND
~ PHYTOGEOGRAPHICAL SIGNIFICANCE
i oy

@ JAN AP. JANSSENS

| ~ ATHESIS |
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
iN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE
' OF DOCTOR OF PHILOSOPHY

IN |
. BRYOLOGY

' | * DEPARTMENT OF BOTANY

EDMONTON, ALBERTA
1981 |



THE‘UNIVERSITY OF ALBERTA
. RELEASE FORM
NAME OF AUTHOR:

JAN AP. JANSSENS |
TITLE OF THESIS : ot

SUBFOSSIL BRYOPHYTES IN EASTERN BERINGIA THEIR PALEOENVIRONMENT AL -
AND PHYTOGEOGRAPHICAL SIGNIFICANCE

DEGREE FOR WHICH THESIS WAS PRESENTED DOCTOR OF PHI@OPHY
YEAR THIS DEGREE GRANTED 1981 - . - / »
Permission is hereby granted to THE UNIVERSITY OF ALBERTA LIBRARY to
reproduce single coples of this thesis and to lend or sell such copies for private,
* scholarly or scientific research purposes qnly'. L | \ ‘
- The author ‘reservles other publication rIght;, and rIeither the thesis nor

extensive extracts from it may be printed or'o;herwise reprodu‘lced' without the

author’s written p9rﬁ1§§sibn. "
L (SIGNED) s
PERMANENT ADDRESS:

8y, Sdufshmnt




THE UNIVERSITY OF ALE(SERTA
FACULTY QF GRADUATE STUDIES AND RESEARCH

‘ hThe undersngned certnfy that they have,read and recomrnend to the Faculty
of Graduate Studles and Research for acceptance, a thesis ent|t|ed SUEFOSSIL o )
BRYOPHYTES IN EASTERN BERINGIA THEIR PALEOENV|RONMENTAL AND
_\PHYTOGEOGRAPHICAL SIGNIFJGANCE submutted by JAN AP. JANSSENS in partial
© fulfilment oa‘ the re?mrements for the degree of DOCTOR OF PHILOSOPHY ‘in BRYOLOGY




ABSTRACT
Eight hundred and eighty two new subfossil records of bryophytes are reported The

specumens were. extracted from unconsolidated Pleistocene and Holocene sediments by

screening Five hundred and twenty - two of the records are from a complex sequence of

Late Pleistocene age'in the Old Crow Basnn in the northern Yukon Territory, Canada, while -

other samples analysed are from Alaska,l Alberta, G&eenland, lowa, Northwest Territories,

Nova Scotia, Ontario ‘and Oue.Bec.' Attention is ‘drawn to microscopic morphological -

characters that ‘dif'ferentiate“ the 145 different taxa Habitat deScriptions, recent North
Arrierican distribution ranges and the known subfossil record in North America are
compiled for each taxon. - )

‘The few liver ort records contrast sharply with the numerous rnosses‘reported.

On the other hand, the Amblysteg‘iaceae 457 r.ecords) are strongly over-represented by

comparison with- the present day flora Most extant Drepanoa/adus species have been

- found in samples of Late Pleistocene age (250 records). A k\‘,’f tor |dentify fragmentar\:

Drepanoc/adus material has been constructed and each species is defined ba a dlagnOSlS

~

A newly described species, D. crassmostatus IS characterized by an excurrent costa,

denticulate margins and poorly developed alar cells. It is an extremely common subfossil

'in arctic and subarctic lacustrine and transported sediments, and is closely. related to .the

European D. trichophyl!lus. Drepanociadus crassicostatus is known from only'a few,
scattered, present—day populations in" North America, but its apparent scarcity may
reflect lack of collections. It is found in highly minerotrophic waters, .F\ contrast with the

\

oligotrophic habitats characteristic of D trichophy/lus.

t

The' preserved bryophytic remains in 'the Old’ Crow Basin sequence make it
possible to aid in the reconstruction of the Late Pleistocene and postglacial vegetation
history of eastern Beringia Geomorphological evidence indicates that the basin was

¢

flooded at least twice and that these floods correlated with the major advances of

Keewatin ice. During the long intervening period fluviatile sediments were depos:ted and

“in this inorganic matrix of sands, silts and clays weres abundant organic. remains. Most

bryophytes are members of transported assemblages. However, some. mixed and

autochthonous samples were also recovered.



During the Gold Hill and early Old Crow Intervals (80,0dO to 40,000 years ago)
forests developed This is indicated by the increase in bryophytes growing in mesic
- habitats. Leptodontium flexifolium, a possible remnant of a late Terﬁary mesophytic
flora, was still presemt during these intervals ‘ih the Old Crow Basin. This oceanic and
montane species ‘presumably became extinct north of the Southern Appalachians du:ing
_the Late Wisconsinan. The formation of an extensi{/e~ erosion surface, 65,000 years ago,
§ests the optimal phase of the interstadi’al. The Iands_éape was a mosaic 6f rigp fen

s, well developed Picea forest communities and drier upland calcareous tundra
> merous MOSs taxa) Sphagnum was much lass abund;nt th'an it was during the
more mesophytic postglacial period. The later part of the Old Crow Interval (40,000 to
25.000 years ago) saw the onset of a very dry and prgbf.ly- cold period. Sprﬁé so;Jthern
Yukon moss assemblages indicate stebpe—tundra vegetation, Bryophytes in the Old Crow
Basin ére deriyed exclusively f:om‘ rich fen comrr'\unities, S,Eh‘;gnum is completely Iac,king.
Also, %ere“lé AS “evidence of trees and shruﬁ'; However, during the same period -
extensive rich bryophyte assemblages‘southeast of the basin in the Richardson Mountains B
indicate the survival of extreme}yndiversified Picea forest until immediately. before the
appearance of Keewatin ice.

. During the following Duvan\;l Yar Interval that coincided with the last flooding of
thke basin in the northern Yukon, “eriie clays were deposited and there is no'brydphyte_
reéord in the Old Crow localities. The interval carﬁe tor an abrupt end 13,000 years agoi
The basifm drained and extensive peat agcumulation% started by'9000 yearé ago. More
'mesophytié: corﬁmunities dre suggested by the bryophyfe assemblages, and Sphagnum

. .
became abundant for the first time.
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I. INTRODUCTION

A Phytogeography “and Fossnl Data

v

The post- Darwnnlan perlod gave the dlsmplme of plant geography new life. What ‘
began as the mere descrlptnon of the spatial relationships of plants became one of the
much- needed lines of evidence on evolutlon itself. Basnc data of the plant

phytogeographer include plant ranges, geologlcal features and fossil records. However,

there‘ are two different approaches to the sttde of these data. The floristic plant

-

geographer tries to correlate evolutlonary dlvergence migration, and dlstrlbutlon patterns
of a taxon with past events of the earth’s history. Causal links between these data can be
speculated upon. On the other hand, the ecological plant geographer attempts to
reconstruct the history of communities and \vegetation types, and speculates on their

origins.

it is clear that phytogeography is very much a speculative science i8.cistinction

between floristic and ecological plant geography is reflected in the basic approaches

used by phytogeographers. Two extremes in the continuum between floristic and
ecological plant geography can be obsefved: one is represented by the person who uses
the presen\t_ran.ges of taxa as primary data and speculates on the origins and previous
distribgtion. He refines these hypotheses,;by correlation with geological and climatological
events,.ec‘ophysiology, fossil data, morphological adaptations' and ecology. The‘- other
extreme is represented by the person who has' fossil assemblages - available and
considers them as his primary data base. More or less detalled phytogeographlcal
hypotheses are:then built by reconstructmg the dnstrlbutlon of vegetatlon units through
time. R '

What follows is a chronological discussion of. the developments of, some diverse
concepts in North American phytogeography. It -will soon be very clear that the
classification of phytogeographers'into an ecological and a floristic group is extremely

arbitrary. One of the earliest and most eminent batanists in l\lorth America who turned his

attention to phytogeography was Asa Gray. He stydied,‘for the first time, the floristic

affinities between eastern (primarily, but also western) North America and.eastern Asia

(especially Japan) (Gray 1846). The floristic entities common to both areas had already

L



attracted the attention of Halen, a student of Linnaeus (f. Fernald 1931). Gray (1859)
reported the botanical results of the United Gtates North Pac:flc Exploring Expedmon and
' listed nearly 600 species of temperate Japanese plants. He gave their knownv
occurrences in norjthern Asia, Europe, western and eastern North"America. Twenty-one
species had disiunct' distributions between Japan and eastern North America Other
students (for example Sharp (1939) on bryopﬁyfe§) added to thevdetails‘ of the -floris_tic
affinities, and Li (1971) reviewed the list of vascular "plants in light of modern taxonomic

concepts. -
% .

. The most striking relationship was revealed by the idenfical species of vascular

plants that are common on both continents and by the vicarious species pairs, or sets of

congeneric specnes Gray (1859).wrote that;

"There has been a peculiar intermingling of the eastern American and
eastern Asian floras. which demands explanation.”

It is pertinent to note here that in this pre~Darwinian time leading hiologists of the day
were proponents of special creation and it is thus remarkable that Gray (1859), in an
attempt to' explain the relationships between the American and Japanese flora, wrote the

following:

"All the facts known to.us in the Tertiary and postcTertiary, even to the
limiting line of the drift, conspire to show that the difference between the
two. continents Asia and America as to temperature was very nearly the
same then as now, and that -the .isothermal lines. ‘of the northern
hemisphere curved in the directions they do now. A climate. such as these
facts would demonstrate for the fluvial epoch would again commingle the
=-. temperate floras of the two continents at Bering's Strait, and earlier — -
*  probably through more land thah now — by the way of the Aleutian and
~Kurile: Islands. | cannot imagine a state -of circumstances under which the
Siberian elephant could migrate,’ and temperate plants could not .. Under
the light which these geological considerations throw upon the' question, I
cannot resist the conclusion, that the extant vegetabie kingdom has a long
and eventful history, and that the explanation of apparent anomalies in the
geographical distribution of species may be found in the various and
grolonged climatic or otherwise physical vicissitudes to which. they dave -
een subject in earlier times;— that the occurrence of certain spedies,
formerly supposed to be peculiar to: North America, in a remote or
antipodal region affords of itself no presumption that they were
originated there .. ’ _

Grays later work {1860, 1873 & 1878} added considerable detall to hlS revolutlonary

concepts. .
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Around the.same time, in the latter halfl.éf the eighteenth century, many biologists,
following Schouw (1823), believed that species orig;nated where they are fouﬁd and that
- many . plant taxa are polytopnc in orlgm Bngelow and Agassnz opposed the |dea that plants
Acould undergo any sngmﬂcant migration. Both argued (during a mesting of the American
Acadamy, related in Cain 1944) that circumpolar, hpmogeneous blota, created by
polytopic origin and local e ; ansfi.on, gave rise fo disjunct ranges by .subéequent
» dying—out of types in the inter"vening areas. Gray (1873) could not agree with them and
stated that the fiora, as well as the fauna; migrated to new areas under the compulsion of .
climatic changes, with disjunctions resulting from thege migrations Gray feared that the -
concept of polytoplc origin would remove the entire question of plant m|grat|on out of
inductive science. He brought forth two lines of evidence that suggested why plant
migration was possible: 1) the enormous multiplying powers, and facilities and me?ns of
dissemination of all living organisms, and 2) the ever ihcreasin‘g paleontoibgicaf evidence
of the previous occurrence, in areas that are different from moderns ones, of extant
species. |
‘ Perhaps as a result of Gray's concepts and influence among early botanists, an
historical perspective and the,‘ idea of extensive miérations have domihate_d‘floristic plant
geography. Asa Gray attribufed disjunct ranges to subsequent d;srhption of earlier -
intercontinental continuity. and he ﬁls’o believed in migration of floyra. and fauna that
resulted in biota far from their center of origin. Hooker (1878) accebted.the‘ idea of plant
migrations and he was the first to suggest that thé felative, impoverishment of the
European flora, by comparison with the North American, was the resutt 6f different
topoér'aphy. The east-west trend of mountains and bodies of water in Europe and
western -Asia accounted .‘fc')r in‘ vthe extinction of many forms during the forcea,
southward migrétions of biota in the Pleistocene, while in eastern Asia and eastern North
America there was van possibility for southwvard retreat during the ice advance because
natural barriers were lacking: | |

§
{



In the beginning of the twentieth century numerous contributions by Fernald
expanded the data'base of floristic geography and substantiated the migration-concept.
Fernald frequently .concerned himself with the problem of disjunct ranges, especially in

eastern North America and eastern Asia. It is apparent from the following (Fernald 1931)

that he. considered disjunct. taxa ‘occurring in these areas to be ‘survivors, of ancient -

.Tertiary vegetation:

"Viewed from the standpoint of availability for occupation by flowering
plants, the oldest large section of the region is the.southern 'half of the
Appalachian Upland, extending from central New York to northern Georgia
and northern Alabama, and west of the Mississippi represented by the
- Ozark Plateau. Never, since it was first occupied by Angiosperms, has the
Appatachian Upland of the United States (and Canada) been invaded by
seas; and, except for its northern extension, it lies wholly south of the
limits of the Pleistocene glaciation. ... in the ancient. Appdlachian Upland ..
the outstanding .phytogeographic feature is, of course, the great
mesophytic forest of Mesozoic or early Cenozoic genera, .. Not only ..~
are these Appalachian genera of today the genera of thousand ages; their
species are also ancient and usually sharply differentiated.. When the
hundreds of species of Appalachian angiospermous genera are compared
with their old world representatives the general conclusion is apparent ‘
that in nearly all groups the species of the Western Hemisphere are :
completely segregated from those of the Eastern; that we have stable or
essentially stable specific entities.” ' , A

‘The idea that plants' could survive north of the extent of glaciation was first
proposed to explain the occurrences of certain relictualh elements in the western
Norwegian flora and also the close relationships of that flo‘ra’witp that of Greenland and
lceland (Blytt, .$efnander, Wille, Hansen & Nordhagen: see Dahl 1945 for a review).
However, Fé’rné‘ld (1925,1931) was largely responsiBIe for attracting.att,ention to the
potential éignificance of "nunataks” in North American phy‘togeography. ‘ o

| Among Fernald's major contributions were his studies of plant distributions in thé
érea éround the Gulf of St Lawfence and his development of the nunatak theory. He
studied a considerablé nurﬁber of 'planfs, many of which were either considered endemic,
or identical with (or very closely related to), plants found elsewh'erernIy in the western
mountains or more rarely in parts of continental Asia. Moreover, he showed that these
plants have, in eastern North America, a véry local and restricted distribution, found onl;;
in Breas that may r;av,e been unglaciated during the Pleistocene. Later on, he supposed tha';
several of the plants sur\)ived in northern localities during the Pleistobene énd?migrated to
where they are now found, but were not derived by éastward m‘igrati‘oln from the

|

»
western mountains.

\\
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" Fernald's hunatak thetry was challenged by Wynne—Edwards (1937), who
correlated the localization of many arctic-alpine species in the Gulf of St Lawrence
region with the availability of ‘certain soil conditions (calcareous rocks), and pointed out

that more acid rocks, even if they were nunataks, do not have local relicts. He (1937)

adhered to the "o;thoaox" views which preceeded the nunatak theory of Fernald as is’

* evident from the following statement

v

" it is propounded that the arctic—alpine flora of eastern North America
has formed a single unit since pre—Wisconsin times; that in those times it
occupied suitable habitats in latitudes similar to or higher than now; that
with the advance of the Wisconsin glaciation it was driven southward and
outward; and finally with the retreat of the ice a recolonization of suitable
habitats took place” ~ B

In summar_y, the controversy betweeh Fernald's and Wynne-Edwards' concepts
# . o : o . ‘ ’
centers around 1) the potential for plants to survive harsh-climates of nunataks 2) and the

ability'to recolonize deglaciated terrain répidly in edaphically favorable spots (also see for

)

exam'plef Crum 1972). An answer to the nunatak dilemma can only'comé after many more

intensive paleobotanical, auteéological and geological ‘studies, and from detailed climatic
‘reconstruction {such as the CLIMAP project (Gates ©1976)).

Duri'ng the first half of this ceﬁtur; plant ec'ologi'sts introduéed some new and
diyérse conqebtual ideas that influenced ecological, as well as floristic, plaﬁt geography.
Clements (1918) stated that atfentié:n must first be turned to the biome, or the plants and
animals p‘f a particular area or habitat. This egnphasis,. together with his climéx concepts,
are essential to uhdérstanding much of whhé’t hap;)enéd to ecologibal‘phytogeography and
paleoecology priér to 1955. He (1918) stated that: | A

".. the plant éommunity is @ ‘complex oréanism, with stfucture~ and

functions and with a characteristic development, ...In paleo—ecology the

‘concept of the biome, or biotic community, seems to have peculiar value,

as it directs especial attention to the causal relations and reactions of the "~
three elements—habitat, plant, and animal” -

In his pioneef ,pubi‘ic;étion, Clements {19186) outlined the basic paleoecological principles.

He stressed uniformitarianism (" .. processes of suE;cession [were] essentially the same

during geological time as today .. ", "Climatic areas must have supported climax vegetation
in geologica] times as they do now, .. ", and "Two climatic climaxes c’ahnot.occupy the
same territory simultaneously, .. ". These principles led to an holistic, concept of an

association and to the mono-climax hypothesis. The climatic climax in its largest
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-ex;;ression, the biome, such as the eastérn, Nort'h American hardwood forest, is a
recognizable and definable unit. He wrote (1916):
"It seems impossjble that genera which we now know as boreal, temperate
and tropical should have existed in the most complex and uniform mixture
through a vast region characterized by a warm climate, and then. have
completely differentiated by later climatic changes .. into three great
forest climaxes.”
The occurrence of Stipa in the Oligocené of the Florissant of Colorado, indicated not
merely the existence of prairie but also a grassland climate and a grazing fauna. |

' Clements did. héwéyer, accept that a biome could become sepérated by migration
into different parts and that these could evolve separately and differentiate. He discussed
this differentiatioh in considerable detail with respect to the moaern Mohave and
Colorado deserts, which evolved from the Madro—Tertiary Element. Recently, Axelrod
(1958, 1976) has added to the paleobotanical history of the Mad;oﬁTertiary flora and
indicated a Mexican 6rigin of the vegetation Some plargs in the desert area were
considerad to be indicators of past conditions on the ar‘ea‘ that in the late Tertiar;;
E 3upporte;i the Sierra Madrean Element (rich conifer—hardwood forest')-: New discoveries
of macrofossils of subalpine taxa in the late .Tertiary floras indicated that ,thesae
specimens were not transported down from the subalpine fo;est. (as Clements would
\ have indiéated), but represenf sp'ecieS' that were actually- living in the rich
conifer—hardwood forest. (

- Clements (1916) 'pointed ‘out that each major climatic shift produced a
'correspcnding clisere defir;ed by a serie.s of climax formations or zones which follow:
each other in a particular region in consequence of a distinct climatic change, and leave
behilnd relicts of éach climax type in f‘ormerly occupied regions. The numerous members
of the boreal forest found disjunct south of the glacial limits were considered as relicts
of Pleistocene climaxas.

Gléason (19286) was, opposed to Clements’ earlier concépts of mono—climax‘ and“

-

'vegetation association. He wrote (1926): N

. "Plant associations exist; we ¢an walk over them, we can measure their
extent, we' can describe their structure in terms of their component
species, we can correlate them with their environment, we can frequently
discover their past history and make inferences about their future. .. [But °
the] duration of an association is in general limited. Sooner or later each

. plant community gives. way to a different type of vegetation, constituting



the phenomenon known as succession. .. We find variation of environment
within the association, similar associations occupying different
environments, and different associations in the same environment. It is
small wonder that there is conflict and confusion in the definition and
classificatiom of plant communities. Surely our belief in the integrity of the
association and the sanctity of the association-concept must be severely
.shaken. Are-we not justified in coming to the general conclusion, far *
removed from the prevailing opinion, "that the association is not an
organism, scarcely even.a vegetation unit, but merely a coincidence? ..
Under the individualistic concept, the fundamental idea is neither extent,
unit charactéer, permanence, nor definiteness of structure. It is rather the
visible expression, through the juxtaposition of individuals, of the same or
different spegies and either with or without mutual influence, of the resuit
of causes in continuous operation. .. Climax vegetation represents a stage
at which effective changes have ceased although their resumption at any
future time may again initiate a new series of successions. .. Plant
associations, the most conspicuous illustration of the space relation of
plants, depend solely on the coincidence of environmental selection and
-.migration over an area of recognizable extent and usually for a time of
considerable duration.”

\

It is significant to note that Gleason came to the above conclusions by studying
the geographical distribution, migration, phylogeny and compai'ative morphology bof
Vernonia, for which he had no fossil data. ‘

Chaney (1924), in his study of the Bridge Creek Flora in Oregon, compared the
fossil redwood flora with the present day Califérnian association: He concluded that the
Sequoia forest of the Tertiary was somewhat more diversified and less homogeneous
than that of today. He referred fossil taxa, previously erroneously identified and
considered to be tropical, to temperate genera. A similar incongruous assemblage was
found in the Goshen Fossil 'Flora of Oregon (C"haney & Sanborn 1933). The flora
consisted of a mixture of tropical rain—forest and temperate rain—forest species, in a
coastal situation. However, extensive transport of the temperate element did not seem
likely and in this case Chaney and Sanborn suggested, in contrast to Chaney's conclusions
on the Bridge Creek Flora, that

"The relationship of the Goshen Flora both to the tropical rain—forest of

Panama and to the tropical rain—-forests of Costa Rica and Venezuela is

consistent with its composition, including ‘as it does an almost equal

number of species whose modern equivalents occupy the lowland and
middle slope. forests. It may be concluded that the Goshen flora
represents a forest of a type intermediate between the modern tropical
rain—forest and the temperate rain—-forest" /t /s possible that there™is no

such forest now in existence litalics mine], because of climatic changes

since the early Tertiary whuch have restricted the more temperate genera

to the upper elevations, leaving only the troplcal types in the original

habitat near sea-level”

This conclusion generated considerable. controversy (Cain 1944), and Clements

expressed his opinion (in /itt. to Cain) as follows:



"The conclusion as to the dual nature of the Goshen forest transgresses
my understanding of the natural (ecologicall law and it is equally contrary
to the concept of climax and the ongm by adaptatuon I cannot entertain it
until a climax of this character is found.”

In summary, Chaney offered two unique and diverse explanations for incongruous fossil
assemblages and in this way his paleobotanical work is the earliest in North America to
illust;'ate the controversy hetween Clementian and Gleasonian concep\i‘s\_ In 1940, the
forest migrations, by that time well documented by numerous fbssil assemblages across

the continents led Chaney to

"

. refute the hypothesis of continental drift Forests under compulsion of
climatic change, rather than the continents on which they live, appear to
have been the wanderers during the history of life upon the earth”

Mason clearily supported Gleason's concept. In amplifﬁhg a list of principles of
plant geogrephy by Good {1931), he became opposed to Clements' interpretation of"

vegetation patterns (Mason 1936). Clements had said (Cain 1944).

It is not the extremes of the enwronmental factors which are of
importance, but the means.”

while Mason’s {1936) first prmcnple read:

I

"Plant distribution is primarily controlled by the distribution of climatic
factors and in any given region the extremes of these factors may- be
more significant than the means. ‘ -

Mason clearly aligned himself in Gleason's camp with the following:

’M|grat|on is brought about by the transport of individual plants during
therr motile dispersal phases and the subsequent establishment of these
migruies. ... The evolution of floras is dependent upon plant migration, the
evolution of species, and the selective influeges of climatic change acting
upon the varying tolerances of the componeg species.”

9 :

in addition Mason wrote (194_7) that:

"Plant migration must be construed as a movement of an interbreeding
population and not as a movement of individuals, or as a movement of

,  floras .. Ervironmental diversity must be met and overcome through the
development of races of the species population whose tolerance spans
are suffnc1ently diverse to enable the populatlon to cross by inhabiting
such areas.’

Also, he carried Gleason's concept of the coincidental nature of the plahf community one
step further (Mason 1947}

"The plant community then, possesses only coincidental unity based upon’
like simultaneous environmental tolerances for the over—all environmental



factors .. The pattern of area, therefore, reflects only the condition of
the environment to which the species populations inhabiting it are adapted.
The pattern of area has no historical significance whatsoever that applies
to the immediate flora as such Historical fact pertaining to the flora must,
of necessity, be established independently of the present pattern of area
occupied by the flora .. Thus the pattern of area, whether it be referred
to as a 'natural area’ a 'progressive equiformal. area’ (Hultén 1937) or any
other concept of area that endows it with historical significance in relation
to .its species population, must first be thought of in terms of
environmental conditions prevailing today to explain the flora that may
exist upon it”

The implications of these concepts are evident (Mason 1947}

"Floristic history, because of the lack of reality and precise associations
through time and because of the lack of functional unity of the plant
community, becomes the history of an aggregation of independently
operating dynamic systems, each of which is meeting its problems in its
own way. .. From the nature of these dynamics it would be impossible to
conclude that such a flora as the redwood forest has migrated as a whole
from the north where it may have originated, because the redwood forest
in its various elements originated at different times and at many)}points
over the area it traversed and some of its elements developed in
association with other floras from whence they migrated into association
with the redwood fiora .. It is difficult under these conditions, and in
terms of such dynamics as herein outlined, to envisage such floristics as
an Arcto-Tertiary flora (Chaney 1936} in contrast to a Madro—-Tertiary
flora (Axelrod, Mss) as accounting for floristic sources and centers of
origin during Tertiary times. Such concepts of floristic organization and
development demand unity and stability of communities in time and space
beyond what is possible in the light of the nature of floristic dynamics
such as are bound up with the genetics of the population, the physiology
of the individual and the diversity and fluctuation of the environment”

. These ideas have been discussed again and ‘again during the following decades (Wolfe
1978, and most recently Janssens et a/. 1879 and Wolfe & Tanai 1980).
Mason {1947) pointed out that. ;

3
‘If we assume now that the poles have been stationary as moslém\,
astronomers insist that they have, and if we assume that the continents -~
and ocean basins have been perpetuated in the present places through
geological time as many geologists insist that they have, we must conclude
that no tropical, warm temperate or even temperate forest flora, couid
possibly live and develop in high arctic latitudes. ... Thus far we can only
conclude that if forest flora of the past actually lived and developed under
such conditions "in the high latitudes of the north, they could only have
done so under permission of very different physiological relations than
prevail in plants associated in similar floras today. To an informed biologist
such a conclusion seems preposterous.”

Now, even after the 'successful development of the theory of continental drift, this same

intriguing problem of how temperate taxa could have survived in a high latitude

photoperiod regime is still with us (Wolfe 1978). Fo|lowihg Mason's observation {(1847):

"Unfortunately the fossil record as revealed to us is'so discontinuous and
incomplete and fraught with misidentifications, as to be very unreliable as

LS
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a means of developing even the framework of ‘the story . ‘The fossil

record of this story is %adly in need of taxonomic reevaluatuon by experts

in the various groups of plants represented”

It 1s clear that the presently greatly improved fossil record has done nothing at all to
solve the dilemma and ha.s probably even enhanced it Wolfe (1978) even suggests that
the tilt of the Earth's axis was less during the early Tertiary periods

in summary, the major dilemmas of present day paleoscology were qutlined in the
work of the first palececologists in North America They worked primarily with Tertiary
assemblages, but as will Ibe indicated in the following. these problems are also relevant to
Quaternary vegetation history.

. One of the major causal factors in the distribution of plants and communities at
the present time is their Pleistocene hnstory. The "glacial theory”, stating that the long
recognized drift deposits were of glacial or lacustrine origin. instead of beir\g derived
from a catastrophical flood, originated in Europe during the mid 1800's and was
mamntained and defended by Agassiz in North America (Pratt 18786). It replaced the
'universal flood' theory which lasted in one form or another until the 20th century.

Early forms of the gI;cial theory viewed.the North American ice sheet growing
southward from the North Pole and extending into mid-latitudes (Flint 1943). The effects
this ice advance had on the North American biota became an obvious question in need of
a solution. What follows here is a short summary of the Late. Quaternary vegetational
history of North America (Wright 1971, 1876, 1977, 1981 and others). Most of what is
known relates to the Late Wisconsinan and postglacial history in northcentral and
northeastern United States. By comparison, relatively little work has been done elsewhere
in North America. Northwestern North America will be discussed in detail in Chapter V.

The effects of episodic Pleistocene cooling on the distribution of the Tertiary
deciduous forest south of the glacial border in eastern North America has been the
subject of considerable disagreement in the literature. Braun (1950, 1955), together with
Cain {1943, 1944) and litis (1965) adhered to 'the viewpoint of Gray (1846), considering
the rich deciduous hardwood forest a remnant of the Tertiary holarctic flora, and
adoﬁted the Clementsian vnew of plant communities. They postulated that the glacial
’perlods had no major |mpact upon the southeastern fiora and that this flora has remained

largely stable and intact since the Tertiary.



After study of the vegetation of southern Ohio. Braun (1928) concluded that in
eastern North America

\
".. during [the llinoian} glacial stage. all vegetation was forced southward

Arctic and coniferous belts intervened between the i1ce and the more

southern deciduous forest. These were probably not wide, for the effects

of glacial refrigeration do not seem to have extended far beyond the

hmits of the ice cap”
Braun (1937) also suggested that

"Even if altitudinal limits of forest types had been lowered considerably

during the Glacial Epoch, there would still have remained numerous breaks

in continuity of the mountains, where valleys intervene .. It 1s not difficult

to conceive of sufficient lowering of altitudinal limits as to permit

spruce—fir summit forest more extensive than in the Great Smoky

Mountains today. It is difficult to conceive of southward movement of a

spruce—fir forest to Tennessee, without displacing all extremely

southern and Coastal Plain species |f these were displaced. therr

presence now could be explained only by recent migrations, migrations

into occupied territory. But the time has not been long enough to account

for their return to the isolated stations in which they now occur”
Braun's work closed an era of speculative floristic plant geography. Most paleoecological
work of the 1950's refuted her concepts and conclusions. However, the source for this-
turning point, Gleason (1926), were already established long before the mid~century

A vegetation map of North America indicates that the major vegetational regions
‘of the continent in general reflect the modern climatic pattern. Tundra extends from the
North Slope of Alaska northeast across the Arctic Archipelago, southeast over the
northern continental Northwest Territories and in a narrow fringe farther along the

. " v

Hudson Bay coast, northern Ungava and Labrador. The boreal forest (Picea glauca. P.
mariana, Pinus banksiana, Abies balsamea, Betula papyrifera, Populus tremu/oides)
forms a narrow belt from central Alaska in the west, widening towards the southeast and
reaching Lake Superior. It covers most of northern Quebec and Labrador. Extensions of
the boreal forest are found in the Black Hills. A transitional conifer—hardwood forest
(Pinus strobus, P. resinosa and 7suga canadensis as dominants) is found around the Great
Lakes area and extends south into the Appalachian Mountains. The temperate hardwood
forest (Quercus, Carya, Fagus, Ulmus, Tilia, Acer, Betula, Castanea) south of the Great
Lakes area, is extremely rich even farther south in the.lowlands of the southeastern
United States and extends from Minnesota and New York to the Guif Coast Tall-grass

prairie (west of the deciduous forest) gives way to short-grass prairie towards the
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Rocky Mountains and Arternis/a bacomes more common The Rocky Mountain vegetation
exhibits altitudinal zones with the major species change from one mountain range 1o the
next Sagebrush (Artermisih tridendatal, chaparral and desert shrubland are dominant
towards the south and at lower elevations

Detailled knowledge of the vegetation history covers only the Late Wisconsinan
and Holocene periods Early Wisconsinan encompasses the tme from the end of the
Sangamonian intergiacial (? 100.000 BP) to the beginning of the Port Talbot inter stadial
(55 000 BP) The Late Wisconsinan ice advanced about 25 000 BP Few fossiliterous
sediments of Early Wisconsinan age have been studied with one of the ;na;or reasons
perhaps being the ab‘sence of absolute dating techmdues

There are no interglacial fossil plant records known from the Southwest During
the Wisconsinan, the climate was such that lacustrine clays were deposited in piuvial
lakes During the so-called pluvial period. the areal extent of P/nus (but also Prcea, Abies
and Pseudotsuga) expanded and tree-lne was lowered (1000 m) Modern vegetation
returned rapidly in the period of 12.000 to 10.000 years ago The Holocene vegetational
record in the western United States 1s sparse. In the north, a dry middle Holocene period
is indicated (Hypsithermal, Attithermal, Xerothermic) Dating of this dry interval has proven
that it 1s not synchronous n all areas

All the polien records of the Pacific Northwest have conifer polien as the main
arboreal component (Pinus, Larix and Pseudotsugal. Most studies are lateglacial and
postglacial. During the postglacial, forest succession proceeded from a Pinus forest to
Tsuga west of the Cascades. to 7suga and P/cea in the north along the Alaskan panhandie.
to Pseudotsuga and Quercus inland in the drier valleys and even to g‘rassland east of the
Cascades.

Glaciations, including the Wisconsinan, are marked by a tundra-steppe mosaic in
Alaska, the Yukon and the Mackenzie Delta area Trees (P/icea and Larix} were present in
small areas during warmer interstadial phases. Postglacial history starts  with the
succession from herb tundra to shrub tundra, followed by Picea—Betu/a woodiand and
around 8000-5000 years ago by a Picea—A/nus forest

L 4
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Few studies have been do?we in eastern giaciated northern Canada. “The
pre—Wisconsinan and late Tertiary studies in the Arctic Archipelago indicate. a suécession
of hardwood forest, coniferous forest,.forest-tundra ecotone and tundra during several
stages of the late Tertiary and Q_u;ternary periods. Rapid aﬁd early deglatiation is known
}to have occurred on Ellesmere Island and eastern ‘Greenland (Biake, in /itt.‘).‘ Postg'lacial
vegefation communities were formed rapidly and remained relatively unchanged . during
the Holocene | ' ‘ N
‘ ..The classical phytogeographical conflicts between the concepts of Clements and
Gleason cen&ered up;on-the history of -the vegetation of the southeastern United States
during the Pleistocene {Gibson 1980). .The early bpotanical exploration of the southern
Appalachians led to an appreciation of the enormous.species diversity of the flora As
_ related before, this intriguéd.sut:h botanists, as Asa Gray and E. Lucy ‘Braun, who adopted’
the view that the richness of fhe area couAld:be equated with long term . stability. On purely,
comparativ_e chorological grounds the Appalachian Mountains were conﬁidered a
refugium for the eastern deciduous forest (éraun_1950, 1855) with the glacial M
postulated to have had no major impact on the flora. A full-glacial map of the vegetation
in the Southeast would differ little from a map with the present day zor%w)n However, .
Deevey (1949) a palynologist, indicated severe cold condmons during glamal maxima. He
postulated drastic displacement of the deciduous forest as far south as Mex«co and
Florida. ‘ |

"~ Proponents of thése opposingv‘v'iews used data from the same sites to support
their hypotheses:. For e*ample,; Braun (1950) suggested thét severél relicts of the
'Arcto-Tertiary geofloré’- are preseqt in the Tunica Hills (southeastern Lodisiar’ra).. The
péleobotanical information, however,’indicates the presence of Picea g/auca ahd Larix in
the Pleistocene deposits of the region (Delcourt & Delcourt 1877, 1979).. Numerous
other sites in the southeastern United States have supported this evidence of the
présenbe of associations between . boreal and vtemperiate plants, and have led to
reconstructions of full-glacial vegetation zonation east of the Rocky Mountains (Delcourt
~ & Delcourt 18979, Deicourt et a/. 1980 and Wright 1971, 1876, 1877, 1981) as is

summarized below.
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‘ in the Great Lakes region, Bertu (1978) interprets the fossil evudence from middle
Wisconsinan sediments as indicating an open vegetatuon wnth a climate drier (and possibly
warmer?) ?han today. However, his sequence is interrupted by . Mid-Wisconsinan tills
associated with macrorossils of tundra plants. The forest-tundra ecotone clearly must
have been nearby, but fossil pollen samples have an abundénce of _PiAnus (> 60 %) along
with tundra herbs (Berti 1975). Since pine does not reach the tree—line at thelpresent‘
time no modern pollen surface sarnple has ever been found with this combination.

Sangamonian records are known from llinois (Gr(‘Jger‘ 1972a, 1972b), Indiana
(Kapp & Gooding .1964) and Ontario (Terasmae 1960} These interglacial‘records, as well
as the postglacial, are characterized by Quercus and other hardwood types, and by’
abundant vU/mus, Fraxinus, Carpinus and Taxodium. Liquidambar is found "in the Don
Beds in Onfario, yet this‘tree is not found in the Toronto a'rea at the present. The
5subsequent Wisconsinan herb zone lasted until 35,000 years ago. Prairie and Quercus
sa&i’a‘l?na are implied during Early and Middle Wisconsinan time;, while Artemisia indiceted
drier prairie environments. The unexpected result is a Middle Wisconsinan Midwest that is
drier and net much colder than today. Later, forests exeanded and Picea reached eastern
A Kansas by 25,000 BP _(Gr('Jger 1973) and southern lllinois by 21,000 BP. Quercus’
| persisted. in southern lllinois but prairie was gone by the beginning of the Late”
Wisconsinan. ' ’ ' )

in the Ozark Mountains of western Missouri, a Pinus banksiana parkland covered
the iandscape during the Mid?Wisconsinan King 1973)5 and Picea migrated into the area
25 to 20,000 vyears ag'o"‘i Today Quercus and Pinus dominate the Ozark Upland, but the
present species of plne is a southern type (P/nus echinata) and no modern North
Amerlcan assemblages resemble the Mid- Wlsconsman Ozark pine parkland. '

In summary, the vegetatlon of the United States east of the Rocky Mountains
| during the Middle Wi‘sconsinan was mostly prairie and open. wood|and with Quercus in the
east and Pinus banksiana in 'rhe west. The prairie gradually diminished throughout the
Middle Wiscoénsinan and parkland invaded. At the beginning of the Late Wisconsinan,

boreal forest elements became dominant with Quercus persisting in the south and Pinus

- becoming infrequent:
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In the southeastern United States, ‘the piedmonti vegetatio‘n was a
Ouercus“—Carya,-Taxodium assemblage during Mid—Wisconsinan time (Watts 1873). This
implies a climate as Warm as today while on the coastal plain a predommance of herbs
indicate a dry clnmate Betula, Ouercus and A/nus gave way to invading boreal forest
types durlng the Late Wisconsinan (Whitehead 1972, 1873) with dryness most strongly
| expressed in southcentral Florida during Mid—Wieconsinan tirne {(Watts 1.975).

Numerous study sites are known for Late Wisconsinan sediments. In the following

s\umrnary most ‘attention will be pa/id to those reconstructions that.c-le'ariy underline the
oontrot/ersy between phytogeographical concepts, outlined in the first section, and the
fossit data. In central Minnesota, a'narrow tundra zone bordered the ice lobes during the
Late: Wisconsinan advances {(Birks 1976) At the end of the Late Wlsconsman shrub
tundra and later Picea forest mvaded Periglacial cllmate is also indicated in the northern
part of the Great_Lakes area, in New England and in the Appalachians as far south as
Maryland (Maxwell & Davis 1872). During maximal ice advance (Wright 1981) periglacial
tundra-did not exist from Ohio t’o South Dakota. Rather, ice was in immediate contact with
a wide ‘boreal vforest belt, perhaps 1000 km ‘broad extending in the south from central
Georgla around the southern end of the’ Appalachlan Upland to Tennessee arfd then west
to the Mnssassnppl Valley and south to Louisiana. The belt had thus the same wndth as today
but was displaced completéfy south (Delcourt & Delcourt 1879). However the boreal
biome had a dlfferent composition from that of the present. It lacked Pinus banksiana in
the Mid-West, although' this tree was present in abundance in the Middle Wisconsinan.
Relatively high polleh f_requen.cies of temperate hardw‘oods (\Fraxinus nigra, Ulmus,
Carpinus, Carya and Quercus) have also been recovered. Cyperageae and Artemisia
.poillen are found in higher values than in sur_face samples from the m.o»dern boreal forest.
‘|n conclusion, no satisfactory modern ana'logues for the Late Wisc,ons_inan Picea forest
can be found not even in Labrador, where P/inus bankS/ana is missing. |

South of the boreal forest the record is poor There is no-evidence of the Great
Lakes transition forest The extremely diverse, temperate hardwood forest must have
been very restricted. No trace of 1t is found in Late Wisconsinan sediments of the Florida
peninsula. The climate was very dry and a xeric Pinus=Quercus Wood!and occurred there.

It is possible that some of the hardwood forest elements survived on the loess. bluffs of
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the\Mississippi Valley and southward in Mexico (Delcourt & Delcourt 1877, 1878} 1t is
very likely that many of them were miied with boreal elements in suitable habitats.

There is considerable. variation found in the postglacial records throughout the
northeastern United States. It I\S evident that there is'no synchroneity in the migration of
forest species. The major trees migrated at different rates from their Late Wisconsman
refugial areas. Preliminary maps of these migrations have been produced (Davis 1876).
Pinus banksiana spread very rapidly and reached Minnesota 10,000 years-ago. Pinus
strobus followed by 7200 BP. Quercus followed the pines and became the major polien )
producer when Pinus became restricted to its present ranges. Tsuga reached the Great
Lakes area 6000 years ago. Fagus and Carya came later. Castanea barely reached the
eastern Great Lakes when it was destroyed in"the 1920s. To the north, in the glaciated
area, it is clear that migration followed deglaciation with a much smaller Iag'phase. Pices,
Larix and Abies immigrated immediately_after ice ret‘reat. Fluctuations have been seen at
the northern\limits of their extended ranges throughout the Holocene epoch. To the south‘
of the glaciated area interpretations are not as clear. Several in'dications point to
successional sequences (such as lake filling) instead of climatic change. Sea level rise
induced the formation of. siivamps in Georgia an‘d Florida with the upiands in'Florida
becoming less xerophytic 6000 years ago. This contrasts:with fhe drying trend of the
Hypsithermal interval iri the northern United States where Quercus, Ulmus, Carp/nus and‘
other temperate hardwoods replaced the boreal forest in the lateglaciai. The warming
trend continued there, including the increase in dryness. First Oueréi/s woodland and then
: Quercus savanna and prairie replaced the temperate hardwood forest in.Minnesota. In the
present prairie areas, prairie succeeded the boreal forest immediately. Present tendencies
are the return of hardwoods into t_he prairie and conife;rs into the hardwood forest in the
northern United_ States. ' ‘

Conclusions and Summary

Plants migrate- ‘as‘ individual species (Gleason 1926) SO that communities only
migrate when most of their elements move Assocuations rarely retain their composution }
Past communties, even as recently as 5000 years ago in the southeaster United States,

have no modern analogues.
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PaleoeCoIdgi'cal metho‘ds are only workable tools when the tolerances of the taxa
changefslower than the climates of an area, and when the same processes were working
during the past as at the present day (Umformltarlamsm) Study of many facets of-
. numerous fossil assemblages have proven‘that this is reasonably true.

Integration of phytog’eographica| concepts with fossil data is critical in the future.
Interbretation from the fossil asSemblagés at the paleoenvironmental and climatological
level are strongly influenced by the basic éoncepts. it can ‘not be avoided that the
concepts influence even the selection of the daté available and thus the final conclusions.
Oniy by carefully differentiating bétweén facts and inference will it be possible to
" construct new concepts agd rebuiid oider ones. At this time it :s evident from work in the
Quaternary of the United States and in northwestern North America that the Gleasonian

concept of the coincidental nature of biota will dominate.

B. Statement of the Problem

Subfossil bryophytes have been neglected as an important tool for ‘paleocecology
in northwestern North America. Most prewods work has concentrated on the deposits of
Late Quaternary age in northcentral and northeastern United States (Miller 19763, 198043,
é). Many less receht records are haphazardly scattered _thrvoughout this area and along the
Quatérnary time scale, many othérs_ are taxono?nicallyv outdatéd ;ind still others have .never '
bgen interpreted.k » ' .

Before this work only three subfossil records were ‘known from the Yukon

Territory, and none for continental and arctic Alaska, while 410 moéses for the Yukon

(Vitt 1974, 19786, Vitt -& Horton 1978) and 415 for arctic Alaska (Steere 1978a). are

known in the present bryofloras. In addition, there exists (Steere 1978a) ".. the very
’ ' ‘
distinct possibility that this number (415} will reach 475 or 500 eventually, ..". This

number of s,pecieé éo_mpares favorably with that of such large areas with great

physiographic diversity as British Columbia (620l),v California (320) and Ontario (430).



18

.

| After Hﬁltén’s work {1937} on the distrib&fion of Be}ingian vascular plants, it can
be thought that hany bryophyte taxa could have survi{/ed in the area during the
Pleitocene as well. Many subfossil br-yophyte records‘ from Pleistocene deposits in
northern Beringia will prove this hypothesis (Chapter:V). )
| In addition to phytogeographical information, subfossil bryophyte record's can
contribute to an understanding of 'theA vegetatioh and landscape evolution. Numerous
.. subfossil bryophﬁe records in close chronold’gical an@i stratigraphical context are
needed. The‘complex stratigraphical seque'ﬁces in the Old Crow and adjacent Basins.
offered the opportunity to sample highly' fossiliferoh;s, Pleistocene sediments and
reconstruct local paleoenvironments in~the'northern Yukon. The reconstructions will be
interpreted in relation to the paleoclimaté, hydrology evolution and geomorphology of the

basins. Several hypotheses will be tested. -

C. The Sigﬁif?c?ance of Subfossil .Bryophytes

Weli preserved subfossil bryophyte frébﬁxents ‘can be identified at fhe species

level. Small samples (< 1 g) can contain up to 30 different taxa and several thousand
fragments. Such samples can be as easily extracted from large diameter cores as‘from
_bluff exposures’atong rivers and lakes. Thé uniform but still complex basic structure of
bryophytes, makes i; possible to “ use a reproducible and reliable measure of the
preservation grade. The préservation of the specimens of a single species indicates the
arhount of transport or' {in clearly autochthonous peats} the degréé of humification of the
peat. Differential preservation among species of the same as_sembléée points to a

different pre—burial history on the several components of the sample. _

Bryophytes are poor indicators of‘macroclimate or macro-environment (Miller
1980¢). Howevér, mény taxa have cIearfy circumscribed habitat requirements and some:
detailed knowledge on the microclirﬁate in which théy live and their autecology 65_
available (Chapte_n: ). Su"bsequént detailed knowle&ge of local communities 'can then be
used with 'good results in coltaboration with pollen and macrofossil data to reconstruct
Quaternary landscape evolution. Frgaments of Coleoptera have a similar size distribution

as mosses. AIthou’gjh they aré often less abuﬁdan{ in fossiliferous sediments, they can be

used in similar ways in paleoenvironmental reconstruction (Matthews' papers). Such
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fossils can be identified to the species level, as well asv the mosses. Also ‘virtuaH'y all
fragments from Pleistocene. sediments represent extant species (Matthews 1979).
"Bryoph‘ytevs have clear, distinct distr'ibufional .ranges and long-range disperéals
have .little ' significance in migrati‘onns {Crum 1972). Phytogeographical elements can be
‘outlined after study of the present ranges and their speculated h_istory can be

substantiated and refined by the subfossil records (Chaper V).



Il. MATERIALS and METHODS

A. Sources and Sites

Subfossil bryophytes (mostly in the form of si'rjgle fragments) have been
extracted fron"\ a variety’ of sediments. The samples wyere homogenous blocks of
sediment, thought‘io be representative of a particular faciels or horizon in the sequence.

N :
All of the sediment samples collected in the northern Yukon have.been derived from
riverbank exposures at’ numerous Iocalifies. A locality is a more or less continous
exposure. It is divided into 'several' stations, usually corresponding with homogenous
portions of the bluff between two gullies or corresponding with a gully itself.

* Sediments that are the richest in bryophytic contents may be fluviatile, deltaic or
lacustrine, but contAain detrital peat accumulations and highly organic silts. Often
autochthonous peats {(sediments consisting out of organic material) are mainly moss~peat, .
but these have a much lower species dlverssty than allochthonous accumulations. A

bryophyte record is the presence of one specigs i’n one assemblage from a single
‘sediment sample at one station. All bryophyte records from a single ééhwple form an .
assemblage. Other sedimients containing bryophytes are marine deltaic deposits, lacustrine
silts, marl aynd detritus, and even organic silts flushed into hollow teeth.’ Nb tufa deposits |
cont'aifning bryophytes are known from the horthern Yukon Territory. Bryophyte subfossil
recordéAfrom herbivore stomachs (mammoth) are only known from Siberia (Camus 1915,
“ Farrand 1961, Solonevich, Tikomirov & Ukrainteva 1977). waeve.r, most likely this
) situafion will be modified in North America in the near future; for example, Guthrie
(Umversrty of Alaska) dnscovered a well preserved carcass of Bison, apparently with
stomach contents in frozen Alaskan depos:ts {Schweger, personal communlcatuon) No
clear assotiation of any subf:)ssﬂ bryophytes with archeological material has been found
in the northern Yukon Territory. ' | '
it is appropriate here to discuss peats as sédimeng typeé,.because of their
~ significant contribution to the subfossil record of bryophytés. It is eSsenfial that the main

-

criteria for -classifying peats are basrd upon detailed analysis of all aspects of the .

constituents of the organic deposits; ui 521ty this system is not practical for field

application. Troels-Smith (1955) and S -entrated more on. field application
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and developed a very sophisticated descriptive tool for the field.

The origin of' the sev'eral; combonents of the peat is the basis for the peat
classification types. This classification, based on the peat components, can also be
applied to the fossil assemblage types (see below, section D) Sorting, abrasion and
humicity are three features that have distinc‘t states in different organic sediments
Sorting could have been extensive,. for example, the’ coarse allochthonous peat
accumulations on top of the reworked lower lake clays in Yukon locality HHB8-9 (see’
Chapter IV). An easy way to describe the degree ofysbrting utilizes the size variation of
- the components. Some_more or less pure bryophytic peéts evidently are so sorted that
only fragments of around one cm iength are preserved. Othek samples contain only
fragments from a certain size up (all smaller fragments are.loét, for example the f'na{ine
delta deposits in Clements Mar}khar;\ inlet on Ellesmere Island, Bryological Report 401, see
. Janssens 1981). It i‘s clear that such extreme sorting can act very selectively on the
-original material.

Abrasion is easily des"cribed when wood fragments are present in the ,péat
sample. Rounded edges and the abseﬁce of bark dn twigs indicate a high energy
environment. This does not necéssary imply ‘that wellv preserved qabryophytes will be
absent in this material. They. appear often to escape the rough treatment which left its
obvious traces on the wood }ragments. | . |

Humicity (Troels—Smith 1955, p 44 and'p. 55), or the result of the process called
humification (for examp!ey Von Po,st 1937. p. 211), indicates the‘ degree of
decomposition of peats. It is directly related to the ontogeny of the organic depos.it, that
is, the rate at which new iorganic remains become incdrporated into the peat below the
sulphide horizon, in the anaerobic zone of a mirfa system (Moore & Bellamy 1874, p. 99,
and Clymo 1965). Other important factors are later disturba}\ces, for example changes in
Water table. (creating recurrence horizons] and the exposure of the peat: deposits along
riverbanks. There is a stron_g‘ correlation between the external aspect 61" humicity
(squeeze method applied in the field, see Troels—Smith 1955, p.’56—5-73 and ‘the
microscopic preservation aspect of the macrofossils. The reIiabiIitY indices of the taxa in
an assemblage (see below) are based mostly on several aspects of the preservation of

the specimens. The range and mean of these indices give thus an indirect, but objective

.
-
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measure of thé humicity of the peat source.

In extremely humicified peats no bryophytes are preserved at all The only
material that can be distinguished are very res{istant structures, for example those
composed of. lignin, suberin and chitin. The second and third types of peats, mixed and |
autochthonous, can be discussed together, as fhe bulk of the rhaferials of all of it is
derived from organisms Ii'ving in Situ. Sorting and abrasion features are r,\on—exist‘ent or
negligible in these peats. Humicity is again variable and ‘will dictate the success of the
paleoen;/ironmental reconstruction. )

The number of bryophytic fragments (per 100 g of the >1 mm fraction of the
sample) varies from 200,000 in pure Cé///'ergon peat (Bryological Report 352, see
Janssens 1981) to 30 (Bryological Report 109) in fluviatile depo:its. The only sediments -
encountered in this projgct which appear to be completely barren of bryophytes (and for
that matter of all organic rﬁateriql, even polien) are the glacio-lacustrine clays which were
deposited during the existence of the latest glacial meltwater lake in the Old Crow and
'BIuefish Basins (see Chabter IV)..
) On the other hand, some Yukon strata are exceptionally rich in well preserved
organic material. A very exciting sour&e of subfossil brybphytes—-‘are all deposits and
features associated with Disconformity A, Yukon Locality HH68-9. Bul'lk samples from
material on this old surface as well as.?small peat block samples from features associated
with this erosional contact contain ve‘ry‘ unusual_assemblages‘, From Appendix 2 it is
“evident that this horizon has been éxtqnsively sampled.' In fact, with respect to subfossil
bryophytes, locality HH68-9 and its large exposure of Disconformity A provided the

richest assemblages.

.

- B. Extraction

Most samplés consisted of‘_ unconsolidated " sediments. Soaking ih 10 %
sodium—phosbhate for three days ensured that all bryophytic material could be washed
free frorf\\ silt and sand. Noné of the autochthonous peat material from the northern
Yukon Territory had c‘:lean‘ cleavage "planes from which faces could be prepared and:
bryophyte spegimens picked by hand.” All material has been screened on a 1 mm mesh

size sieve and only this larger fraction has been analyzed {experience has proven that it is
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not worthwhile to work with smaller fractions than 1 mm).
Bryophyte stem fragments have been picked out from the screened sample under
the stereoscope or with a binocular magnifier. They can be indefinitely preserved in a

70 % mixture of glycerol with water.

C. Identification

All specimens for identification were mounted on microscopic slides in Hoyer's
solution {Anderson 1954). This semi—permanent medium ensured that dark specimens
were sufficiently cleared and that small fragments can be soaked out or, in case of
plastic coverslips, cut out for further study. Most material could be readily sectioned with
a razorblade.

Preservation was extremely vgi’iable and it was essential to indicate this in order
to give an idea of the reliability of identifications. Two factors, contributing to g particular
preservation grade, can bk distinguished. The first is the pre-l and post-burial history of
the specimen. This is illustrated when the preservation of elements of several
communities of the same mixed assemblage (see below) is compared. Usually there is a
strong contrast between the preservation of the fen component of the assemblage with
that of the material of the nearby, topographically higher communities, flushed into the
same deposition basin. The specimens of the upland component are usually'yery badly
‘degraded and their abundancy is much lower.

The second factor is the species characteristic preservation aspect. Many species
break down in a typical way. The léaves of S. scorpioides are usually strongly lacerated. -
Calliergon giganteum leaves split longitudinally from the apex. Leaves of Rhacomitrium
species lose their apices and margins very rapidly, and many acrocarpoué genera have a
strohg tendency té'have only a few apices preserved. Mosﬂ\‘/, they have a characteristic
dark—gray. color, while the hydrophilic Amblystegiaceae are gofden—brbwn or rich
dark-brown. Polytrichum and Pogonatum species turn opaque black in the fossilization
process. Sometimes some of the original color is retained, for example the red leaf and

costa bases in Bryum pseudotriquetrum. _ >
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Usually only the younger parts of the moss fragments are preserved However, it
is a rare occurrence when the growth apex of pleurocarpous stem or branch fragments
is recovered (for example the apical falcate—second inrolied leaves of a Scorpidium
scorpioides branch).

A reliability index was employed for each record of the fossil assemblages (see
Janssens 1981) based 'mostly upon preservation characteristics. This is an expansion of
the reliability measure given in Janssens (1977b), based on Dickson (1973). The index has
been calculated for each taxon in a fossil assemblage and can range from 1 to 100. it
takes into account 1) general sample ch'aracteristics {that is the total number of fragments
and the % fragments identified to species levell and 2} specimen features (that is
taxonomic level of identification, relative abundance of the taxa in the assemblage, and
fragmeht and leaf preservation). The index permifed to make comparisons between the
reliability of the identification of a specific taxon among several samples. The range of
the index for a particular assemblage gives an idea of the quality of the sample compared
with others. More details on the calcuiation of the reliability index can be found in the
introduction to Janssens 1981, ‘ '

Abundancy was ca]culated by counting the number of fragments of each taxon
and it can be expressed as a pércentage of the total number of fragments in the
assemblage. By analysing a great number of assemblages, | have developed the concept
of five fairly natural abundancy classes. | have called them class 1, few, low, medium, and
high, respectively meaning one single fragment, few up to 10 % of the total number of
fragments, 10 to 50 %, 50 to 80 % and 80 to 100 %. Use of these classes helps in

identifying the type of assemblage, as will be shown in the next section.

D. Classification of Assemblage Types
Subfossil bryophyte assemblages can be classified into three general types
{Fagerstrom 1964), di‘scusse’d below. Classification can often be attempted using only

assemblage chafacteristics, such as species composition, abundancy and preservation.

Sometimes sediment characteristics must alsc be used.



Autochthonous assemblages: the number of species i1s small {mean = four) but
their preservation is usually excellent Often clones or parts of populations in thew natural
growth form can be recovered by careful screening The inorganic content of the
samples is usually very low, consisting of wind blown silt and sand, and the sediment 15
classified as peat.

Mixed assemblages: a high number of species can be represented, but most
sediment characteristics are the same as for aujochthonous assemblages. The additional
species are usually very infrequent and their z:omgy indicates topographically higher
‘habitats which exist in close proximity to the depositional environment. Only very
exceptionally have | found mixed assemblages in which the fen species ‘constituted a
minority group. Mixed assemblages are recognized by a distinct bimodal distribution of
reliability indices (see Janssens 198I: Bryological Report 183 and 40 1).

Transported assemblages. most organic allochthonous or detrital sediments.
contain complex transported bryophyte assembiages. In weli preserved and bryophyte
rich material the number of species that can be obtained from only a few grams of
sediment can be 30 or more (ie. Bryological Repori 435 see Janssens 1981)
Preservation is extremely variable. The species composition often indicates the presence

of two or three clearly distinct communities.

E. Taxonomic, Ecological and Chorological Studies

Essentially all taxa of;’the genus Drepanocl/adus were represented as s_ubfossilsi
Most of the species of this genus hav'e'hbeen frequently encountered in numerous
samplés. This motivated the taxonomic treatment of Drepanoc/adus, présented in Chapter
0 |

To study this genus, material from the foliowing herbaria was obtained ALA,
ALTA, BR, C’ COLO, H, DUKE, MICH, NY and 'S.bln addition, numerous slides of my
reference collection were used for quanﬁtative studies. Most slides were prepagsg from

collections of ALTA, BR, S and from personal herbaria.
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Morphological descriptions have been based on material of axtant populations
except in the case of [ crassicostatus This species will be described as naw and the
preliminary description presentad here i1s composed of information of numerous
subfossil specimens and material of several extant populations

The plate figures. illustrating the Drepanocladus taxa and some other taxa were
prepared with a drawing tube from representative subfossil specimens. cited n the
legends The habitat and distributional information for outside North America 15 a
compilation of Crum (1973). Lawton (197 1). Nyholm (1965) Steere (1978} and Vitt
(1975) The recent distribution for North America has been constructed from collections
of ALTA and CANM (solid dots on the maps) and from mnformation in publhcations hsted in
the legends to the distribution maps (open circles) The fossil distribution 1s based on
Milier (1980a), Kuc (1973e). Kuc & Hills (187 1) and on my own analyses presented Iin
Janssens 1981 ’

Appendix 1 lists the data base for water analyses presented in habitat
discussions. The water samples were collected in mires in Alberta, British Columbia and
tt:e. Yukon Territory in the lmmediate-vicinity of the bryophyte identified Often, for
upland taxa, water was squeezed out of the clones into the vials. The bryophyte
collections will be deposited in ALTA and are at the present time in my personal
herbarium. The Nalgene sample vials were frozen not later than 72 hours after collecting
A test indicated that there were no significant differences in pH and conductivity values
between field measurefnents and laboratory measurements on the same unfrozen
samples up to five days after collection. pH values became usuaily strongly erratic after
five days and there was a fast lowering of conductivity values at that time pH was
measured in the laboratory with an electronic single probe pH meter at 20° C
Conductivity was measured by a electric meter at 20° C and the values were expressed in

microScm-l. They were not corrected for the contribution of H* ions. Ca** and Mg’
concentrations ([Ca*'} and [Mg*}} in the water samples were determined with an atomic
absorption spectrophotometer. Na* and K- concentrations ([Na'] and [K*]) were measured

by a flame photometer. Cation concentrations are expressed in ppm.

.



- The descrlpt:ons for all the ‘taxa,. other than Drepanoc/adus, have been based ona .=
_ comparlson of fossul specamens and material of’ extant populatlons Most of the' matenab.,
for companson has. been provnded b& ALTA Most of  the habltat and chordlﬁgy
mformatlon was compiled from Crum (1973) Lawton (1971) Nyhoim (1956- 1969)
Steere (1978) and Vitt {1975). Additional publications-are listed in the text Also, some

y

water sémple analysis values are reported for these taxa.



‘11l SUBFOSSIL BRYOPHYTE RECORDS

A. Introduction
Previously published records of the taxa disc‘:ussedt here can be found in Miller

(1980a); The families fhét are not rgpresented in the subfossil collections listed below
and that have a fossil record in North America are the Cephaloziaceae, Ptilidiaceae and
Ricciaceae :in the liverworts, and the. Andreaeaceae, Splachnaceae, Fontinalaceae,
Cryphaeaceae, Leucodontaceae, Neckeraceae and Theliaceae in the Musci. The diagnostic
features given in the species discussions are based upon my taxonomic Concepts and -

) experienées, and upon a comparison between living populations and fossil fragmgnts.
Habitat and Recent Dist;ibufion have been .compiled from literature sources cited in
Chapter Il. Tbe heading “Subf_qé‘s‘hil Distripution in North America” lists Miller's {1880a) state
localities followed by my new recofd@ Within each subfdssil distribution record the
ently follows the sequence: locality, date or age, report (see Janlssens 1981), relevant -

| litergture and an indication in case of low reliébility identification (see Chapter ll). An
. attempt is.made, in case no radiome';ric date is available, to: classify the records into one
- 'of the following general time classes: Pleistocene, pre—Wisconsinan, Early Wisconsinan,
V_\/isconsinan and Holocgn'e.’This classification is in man'y cases very tentative ‘and is

v

discussed in detail in Chapter V.

B. Hepaticae o
.Liyerwgrts are extremely poorly represented in the North American record. Only
species of ‘t'l*.i‘e families’ Lophoziaceae, Porellaceae, Cephalqziaceae, -Ptilidi,aceae ahd,
Ricciaé:eae are -Iisted {Miller .1980a, Kuc 19739, Janssens 1881). ‘_‘Iﬂ'hirteen records éfe
known for the continent. Reasons for this boo? representation and 'gofﬁp’ari\son with the
fossil record in the Brivtish' Isles are given m Chapter IV. Only ;cwo species of

Lophoziaceae were present in my samples.
. L3
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' Lophoziaceae

A conservative classification for the family, outlined in Schuster (1966, p. 231) is

adopted here. The\ genera Anastrophy/lum, Gymnocolea and Lophbzia have a fossil

record (Miller 19_8(53, Jovet-Ast 1967 and Dickson 1873). Miller {1980a) recorded
Anastrophy//um minutum (Sch'reb.)’ Schust. from interglacial deposits of Banks Istand in
addition to Lophozia, discussed beiow. '

The fémily has succubously inserted, frequently lobed leaves. Underleaves are

- often strongly reduced. It is never possible to key out poorly preserved material and

records are often listed as 'Lophoziaceae Lophoz/a species or Lophozia s./.: (Miller

1980a).

Lophozia -

Four species are recognized ‘in the North American fossil record. Lophozia

hatcheri (Evans) Steph. is known from Holocene deposits in Greenland (Miller 1980a).

Lophozié guadri/oba (Lindb.) Evans occurred in the same sample as the record of
Abastrophy//um minutum, mentioned above. Also in the same deposits, some
unidentified Lophozia species were recorded (Miller 1980a). In my collections two 6ther
species from this genus are represented and discuésed below. ‘Their dié}gnosis outlines
the most characteristic féaturés of these. épecies, but is not unique. Because .of the
numerous taxa m the Lopho;iécéae, ‘the high variability of the characters and the poor

preservation of the matefi'al, these identifications have only a low reliability. They are

derived by comparing referehce_material of common taxa and by elimination.

-

Lophozia floerkei (Web. et Mohr) Schiffn.

Al

Diaghostic features. — Leaves concave, 2 to 4 lobed, the lobes obtusely pointed; margins

at the base with cilia, composed of short, rectangular or round cells; under/eaves bifid to

the base, with narrow lanceolate lobes and marginal cilia.

Habitat. — In heath vegetation, often frequent in the bottom layer of Betula woodland or

_ of low alpine Betu/a nana shrub heath. It grows in coniferous forest and also in wetter

A
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habitats, sometimes in poor fehs. It is not yet found on decidedly calcareous substrates,

ility to grow virtually erect and at a rapid

with its survival in forests depending on the a

. - !

rate on a substrate of Picea and Abies needle/?' with a low pH.
‘ i

Recent Distribution. ~ Circumboreal and disjunct in the Cordillera of Peru. Montane and
subarctic species. North America Alaska to Ellesmere Island in the north, disjunct to

Colorado., New Mexico, Maine and Vermo,f t in 'the south. Montane districts of western

and central Europe, ubiquitous in Scandinavia.

Subfossil Distribution in North America. — (1) HH68-9, Old Crow Basin, Yukon Territory;

Holocene peat, 0 to 10 cm beiow surface; Bryological Report 143.

Lophozia rutheana (Limpf.) Howe

Diagnostic features. — Leaves large, 2.5 to 3.0 mm wide, shallowly bilobéd; margins at
the base sometimes with 1 to 3 small and short cilia;, medial cells very Iargei,“'to 40
micrometers in diameter; under/eaves large, 1.7 mm long and bi- to tri-fid.

Habitat. - Typical-?ich fen §pecies, 'In calcareous Thuja bogs and swamps. Often

~ associated with Drepanoc/adus revo/vens and Scorpidium scorpioides. In the tundra it is

usually fo'ound depressions. On wet lake margins.

" Recent Distributio‘n. - Circumpolar. Rahges in North America from Alaska to Greenland,
Newfoqndland and Labrador,, southward in suitable sites in Alberta, British' Columbia,
Manitoba, the Great Lakes region in Michigan, New‘York, the Hudson Bay lowlands of
northernmost Ontario and Quebec. Widespread in northern Europe, eastward into Asiatic

USSR.

" Subfossil Distribution in North America. ~ (1) HH68-9, Old Crow Basin, Yukon Territory;
" Holocene peat, 50 to 60 cm below surface; Bryological Report 148. |

A}
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C. Musci

< There are "numer\ous reports of  rriosses in Cuaternary sediments (Miller 1976b,
1980a, b, c). Most fc;rfnerly pUinéhed record; a.re,‘ from g!aciated areas in the northern
and eastern United., States. The following t'reatment'by family lists all additional récords_
from my samples and discusses the diagnostic features (based. on living and subfossil

specimens), habitat and present and past distribution of the taxa.
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Sphagnaceae

Sphagnum

The record of subfossil Sphagnum taxa is meagre. Only 13 oet of 54 species
preséntly known for North Arheric'a are represented in subfoseil'collectione compared
" with the essentially complete representation of the species of Drepanoc/adus. The
reasons for‘this poor representation are the poor preser¥ation capabilities of Sp/zagnum '
and the arctic latitudes and- continental .position of most of my ‘coll,lectiohs‘(no. rr\embers
of the genus have a High Arctic distribution). The British Quaternary rv‘ecord (Dickson
1973) illustretes this point clearly: most o‘f its Sphagnum recerds are Ffan'drian or
" interglacial . Only sparse Sphagnum remains are known from Devensian sites. However
even in the North American recent Holocene peats, Sphagnum maternal is very
susceptible to oxidation and hydrolysis and the fragments soon degrade and become
unrecognizable. Worse, the resulting hydrolyzed material forms a glue that makes the
preparation of the other bryophyte cgfnponents ih the assemblage extremely difficu'lt.
- Stem-material is rarely feund, while' branch leaves are abundantly present. This makes
identification tc?th\e\speeies level nearly impossible. An empty theca was found in the
2,000,000 year old Lost Chicken assemblage in Alask_e.

In addition to the taka listed below, the following species have a fossil record. in
North America S. ba/ticum (Russ.) Russ. ex C- Jens S. nemoreum Scop., S. compactum
DC. ex Lam. et DC., S. palustre L., S pap///osum Lindb., and S subsecundum Nees ex
Sturm (Miller 1980a).

-Sphagnum centrale C. Jens. ex H. Arnel) et C. Jens.

Diagnostic features. — Branch leaves cucullate, widely ovate; ch/orophyl/lose cells in
transverse section narrowly elliptic or sharply triangular, sometimes narrowly exposed on
the abaxial or adaxial surface of the branch leaf. Stem epidermal cells with thickenings in

spiral bands.
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Mabitat. ~ In woods, Sa/ix thickets, often in the shaded, forested areas of fens. The
species occurs in more minerotrophic conditions than Sphagnum mage)/anicum.

o ; 4 : )
Recent Distribution. = Circumboreal. North America: widespread throughout Génada south

.of 60° latitude, and found south to New York and Indianal in the United States.

Subfossil Distribution in North America. - (1) HH68-9 (station 9), Old Crow Basin, Yukor
Territory; Early Wisconsinan?; Bryological Report 425 ’
Discussion. — This speciés -belongs to the.section Sphagnum, the species of which are
characterized by cucullate, widely ovate leaves and spiral bands in the “epidermal cells of
‘branches and stems.' These fibrils are not alway;s easy to distinguish in'poorly preéerved
mater»al Sphagnum magel/anicum can be differentiated frpm S centrale by the wider
elhptlc never truangular shape of the chiorophyliose cells in transverse sectlon In S»
centrale these cells never reach the abaxial or adaxial surfac;e of the legves Collapsed»

fossil leaves of these two taxa are difficult to interpret and many transverse sections

have to be studied., _ o ) o f-
Sphagnum fuscum (Schimp.) Klinggr.

Diagnostic features. - Stemn /eaves lingulate, entire or notched, >1 mm long; hyaline
cel/s of the branch leaves with large (2 to 6 micrometer) elliptic, weakly ringed pores on
abaxial surface; ch/orophy//ose ce//s triangular in transverse sectlon ‘exposed on the

adaxial surface Stem dark brown with 4-5. layered hyalodermis.

Habitat - Forming hummocks in open and semishaded habitats, associated with
coniferous trees. In bogs, fens and muskegs pH 5.6 (h=1), conductivity 112 %ncroScm !
(n=1), Ca concentration 5 ppm (n=1), Mg concentratlon 0.7 ppm n=1), Na concentration

135 ppm {n=1), K concentration 7.3 ppm (n=1).

Recent Distribution. - Circumpolar. North America. from Alaska to Newfoundland,



Labrador and Greenland, most of Canada and the northern United States, farther south in

the mountains. Europe, Asia,.Japan.

Subfossil Distribution in North America. —.(1) HH72-54 (station 3), Hungry Creek, Yukon
Territory; Wisconsinan; Bryo|ogical Report 435. ~ S

Discussioh. '—_Disﬁngdished from other taxa of tne section "Acutifo/ia. by its-brown stem,
S. f&sc&m is probably one of the most common taxa of thie' group in continental North

. America. | do not know if the stem of the green Sphagnum taxa changes color during
fossmzatnon Therefore, the |dent|fncat|on of dark brown stemmed Sphagnum section ’
Acutifolia material remains tentative.

\

‘Sphagnum gi rgenéohrjii Russ.

" Diagnostic features. — Stem /eaves ‘Iingulate, lacerate across the apex; chi/orophyl//ose
cells of branch /eaves triangular in transverse section, exposed on the adaxial surface.

Stem not dark-colored, with a three-layered hyalodermis.
A Y

Habitat. - In shaded, coniferous forests, but rarely. directly .in muskeg and fen habitats, -

-

beside lakes and rivers in Sa/ix thickets.

Recent Distribution. — Circumboreal. North America: from Alaska to Greeniand and
Labrador, south through Canada to the northern United States from New England to
Washington, farther south in the mountains to North Caroline in the east and California in

the west Europe, Asia, Japan, Java. .

Subfossil Dnstrnbutlon in North America. - Greenland (Mrller #980a). New records (1) REM
78-2, Oid Crow Basin, Yukon Terrntory surface sample of Holocene peat; Bryologlcal

.Report 289

Discussion. — Sphagnum g/'rgensohnii belongs to section Acutifo/ia as does the more
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common S. fuscum. Sphagnum fuscum is differentiated from S. girgensohnii by its
dark-brown or black stem. and entire stem leaves. Living plants of  Sphagnum
girgensohnii never have any trace of red coloration, which differentiates t?'nem from S.

C rUSSOwWii.
Sphagnum lenense H. Lindb. ex Pohle ' ' - Plate 1

Diagnostic features. — Pl/ants small, compactly branched, stem /eaves < 1 mm,
round-lingulate, deeply lacerated in the upper portion of the aoex, often to the midpoint.

of the leaf. Stem black or dark brown.

3 : ’ ’ .
-Habitat. — On moist soil among bushes. on hummocks, banks, and mounds in poor fens. in
various types of tundra, in Sphagnum tundra bogs, in tundra-like subalpine shrubzones

and in forest tundra Rarer in paludal coniferous forest

Recent Distribution (Plete 2). - Circompolar Subarctic species. North America: widely
d:stnbuted between 60 and 70° Iatltude Only ‘found north of 70° in the Barrow area,
'Alaska and south of 60° in the Alaskan Peninsula and northeastern Quebec. Northern
USSR | ‘

Subfossil Distribution in North America. — (1) Riverbar. near HH75-9 along Porcupine
River, Yukon Territory; recent detritus; Bryological Report 34. (2) Lost Chlcken area, Lost

Chicken Mine, Alaska 1,400,000 - 2,000,000 BP Bryological Report 357, Matthews

1970. - - | ) : \

" Discussion. = Sphagnum lenense plants are easily recognized by their short compact
branches and dark stems. Sphagnum riparium Angstr. also has deeply lacerate stem
leaves, but they are much larger (>1 mm). The stem leaves of S. /;ndbergi/ .are lacerate
. right across the apex-and not with a deep cleft in the middle. They are up to 2 mm.long
or nwore.‘Sphagnum,fuscu.m, another species with a dark colored stem, belongs to the

section Acutifolia and has the chlorophyllious cells exposed on the adaxial side of the



Piate 1. Sphagnz}m lenense H. Lindb. ex Pohie (Bryological Report 357}

1.

Fascicle, well preserved cluster of branches (x25).

. Stem lgaves (x50).

2
3.
4
5

Stem transverse section with hyalodermis and. cortex (x500).

. Branch leaves (x50). .

. Medial hyaline cells and surrounding chlorophyllose cells of branch

leaf, adaxial view (x500).
Medial hyaline cells and surrounding chlorophyliose cells of branch
leaf. abaxial view (x500).

’ \

Transverse section through branch leaf, chlorophyliose cells

exposed on the abaxial side (x500).
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Plate 2. The present day apd subfossil distribution of ~Sphégnum /e‘nense H.
Lindb. ex Pohle. Solid dots: present day distribution based on specimens
in ALA, ALTA, C, CANM, COLO and NY. Open circle: ﬁncertain locality.
Triangle:; Holocene river detritus (Yukon) and Plio-Pleistocene Lost Chicken
locality {(Alaska). Solid and broken shaddwed line. maximal northward

extend of Pinus in North America, based on maps in Hultén (1968),

Hosie (1975) and Viereck & Little 1975.
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branch leaves Sphagnum lenense belongs to the section Cuspi/data, characterized by
exposure on the abaxial side.

The two million year old record of the Lost Chicken locality in eastern Alaska is
exceptional. Although it 1s the oldest record of Sphagnum for the continent. the material
is perfectly preserved, actually better than any other Sphagnum material | have seen The

species is very abundantly represented in the autochthonous peat For more discussion

see Chapter [V and V.
Sphagnum mage/lanicum Brid

Diagnostic features. — Branch /eaves cucullate, widely ovate; ch/orophy//ose cel/ls of
branch leaves in transverse section widely elliptic, not exposed on the surface of the

leaf. Stem epidermal cells wi%h/gpiral bands.

Habitat - In wide carpets or hummocks, exposed. in bogs, poor fens and woody
peatlan_d. It forms small hummocks or occurs on the side of l?rger hummocks. Relatively
oligotrophic, pH 6.5 (n=1), conductivity 137 microScm-! (n=1)k,1 Ca concentration 4.5 ppm
(n=1), Mg concentration 0.5 ppm (n=T), Na concentration 10.8 ppm (n=1), K concentration’

9’2 ppm (n=1).

w .

Recent Distribution. - Circumpolar, bipolar. North America Labﬂor to Alaska, south to

the gulf of Mexico and California Central America, South Ameriea to Tierra del Fuego,

Falkland Islands. Europe, Azores, northern, eastern and central Asia, Japan. Australia.

Subfossil Distribution in North America. ~ Alberta, British Columbia and New York (Miller
1880a). New records: (1) HH75-24, Bluefish Basin, Yukon Territory; pfobably
pre—Wisconsinan; Bryological Report 173. (2) HH68-8 (station 3). Old Crow Basin, Yukon
Territory, Early Wisconsinan?;, Bryological Report 302. (3) Ballaine Lake, Fairbanks area,

Alaska; 1770 = 70 BP. (USG§-~31): Bryological Report 430, Hamilton et a/. 1980.

Discussion. — The very characteristic ovate leaves and fibrils in the epidermal cells of the

-
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stem and branches make members of the section Sphagnum the easiest to. recognize in

the fossil material, Sphagnum magellanicum is by far the most common subfossil of this

section in continental North America See the dlscusswn of S. c¢entrale for the

N L
%

dn‘ferentlatlon of S mage//an/cum

Sphagnum squarrosum Crome

- Diagnostic features. — Fragments robusk; stem /eaves finely, evenly'v frir\ged 'alon'g margins
and across apex;‘bra/?ch /eaves squarrose, sometimes streight; chlorophy!lose cells with
- outer walls 'finely' bapillos’e, narrowly elliptic.or sharply rectangular in transverse section,
not or narrowly expeeed on the abaxial surface of the branch leaf.

Habitat - In wet, shaded habitats and depressiohs. At fen margins, in minerotrophic

‘seepages, beside lakes and streams. In"Picea forests.

Re\cer'\t_~ Distribution. — Circumboreal. North America’ from ’Aleska to Greenland and
Labrad‘er, ‘troughout Canada and the northern and ’cent'raI‘Unit,ed States, south in the
mountains to North Carolina and Tennessee in the east and Arizona and California in the
west. ,Euro;ee, northern and central Asia, Japan.. ‘

o

Subfossil Distribution in North America — Greenland, lowa and Nor’,,chwesbt Territories -

(Miller 1980a). New records: (1) Ballaine Lake, Fairbanks area, Alaska; 3110 = 100 BP.

(USGS- 30) ‘Bryological Report 427 Hamilton et a/. 1980 {2) Ballaine: L'ai(e Fairbar\'ke. o

area, Alaska 890 = 175 BP. (AU-17); Bryologucal Report 4&31 Hamtlton et al. 1980

Discussien. ~ Sphagnum teres is Iess robust than Sphagnum squarrosum. The leaves of

the former commonly are not squarrose Poorly preserved material can cause difficulties

in identifitation to the spec:es level. The sectlon Squarrosum |s;.d|f¥erent|ated from other

Sphagna by finely papillose owter walls of the chlorophyltose cells and evenly“f mged

f

stem leaves. 4
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Sphagnum tereé {Schimp.) Angstr. ex C. Hartm. .

Diagnostic- features. — Fragments slender; stemn leaves finely, evenly fringed along

margins and across apex; branch /eaves imbricate fo spreading, siraigh’c; chiorophyllose

cells with outer walls finely papillb'se, narrowly ‘elliptic or - sharply rectangular in

transverse section, not or narrowly exposed on the abaxial surface of the branch leaf. -

Habitat.. = In floating ‘mats, on hummocks (beside strearns in alpine habitats), in sedge
communities near opén water. Beside lakes and in streams, in A/nus, Salix and Betu/a

thickets, and in late snow-melt areas.

Recent Distribution. - Circumboreal and circumpolar. North America’ from the Arctic

south to Pennsylvania, Ohia, Michigan, linois, lowa, No‘rt’jh’Dakota, Colorado, Montana,

idaho and California.

,'S"ubfo'ssil Distribution in North America. — Greenland and Northwest Tefritories (Miller
1980a)l. New records: (1) Milford: Gypsum Quarry, Milford, Nova Scotia; >50,000 B.P.
{(GSC—1642); Bryological Report 413. |

Al

Discussion: — See the discussion under S. squarrosum for, the "/d\ifferentiatioh of that

;k&

species from S. teres.

7

Sphagnum sectibn Acutitolia Wils.

Diagnostic features. - Taxa belonging to this section are dif ferentiated by the following
comBination of character states: one hangiﬁg branch per fascicle in r'ﬁo,st species,; a well
developed hyaloderrﬁis (3—4 layered) on fhe stem and chlorophyliose cells that are
exposed on the adaxial surface of the branch leaves. Some of the most common taxa in
~ continental North America belong to this section, including S. girgensohnii, S.
warnstorfii (green stem) and S. ‘fuscum (dark stem). Often, stem and stem leaves are nor

presérved and identification to species level is then not possible.

a2
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Subfossil” -Distri\bution in North A‘merica. — Alberta (Miller '1980a. New records: (1)
}HH68—9, Old Crow Basin, Yukon Térr’itory; Holocene peat, 20 to 30 cm below surface;
Bryolc_zg’ical Report 145. (2) HHSB?Q, Old Crow Basin, Yukon Territory, Holocene peét, 50
0 60 cm bélow surface; Bryolod@cal Report 148. (3) HH68-9 (station 1-2), Oid Crow

Basin, Yukon Territory; *+ 60,000 BP.; Bryological Repért 176. {4) HH68-9 (station 3), Old
Crow Basin, Yukon Territo‘ry; Early Wisconsinan‘?; Bryological Report 302. (5) HH68-9

(station 7), Old Crow Basin, Yukon Territory; = 60,000 BP.; Bryological Report 308. (6)
CapeﬁDeceit Ouatérnary Expwsure, Near Deering (station 5-6), Alaska; 700,000 ~
1.800 000 B.P.; Bryological Report 332, Matthews 1974a. (7) Cape Deceit Quaternary
Exposure', Near Deering {station 6), Alaska; 700,000 - 1,800,000 BP.; Bryological Report
341, Matthewé 1974a (8) HH72-54 (station . 3), Hungry Creek, Yukon Territory;

Wisconsinan, Bn.'yologi‘_cal Report 434. -

Sphagnum section Cuspidata (Lindb.) Schiieph.
X 4
Diagnostic features. — Taxon belonging to the section Cuspidata are differentiated from

other .Sphagna by the following combination of character states: two hanging branches
. - : N

per fascicle, a poorly developed hyalodermis on the stem or none and ,chlo};ophyllose '

cells which are exposed on the abaxial surface of the branch leaves. Sp gt i/ Enense,

©

discussed above, befangs to this group.

Subfossil Distribution in North America. - Alberta (Miller. 19 r{éco'rds: (1
HHE8-9 (station 11)-,’,OIdHCrow Basih,. Yukon Territory; Early Wiscoh i‘riar{?; Bryqlogidal
Report 265. (2,HH68-9 (station 3), Old Crow Basin, Yukon Territory; Ea'rly Wisconsinan?;
Bryological Répbrt 299. (3) Ballaine Lake, Fairbanks area, Aléska;‘ 3110 = 100 BP.

(USGS-30); Bryological Report 427, Hamilton et a/. 1980.

- s
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Sphagnum unidentified species

Subfossil Distribution in North America — (1) Snake River area, Yukon Territory; 11,700
90 BP. (GSC-2693) and 11,800 :: 170 BP. (GSC-2745); Bryologicél Report 41. (2) |
HH68-‘-9, Old Crow Basin, Yukon Terfitofy; Holocene peat, 200 to 1 (3\)';1H68—9 (station
3), Oid Crow Basin, Yukon Territor‘y;'i 60,000 B.P.: Bryological Report 174. (4) HHE8-9
(station 1-2), Old Crow Baéin, Yukon Territory; £ 60,000 BP.; Bryological Report 176. (5)
HH68-9 (station 3), Old Crow Basin, Yukoh Territory, Early Wisconsinan?; .Bryological

. Report 302. (6) HH75-24, Biuefish Basin, Yukon Territory; Wisconsinan?; Bryological

Report 325 (7) HH75-24, Bluefish Basin, Yukon Territory; Wisconsinan?; Bryological

Report 326. (8) Cape Deceit duaternary Exbosure, Near Deering (station 6), Alaska;
700,000 - 1,80_0,000 B.P. Bryological Report 341, Matthews 1974a. (9) Lost Chicken
area, Lost -Chicken Mine,v Alaska; 1,400,000 - 2,000,000 B.P.; Bryological Report 357,
Matthews 1970. (10) Lost Chicken area, Lost Chicken Mine, Alaska; 1,400,000 - .
2,000,000 BP. Bryological Repokt 359 Matthews 1970. (11) HHE8-9 (station 3), Oid

- Crow Basin; Yukon Territory;“Early Wisconsinan?; Bryological Report 391.
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Fissidentag:eae

. : \ . .

The genus Fissidens has a poor North American subfossil record. Only four
species out of 39 reported for the Continent at the present time (Crum et a/. 1973,
irelang er al/. 1980) are represented as subfossils. Miller (1980a) listed F.:osmundoides
Hedw. from lowa (Aftonian) and New York State (Lateglacial) and /-' taxifo/ius Hedw.
from indiana {Sangamonian). My collections are hsted below. They were annotated by RA.
Pursell, who wrote the following comments about them: ‘

"The plants .. (Bryological Report JJ 261) are Fissidens bryO/des Hedw.,

sensu /ato. No one, however, would disagree if you want to call them F.

viridulus {(Sw.) Wahlenb. .. The second set of slides (Bryological Report

JJ 280}, are the more mterestmg I have compared the two fragments with

F. osmundoides. The only .other possibility i1s F. tax/fo/ius. The costae in

this species, however, are much more robust and generally excurrent. |

feel certain that these fragments do represent F. osmundoides. [In these

subfossils] .. there has beera shortening of the costae. If you have more

material to demonstrate this, | see no reason why you could not propose a

variety based on this character state”
ft was not possible to extract more-specimens of this taxon out of the tiny sample

{originally a pollen sample).

Subfossil Distribution in North America‘. - (12) HHB8-9 (station 2), Old Crow Basin, Y-ukon
.Territory; + 60,000 BP Bryolagical Report 261, as Fissidens bryoides Hedw., sensu
/ato, conflrmed by R.A. Pursell (13) St Hila;re Quebec; 10,100 = 150 BP.(GSC-2200);
Bryoldg-ncal Report’ 280,_ Mott et a/. 1980, as Fissidens cf. osmundoides Hedw.,

%
f.

confirmed by R/A. Pursell.
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Ditrichaceae

Ceratodon
A few poorly preserved specimens can probably be assigned to Ceratodon
purpureus (Hedw.) Brid. ‘None of .these specimens has the characteristic, irregular

denticulation of the upper margin prese\rved

‘Subfossil Distribution in North America. .— lndiana; Minnesota, New York and Vermont
(Mill‘er 1980a). Nev‘v records: (14) HH68-9 (statien 11), Old Crow Basin, Yukon Territory;
Early Wisconsinah?; Bryological Report 265, as cf. Ceratodon pdrpureus. {15) St Hilaire,
Quebec; 10,1OQ + 150 BP. (GSC-2200); Bryological Report 280, Mott et a/. 1980, as
cf. Ceratodon purpureus. (16) HH68-9 (station 3), Old Crow Besin, Yukon Territory; Early

Wisconsinan?; Bryological Report 302, as cf. Ceratodon pUrpureus.

Distichium

No material with lSperophytes was preserved in any of the samples. It was thus
- hot possible to identify the small gametOphytic fragments to seecies level. Luxurious
forms of Distichium capillaceurn {Hedw.) B.S.G. are the only‘D/;stich/'u'md specimens
‘hla_ving a -distinct gametophytic' habit. They are large and  have strongly
_squarrose-recurved leaves. The small forms of D. capi//aceum on the other hand are
indistinguishable frem D. hagenii Ryan ex Philib. and D. inclinatun (Hedw.) BS.G
However, D. capill/aceum is the most common species_ of the three so all the fossil
_records are tentatively listed under this taxon. The distichous leaves of the species :)f

this genus are differentiated from Fissidens leaves by the absence of apical and abaxial

laminae and by their narrowerftubu|ose, subulate leaves with papillose medial celis.
~
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Distichium capillaceum

Diagnpétic_features. - Leaves distichous, with a sheathinvg base and a long flexuose or

squarrose-recurved subula; medial cells with a rough cuticle, showing low, elliptic

A papiliae. These papillae are oriented longitudinally on the leaf,

. Habitat. = Grows mostly on calcareous soil and in rock crevices, in mesic situations. In

montane and tundra habitats. pH 7.7 (n=1), conductivity 856 microSem= (a=1), Ca

concentration 125 ppm (n=1), Mg concentration 49 ppm (n=1), Na concentration 11 ppm

‘(n= 1), and K concentration 5 ppm (n=1).

Recent Distribution. .~ Circumboreal. Bipolar. North America from Alaska to Greenland,

_south to New York to lowa in the east and Colorado and Arizona in the west. Hawaii,

4 .
Mexico to Patagonia. New Zealand, Australia, New Guinea.

.

‘Subfossil Distribution in North America. - Greenland, indiana, Minnesota, New York,

Northwest Territories, Ontario, Vermont and Wisconsin (Millgr 1980a). New records: (1)

Anaktuvuk River, 0.8 km downstream from.irgkivik Creek, Alaska; 10,BBOé + 150 B.P.

(I-11,010); Bryological Report 171, 'Hamilton 1980a, p. 21, as Distichium cf.
capi//aceum. {2) HH68-9 (station 1-2), Old Crow Basin, Yukon Territory; £ 60,000 BP.;

'Bryologncal Report 176, as Distichium cf. capillaceum. (3) Kiuane Lake, south shore,

Yukon Terrltory below 43 m of water; 2215 BP. (l— 10,525); Bryological Report 178, as
Distichium cf. cap///aceum. {4) Anaktuvuk Valley, thaw lake 2 km upvalley from
Akmagolik Creek, Alaska; 6220 + 140 BP. (i- 10,7'84)‘;Bryological‘Report 200, Hamilton

1980a, p. 23?7§s Distichium cf. capillaceurn. (5) Anaktuvuk Valley, thaw lake 2 km
upvalley from Akmagolik Creek, Alaska; 6200 + 120 BP. (I-10,925); Bryological Report
201, Hamiilton 1980a, p. 23, as Distichium cf. capillaceum. (8) HH75-24 (station 2),

Bluéfish Basin, Yukon Territory; above >53,000 BP. (GSC-2373-2); Bryological Report

271, as Distichium cf.-c;api//aceum. (7) HHE8-9 (station 7), Old Crow Basin, Yukon:
Territory, * 60,000 B.P.; Bryological Report 308, as Distichium cf cap/'//aceum.v (8)

HHB8-9 (station 10), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological
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Report 385, as Distichium cf. capil/aceum. (9} Clements Markham Inlet, Ellesmere Island,
Northwest Territories; 6400 + 60 B.P. (SI-4314); Bryological Report 401, as Distichium
cf. capf//aceum. (10) HH72-54 (station 3), Hungry Creek, Yukon Territory; Wisconsinan,

Bryological Report 435, as D/stichium cf. capillaceum.
" - .

Discussion. - Some of the small Distichium fragments could be D. inc/inatum, a species
characteristic of “and probably relatively common along stream banks (D.G. Horton,

14

personal communication).

Ditrichum

All material is poo.rly preserved. However, the diagnostic features D. flexicaule
are usually clearly visible. All the subfossil specnmens that were prepared could thus be
identified to this species. Miller (19803) listed one record of another taxon; D. /ineare
(Sw'.) Lindb. from a deposit of unknown age near Aurora, North Carolina. .
Di t'r/chum flexicaute f(échwaegr.) Hamp.e
\ ' /i
Diagnostic features, / Plants tomentose; /eaves erect- spreadmg with ovate—lanceolate
base and long subula, shoulder usually not pronounced; costa wide, diffuse; media/ and
upper cells irregular, varying from rectangular to quadrate or subquadrate; marginal
cells below andf‘at the shoulder area longer and nar ofter; linear at the .mérgin itself.
, ) | o .
" Habitat, —" On caicareous soil and in rock crevices. In meadows and on beach ridges in the
High Arctic. o : : _
] | A | ,
Recent/Dnstrlbutlon - Cnrcumboreal Bipolar. North America: from Alaska to Greenland and

south to Vermont, Mlchlgan lowa in the east and Colorado in the west. Guatemala gnd

Colom/bla. Europe, Algerla, Caucasus, Madeira, northern Asia. New Zealand.
.‘ // . ‘
Subfossil Distribution in North America — Michigan, Minnesota, New York, Northwest

Territories and Wisconsin (Miller 18980a). New records: (1) Anaktuvuk River, 0.8 km
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doWnstrearﬁ from Irgkivik Creek, Alaska; 10,580 * 150 BP. (-11,010); Bryological
Report 171, Hamilton 1980a, p. 2 1. (2) Kluane Lake, vsouth shore, Yukon Territory; below
43 m of water; 2215 BP (I-10,525), Bryological.Report'177,4_(3) Your Creek area,
Alaska; 5615 = 110 BP. (I—10,5éj8i; Bryological Report 183, Hamilton 19733 Fig 5. (4)
.Anaktu'vuk Vallley, thaw lake 2 krﬁ upvaliey from Akmagolik Creek, Alaska; 62‘00 + 120
- BPP. {I-10,925); Bryological Report 201, Hamilton 1980a, p. 23. (5) HH75-24, Bluefish
Bésin,’ Yukon Terri;tory; Wisconsinan?; Bryological Report 326. {(6) HH79-1, Hungry Creek,
Yukon Territory; 8700 + 80 BP. (GSC-2971); Bryological Report 383. (7) HH68-9
(station 3), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 391.
(8) Clements Markham Inlet, Elle.smere Island, Northwest - Territories; 6400 * 60 BP.
(SI-4314); Bryological Report 401 (\9).~ HH68-9 (station 9). Old Crow Basin, Y»uko'n

P

- Territory; Early Wisconsinan?; Bryologiéal Reporlt 425,

Discussion. - The best preserved frag(r:ents are derived from luxurious forms. The
leaves are Ioﬁg and the plants abundantly tomentose. The smaller forms -éan be
recognized by‘the linear marginal cells at ihe shoulder area of the leaf. The medial énd
qpper cells are very irregular in shape, contrasting with thé mo;'e elongate and regular
shape of' smallvforr.ns of Dicranaceae. The costa in all subfossii specimens is wide and.not

clearly deiimited.



Dicranaceae

Dicraneila _

Subfossil Dicranel/la specimens are differentiated from those of Dicranum
specie‘s by ;heir poorly developed alar cells and small size. Dicranel/a can be
differentiated from another genus in the Dicranaceae with a fossil record, Oncophorus,
by the former having non-sheathing, gradually narrowed ovate-lanceolate to lanceolate
leaves. Four speciesof Dicranelta arebreprebsented in the North Americanbrecord {Miller
1989a) D. heteromalla (Hedw.) Schimp. (Wisconsin), D. palustris (Dicks) Crundw. ex
Warb. {British Columbia), D. schreberiana tHedw.) Schimp. (New York) and D. varia (Hédw‘)
Schimp. This last species is the most common in the fossil record and is also the only.

one in my collections from the Yukon Territory.
Dicranella varia (Hedw.) Schimp. ‘

Diagnostic features. — Leaves lanceolate with a keeled subula; costa strong, clearly
defined, with the narrow lamina forming a keeled subula labove; margins -narrowly .
recurved along most of their length, irregularly denticulate above; medial cell/s narrowly

rectangular, thin—walled.

Habitat. — On damp, disturbed-and calcareous soil, particularly on clay. On moist banks of

ditches and along roads, also on solifluction soil.

Recent Distribution. — Circumboreal. North America: from Alaska to Nova Scotia, south to
California and the Gulf of Mexico. Central America. Europe, Azores, Madeira, Canaries,

nofthern Africa Asia

Subfossil Distribution in North America. — New York and Vermont (Miller 1980a). New
record: (1) HHE8-9 (station 3), Old Crow Basin, Yukon Territory; + 60,000 BP;
Bryological Report 174, '
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Discussion. — Leaves of the other Dicranel//a species are characterized by having plane

margins or a wider, diffuse costa.
Dicranella unidentified species

Subfossil Distribution in North America. - Wisconsin (Miller 1980a. New Record: (1)
+ ]

‘Anaktuvuk Valiey, thaw lake 2 km upvalley from Akmagolik Creek, Alaska; 6220 + 140

B.P. (I~ 10.784); Bryological Report 200, Hamilton 1980a, p. 23.

Dicranum
N ) . ‘ .
All the subfossil Dicranum .specimens in my collections were annotated by W.

" Peterson. The following information is based on his thesis (Peterson 1979) and personal

communication, in addition tb the references listed in Chapter i

Dicranum fragments are very distinctiVeJossi!s: more than any other acrocarpous
moss, the color of their thick cell walls is modified to a dark—brown or black during
fossilization. This feature is shared by Au/acomnium and some pottiac;ebus taia in a
Ie‘sser degree. The pleurocarpous mosses do not react in this way.

My collections are listed and discussed below. Additional taxa found in North
America are: D. é/oﬁgatum Schleich. ex Schwaegr. (Greenland), D: fuscescens Turn. (New
York and British Columbia), D. /eioneuron Kindb. (Northwest Territories) and D. majus Sm.

{Alaska).
Dicranum acutifolium (Lindb. et Arn) C. Jens. /n Weim (Miller 1980a).

Diagnostic features. ~ Leaves straight to slightly curved, keeled; apex acute; medial cells
irregular, varying from shortly rectangular to quadrate, not or weakly porose; a/ar cells

in a bistratose group.

Habitat. — On slightly calcareous substrates, in forest areas surrounding mires and fens. In

tundra, Dryas heath and montane—boreal forest.

0
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Recent Distribution. — Circumboreal. North America (see Fig. 52 in Peterson 1979). from
Alaska to Greenland, south in the east to New England and in the western mountains to

New Mexico. Most common in the northwestern part of the continent. Europe, Asia.
Subfossil Distribution in North America. - (1) HH68-9, Old Crow Basin, Yukon Territory:
Holocene peat, O to 10 cm below surface; Bryological' Report 143. (2) HH72-54 (station

3). Hungry Creek, Yukon Territory, Wisconsinan; Bryological Report 435.

Diéqussion. ~ The closely related D. fuscescens Turn. and D. elongatum - Schleich ex

Schwaegr. are characterized by a more regular pattern of upper and medial celis. As well,

D. elongatum has a unistratose alar cell region.
Dicranum angustum Lindb.

Diagnostic features. — Leaves narrowly lanceolate, not keeled; apex acute; costa without

abaxial lamellae; margins entire; medial cel/s elongate, clearly porose.

Habitat. — Usually associated with Sphagnum species, in wet habitats. Widely distributed in

the coniferous -~ ests, with increasing frequency northwards. It is a fen moss and grows

usually in leose tufts or as solitary stemssgrpong Au/acomnium palustre,:Calliergon

sarmentosum, Calliergon stramineum, wm majus, Drepanoc/adus revolvens, D.

uncinatus, Sphagnum balticum, S. warnstorfi/ and Tomenthy pnum nitens.

Recent Distribution. — Circumboreal. North America (see Fig. 58 in Peterson 1879} from
Alaska to Greenland, southward in the Canadian Rocky Mountains to Banff National Park.

Europe: Scandinavia. Asia Siberia.

Subfossil Distribution in North America. - (1) HH75-24, Bluefish Basin, Yukon Territory;

probably pre—Wisconsinan; Bryological Report 173.

Discussion. — This species is morphologically very close to Dicranum scoparium Hedw. -
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The latter 1s dif ferantiated by the presence of Iamellae on the abaxial side of the costa.
Dicranum groenl/andicum Brid.

Diagnostic features. — Leaves lanceolate, with a more or less widely ovate—ianceolate
base, straight or curved; apex acute to narrowly obtuse, with a few teeth; costa without
abaxial lamellae; rﬁar;ms entire; medial and upper ceMs elongate, very thick—walled,
porose: alar cel/s not reaching the costa

Habitat. — In mesic tundra, also in heath vegetat»ion’at higher elevations. Forming large
hummocks similar to those of D. e/ongatum. It is found mainly on non-celcareous soil,

rich in humus and often on old Sphagnum hummocks.

Recent Distribution. - Citcuewboreal. Arctic-alpine species. North America (see Fig. 45 in
Peterson 1979} from Alaska to Elilesmere !sland. Labrador and Newfoundland, south to
southern Ontario, Alberta and British Columbia Svalbard, Fennoscandia, Siberia and Japan.
Subfossil Distribution in North America. — (1) HH68-9 (station 1 1), Old Crow Basin, Yukon
Territory; Early Wisconsinan?; Bryological Report 265. (2) CRH 12 (station 2), Old Crow
Basin, Yukon Territory; +-60,000 B.P.; Bryological Report 267. (3} CRH 70 (station 2), Old
Crow Basin, qukon Territory; >37,000 BP. (GSC-2792); Bryological Report 270. (4) R#M ‘
78-2, Old Crow Basin, Yuken Terrltory surface sample «g@ Holocene pest, Bryological
Report 289 (5) HH68 g (stahen 3 O

‘,EdCrow Bgsm Yukon 'l:erﬁtory Ea{;ly Wisconsinan?;
Bryological Report 302_,“ 6) HH75’\ Ay Bluéflsh Basm Yuk’en Terrntqry thconsman7
Bryologncal Report 326 (7) HH72

‘54, ‘(statxdn 3), y..,Creek ‘Yukon T“errltory

‘\

Lo

D/Cfanum taxa hi‘\ﬁ& shortor or thlnner walled med|a| cells or a costa with abaxual

ot

lamellae. ?*f" »yf o o
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Dicranum scoparium Hedw.

Subfossil Distribution in North America - Greenland (Miller 1980a. New record (1)
HH68-9, Oid Crow Basin, Yukon Territory; Holocene peat, O to 10 cm below surtace.
Bryological Report 143, as Dicranum cf. scoparium.

i
Discussion. - The very poorly preservedg material has the appearance of a young D.
scoparium plant. The costa is not completely developed No abaxial lamellae can be

observed. . -
Dicranum undu/atum Brid

Diagnostic features. — Leaves undulate, long lanceolate with an ovate-lanceolate base.
strongly keeled; apex broad; medial cells very irregular and shortly rectangular, with

sinuose, thick walis. ’

Habitat. — Mire species, frequently found in muskeg. Rarely on soil or wood. Forming
compact mats on Sphagnum hummocks. Often associated with Au/acomnium palustre,
Meesia uliginosa, Tomenthypnum nitens, Catoscopium nigritum and Campy/ium

ste//atum. pH 6.65 and 6.80 (n=2), conductivity 38

and 202 microScm! (n=2), Ca
. 2 B -
concentration 145 and 154 ppm (n=2), Mg concem#@on 4.3 and 15.4 ppm (n=2), Na

concentration 12.0 and 12.1 ppm (h=2) and K concentration 5.3 and 13.6 ppm (n=2).

Recent Distribution. — ‘Circumboreal, subarctic. North America (see Fig. 56 in Peterson
1979): from Alaska to Labrador and Newfoundland, south to North Carolina in the east
and Wyoming and Washington in the west Europe: Fennoscandia and the mountains.

Siberia, Japan.

Subfossil Distribution in North America. — lowa (Miller 1980a). New records: (1) Wind
River, 50 km south of continental divide, Brooks Range. Alaska; 9380 * 150 BP.
(I-10,508), 8600 * 85 B.P. (USGS-163); Bryological Report 180, Harhilt_c%n 1879b, p. 40,

Posd
w
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-as Dicranum undul/atum, approaching Dicranum acutifol ium.
. ; ¥
o

5

o ‘ ) . = .
Discussion. — The fossil specimens are intermediate between D. undu/atum and :D.

‘acutifolium. W. Peterson lin litt) gave the following analysis of them:

"The areolation is closer to .. [D. acutifolium) but the leaf shape, papillag
-on the costa and the marginal serrations suggest ..[D. undulatum). There .
are no intact leaf tips except those on the reduced male leaves. .. These
plants are not unexpected. in my thesis | speculated that the Beringia area
‘was the probable place where D. acutifol/ium evolved from D. undulatum.

Perhaps these specimens represent some phase in this evolutionary line.”

Dicranum unidentified speciés

‘Subfossil Distribution in .North America — Greenland and Wisconsin (Miller 1980a).kNew
records: (1) Your Ct:;ek area, Alaska; ‘5615 + 110 BP. (I-10,568); Bryological Report,
183, Hamilton 1979a, Fig. 5. (2) Anaktuvuk Valley, thaw lake 2 km upyéliey frbm

, Akmagc.:llik Creek, Alaska; 6200 + 120 BP. (I-10,825); Bryologiéal Report 20'i, Hamiilton
1880a, p. 23. (3) HH68-9 (station 11), Old Crow‘ Basin, Yukon Territéry; Eai‘ly
Wisconéinaﬁ?; Bryological bReport 265. (4} CRH 70 (station 2), Old Crow Basin, Yukon

~ Territory; >37,000 BP. (GSC-2792); nyological Report 269. (5) 4\HH68-—9 (stétion 9), Old
C{oy/ Basin, Yukpn Territory; Early W'isco,ns_inah?,‘ Bryological Rébort 370.

Oncophorus
Only three poorly preserved fragments in my collections can be tentatively
assigned to Oncophorus. They are similar ta Dierane/la fragments, but have a wider,

more or less sheathing base. L

Subfossil Distribution in North América. —~ (6) Kluane Lake, south shore, Yukon Territory;

below 43 m of water; 2215 BP. (I-10,525); Bryological Report 177, as ¢f. Oncophorus
’\,sp,‘efcies.' (7 HH68—9 (station 7), ‘Old Crow Basin, Yukon Territory; * 60,000 BP;

Bryological Report 308, as cf. Oncophbrus species. (8) HH72?54 {station 3), Hungry '

Cr’eek,\Yukon Territory; Wisconsinan; Bryological Report 435, as cf. Oncophorus species.
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Enc?lyptaceae p
Subfogsil “Encalyptaceae leaves are differentiated from some similar potﬁaceous
leaves (e.g. Tortu/_aAand Desmatodon) by.the thickened.andic‘olored, transverse walls of
“the basal cells instead of the equal thickness of transverse and Iongitudinafwalis in the
poniapeqe forms with diffe;ﬁntiate_d basal cells.

\{ specimené were annotated BY D.G. Horton. The information below is extracted

_Bryobrittonia

Bryobrittonia longi pes (Mitt) Horton

2
%\

Diagnostic features. — Leaves widely ovate—lanceolate; apéx acute; costa ending .in the
apex; mafgins crenuiate in the upper half; medial cel/s quadrate, mamillose; basa/ cel/s
shortly rectangular along the costa, longer and narrower at the margin.’

Habitat. - In moist s'hadedplaces on calcareous silt, often near streams or in flood areas.

on alluvial banks and slumped sediments exposed along rivers.

|
L

Recent Distribution. — Circumpolér. Arctic-alpine species. North America: Alaska, Yukon

Territdry, Arctic lstands, Nor,thv‘vést Territories, British Columbia and Alberta 'Siberia, '

Greenland.

>

Subfossil Distribution in North America. = (1) Anaktuvuk Valley, thaw lake 2 km upvalley

from Akmagolik Cbreek, Alaska; 6200 = 120 BP. (I-10,825); Bryological Report 201,

N N

Hamilton 1980a, p. 23.

“Discussion. ~ Other Encalyptaceae specimens are differentiated from 5. /bh‘gipes entif_e

‘margins and papillose upper cells.

ton (1980) or by personal communication. - , .
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Encal ypta

<

Only two specimens in my collections” ganbe assigned to a taxon at the species

level, namely £. a/pina Smith. The other specimens are Ilsted under ‘Encalypta

: %identified species, but some indication to their relationship is given. The only species

¢

lbisteg in Miliér (1880a) is £. procera Bruch (Vermont and Wisconsin).

JE
EERX T
<

Encalypta al pina Smith

Dlagnostlc features. — Leaves ovate-lanceolate to lanceolate apex very narrowly acute

and stoutly apiculate; costa well defined, shortly excurrent; margins plane, entire.

- Habitat. ;* On seepage and éolifluction slopes, gravel, drier meadows, and wet clay or
calcg“rae'ous silt of river banks on disturbed peat banks and in crevices of cliffs. Often
rﬁnxed with such other bryophytes as D/st/ch/um cap///aceum Meesia wliginosa,
Cyrtomn/um hymenophy!loides, C. hymenophy//um M. thomson/l M@/re/!a julacea,

Barb/lophOZ/a quadr//oba OrthotheC/um imbricatum, and Pohlja cruda.

Recent Distribution. — Arctic—alpine species. North America: from Alaska to Greenland;

south in the Rocky Mountains to Colorado. iceland, Svalbard, Great Britaing Europe, - -

Morocco, Himalayas, China, northern Asia, Japan. = .-

Subfossil Distribution in North America. ~ (1) HH75-24, Bluefish Baﬂsin,iYukon Territory;
Wisconsinan; Bryologiic._al'Report 328, as Encalypta cf. al/pina. (2) Clements Markham
Inlet, Ellesmere Island, Northwest Territories; é400¢-60 BP. (SI-4314), Bryological

%rt 40 1.

Encalypta unidentified species

Q . .

Subfossil Distribution in North America. - (1) St Eugene, Quebec; 11,050 + 130 BP. -
(QU-448); Bryological Report 279, Mott et a/. 1980; a calyptra. (2) St. Eugene, Quebec;
11,050 = 130 BP. (QU-448);~ Bryological Report 279, Mott et a/. 1980; as Enca/ysza cf.
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: e
ta,

" rhaptoecar pa. (3) St Hilaire, Quebec; 10,100 * 150 BP. (GSC- 2200) Bryologlcal Report

280, Mott et a/ 1980 (4) HHB8-9 (station 3), 0Old Crow Basin, Yukon Terrltory Earlyﬁ“‘ :
lesconsman7 Bryologncal Report 391 (5) Clements Markham intet, Ellesmere Island

~ Northwest Territories; 6400 + 60 B.P. (SI-4314), Bryologucal Report 401, as.Enca/ypta

cf. procera. .
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Pottiaceae
This lérge fé_milY withlmany genera and numerous species has_a poor subfossil

record: Many ta;<a are small and the fragmentary material is difficult to idenfify-. Tﬁey .

characlteristically occur in dry or, pioneering types of hab‘itats,no‘t suited for good

fossilization.

Barbula ,
kBarbu/a belongs to the subfamily Trichostomoideae, differentiated from the -

Pottioideae by.two stereid bar\uds,in the costa. Leaves of Barbula and’D/dy‘mP)don are

characterized by recurved margins and short, ,subq»uadraie basal cells, that are shortly

_rectangular towards the costa The two genera are closely related and several authors

treat all specues as Barbula (eg Nyho!m 1954-1969). K. Saito (1975) and RH. Zander
(1978a) redefined the genera on gametophytlc characters. Many taxa of Barbul/a were
placed in Didymodon by these authors. My subfossn, collections of Barbul/a were all
annotated by RH. Zander as Didymodon acutus (Brid) K. Saito var. acutus. | list and discuss
these fr}sgments below under Barbula acuta in order to be confor;rw to Janssens (1980b),

the I ndex Muscorum (Van der Wijk et a/. 1959) and the filing system in ALTAV

‘Barbula acuta (Brid) Brid.

Diagnostic features. — Leaves small, 1.0 to 1.5 mm long, widely ovate-lanceolate, .erect,‘
weakly keeled; apex acute; costa stout,'éllearl'y defined below, digappearing in the apex of
the leaf; margins recurved, unistrq.tosé, entire; medial cel/ls rounded to subquédrate,
fhick—walled, sorﬁetimes slightlfi nodose, smobth; .basal cells quadrat‘e to shortly
rectangular at the margins, towards the costa longer, thick—walled throughout.

% .

Habitat — Most frequent in dry situations, on calcareous rock outcrops and dry slopes.

~

Recent Distribution. — North America—Europe. North America: Alaska, Yukon (Slims River

area) and Alberta, disjunct to Utah, Colorado, Tex_a‘s, and Kansas. Mexico. Europe, northern

AN

Africa | - ‘ ‘
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Subfossil Distribution in North America. - (1) CRH 12 (station 2), Old Crow Basin, Yukon
Territory; + 60,000. BP.; Bryological Report 267. (2) HH75-24 {station 2), Bluefish Basin,
Yukon Territory; above >53,000 BP. (GSC-2373-2); Brydlogical Report 271 (3
I'-IH75—.1 9, Old Crow Basin, Yukon ferritory; pre—Wiscor\_Sinan?; Bryological Report .272.‘
4) Sf. Hilaire, Quebec; \1v0,100 + 150 BP. (GSC—2200);‘B.ry.ological Report 280, Mott et
a/. 1980.. (5) HH72-54 (étaiion 3). Hungry Creek, Yukon.Territory; Wisconsinan;
Bryblogical Report 435, . : o ' 5 |

. , . ) .

b
s | .

"

‘Discussion. - Species of Barbu/a and of Didymodon that are “g_lonsely‘ Felateg to 5. acuté, .
are differentiated by strongly keeled Iea\./es and papiliose celis\(p/c;’)gm()dQn, a&’pen‘/o/ius
(Mitt) Crum, Steere et Anderson and Barbu/a vinealis Brid), bistratose margins and
propagulae (Didymadon rigidulus Hedw. for more details see discussion under the
latter) or by an excurrent costa (Barbul/a icmadophy//a Schimp. ex C. MUl and B.

-ditrichoides Broth)).
'Bryoerythrophy/'/ um

‘ BryBerythrophy/ lum recurvirostrum (Hedw.) Chen

~ Diagnostic features. - Leaves narrowly lanceolate; apex acuminate—apiculate; costa ending '
in the apex; margins révolute except at the apex and the base, entire, except with'a few
irregular teeth at the apex; medial ¢ells quadrate, with numeraus hollow—cylindrical or
C-shaped papillae; extreme upper cell/s smooth, rhomboid, sharply pointed; basa/ cells

narrowly rectangular, thin-walled and gradually changing into the medial cells.

Habitat. — On calcareous soil and rock, in rock c‘reVices, on logs and rotten wood, on
vbeac'h ridges and in mesic r‘neadows. In exposed situations it is found together with r
Desmatodon /'at/'fo/‘/us, Encalypta rhaptocarpa arld Stegonia /atifolia. Ih, shaded and .'
mesic places it is associated with /sopterygium pﬁbhe//um,-MyUre//a tenerrima and M. ‘

julacea.

L ‘1



Recent Distribution. — Circumboreal. Bipoléf. North America: from Alaska to Greenland,
Newfoundland and Labrador, south throug?mout Canada into the L:Jnited States, extending
farther south at higher elevations, reaching North Carolina in the east and to Texas, New

Mexico, Arizona and California in the west Mexico, Guatemala, Iceland, Svalbard, Europe,

~ Africa, China, Himalayaé, northern U.S.S.R., Japan, Tasmania, New Zealand'. |

| Subfossil Distribution in North America. — New York, Northwest Territories, Vermont and
Wisconsin (Miller 1980a). New record: (1) HH68-9 (station 2),\Old Crow Basin, Yukon
Territory; * 60,000 B.P.; Bryological Report 261.

-

Discussion. — Bryoerythrophy//um recurvirostrum is a very characteristic species. The -

above listed combination of diagnostic features characterize no other taxon. Other taxa
with narrowly Ianceolate leaves, similar in aspect to those of BryOerythrophy//um,ﬁ'are
Tortella, Trichostomum, some Barbula and Didymodon species, Gymnostomum and
Euc/a_d/l)m. All these genera, together with Bryqerythrophy//um,‘ befong to the subfamily
Trichostomoideae. Torte/l/a is mostly distinguished by a sharp, V-shaped demarcation
between basal and medial cells, with the basal cells extending higher along margins. For

the difference between Trichostomum with Tortel//a, see the discussion under the latter.

Barbula and Didymodon have shorter,. subquadrate, thick—walled basal cells.

Gymnostomum has margins recurved on only one side or plane, and thick—walled, “

short—rectangular basal cells. Euc/adium verticillatum (Brid) B.S.G. is denticulate at the
leaf shoulder. |
Desmatodon ‘ '

3 Desma!todon and 7ortul/a are the only iy&o genera of the F’ottioide.ae with a NortH
American, fossil record. The subfamily is c‘haracteriZed by a single steréid layer in a
transverse $ection through the costa Desmatodon is tentatively identifiable from Tortula
by less abruptly differentiated bésél cells. Desmatodon e//e&merensi's Brassard has been

placed in.synonymy with Pseudocrossidium revolutum (a Trichostomoideae) by Zander,

discussed below. The only North American subfossil representativé of the genus .

Desmatodon is a single specimen of Desmatodon /eucostoma, annotated by Zander.

Y

S e
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Desmatodon leucostoma (R. Br.) Berggr.

Diagndstic features. — Leaves broadly ovateﬂanc_éblate; perichaetial leaves similar to
‘'vegetatjve leaves; a,bex écute; costa stout, shérply defined, ending in the apex, in
transverse section with well developed abaxial stereid band, nc; enlarged epidermal
abaxial cells, large medial guide cells and a thin—walled adaxial epidermal cell group;
margins partly bistratose, sharply revolute except at the base and apex; medial cells
rregularly quadrate, thin-walled, densely papiliose, ‘papillae hollow or C-shaped; basa/
cells éxtending“ halfway up the lamina of the leaf, lohgly fectangular and thin—walled,

slightly shorter towards the margins.

"Habitat. - On grévelly beach ridges, rock crevices and disturbed banks. Particularly
common around old lemming burrows, where it occurs with Funaria m/crostqrha, F.
polaris and Desmatodon heimii var. arctica. It is'usually fbund with sporophytes. Steere
{1978a) classified the species in the arctic circumpolér element, charactéristic of

calcareous silt and frost boils in exposed habitats.

Recent Distributibn. ~ Circumboreal. Arctic and sub—arctic. North America frbm Alaska to
Greenland, south through the Rocky Mountains to Alberta and Colorado. Svalbard,

mountains in Europe, northern and arctic asiatic U.S.S.R, central Asia.

Subfossil Distribution in North America — (1) CRH 12 (station 2), Oid Crow Basin, Yukon
Territory; + 60,000 B.P.; Bryological Report 267.

Discussion. — Leaves of some Barbu/a and Pseudocrossidium spécies approaéh ihosé of
Desmatodon leucostoma in general aspect. They are differentiated by shorter and more
bthick'—walled basal cells and often by the development of two stereid bands of the costa;
the lamina is narrower in relation to the width of the costa; the perichaetial leaves are

dif ferentiated from the cauline’ e papillae are simple.
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Didymodon
See the introduction to Barbu/a for the rélétionships to Didymodon. Only

Didymodon tophaceus (Brid) Lisa is listed from tufa deposits of unknown age in

Didymodon rigidulus Hedw. ) o -
: ‘ %

California and Oklahoma by Miller (1980a).

v

Diagnostic féatunes. — Leaves widely ovate—lanceolate_, slightly erect-recurved, weavkly
keeled: apex acute; costa stout, wide in relation to lamina width, disappearing into the
multistratose lamina at the apex, in transverse section epidermal cells with large lumina,
two well developed stereid bands and large guide cells; margins recurved, bistratose,
ehtire; medial cells subquadrate to rounded, in distinct Iongitucjinal rows, firm-walled,
sm‘ooth- or slightly rough, wit.hout.. clearly devejoped Qa;ﬁillae; basal cells shortly

rectangular, thin—wal|ed', gradually differéntiated from medial cells.

Habitat. — On calcareous rocks, walls and soil, on earth—covered boulders, in wet habitats,

often on rocks in streams.

Recent Distribution. — Circumboreal. North America from Alaska through British Columbia

and Alberta to Oregon and at higher elevations to Arizona, New Mexico, Texas and

Mexico, disjunct in New Brunswick, Michigan and Ontario, Ohio, Tennessee and Florida,
N

also in G}'eenland and Newfoundl;nd. South America, Iceland, mountains of Europe. North

Africa, Caucasus, northern and arctic Asia, China, Japan.

Subfossil Distribution in North America. — (1) HH72-54 (station 3), Hungry Creek, Yukon
» . . . ’;"/a ‘
Territory; Wisconsinan; Bryologlcaﬁﬁe’pqrt 434.

Discussion. ~ Barbula acuta is very close to Didymodon rigidulus. Both are small plants’
. with short,‘Wide and stiffly erect leaves. The costa is stout below and ili-defined above.

Barbula acuta is yd‘i?!f,’ferentiated by unistratose margins and upper lamina. Intergradations

1

WE - .
between these ,ggﬁﬁ’/’ég?s?taxa are likely (RH. Zander, in /itt.). No characteristic propagulae

St
i~
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were preserved with the subfossil D. rigidu/us specimen.

Gymnostomum

Gymnos:tomum is differentiated from the other genera of Trichostomoideae by
entire margins that are plane or narrowly recurved on one side only. Gymnostomum
aeruginosum Sm. is known as a subfossil from a lategiacial deposit in New York (Miller
1880a. A Single specimen from Anaktuvuk Pass, \ Alaska, was annotated as
Hy.menosty//um recurvirostre (Hedw.) Dix. by RH. Zander. This record is discussed below
under Gymnostomurh recurvirostrum following Janssens (1980b) and Ireland et al.
{1980). Hymenostylium, if reébgnized as a genus, is segregated from Gymnostomum by

its systylious capsule {Crum 1973) and elongate medial leaf cells'(RH. Zander, in /itt.).
Gymnostomum recurvirostrum Hedw.

Diagnostic features. - eaves widely to narrowly ‘ovate-lanceolate, weakly
erect-recurved and keeled; apex sharply acun:inate; costa stout to poorly defihed, ending
dose to the apex; mérgins subentire (papillose—crgnulatei, narrowly"recurVed o at the
medial portion, rarely plane; medial/ ce/ls shortly rectangular to quadrate, firm—walled, .
clear or weakly papillose with a ,few, low hollow or C-shaped papﬂlae; basal cells

" poorly differentiated from medial cells, more rectangular, walls, slightly nodose.

Habitat — On wet calcareous cliffs, rocks and soil. Under some conditions forming tufa
In arctic areas intermixed with other fen mosses in wet tundra.

Recent Distribution. — Circumboreal Bipolar. North America: from Alaska to Greenland,
Newfoundland and Labrador, south to Texas and Arizona in the west, widespread in the
east, south to Tennessee and Arkansas. Mexico, Central and South America, Europe,

Africa, Asia, New Zealand, New Guinea.

Subfossil Distribution in North America. — (1) Anaktuvuk VaHey, thaw lake 2 km upvalley

from Akmagolik Creek, Alaska; 6200 * 120 B.P. (I-10,925); Bryological Report 201,
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Hamilton 1980a, p. 23

Discussion. = Gymnostomum aeruginosum is distinguished from G. recurvirostrum by

'plane leaf margins and ‘Iess sharply acute apex.

Leptbdont/'um -
Leptodontium belongs to the subfamily Tricho‘stomoideaé, but does not develop

the two stereid bands in the costa as dism&sed ~below. fn contrast with the other

Trichostomoideae with a North American subfossil record, it is coarsely and irregularly

denticulate along the upper part of the margins.
Leptodontium flexifolium {Dicks. ex With) Hampe /n Lindb. Plate 3 -

'Diagnostic features. — Leaves lingulate, carinate above"and scarcely sheathing below, spex
broadly ‘ac’ute and often mucronate; margins recurved in lower 1/2-2/3 and denticulate
'in the upper 1/3; costa ending 3-8 cells below the abex; laminal cells papiliose, with
4-7 low, c-up— to c—shaped or flat, bi~ to trifid papillae over each lumen; inner basal

cel//s differentiated in the lower part of the sheathing base, short rectangular, papillose.

Habitat. — On soil, logs, trees and rock.
Recent Distribution. — Scattered pantropical and circumboreal. North America (Plate 4} :
Southern Appalachians, Mexico. Central America, Andes,‘_ Europe, Africa, Himalayas, China,
Formosa, Japan, southeastern Asia and Hawaii. Found at high latitudes in the tropics and
subtropics, usually above 2000 m, in the Southern Appalachians restricted to the

spruce—fir zone. Lesser altitude in Europe, to less than 300_ m in Great Britain.

Subfossil Distribution in North America (Plate 4). - (1) HH68-9 (station 3), Oid Crow
) S
Basin, Yukon Territory; + 60,000 BP.; Bryological Report 174. (2) HHB8-9 (station 9), Oid

Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 370.



Plate 3. Leptodontium flexifolium (Diks. ex With) Hampe in Lindb. (Bryological_
Reports 174 and 370) |
1. Upper perichaetial leaf (x56).
Lower leaves (x50)
Costa and lamina transverse sections (x500}.
Leaf apex (x500).
Medial Iéaf cells (x500).

o o & W N

Basal leaf cells (x500).
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Plate 4 The present day North American distribution and subfossil records of

¥
Leptodontium flexifolium (Diks. ex With) Hampe /n Lindb. Solid dots:
present déyd distribution based on Janssehs & Zander (1980). Open circle:

uncertain |ocality. Triangle: subfossil Wisconsinan record.

#
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Discussion. — The three subfossil specimens show the folldwing‘fea(zres: a few indistinct
teeth are present near the apex on some leaves along their marglns,w laminal papullae are
hollow {c-shaped); leaf base rather well differentiated and wide; leaves ovate; upper Iea}
margins plane and costa ending below apex.

Other species with leaves that are morphologically close in at least some features

Bt

are (1) Gymnostomum aeruginosum, which has a narrower, more rounded. apex; (2)

Barbula convoluta Hedw., which has a stronger costa, and a more prominent keel and a
generally a non—apiculate apei {or'if apiculate, then the costa n;early reactles the’“ﬁse\x),
end (3 Bryoerythrophy)/_um recurv[‘rostrum,"' which has leaf ma‘réms recurved to near the
apek and a costa ending very nearly in the leaf apex. A ‘

sectnon of the leaf of Le%{odqpt/um is distinctive. The typ|cal leaf cross section of a
species of Leptoq‘a‘y/umjhow{ﬁn adaxlal sterend band wnthout a 1ayer of epldermal cells
over it However, in sucw”smﬂﬁll specrmens as the above “subfossils, several comblnatlons
of rediced charecter—states are posslble,"‘mcludmg what maygzlook like epndermﬁg}, cells
over the'g'ui‘de_ ‘c_ellls, but those are actually unthickened stereid cells. The only element of
: uncertainty in‘.'o‘ur identif.igation is the poor development of denticulation along the upper
part of the leaf margins. Howe\/é'r, small, flagellated forms have often been observed

with poorvdevelopment of this feature.

Pseudocros.S/d/um

WPseudocras.';/d/um ('{gchostcﬁnoldeae) in North Amerlca is segregated from
Barbula s./. by its broadly revolute upper leaf marglns composed of sﬁ'ggly
chlorophyllose cells and by the poor development of the adaxial stereld band in the costa

(as in Leptodontium).
Péeqdocrossid/'um revol/utum Brid. in Schrad) Zander . Plate 5

‘Dlagnostlc features. — Leaves apiculate to short~mucronate erect—sprea nng when moxst

less than one mm Iong and*0.3 mm wide at the base margins strongly revolute along

entire Iength; costa strong; med/aL and upper cglls rounded—quadrate and strongly
A : . .

_ K Saito (Tokyo) agreed with this identification and pointed out that the cross:

T
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Plate 5. Pseudocrossidium revolutum (Brid. ‘in Schrad) Zander (Bryological Repdrt

:308) | | °

—

. Leaves. (x100).
Costa transverse section {x600).

Medial leaf cells (x3000)

> w N

Basal leaf cells (x1000).
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papillose with c—shaped papillae on both surfaces;-marginal cells .less papillose; basal

cells éhortly rectangular.

Habitat. — Soil, rock, north—facing cliffs, calcareous outcrops. On Ellesmere Island it has

" been reported to occur on fine, calcareous silt near lemming burrows (Brassard 197 1a,

b).

Recent Distribution. - North America — Europe. North America (Plate 6) : British Columbia,
Bllesmere ls‘lar_\d, Yukon Territory; Oregon, Galifornia. Ecuador(?), Europe, Canaries,

Madeira, Algeria, Morocco, Tunis. Persia, Mesopotamia

SQbfossil'Distrib.ution in North Americai ~ (1) HH68-9 (station 7), Old Crow Basin, Yukon
Territory; £ 60,000 B.P.; Bryological Report 308.

Discussion. — The subfossil specimen shov#® the ‘above mentioned diagnostic character

*

states clearly. In transverse section the leaf has strongly recutved margins with the cell

walls smooth or low papillra'e‘?, on the,abaxiali surface. but with véry coarse papillag on the

upper adaxial surface. The cdstaapossesses a cr’escent¥shaped stereid band abaxially, but
n ; daxial band. ‘ ‘ B

W

Tortel!a Ea o, o y
E 28 g b ??i s
Torz‘e//a exemplifies the characteristics that defme the Truchostomondeae

narrowly lanceolate leaves and two stereld bands in the costa The |eaves are

distinguished from other members of this subfamlly by a sharp V-shaped demarcation

‘between the smooth basal cells and-the papw upper cells, W|th the basal celis

extendmg hngher along the margins than along the costa
It is the most commonly represented subqusal genus in the Pottlaceae Millersy,.

(1980a) listed se_veral records of 7. fragilis, T. inclinata (Hedw. 7.) lepr. and 7. tortuosa.

!\.,
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Plate 6. The present day North American distribution and subfossil records of
psd¥docrossidium revolutum (Brid. ‘in ‘Schrad) Zander. Solid- dots: presént
day distribution based on Jangens & Zander 1980. Triangle; subfossil

Wisconsinan record.
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Tortel/a arctica (H. Arnell) Crundw. et Nyh.

Diagnostié features. = Leaves narrowly lanceolate, straight to slightly‘ flexed, weakly
keeled; apeg narrowly acute, sometimes approaching a subula; costa black, stout and wide
\ %»in relation to the width of the lamina, sharply defined, disappearing into the apex; margins
plane, entire; med/a/ celts rounded to subquadrate, ’Ehick—walled and densely papillose,
papillae low; basa/ cells elongate to narrowly rectangular, withl thicker longitudinal than
transversé {Nalls, porose, extending up to at least half the length of the lamina alopg the
margins and often as a single row into the apical one third of the leaf, the demarcation
between medial cells not as abrupt and not in a such sharply defined V-shape as in other

Tortella species.

Habitat - In extensive mats on wet soil, in swamps and meadows, in small drains from

A

large snowpatches assocnated with a community of:vascular plants such as Carex sians

A

SaX/fraga cernua and. Ranuncu/us su/phureus Other moss specnes are Drapbnoc/adus

i
h N B Tog

""/ycdpod/mdes var. brewfo//us‘ Bryum neodamense and Scorpidium turgescens . it is
found in“large mats in the transition zone from the upland dry areas to- hummocky
sedge—-moss meadows on\- Deven Island, together with Schistidium ho/meanum and
Oncophorus wahlenbergii anc\ ih the wetter sites with Catoscopium nigritum. These

transition zones are oftem wet in the early season because of snowmelt seepage and

become drier as the season progresses.

A

Recent Distribution. — Circumboreal. Arctic—-alpine species. North America: Alaska, Yukon;

Arctic Archipelago, northeastern Canada, Greenland, disjunct in Colorado. Sigeria,

northwestern Yunnan.

Subfossil Distribution in North America - (1) -HH75-1, Rock River, Yukon Territory;
>43,000 BP. (GSC-2585); Bryological Report 33 (2} Clemenis Markham Inlet, Ellesmere
Island, Nor_tHwest Territories; 6400 * 60 B.P. (51-4314), Bryological Report 401.

4

Discussion. — Trichostomum arcticum, the most common species of Pottiaceae in my

Al S

X



subfossil collections, is very similar in appearz;nce to this species. However,
Trichbston;um is easily distinguished by its basal cells that do not extend up along the
- margins. Other Torte//a species have a much _moreiclearly defined V-shaped aemarcation
between basal and medial cells. The leaves of 7. tortuosa v‘vhich are undulate and strphgly
flexuose, are u‘sually; very poorly preserved. The costa is narrower and light?brown, not
black. The medial cells have much higher papillae and are rounded instead of subquadrate.
Some of the marginal basal cells form teeth at their upper ends. Tortella fragilis leaves
have a fragile subula. but t.he basal cell character statgs are more reliable in distinguishing
it from 7. arctica. The other Torte//a speéies are Ie&

narrowly lanceolate, often with an

obtuse or apiculate apex. - . &

Tortel/la fragifis {Drumm.} Limpr.
. ”
> . "
Diagnostic featu>es. - Leaves narrowly lanceolate, stiffr and straight or slightly

erect-recurved; apex subulate; costa well defined, stout;-‘@i(jénding_‘beyond the apex in a
long subula if preserved; medial cells subquadrate or rounded, thick~walled, densely
papillose, papillae low; basa/ cells elongate to narrowly rectangular, thin-walled to

moderately thick—walled, extendihg up, forming a clearly defined V—shaped demarcation.
Habitat. — On calcareous soil, rock or on alluvial silt, exposed or in crevices.

Recent Distribution. = Circumboreal. Bipolar. North America: from Alaska to Greenland and
Newfoundland, south into the northern United States, in the east to New Jersey, the
Great Lakes and lowa, in the west to Nevada and Colorado. Iceland, Svalbard. Europe,

northern Africé, Asia, Japan. Campbell Island.
Subfossil Distribution in North America. — Minnesota, Vermont and Wisconsin (Miller
2,980a). New record: (1) HH72-54 (station 3), Hungry Creek, . Yukon ' Territory;

Wisconsinan; Bryological Rebort 435.

. Discussion. — For the differentiation from other Tortel//a species, see the discussion of



78

T. arctica.
Tortel/a tortuosa (Hedw.) Limpr.

Diagnostic features. - Leaves from a narrowly ovate—lanceolate base subulate, strongly

flexuose and erect-recurved, undulate; costa narrow, clearly defined. not forming a

subula in the apical part of the leaf; /margins wavy, plane, entire except somtimes

subentire in the basal parf; medial cel/s’rounded, thick-walled, densely papillose. papillae

high; basa/ cel//s elongate, narrow]y rectangular, very thin-walled, clearly demarcated

from medial cells, extending along the margins to one th'ird‘the total leaf length. |
, v

Habitat. — On calcareous rock and éoil commonly found oh cliffs ‘and boulders: in tundra

“often as sohtary stems among D/st/ch/um cap///aceum /sopterygium pulchellum,

Mnium thomson// and Myure/ /a /u/acea : -

-
e

) -n

Recent Distribution. — Circumpolar. North America: Greenland to Alaska, south to

Connecticut, Pennsylvania, the Great Lakes area, Iowé, Montana and Oregon, "at higher-. -

elevations to Texas and Nevada. Iceland, Svalbard, Europe, northern Africa and central
Asia. Japan. )

BN
o

dnd, New York and Wlsconsm (Milier

SubfossilyDiStrit;ution i North America. - Gre A
1980a) New records {1) HHB9-21, Old Crow Basin, Yukon Territory; Early Wisconsinan?;
Bryological Report 103, as Tortella cf. tortuosa. (2) North Fork Pass, Ogilvie Mountains,
Yukon Territory; 11:256 + 160 BP. (GSC-470); Brlyologi‘ca| Report 260. (3) St. Hilaire,
Quebec: 10,100 = 150 BP. (GSC—2200); Bry,ol'ogical R'éport 280, Mott'et a/. 1980.

Discussion. — For differentiation from other taxa, see the disgussion under 7. arctica.

"
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Tortula ! »
Tortu/a belongs to the subfamily Pottioideae. The basal cells are often abruptly
dif ferentiated from the medial cells as in £ncalypta, but do not ha\/e thickened transverse
walls as in the latter. All the fossil material in my collections was annotated by RH. Zander
and B.D. Mishler. ,
In addition to rec.&j)rds of 7. ruralis (;ee below) Miller HQBOa) hsted a lateglacial

record of 7. mucronifof/ia Schwaegr. from Saskatchewan.
}
Tortula norvegica (Web.) Wahlenb. ex Lindb.

Diagnostic features. ~ Leaves ovate to ovate—lanceolate; apex obtuse to apiculate,
mucronate or wvth a short, brown‘n fossils), weakly denticulate ha|rpomt costa stout,
well defmed extendmg beyond the apex as mucro or short halrpomt margins narrowly
recurved along most of their length; medial cel//s subguadrate, densely papillose with 3
to 5 C—shéped papillae; basal ce/l/s form‘ing ovoid patches in the lamina, hyaline and

thin—-walled and often degraded, narrower and brown along the costa and margins.

Habitat. - On calcareous roeks, boulders and loose soil, usually in late snow melt areas. In

Dryas h lated with Hypnum revo/utum and Gr/mm/a apocarpa on rocks, with

Thuidium num, Ditrichum f/@X/cau/e Hy/ocom/um splendens, Hypnum

A

bambergeri and Plagiochita asplenoides on soi, g

Recent Distribution. — Circumboreal. Arctic-alpine species. North Américé: from Alaska to'
Greenla:nd, Labrador and Newdendland, southward in the wéstern mountains through
Alberta and British Columbia to Califgrnia and'r.Nevada, eastward in Canada to Manitoba,
Qgebec and Ontario. Iceland, Wuntains in Europe, norfthern U.‘_S.S.R. and Himalayas.
’ - ' o L

Spbfossil Distribution in North America. — (1) Anaktuvuk Valley thaw lake 2 km upvalléy _
from Akmagolik Creek, Alaska 6200 = 120 BP. {i-10,925); Bryological Report 201,
Hamilton' 1980a, p. 23, as Tortu/a cf. norvegica. {2) St. Hilaire, Quebec; 10,100 + 150 BP.
(GSC-2200); Bryological Report 280, Mot et a/. 1980, / g ) 3



Discussion. — Tortula ruralis leaves are very simila;‘ They are distinhg'gisr'\ié\ ‘b\g_'}é hyﬂ,g'line
awn (most -often not preserved in fossil material), in .contrast to th_e“‘red awn in Iiving’
plants of 7. norvegica, by being mori strongly spreading—recurved and having less
clearly différ'entiatéd basal cells. Tortul/a mucronifolia has acute. ovate-lanceolate leaves
with smooth or weakly papillose cells.

g
N

Tortula ruralis (Hedw. Gaertn., Meyer et Scherb.

Diagnostic features. — Leaves squarrose-recurved, strongly keeled;, apex obtuse; costa |
black, weli-defined. extending beyond the apex as a hyaline hairpoint; marg/n:s strongly
revolute along most of their length; media/ cells subquadrate, densely papillose with
C-shaped papillae; basa/ cells gradually differentiated from the medial cells, brown,

shorter towards the margins and costa.

Habitat. ~ On soil and rock in dry, sunny, calcareous habitats. Often associated with
Hypnum revolutum, Grimmia apocarpa, Ditrichum flexicaule, .and Encalypta

a4

rhaptbcarpa, Also found on trees, beach ridges and"in drier meadows.

Recent Distribution. — Circumboreal.,North America Alaska to Greenland, south to the
northern half of the United States in the east and to Mexico in the western mountains.

Iceland, Svalbard, Europe, northern and central Asia, Japan. Africa.

Subfossil Distribution in North America. — New York, Northwest‘ Territories, Vermont aﬁd
Wisconsin kl‘dalleri 1880a). New records: (1) Anaktuvuk River, 0.8 km downstream from
Irgkivfk Creek, Alaska; 10,580 + 150 B.P. (i-11,010); Bryological' Report 171, 0Harhi|ton~'
1980a, p. 211(': (2) CRH 12 (station 2), Old Crow Basin, Yukon Territory; + 60,000 BP,;
Bryological Report 267. (3] HH68-9 (station 7). Old Crow Basin, Yuikon Territory; *
60,000 BP Bryological Report 308, as ‘Tortula cf. ruralis. (4) HHE68-9 (station 10), Oid

Crow Basin, Yukon Territory; Early Wisconsinan?; Bryologucal Report 385, as Tortula cf.

ruralis. (5). Clements Markham inlet, Ellesmere Island Northwest Terrltones 6400 60

BP. (SI- 4314) Bryologucal Report 401
TE
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Discussion. — See the discussion of T.'nérvegica'for differentiation with other Tortu/a

species. ‘

Tortu/a unidentified species
Subfossil distribution in North America - (1) HH75-221 (station 2), Bluefish Basin, Yukon

Territory; above >53,000 BP. (GSC- ‘2), Bryologtcal Report 271. (2) HH68-9
(station 7). Old Crow Basin. Yukon Ter# % 60 000 BP; Bryologncal Report*308 A

o

Trichostomum 7 %&%ﬁ -
Trichostomum is only ﬂéhpresented by  Trichostomum arcticum =T.

cuspidatissimum Card. et Ther.). Triehostombum tenuirostre (Hook. et Tayl) Lindb., listed in
: . o ' ;
Miller (1980a), is Oxystegus tenulrostre (Hook et Tayl) Steere, differentiated from 7.

N

articurmn by more broadly acuminate leaves.

Jrichostomum arcticurn Kaal.

. »
Diagncétic features. — ‘Leaves narrowly lanceolate, keeled, flexuose and erect-recurved
. apex narrowly acute; costa stout, well-defined, black, reacrﬁng into the apex, but not
?’orrﬁing a subula; margins plane, or narrowly revelute on one side, papillose—crenulate;
+mnedial cells subquadrate, thick—walled, densely papillose with low, hollow papillae; basa/
cells |ihear elongate to narrowly rectangular wider towards the margins, gradually

shorter and grading into the medial cells .

_ Fabitat — On calcareous soil in rather moist to wet tundra.

., §
Recent Distribution. — Circumboreal. Arctic-alpine species. North America: Alaska to

Greenland, south in the western mountains to northern British C«oldmbia. Svalbard, arctic |

Scandinavia and northern and arctic USSR.

7
/
. N

Subfossil Distribution in North,é\merica = (1) Your Creek area, Alask£35615 + 110 BP.
. ’ / ) ' i i .

EY



" © _ Wisconsinan?: Bryological Report 391.

L L

(1-10,568), Bryological Report 183, Hamilton 1979a, Fig. 5. (2) Anaktuvuk Vhlley thaw
lake 2 kgn upvaliey from Akmagol'k Creek, Alaska; 6200 : 120 BP. (i-10,92%),
Bryologlcal Report 2Q1 Hamilton 1980a, p. 23. (3) HH75-24 (statnon 2) Bluef\h Basin,
Yukon Terntory "above. >53,000 BP. (GSC- 2373 2); Bryologncal Report 271 as
Tr/chostomum cf: arcticum. (4) HH75-24, Bluefish Basin, Yukon Territory; Wigconsinan;

Bryological Report 328. (5 HHE68-9 (station 3). Old Crow Basin, Yukon Termory Early

Discussion. - Trichostomum arcticum is the most commonbfossil species of the
Pottiaceae It is similar to Torte//a arctica but there is no distal’ extension of the basal
cells along the margins. The leaves in Tortel/a arctica are stiffer and less. flexubsq,,and

the costa is wider in the upper half of the leaf, often forming a subula. -
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Grimmiaceae
The only genera with a subfessil record in the family are Grimmia and
' _Rhacomitr/um Gr/'mm/a has ohly a Holocene vrecord: G. torquata Hornsch. ex Grev. is
known from Greenland and G. a/p/co/a is discussed below. Rhacomitrium, a far sma)er
genus, is slightly better represented. All of the common taxa have a subfossil record {see
betow). o , | N

Grimmia

Gr/mmia alpicola Hedw..

Dnagnostnc features. ~ Leaves broadly. ovate—lanceolate slightly erect—-recurved and
keeled Iamlna ‘partly bistratose; apex narrowly obtuse or acute marg/ns entire, partly
blstratose costa stout, well-defined, reaching into the ~apex; medial ceNs rounded to
,irreg/ularly angled, thick—walled. nodose, roughened by very small and low papillae; basa/
ce//As shortly rectangular, o.ccasi'onally longer, densely chlorophyllose, eyenly thick—walled
or slightly nodose to smooth. '

! | :
Habitat. — On calcareous or acidic rocks, near swift-running, water, sometimes at the -

base of talus glopes an_d on moss tundra. Oft n in habitats that are occasionally or
seasonally submerged. Submerged in fresh wgpter pools on the Ellesmere Island Ice: Shelf

(Brassard 197 1c).

Recent Distribution. —/C/i‘r/cun"xpo_lar. North America from Alaska to Ellesmere Island and
Newfoundland, south to New Brunswick Pennsylvania and Tennessee in the east and to
Brmsh Columbla Idaho Montana, Wyommg California and Texas in the western
mountains. Me’xmo, Ecuador, Svalbard western Europe, northern and arctic Asia,

mountains of central Africa, Austraha.

Subfossil Distribution in North America. — (1) Cvlements Markham inlet, Ellesmere lsland,

Northwest Territories; 6400 + 60 B.P. (SI-4314); Bryological Report 401. -

p
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Discussion. - Grimmia species can be differentia)éd from similar looking pottiaceous
forms by the typical nodose or sinuose areolation of the medial and basal cells. Grimmia

alpicol/ais defined by the combination of character states listed in the’diagnosis.

Rhacomitrium
Rhacomitrium leaves are characterized by their narrowly rectangular, strongly
sinuose or nodose basal and sometimes medial cells. The leaves are often narrower and

jonger than in Grimmia species and moré strongly keeled and erect—recur_\/ed.
Rhacomitrium canescéns (Hedw.) Brid.

Diagnostic features. — Leaves ovafe—lanc‘eolate, strongly keeled and erect-recurved; apex
acute, with a short‘ or long haifpoint that is strongly papillose but not denticulate; costa
thin, black and well defined, geaching into the apex; marg/n§ revolute ip the lower half of
the leaf, often only along one side; medial cells shortly rﬂecta'ngular', strongly nodose,
papillose; basal cells narrowly rectangglar>v7|th thin transverse walls and Very thick,

~

strongly nodose longitudinal walls; a/ar cells in a narrowly triangular group along the

P

margihs, thick—walled, yellow and smooth.

VHa‘bitat. - A pioneer of sandy soil, gravel or wet rock, often in thev flood zones .along
N\ trebéms, shores and seepages. From lowlands to subalpine regions. Or% silt surfaces
between Sa/ix 'and Populus in the early stages of the succession on river deposits
(Viereck 1970) together with Po/'ytr/chum junipérim)m and Ceratodon pz)rpureus. In

"association with R. /anuginosum in larger crevices of granitic rocks” Also on calcareous

t

rocks. .

Recent Distribution. - Circumboreal. More common in acidic and oceanic areas. North

Sy

Afnerica: from Alaska to Greenland, south to New England and the Great Lakes region in
‘the east and to Montana and California in the west. Svalbard, Europe, Asia, Jépan.
P

v Subfossil Distribution in North America — Greenland (Miller 1980a). New records: (1)
: L
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Anakfuyuk Valley, thaw lake 2 km upvalley from Akmagolik Creek, Alaska; 6200 = 120
BP. (I-10,925); Bryologrcal' Report 201, Hamilton 1980a, p. 23. (2) North Fork Pass,
Ogilvie Moun'rains, Yukon Territory; 11,250 + 160 B.P. (GSC;470); Bryological Report
260. (3) Kitchener, Ontario; 6300 B.P,; Bryological Report 273. ‘ '

—

Discussion. — Other North American Rhacomitrjdm taxa k?own as subfossils have

[N

smooth upper leaf cells.

Rhacomitrium lanuginosum (Hedw.) Brid.

Diagnostié: features. > Leaves narrowly ovate-lanceolate to lanceolate, deeply keeled:.
costa thin, tonsisting of only two layers of cells in transverse section; margins narrowly
or widely recurved, often on one S|de only, entire; medial and basal cells elongate to

-narrowly rectangular with very thin transverse ‘walls and thick nodose Iongltudmal walls,

smooth; ,

Habitat. — On acidic rocks (rarely on calcareous) in fell fields and on talus, often forming

conspicuous mats, in tundra. -

Recent Distribution. = Circumboreal. Bipolar. North America from Alaska to Greenland,
Labrador and Newfoundliand, south into ‘New England in the east and in the western
mountains in the west. Extensively scattered in the Southern Hemiéphere, and on tropical

mountains. ‘

Subfessil Distribution in North America. - Greenland and the Northwest Terrivtovries (Miller
1980a. New reaord: (1) Anaktuvuk Valley, thaw lake 2 km‘ upvalley -from Akma'golik
Creek, Alaska; 6200 + 120 B.P. (I-10,925); Bryological Report 201, Hamilton 1980a, p.
23 . ' - o ' .

Discussion. — Other Rhacomitrium species with smooth leaf cells have isodiametric or

shortly rectangular medial and upper cells, short obtuse leaves or no hairpoint The awns.

~
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of the subfossil R. /anuginosum specimen were not preserved, but the upper margins

showed clearly that it has been preéent before. o

Rhacomitrium unidentified species

Sub‘fossil Distribution in North America. - (1M l:\nakiuvuk Valiey, thaw lake 2 km upvalley
fro;n'Akmagolik Creek, Alaska; 6200 + 120 BP. (I—10,9255;' Bryologiéal Report 2&
Hamilton 1980a, p. 23. (2) Anaktuvuk Valley, thaw lake 2 km upvalley from Akmagolik
Creek, Alaska, 6200 = 120 BP. (I—10925) Bryological Report 201, Hamilton 1980a, p.
23. as Rhacomitrium cf. heterostichumn. (3) Kitchener, Onta{io; 6900 BP. Bryological

Report 273, as Rhacomitrium cf. sudeticum.



Bryaceae

Bryum, Leptobryum and.Pohl/ia have a North American subfossil record. In moét
casés,. species of Bryum and Pohlia can be only identified With complete gametophytic
and sporbphytic material.. Most identifications below are thus listed tentatively. Fbr the

q

distinction between the three genera, see the introduction to Leptobryum.

Bryum - }
The most common species encountered in subfossil assemblages is the variable

B. pseudotriquetrum. The subfossil material complying with the diagnostic features listed

below is recorded under this sp.eciés as B. cf. pseudotriquetrum. Fragments clearly

deviating from the diagnosis (usually by non-decurrent leaves with a plane border and
thin-walled medial celis). are listed under Bryum unidentified species. Several other

Bryum taxa are listed in Miller (1880a).

Bryum pseudotriquetrum (Hedw.) Gaertn., Meyer et Scherb.

Diagnostic features. — Leaves ovate-lanceolate to ovate, distinctly decurrent; apex acute,
cuspidate, acuminate or cucullate and obtuse (7. neodamense); costa stout, ending in the
apex or shortly beyond, often red or reddish, even in the fossils; margins revolute along '
the whole length, often denticulate near -the apex; medial cells rhomboid—hekagonal,

thick to moderately thick—walled, sometimes porose, narrower to linear at the margins

and very thick—walled, forming a border.

Habitat - On moist calcareéus soil and in rich fens. pH 7.2-7.7 (h=13), conductivity
251-856 microScm-! (n=13), Ca conceﬁtration 24-124 ppm (n=8), Mg coﬁcentration
10-49 ppm (h=8), Na concentration 4.2-13.0 ppm (n=8). and K copcentration O.7>—5,2‘
ppm (n=8). ; | o

Recent Distribution. — Circumboreal. North America: Alaska,. Northwest Territories,

v

Greenland, Labrador, south to Ontario. Svalbard, throughout Eurépe, arctic US.SR., Altai

Mountains.
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# ¢ - : -
" Subfossil Distribution in North America. < Greenland, Idaho, Kansas, Michigan, Minnesota,

New York, Northweet Territories, Saskatchewan, Vermont and Wisconsin (Miller 1980a).
- New records: (1) HH68~-9, Old Crow Basm Yukon ‘Territory; Holocene peat, 200 to 150
cm below surface; Bryolog|cal Report 159 as Bryum cf. pseudotriquetrum. (2) Sunwapta
Pass; Alberta; 6920 + 100 -5 (@SC-451); Bryologxcal Report 162, Schweger et a/.
1978 p. 62, as Bryum cf. pseudotr/quetrum (3), Anaktuwk River, 0.8 km downstream
from Irgkivik Creek, Alaska; 10,580 % 150 BP. (-11,010); Bryological Report 171,

Hamilton 1980a, p. 21, as Bryum cf. pseudotr/quétrurn. (4) HHB8-9 (station 3), Oid Crow
Basin, Yukon Territory; = 60 000 B.P;. Bryologlcal Report 174, as. Bryum cf.

pseudotf/quetrum {(5) Kluane Lake, south shore Yukon Territory; below 43 m of water;

- 2215 BP. (I-10,525); Bryologacal Report 178, as Bryum cf. pseudotriquetrum. {6) Your
Creek area, Alaska 5615 +110BP (I—1O 568); Bryologlcal Report 183, Hamilton 1979a,

an B, as Bryum cf. pseudotr/qUetrum (7) Anaktuvuk Valley, thaw lake 2 km upvalley
from Akmagolik Creek . Alaska; 6200 + 120 BP. .(|—10,925), Bryological Report 201,
Hamilton 1980a. p. 23, as Bryum cf. p;seUdotriquez:ru;/n. (8) Wagneri_Property,, Edmonton
area, Alberta; Holocene peat, 50 to 60 cm below water surface: Bryological Report 205,
as Bryum cf. pseudotr/quetrilm. (9) St Eugene, duebec; 11,050 + 130 BP. (QU-448);
Bryological Report 279, Mott et a/. 1980, as éryum cf. pseudot.riq'uetrum. {(10) St
Hilare, Quebec; 10,100 + 150 BP. (GSC~2200); Bryological Report 280, Mott et a/.
1980, as Bryum cf. pseudotriquetrum. (1 1):HH68—9'(station 3), Old Crow Basin, Yukon
Territory; Early Wisconsinan?; Bryological Reporf 302, as Bryum cf. pseudotriquetrum.
(12) HHB68-9 (station 7), Old Crow Basin, Yukon Territory; *+ 60,000 BP.; Bryological
Report 308, as Bryum cf. pseudotriquetrum. "(1'3) Kitchener, Ontario; below 8800 B.P.;.
Bryological Report 324, as Bryum cf. pseudot'r/'quetrum.' {(14) Cape Deceit Quaternary
Exposure, Near Deering (station 6), Alaska; 700:000 - 1,800,000 B.P; Bryological Report
341, Matthews 1974a, as Bryum cf. pseudotr/quetrum. {15) HH68-9 (station 3), Old
Crow Basin, Yukon Territory; Early Wisconsinan?; Bryologi‘cal Report 391: as Bryum cf.
péeudotri’quetrum (16) Clemehts Markham Inlet, Ellesmere lsland, Northwest Territories;
6400 = 60 B.P. (SI-4314); Bryological Report 401, ag Bryum cf. pseudotriquetrum. (17)
HH72-54 (station 3), Hungry Creek, Yukon Territory; Wisconsinan; Bryological Report

435, as Bryum cf. pseudotriquetrum.
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Bryum unidentified species

Subfossil Distribution in North America. — Alaska, Alberta, British Columbia, Greenland.
T S

Minnesota, North Carolina. Northwest” Territories, Ontario, Pennsylvania and Wisconsin
(Miller 1980a). New records: (1) HH75-1, Rock River, Yukon Territory; >43,000 BP.
{GSC-2585); Bryological Report 33 (2) Riverbar near HH75-9 along Porcupine River,
Yukon Territory; recent detritus; Erv v;a| Report 34. (3} HH68 9 (station 9), Old Crow
‘Eﬁ. {(GSC-2756); Bryological Report 118 (4)

’gbnshaw Creek, Alaska; 52,800 + 1300 BP.

Basin. Yukon Territory; ’388?2 .
Koyukuk River, 6 km do&/ ‘ A

{QL-1283); Bryological Repg{ 168. (5¥ Anaktuvuk River, 0.8 km downstream from
‘ Irgkivik Creek, Alaska, 10.580 * 150 BP. (I-11,010); Bryological Report -17 1, Hamilton
1980a, p. 21. {6) HH68-9 (station 1-2), Old Crow Basin, Yukon Territory; = 60,000 BP.;
Bryological Report 176. (7) Kluane Lake, south shoie Yukon Territory; below 43 m of
water; 2215 B.P. (I—1O 525); Bryological Report 178. (8}, Wind R:ver 56 km south of
continental divide, Brooks Range, Alaska; 9080 + 150 B.P. (I-10,509); Bryological Report
181, Hamilton 1979b, p. 41. (9) Your Creek area, Alaska; 5615 + 110 BP. (i-10,568);
Bryological Report 183, Hamilton 1979a, Fig 5. (10) AnaktuvukValley, thaw lake 2 km
upvalley from Akmagolik Creek, Alaska; 6220 + 140 BP. (I-10,784); Bryqlogical Report
200, Hamilton 1980a, p. 23 {11) Anaktuvuk Valley, ‘thaw lake 2 km upvalley from
Aknnagolik Créek, Aléska; 6200 + 120 BP. (I-10,825); Bryological Report 201, Hamilton
1980a, p. 23. (1.2) HH68-9 (station 2), Old Crow Basin, Yukon Territory; * 60,000 B_.P.,:
Bryological Report 262. {13) CRH 12 (station 2), Old Crow 'Basin, Yul‘<on Territory; =
60,000 BP.; Bryological Report 267. (14) CRH 70 (station 25, Old Crow Basin, Yukon
Territory; >37,000 BP. (GSC—2792); Bryological Report 270. (15) HH75-24 (station 2),
Bliuefish Basin, Yukon Territory; above >53,000 B.P; (GSC-—2373—2-):>Bryplogical Report
271. (16) HH75—19,>OId Crow Basin, Yukon Territory;, pre=Wisconsinan?; Bryological
Report 272. (17) HH68-9 (station 7), Oid Crow Basin, Yukon Territory; = 60,000 B.P.
Bryological Rebort 308.(18) Cabe Deceit Quaternary Exposure, Near Deering (station 6,
Alaska; 700,000 - 1,800,000 B.P.';:“Bryological Report 341, Matthews 1974a (19)
HHB8-9 (station g, OI::! Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological

Report 370. (20) HH72-54 (station 3), Hungry Creek, Yukon Territory; Wisconsinan;



Bryological ReporF 435.
Leptobryum

Leptobryum and Pohlia leaves are linear or narrowly lanceolate and not distinctly
bordered. The genus Bryum s differentiated by broader leaves, usually with a
well-developed border, and shorter-leaf cells. Leptobryum has linear leaves with a broad
costa, occupying half the width of the leaf at the base. There is only one North American
species.

1

Leptobryum pyriforme (Hedw.) Wils.

Diagnostic features: - Leaves linear—lanceolate, straight or flexuose; apex acuminate;

o
costa wide, diffuse, occupying half or more of the U}f,%?}d filling the upper half of
the leaf; margins plane, entire; medial cel/s elongate, thvme. d, lax ok Ve
af; margins plane, entire; medial cells elongate, thaae Med, lax -‘i? aﬁ“

Habitat. ~ In slightly damp habitats, on bare disturbed soil, sandy péat banks, decaying
wood, occasionally on rock in wetter places and on burnt patches together with Funaria
hygrometrica, Bryum species, Ceratodon purpureus, Dicranella species and Pohlia

nutans. /

/
/

Recent Distribution. - Cosmopolitan. I North America: Greenland to Alaska, south to

California, Arizona and New Mexico in Te west, throughout eastern North America.

Subfossil Distribution in North America. — Saskatchewan (Miller 1980a). New records: (1)
HHB8-9 (station 3), Old Crow Basin, Yukon Territory; * 60,000 BP; Brydlogical Report
174. (2) HHB8-9 (station 9), Old Crow Basin, Yukon Territory; Early Wisconsinan?;

Bryological Report 370.

N
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Pohlia

' For the distinction with Bryum and Leptobryum. see the introduction under the
latter. All my Poh/ia specimens were annotated by J. Shaw. The fragments which were
too poorly preserved and did not conform to the diagnoses given below are classified

under Poh/ia unidentified species.

Pohlia nutans (Hedw ) Lindb.

Diagnostic features. - Leaves oblong—-ianceolate to lanceolate; costa extending into the
apex; mérg/'ns plane, denticulate in the upper half. medial cells elongate, narrole
- rectangular, thick-walled, slightly narrower towards the margins, but not forming a

distinct border.

Habitat — On moist soil, humus or rotting wood in mires, in heaths and forest or

associated with Sphagnum, rarely in rock crevices. Usually an upland species.

Recent Distribution. -~ Widespread in temperate and polar areas. North America: from
Alaska to Greenland and south throughout most of the United States. Europe, Asia, Japan,

and temperate regions of the southern hemisphere.

Subfossil Distribution in North America — Northwest Territories (Miller 1980a). New
records: (1) AnaktU\}uk_ River, 0.8 km downstream from Irgkivik Creek, Alaska; 10,580 =
150 BP. {I-11,010); Bryological Report 171, Hamilton 1980a, p. 21, as Pohlia cf. nutans.
(2) REM 78-2, Old Crow Basin, Yukon Territory; surface sample of leocene peat;
Bryological Report 289.

" Discussion. — For differentiation from P. wahlenbergii, see the discussion under the
- |atter. Pohlia cruda is very similar to P. nutans. It can be recognized from the latter by

the shiny tufts, a characteristic that is of little value in determing subfossil material.
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Pohtia wahlenbergii (Web et Mohr) Andr

Discussion About half of the Poh/ia material can be tentatively assigned to A.
wahlenbergii The medial cells are lax and thinner walled than in £. nutans Otherwise,

leaf fragments of the two spectes are very similar

Subfossil Distribution in North America - Greenland and possibly Indiana (Miller 1980a)
- New records H)\ HH75-24. Bluefish Basin, Yukon Territory. probably pre-Wisconsman.
Bryological Report 173, as Poh/ia cf. wahlenbergii (2) Your Creek area. Alaska 5615 ¢
110 BP. (I-10.568). Bryological Report 183, Hamilton 1879a Fig 5. as Pohlia cf.
wahlenbergii. (3) Anaktuvuk Valley. thaw lake 2 km upvaliey from Akmagolik Creek,
Alaska: 6220 = 140 BP. (I-10,784); Bryological Report 200, Hamilton 1980a p 23 as
Pohlia cf. wahlenbergii. {4) St Hilaire, Quebec; 10,100 * 150 BP (GSC-2200)

Bryological Report 280, Mott et a/. 1880, as Pohlia cf. wahlenbergii.
Pohlia unidentified species

Subfossil Distribution in North America. — Alaska and Greenland (Miller 1880a). New
records: (1) HH68-9 (station 3), Old Crow Basin, Yukon Territory; = 60.000 BP;
Bryological Report 174, as c¢f. Pohlia species. (2) Kluane Lake, sRuth shore, Yukon
Territory; below 43 m of water; 2215 BP. (I-10,525); Bryological Report 177. (3)
HH75-24, Bluefish Basin, Yukon Territory; Wisconsinan; Bryological Report 328 (4)
HH68-9 (station 9), Old Crow Basin, Yukon Territory, Early Wisconsinan?; Bryological
Report 370. (5) Clements Markham Inlet, Eliesmere Island, Northwest Territories; 6400 *
60 B.P. {SI-4314); Bryological Report 401. (6) HH68-9 (station 9), Oid Crow Basin, Yukon

Territory; Early Wisconsinan?; Bryological Report 425. (7) HH72-54 (station 3), Hungry

Creek, Yukon Territory; Wisconsinan; Bryological Report 435,
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Mniaceae

Most North Amernican ganera i the Mivaceae are represented m the tossil record
Loucoleprs menziesit (Hook ) Staere ex L koch s known from Holocene deposits in
British  Columbia (Miller  1980a)  Rhrzommum  puhctaturn Hedw) Kop  and A
pseudopunctatirm (Bruch ot Schimp) Kop are also listed by Miler (1980a) The genera
Mnium. Cyrtomnium. Plagiomnium. Pseudobryum and C/nclidium are all present in my
collections and discussed below

The main characters dif ferentiating these genera are lgat border development ahd
structure. leaf shape and rhizond struéture (Koponen 1975b) Leucoleprs Pseudobryum
and Mnium stellare Hedw lack a differentiated border Leuro/e}us has narrowly elliptic
or triangular leaves The two other taxa have>A\I/lvdvénr",‘;f‘lkétical leaves and are dif ferentiated
by cell shape Mnrum ste/lare has 1sodiametric cells. while Pseudobfyum has elongated
cells with sharp ends

Mnium and Plagromnium have a differentiated border with teeth (not always
present on single leaf specimens of P/ag/ommu)n} The border i1s bi— to multistratose in
Mnium and has teeth in pairs P/agromnium has a unistratose border and single teeth

C/ncfid/um, Rhizomnium and Cyrtomnium have an entire, differentiated border
Identificat of fragmentary leaf material of these genera can cause trouble
Cyrtomniu has cordate, acute to acuminate leaves with uniform areolation In
Cinclidium thg apiculate leaves are at the widest near the middie and the celis are larger
toward the costa Rhizomnium commonly has a strongly developed, multistratose border

and a reddish célor.

C)‘nc//d/um

All my Cinclidium material was annotated by T Koponen and G S. Mogensen
Three of the four North American species are represented in my collections. Several
poorly pre:c,erved specimens are listed under C/inc/idium unidentified species and some
of them approach C. subrotundum Lindb. The other three species are listed below. The
treatment is based on Koponen {1975b) and Mogensen (1873) in addition to the works

listed before in the introduction to this chapter.
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Conclodium arctream (B85 G) Sehwmp

Diagnostic teaturas Leaves eliptic longer than wide narrowly and longly decurrant
apex  acute to shortly  acuminate  /margins umstratose redral cells not oan rows

isodiametric to shghtly elongate

Habitat in all types of arctic meadows but particularly the wetter areas and seepage

zonas oniginating from late snowmelt innich tens

Recent Distribution Circumpolar Arctic alpine species North America trom arctc
Alaska (also 1 the Yukonl to Greenland south to Manitoba (Hudson Bay) Svalbard

Fennoscandia northern USSR World distribution map published in Steere (1978a)

Subfossil Distribution in North America Northwest Territories (Bathurst tsland) (Miller
1980a New records (1] HH7%-1 Rock River Yukon Territory. >43000 BP
(GSC - 2585), Bryological Report 33 (2) Mackinson Inlet Ellesmere Island. Northwest
Territories >52.000 BP (GSC-2677) Bryological Report 164 Blake & Matthews 1979
(3) Clements Markham Iniet, Ellesmere Island. Northwest Territories 6400 : 60 BP

(S1-4314). Bryological Report 401
Discussion - Cinclidium latifolium and C. subrotundum are distinguished from C.
arcticum by therr widely elliptic leaves, often broader than tong Cinc/idium stygrum has

a more apiculate leaf and elongate medial cells in regular. diagonal rows

Cinclidium fatifolium Lindb

Diagnostic features - Leaves broadly elliptic or circular. apex shortly apiculate; margins

unistratose, broadly reflexed; medial cells shortly elongate. irregularly angled

Habitat. — In open tundra at the edge of pools. in rich fens and seepage areas. in contact

with calcareous ground water.



Hecant {hstiibubon Cocumpolar Arcte spacies North Amenica from arctc Alasha to
Graeniand  south 1o the westlarn coast o!f the Hudson Bay Svalbard Sibera World

distiibution map published n Steere (19 /Ha)

.

}

Subtosml Distribution in North Amernica (11 HHTZ2 54 (station 3) Hungry Creek  Yukon

Teroitory Wisconsinan Bryological Heport 43%

[Mucussion Conclid o subrotandarn hau the same leat shape an ( fatiftofoum but s
easily distinguished by its muttisttatose plane or shightly recurved border  obluse apex
and large slongate medial cells for the difterentation with the other two Cinedrd e

taxa see the discussion under  aroticum
Crnclrdram stygrum Sw

Diagnostic features leaves eliptic longer than wide not or shortly decurrent apex
longly acuminate or apiculate rnargins unistratose /medial cells in diagonal rows shghtly

elongate

Habitat - in rich fens frequently associated with Campy/rum stellatum Drepanoc/ adus
V!

revolvens. Paludella squarrosa and Sphagnurm warnstorfi; Near springs and among

sedges i pools Also in morst rock-crevices More tolerant to dif ferent substrates than

other species of Crnciidrum

Recent Distribution - Circumboreal Not in high arctic areas North America Greenland to
Alaska and south to Quebec New York and Michugan in the east and Saskatchewan
Alperta and British Columbia in the west. common in the Rocky Mountains Northern

western, eastern and central Europe. Altai, Kamchatka

Subfossil Distribution in North America - (1) HH68-9 (station 1-2) Old Crow Basin
Yukon Territory * 60,000 BP  Bryological Report 175, as Cinc/idium cf. stygium {2)

HH68-9 (station 1-2), Oid Crow Basin, Yukon Territory, = 60,000 BP. Bryological
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Report 176 as C/nc//d/um cf. stygium. (3) Your Creek area, Alaska 5615 = 110 BP.

——

(=10, 568) Bryologlcal Report 183, Hamilton 1979a, Fig. 5. (4) Cape Deceit Quaternary .

Exposure, Near Deermg (station 6), ‘Alaska; 700,000 -~ 1,800,000 B.P.; Bryological Report
341, .Matthews 1974a (5) HH72- B4° (station 3). -Hungry Creek, Yukon Territory;

Wisconsinan; Bryologica! Repor{ 435.

' Dlscussmn - See the dlscussron under C. arct/cum for the differentiation W|th other

'spemes of the genus.

Cinclidium unidentified species

} . . N . : .
Subfossil Distribution in North America. — (1) St. Eugene, Quebec; 11,050 = 130 BP.
{QU-448); Bryological Report 279, Mott et a/. 1980. (2) St Hilaire, Quebec: 10,100 =
Ny ‘ :
150 B.P,‘(GSC—2200):’ Bryological Report 280, Mott et a/. 1980.

s
N o

®

Cyrtomnium
Cyrtomnium. specimens are poor'lly preserved. Ho_wever, they can be recognized
" relatively eaeily by’their uniform areolation (cei!s at the costa have the same average size.
as the ones towards the margins) and by Ieav_es_thet have their maximal width below the
rrwidpoint Rhizomn/'um Cinclidium and non—denticulate P/agiomnium taxa have elliptic
" leaves wutIg cells enlarged towards the costa , R
Two specnes are represented in my collectlons Cyrtomn/um hyr@eﬂophy/ /um has
tongly and narrowly decurrent leaves with a border composed of one or two rows of
" parallelogram—shaped cells. Cyrtomn/um hymenophy/ /O/des leaves are not decurrent and -
have a border of two or three rows of elongate to linear cells. In my maternal the med:al‘

leaf cells of theMatter are larger than in C. hymenophy!lum.
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* Cyrtomnium hymenophy!loides (Hub.) Kop.

Diagnostic features. — Leaves cordate—ovate, not decurrent; apex bluntly acute; margins
bordered by two. or three rows of elongate to linear cells; medial cells varying from
isodiametric . to shortly elongate and irregularly angled, average diameter 3875

micrometer. . T
\~ ‘.
N
N

Habitat. —'On moist soil in crevices of calcareous rocks and in seeps. Assocnated with

B/ephrostoma trichophy/lum, Distichium capillaceum, / sopteryg/um pulchellum and

' Orthotheq/um intricatum.

Recent Dlstrlbutlon ~ Circumpolar. Arctio-alpine species. North- America: from Alaska to
Greenland Newfoundiand, Quebec and Nova Scotia, south to New England in the east and
into Manptoba, Alberta and British Columbia in the west

Subfossil ‘Distribution in North America. — (1) Clements Markham Inlet, Ellesmere lsland,

Northwe?st Territories; 6400 + 60 B.P. (SI-4314); Bryological Report 401.

Cy rtomnium hymenophy!/um (B.S.G) Kop.
Diagnosflc features. — Leaves cordate—ovate, harrowly and longly decurrent; apex obtuse;
marg/'nsl bordered by one or two rows of parallelogram~shaped cells; media/ cells very
urregular varying from quadrate to variously angled isodiametric to rhomboid or
hexagonal average maximal diameter 23.50 mlcrometers

‘/
Habitat. - On moist calcareous soil and in seepy habitats in tundra. Associated with
Campylium sté/latum, Ditrichum flexicaule, : Hypnum bambergeri, Orthothecium |
chryseum, Timmia norvegica and Tomenthy pnum nitens.
Recent Distribution. — Circumpolar. Arctic species. North America: from Alaska to

Greenland, south to the Yukon and Northwest Territories. Mountains in Fennoscgndia,



Siberia.

Subfossil Distribution in North America:. - (1) Anaktuvuk River, 0.8 km downstream from
" Irgkivik Creek, Alaska; 10,580 * 150 B.P. (I-11,010); Bryological Report 171, Hamflton
19803, p. 21, as Cyrtomnium f. hymenbphy//um. (2) HHB8-9 (station 1-2),.0id €row
Basin, Yukon-Territcry: 't 60,000 BP. Bryological Report 175, as Cyrtomnium cf.
hymenophy!lum. ﬁ '

- . e
-

Mnium » h
. Two Mnium speciés are represented In the /subfossibl record of North America.
Mnium marg/naturh and M. thomsonii are discussed below.

Most Mnium species have a multistratose border with double teeth. in some

subfossil material this characteristic border is often poorly preserved and the teeth are

not preserved at all. Therefore, some of the identifications below are listed tentatively.
Mn/um_marginatdm (WitH.) Brid ex P. Beauv.

Diagnostic features. - Leaves ‘narrowly elliptic; apex ééute—acuminate to apicdlate‘;
margins bor‘dered by a bistratose border below, unistratose above, with sharp, double
teeth from halfway up to the apex in the upper leaves, lower leaves often entire; medié/
cells isodiametric to stightly elongate, moderately thick—walled with clear corner
thickenings, large‘r towards the costa, average size 28.10 micrometérs at th; smidpoint

between costa and border.

Habitat. = On humus, [rotten wood, damp soil or rock exposures in forests. Most

cdmmonly along creek banks. .

Recent Distribution. ~ Cicumboreal. North America: from Alaska to (most likely not in the
Yukon) to Newfoundla, south in all provinces of Canadé except Saskatchewan, and Prince
Edward Island, in the west to Colorado and California, otherwise only in the northernmost

United States. Svalbard, Europe and northern Asia.
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Subfossil Distribution in North America. - Wisconsin (Miller 1980a). New record: (1)
HH72-54 (station 3), Hungry Creek, Yukon Territory; Wisconsinan; Bryological Report
435, ‘

" Discussion. - Mnium thomsonii, the only other Mnium species in my subfossil
collections, is very similar to M. marginatum. The former is distinguished by its uniform
and small cell size that is only one half or one third of the cell size of M. marginatum.
]

" Mnium }narg/natum also has jlarger cells than M. /ycopodioides.

. ify v

Mnium thomsonii Schimp.

Diagnostic fgatures. - Leaves arréwly elliptic; apex acQte—’acumniate;' margins bordered
by a bistratose border with blunt, double teeth or. entire‘ in the upper one fhird; medial
cells uniform in sizé, aver'agé diameter 13.10 microm.eters {in the éubfossil material; in
‘the reference collection the cell size is somewhat largerf, isodiametric, varying from
“rounded to variously ar)gled,\ moderately thick to thick—walled with  clear corner

thickenings.

Habitat. — On calcareous soil and rock in moist habitats. ¢

Recent Distribution. = Circumboreal. North America from Alaska to Greeniand and

Newfoundiand, south in the Coast Réngé and the Rocky Mountains. in eastern North

America to Gaspe and Lake Superior area Europe and Siberia, Himalayas, China and Japan.

Subfossil Distribution in North America — Vermont (Miller 1980a). New records: (1)
Clements Markham Inlet, Ellesmere Island, Northwest Territories; 6400 = 60 BP.
. (SI-4314); Bryological Report 40 1. ‘

N

Discussion. — For the distinction with M. marginatum, see the discussion under the latter.

-

B
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Mnium unidentified species

Subfossil Distribution in North America. - (1) Kluane Lake, south shore, Yukon Territory;
below 43 m of water; 2215 BP. (I-10,525); Bryological Report 178, as Mnium species

s./.. (2) HH68-9 (station 3), Old Crow Basin, Yukon Territory; Early Wisconsinan?;

L

Bryological Report 302, as Mnium species s./.. {3) HH72-54 (station 3), Hungry Creek,

Yukon Territory; Wisconsinan; Bryological Report 434, as Mnium species s./..

Plagiomnium _

- Only P. ellipticum is represented in my collections. The specimens were
annotated by T. Koponen. Miller (1980a) iisted P. insigne (British Columbia) and A.
medium (Alaska-) as Holocene subfossil specimens. He also recorded several Vspecimens
from Kansas, Minnesota and the Northwest Territories as Mnium affine. However, this
taxon is now considered as either . C///are or P. ellipticum. Being the only specnes of
the genus growing in mire habltats in the north P. ellipticum lS the most hkely specnes in
these records. » \

Plagiomnium species are distinguished from other taxa of'th'e' Mniaceae by their
differentiated border wit.h- single marginal teeth. The  fragments are often distinctly

complenate.
‘P/ag/'omn/'um ellipticum (Brid.) Kop.

Dlagnostlc features. — Leaves not decurrent, elliptic; apex acute (sometimes shortly
aplculate) marg/ns bordered wuth an unistratose border with small teeth consustmg of
one cell, or entire in poorly developed material; medial cells lax, thin walled, the ones at

the costa two to three times the size of the marginal laminal cells.

. i
Habitat:—'ln a variety of such wet habitats as muskegs, fens, alluvial meadows, river and
lake shores, seepages. preferring a peat substrate. Associated with Cirr/;;hy//um
cirrosum, Meesia trjque‘tra, Brachythecium turgidum, Au/acamhium palustre and

Tomenthy pnum nitens. pH 7.3 and 7.4 (n=2), conductivity 32.2 and 698 microScm! (n=2),

L
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Ca concentration 32.8-82.3 ppm (n=3), Mg concentration 6.3-12.4 ppm (n=3), Na

concentration 5.2 and 10.1 ppm (n=2) and K concentration 1.3-16.3 ppm (n=3).

Recent Distribution. — Circumboreal. North America from Alaska to Greenland and
. , AN

" Newfoundland, throughout Canada and south to the northern United States, farther south

' in the western mountains. Svalbard, Europe, northern Asia.

Subfossil Dis,tributiqn in North America. - KAans-as, Minnesota and Northwest Territories
(Miller 1980a as Mnium affine Blgnd ex Funck). Ne‘w recordéz (1) Anaktuvuk Valley, thaw
lake 2 km upvalley from Akmagolik Creek, Alaska; 6200 + 120 BP. (-10,925)
Bryological Report 201, Hamilton 1980a, p. 23. (2) HH68-9 (station 2), Old Crow Basin'
Yukon Territory; + 60,000 B.P.; Bryological Report 2-61( as Plagiomnium cf. ellipticum.

{3) CRH 70 (station 2) Old Crow Basin, Yukon Territory; >37,000 B.P. (GSC-2792); |
. Bryological Report 269. (4) HH72-54 (station 3), Hungry Creek, Yukon Territory;

Wisconsinan; Bryological Report 435.

Discussion. — Leaves of most other P/agiorqp/um species differ from P. el/lipticum
leaves by beiﬁg denticulate to the base or by being decurrent. Forms of A. rostratum
without marginal teeth are essentially identical with similar forms of P. ellipticum.
However, the two species are very different in habitat requirements. P/agio;nnium

rostratum grows on dry calcareous rocks.

Pseudobryum '

One species of this genus, P. cihc/id/'oides is known in North America. Miller
(1980a) listed one record of a Holocene deposit in Greenland. The other record is
dicussed below. For the distinction between Pseudobryum and the other genera of the

Mniaceae, see the introduction to the family.
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Pseudobryum cinclidioides (HUb.) Kop.

'Diagnostic features. — Leaves elliptic and non—decurrent; apex obtuse; margins not or
weakly bordered; medial cells in diagonal rows, hexagonal or rhomboidal.

Habitat. - In wet marshy and boggy tundra. Often in swampy depressiohs or dried—up
pools in mixed woods and hardwood swamps. Associated with Au/acomnium palustre,
Catliergon richardsonii, C. sarmentosum, Mnium. punctatum, M. rugicum, Philonotis
fontana var. pumila and Sphagnum teres.

Recent Distribution. = Circumbareal. North America. from Alaska to Newfoundland and
Greenland, south through most of Canada *and the northern United States, reaching

Virginia at higher elevations. Europe, northern Asiatic U.S.S.R., central Asia and Japan.

Subfossil Distribution in North America. — Greenland (Miller 1880a). New records: (1)
Milford Gypsum Quarry, Milford, Nova Scotia; >50,000 BP. (GSC-1642); Bryological
Report 413. ' -
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Aulacomniaceae

Aulacomnium
l All North American species of the genus have a fodsil record except
Aulacomnium  androgynum  (Dickson 1973, Jovet-Ast 1967).  Aulacomnium
heterostichum is represented in the Eocene by & closely related species, A
heterostichoides (Janssens et al. 1979). Au/acomnium acuminatum, A. palustre and A.
turgidum all have a Quaternary subfo#sil record and are discussed below.

Au/acomnium subfossil specimens are typically black or dark—-brown, as
discussed under Dicranum. The genus is easily recognized by unipapillose cells with
nodose walls.

Aulacomnium acuminatum (Lindb, et H. Arnell) Kindb.

Diagnostic features. — Leaves lanceolate, imbricate; apex sharply acute to narrowly to
broadly acuminate; margins narrowly revolute along most of their iength except at the
extreme apex, entire; medial cells isodiametric to slightly elongate, strongly nodose,
corner thickeniﬁgs appearing (in LM) perforated transversely through the leaf, a single,
simple, low papilla {not high\er than wide) at the central part of the cell; basa/ cel/s less
nodose and smooth, irregular, varyi’ng'from sﬁortly rectangular to rounded or sometimes
- subquadrate. '

‘Habitat. — On ‘moist or, dry 'soil, usually in calcareous, opén tundra. On hummocks in
sedge—-moss meadows, often associated - with - Aulacomnium {iurgidum and
Tomenthypnum nitens. At the bases of rock outcrops. particularly in moist zones
resulting from snowmeilt. pH 5.20~-7.85 (n=12), conductivity 32-486 microScm™ (n=12),
Ca concentration 45-525 ppm (n='_10), Mg concentration b.i5—16.6 ppm {n=10), Na

concentration 4.2- 1-3.2 ppm (n=10) and K concentration 0.05-13.60 ppm (n=10).

Recent Distribution. — Circumpolar. Arctic species. North America (Vitt & Horton 1979):
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from Alaska to Greenland, south to northern British Columbia in the west and disjunct to

west—central Alberta and to southern Ontario in the east. Siberia

SuBfossiI Distribution in North America ~ New York (Miller 1980a) and Quebec (LaSalle et
al. 1978). New records: (1) HH75-1, Rock River, Yukon Territory: ’>43,00>0 BP.
{(GSC~2585); Bryological Report 33, as“Au/acomn/'um cf. acuminatum. (2) HH68-9, Old
Crow Basin, Yukon Territory, Holocene péat, 200 to 150‘cm below surface; Bryological
Report 159, as Au/acomnium cf. acuminatum. (3) Wind River, 56 km south of continental
divide, Brooks Range, Alaska; 9080 * 150 BP. (I-10,509); Bryological Report 181,
Harf\i.lton 1979b, p. 41, as Aulacomnium cf. acuminatum. (4) Your Creek area, Alaska;
5615 = 110 BP. (I-10.,568) Bryological Report 183, Hamilton 1879a, Fig. B, as
Aulacomnium cf. acuminatum. (5) REM 78-2, Old Crow Basin, Yukon Territory; surface

sample of Holocene peat; Bryological Report 289, as Au/acomnium cf. acuminatum.

Discussion. — Living -populations of A. acuminatum are easily di%tinguished from A
palustre populations by their bright, yellow—green color, straight, erect or imbricate
Ieaves_ and the absence of propagulae. However, with fragmentary subfossil materiai,
none of these features is helpful in identification. Therefore, | had to rely on I;ss
constant, more subtie miéroscopic character states to differentiate the two species. The
Ieaves of- A: palustre are often more ovate—lanceolate, they are flexuose and not Stlff
erect spreading and only imbricate in the variety /mbr/catum that is characterized and
distinguished from A. acuminatum by its yearly increments, tomentose stems and shorter
leaves. The apex of A. palustre is frequently denticulate or .denticulate—papillose, and! the
margins are usually not revolute in the upper one third. The medial cells in A. palustre are
less thickly walled and nodose, and do not form clear transverse perforations in fhe
kcorner thickenings. Often “the papillae are higher and narrower in A. pa/ustre than in A
acum/natufn. All these above listed characters are very variable in both species and not

any of the specimens could be identified unambiguously to A. acuminatum.
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Aulacemnium turgidum is easily distinguished from A. palustre and A
acuminatum by ovate. obtuse leaves. The areolation approaches much more the cell

structure of A. acuminatum than that of A. palustre.
Aulacomnium palustre (Hedw.) Schwaegr. (including the variety /imbricatum B.S.G)

(‘Dﬁgnostic features. — ‘Fragments often abundantly tomentose; /eaves lanceolate to
ovate—lanceol:e, flexuose, erect-spreading to imbricate; apex sharply acute in the upper
leaves, often bluntly acute to narrowly obtuse in the lower leaves: margins narrowly
revolute for at least the lower 3/4 of their Iength, sometimes denticulate or
denticulate-papiliose in the upper one third: medial cel/ls isodiametric, varying from
quadrate to variously angled, not or slightly nodose, moderately thick-walled, corner
thickenings when present not clearly transversely perforated through the leaf, a single,
simple papilla at the central part of the cell, these papillae are often higher than wide;

basal cells smooth, shortly rectangular.

Habitat. — On moist or wet soils, in bogs or fens, on wet rocks. On Devon Island often
associated with Polytrichum juniperinum and P. alpinum. Only exceptionally really

submerged.

’
Récent’ Distribution. — Circumboreal. Bipolar. Common in the boreal reg:on, raré
elsewhere. North America. Alaska to Greenland and south to Florida in the 'east and
California in the west. Brasil, Bolivia, Patagonia. Svalbard. Northern, western, eastérn and

central Europe, Spain, Algeria, Asia. Australia, Tasmania, New Zealand.

Subfossil Distribution in North America. — Greenland, lowa, Minnesota, New .York,
_Northwest Territories, Vermont and Wisconsin (Miller 1980a). New records: {1) HH75-1,
Rock River, Yukon Territory; >43,000 B.P. (GSC-2585); Bryological Report 33. (2)
Riverbar of base camp at HH68-8, Old Crow‘Basi.n, Yukon Territory; recent detritus;
Bryological Report 35. (3) HHE8~-9 (station 8), Old Cr.ow Basin, Yukon Territory; + 60,000
B.P, Bryologica! Report 48. (4) HH6v8—9 (station 7), Old Crow Basin, Yukon Territory; * '
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60.000 BP Bryological Rebort 68 (5) HHB69-21 (station 1), Oid Crow Basin, Yukon
Territory; + 60,000 BP.; Bryological Report 101. (6) HH69-21, Old Crow Basin. Yukon
‘Territory; Early Wisconsinan?; Bryological Report 103 (7) HH68-9, Old Crow Basin,
Yukon Territory; Holocene peat, O to 10 cm below surface; Bryological Report 143. (8)
Anaktuvuk River, 0.8 km downstream from Irgkivik Creek, Alaska; 10,580 = 150 BP.
(i-11,010); Bryological Report 171, Hamilton 1980a, p. 21. (9) Kiuane Lake, south shore,
Yukon Territory; below 43 m of water; 2215 BP. (I-10,525); Bryological Report 177
{10) Wind River, 56 km south of continental divide. Brooks Range, Alaska; 9080 * 150
BP (I-10,509); Bryological Report 181, Hamilton 1979b, p. 41. (11) Your Creek area.
Alaska: 5615 + 110 BP. (I-10,568); Bryological Report 183, Hamilton 1979a, Fig 5. (12)
HH68-9 (station 2), Old Grow Basin, Yukon Territory; * 60,000 BP.; Bryological Report
261 (13) HHE8-9 (station 11), Oid Crow Basin, Yukon Territory; Early Wisconsinan?;
Bryological Report 265. (14) CRH 12 (station 2), Oild Crow Basin, Yukon Territory; *
‘60,000 BP. Bryologicél Report 267. (15} CRH 70 (station 2). Old Crow Basin, Yukon
Territory; >37,000 BP. (GSC-2792); Bryological Report 270. (16) St. Eugene, Quebec;
11,050 + 130 BP. (QU-448), Bryological Report 279, Mott et a/. 1980 (17) St Hilaire.
Quebec: 10,100 *+ 150 BP. (GSC-2200); Bryological Report 280, Mott et a/. 1980, as
Aulacomnium cf. palustre. (18) Cape Deceit Quaternary Exposure, Near Deering (station
8) Alaska: below >39,000 BP. (I-4099); Bryological Report 335, Matthews 1974a. (19)
Cape Deceit Quaternary Exposﬁré, Near Deering (station 6), Alaska; 700,QOC -
1,800,000 B‘.P.; Bryological R;port 341, Matthews 1974a (20) Cape Deceit Quaternary .
Exposure, Near Deering (station 8), Alaska; >39,000 BP. (-4099); Bryological Report
342, Matthews 1974a (21) HHE68-9 (station 9), Old Crow Basin, Yukon Territory; Early
Wisconsinan?; Bryological Report 370. (22) HHE8-9 (station 9), Old Crow Basin, Yukon

Territory; Early Wisconsinan?; Bryological Report 425.

Discussion. — Aul/acomnium palustre is one of the commonest subfossils. It is easily
identified by the diagnostic features listed above. See the discussion of A. acuminatum

;’for the distinction of the two species when only fragmentary material is available.
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Aulacomnium turgidum (Wahlenb ) Schwaegr

Diagnostic features. - [leaves ovate to ovate- or oblong-lanceolate, imbricate to
spreading, apex obtuse, margins narrowly revolute in the basal ope third or plane, entire..
medial cells isodiametric, weakly to strongly nodose. corner thickenings appearing (in
LM) perforated transversely through the leaf. a single, simple and very low papilla on the
central part of the cell; basa/ cel//s smooth, irregular. varying from shortly rectangular to

rhomboid and quadrate.

Habitat — In arctic-alpine regions on calcareous soil, often found intermixed with A
acuminatum on larger, drier hummocks in sedge meadows (Devon lsland), or with
Drepanocl/adus uncinatus and Hylocomium splendens in cre\./ices and at bases of rock
outcrops . The ecology is rather complex. It occurs mainly and often abundantly in Dryas
heath, associated with Dicranum muehlenbeckii, Hylocomium splendens, Ptilidium
ciliare and Tomenthy pnum nitens, but is also found in many other habitats as irrigated or
flooded rocks, calcareous as well as siliceous. It has been found in sﬁbalpine mixed mires.
pH 5.2 and 6.3 (n=2), conducﬁvity 18.6 and 40.7 microScm-! (n=2), Ca concentration 3.8
and 7.9 ppm (h=2). Mg concentration 0.9 and 1.0 ppm (n=2) and K\concentration 0.05

ppm (n=1). '

Recent Distribution. - Circumboreal and circumpolar. Arctic-alpine species. North
America (Miller 1980b): from Alaska to Greenland and Labrador in the north, south to
northern British Columbia, the Jasper area in Alberta in the west and Lake Superior,
northern New York and New Hampshire in the east. Northern and arctic zone of Europe,
mountains of western and central Europe, of central Africa, northern and arctic zone of

Asia, central Asia, Siberia, Korea, Kamchatka, Japan.

Subfossil Distribution in North America. - Greenland, New Ybrk, Northwest Territories
and Wisconsin (Miller 1980a, b). New records: (1) HH75-1, Rock River, Yukdn Territory;
>43,000 BP. (GSC-2585); Bryological Report 33. (2) Rivgrbar of base camp. at HH68-9,
Old Crow Basin, Yukon Territory; recent detritus; Bryblogical Report 35. (3) HH68-9, Old
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Crow Basin Yukon Territory Holocene peat, 200 to 150 cm below sur tace Bryological
Report 159 (4) Anaktuvuk River. O 8 km downstream trom Ir gkivik Creek. Alaska. 10.580
v 150 BP (I 11010). Bryological Report 171, Hamilton 1980a p 21 (5) Anak tuvuk
Valley. thaw lake 2 km upvalley from Akmagolik Creek. Alaska, 6200 + 120 BP
(1-10,925). Bryological Report 201, Hamiton 1980a. p 23 (6) HHE8- 9 (station 2), Oud
Crow Basin. Yukon Territory, * 60,000 BP . Bryological Report 262 (7) HHE68-9 (station
11). Oid Crow Basin, Yukon Territory, Early Wisconsinan?, Bryological Report 265 (8) St
Eugene. Quebec, 11,050 + 130 BP (QU- 448). Bryological Report 279 Mott et a/ 18980
(3) St Hilare. Quebec, 10,100 + 150 BP (GSC-2200), Bryological Report 280, Mott et
al. 1980 as Aulacomnium cf. turgidum (10) HH68- 9 (station 3). Old Crow Basin. Yukon
Territory; Early Wisconsinan?, Bryological Report 299 {11) HH68~9 (station 3). Old Crow
Basin, Yukon Territory. Early Wlscon‘sman?, Bryological Report 302, as Au/acomnium cf.
turgidum (12) HH68~-9 (station 9), Oid Crow Basin, Yukon Territory. Early Wisconsinan?;
Bryological Report 370. (13) Clements Markham Iniet. Eliesmere Island, Northwest
Territories: 6400 + 60 BP. (SI-4314); Bryological Report 40 1.

Discussion. - See the discussion of A. acuminatum for the "distinction between A.

turgidum, A. palustre and A. acuminatum.
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Moeosiaceae -

This primanly circumboreal tamily has three genera 1wo Meesia and Paludella
have a good subtossil record Ot the third genus the monotypic Amblyodon subtossil
specimens have been only found mn the British Flandran deposits (Dickson 1973)
Amblyodon dealbatus 1s distinguished from other Meesiaceae by having lax. thin walled
medial cells. varying fggm rhomboidal to hexagonal -elongate and by its oblong- lanceolate
ieaves with a short acute apex The areolation i1s strongly reminiscent ot the cell structure
ot the Funariaceae but the narrower leaves easily distinguish Ambivodon

Meesia and Palwdella are dif ferentiated by therr three dimentional leat shape and
by therr cell surface ornamentation Paludefla squarrosa has  strongly
squarrose-recurved. obovate leaves The upper cells are isodiametric  and
unipapillose-bulging on both surfaces Mees/a species have erect. wide spreading or

squarrose leaves and smooth. mostly rectangular upper cells

Meesia

All three of the Meesia species histed in Ireland e (7980! are represented in my
subfossii collections. The characters differentiating these species are leal shape,
margin and costa structure. Meesia triquetra has decurrent leaves that are sharply
denticulate in the upper portion The leaves have a poorly developed stereid band in the
costa as is the case in M. /ongiseta, but the latter is distinguished from M. triquetra by
its entire, partially recurved margins and less squarrose leaves. Meesia u/iginosa has a
well-developed abaxial and poorly developed adaxial stereid band in the costa and has
narrower, ligulate leaves, a very wide costa, and narrowly recurved or revolute margins

All subfossil material of Meesia 1s moderately blackened by fossilization with

preservation is often perfect.
Meesia longiseta Hedw.
Diagnostic features. - Leaves ovate-ianceolate, erect-spreading to slightly recurved, not

decurrent or very narrowly decurrent; apex sharply acute to very narrowly obtuse; costa

homogeneous or the central cells smaller than the abaxial and adaxial layers; margins
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plane or narrowly recurved on one side only, entire or in a few leaves with weak

denticulation at the apex; med/jal and basal cells rectangular, varying from 2:1 to 51, a

few scattered cells with sharp ends, smooth, walls moderately thick, black.

~

Habitat — In rich fens, on damp shores, on moist and calcareous soil in Picea mariana

woodland.

Recent 'Dist:ibution - Circumboreal. North America: in the glaciated areas of eastern US
and adjacent Canada from Alas&a to Greenland in the north, south to idaho.in the west
and lllinois and Ohio in the east. Northern, eastern and central Europe Slberla Kamchatka.

Subfossil Dlstrlbutlon in North America. - Alberta Miller 19863) New records: (1)
Koyukuk River, 6 km downstream from Henshaw ‘Creek, Alaska; 52,800 + 1300 BP.
(QL‘— 283); Bryological Report 168. (2) Anaktuvuk Valley thaw lake 2 km upvalley from

Akmagohk Creek, Alaska; 8200 = 120 B.P. {I- 10,925); Bryological Report 201, Hamilton

198043, 'p. 23. (3) HH72-54 (station 3), Hungry Creek,*Yukon Territory; Wisconsinan;
"Bryological Report 435. ‘ '

Meesia triguetra (Richt) Arigstr.

Dia’gnostlc features. — Leaves ovate—lanceolate, strongly squarrose, "b'roadlyr decdrrent;

apex acute; costa with stereid cells in the center; margins plane, sharply denticulate in the

upper half and in luxurious forms along the entire length with strongly recurved teeth”
along the lower margins; m;d/a/ cells varying from large, shortly rectangular cells {3:1 to

2:1) in the middle part of the leaf to very “small quadrate to |rregularly angled cells in the

upper part, or rectangular throughout; basa/ ce//s narrowly rectangLﬂar, in the decurrent

leaf base more rounded.

v

N ,
Habitat. - ln rnch fens, sometimes on damp shores. Common in wet sedge—moss;

meadows and streamsides, with Ca///ergon g/ganteum and ‘Cinclidium arcticum. pH

<

~ 7.0-7.5 (h=16), conductivity 338-505 microScm-! (n=16), Ca concentration 24.1--77.5
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ppm (n=8), Mg concentration 11-22 ppm (n=8), Na concentration 4.4-25.0 ppm (n=2)
and K concentration 8.7-15.3 ppm (n=8).

. Recent Distribution. = Circumboreal. North America - Alaska, Yukon and Northwest

Territories in the north, south to California, Nevada, Michigan, and New York. Northern,

eastegn and central Europe, Spain, northern Asia, China.

Subfossil Distribution ’in,North'Arrreric,a. - Greenland, Minnesdta, New York, North\wlest“"é’js
_Territories vand Ontario (Miller 1980a). New records: (1) Riverbar near HH75-9 along
Porcupine Rlver Yukon Territory; recent detritus; Bryologlcal Report 34. {2) CRH 11, Olid
Crow Basin, Yukon Territory; + 15,000 B.P.; Bryological Report 37. (3) HH68-9 (station
9), Oid Crow Basin, Yukon Territory; 38,800 = 2000 B.P. (GSC-—2756)" Bryological Report-
118. (4) Mackinson Inlet, Ellesmere Island Northwest Terntorles >52,000 B.P.
(GSC- 2677); Bryologlcﬁab'ﬂﬁeport 163, Biake & Matthews 1978, (5) Mackinson Inlet
~ Ellesmere island, Northwest Territories; >52,000 B.P. (GSC-2677); Bryological Report
165, B'Iake & Matthews 1979. (6) Anaktuvuk River, 0.8 km downstream from Irgkivik
Creek Alaska; 10,580 % 150 B.P. (l—11 010); Bryologlcal Report 171, Hamilton 1980a, p.
21. (7) Section Creek, 9 km upstream from Sagavamrktok River, AIaska 12,690 = 180
B.P. (I-10,567); Bryolognpal Report 182, Hamlltort 1978b, p. 29. (8) Wagner Property,
Edmonton area, Alberta; Holocene peat, 50 to 60 cm below water: surface; Bryological
Report 205. (9) Shoran Lake, Banks lsland, Northwest Territories; 10,200 £ 130 BP.
(GSC-2673); Bryological Report 283 (10) HH68—9 {station . 3), Old Crow Basin, Yukon
Territory,‘ Early Wisconsinan?; Bryological_ Report 299. (11) HHE8-9 (station 3), Old Crow
Basin, Yukon- Territory; Early Wisconsinan?; Bryological Report -302, as Meesia cf.
triguetra. (12) Kitchener,‘ Ontario,' below 8800 ‘B.F’l.; Bryologioelv I:'ieport 322, (13)
Kitchener, Ontario; below 8800“ BP.; Bryological Report 323. (14) Kitchener, Ontario;
below 8800 B.P. Bryological Report 324. (15) C"ape Deceit Quaternary Exposure, Near
‘ Deering (station 6), Alaska; 700,000 - 1,800,000 B.P.; Bryological Report 34 1, Matthews
1974a. (16) HH72-54 (station 3), Hongry Creek, Yukon Territory; ‘Wisconsinan; *
Bryological Report 434. (17) HH72-54 (station 3), Hungry Creek, Yukon Territory;-

‘Wisconsinan; Bryological Report 435.
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Meesia uliginosa Hedw.

Diaghostic features. — Léayes Iiguiate to lanceolate—ligulate, not decurrent; apex obtuse; '
. costa very' wide, occupyin‘g more than half of the leaf base, with .a clearly defined stereid

band on the abaxial side and less well developéd band on the adaxial side; margins

narrowly recurved to strongly revolute along the oritire length except at the apex, entire;

medial cells uniformly rectangulér throughout the ieaf, élightly shorter towards the apex;

basal cells narrowly rectangular.

-

Habitat. - On moist soil in rich fens, on wet rocks in streams and along lakes, and in moist

rock crevices; a distinct calciphile.

Recent Distribution. — Circumboreal. North America'~ from Alaska to Greeniand and
Newfoundiand, south through Canada and the . northernmost United States, reachlng
Nevada and California;in the western mountalns dceland, Svalbard, European mountams

northern US.SR. Chma.

Subfossil Distribution in North Arrwerica. — o Greenland, New York and Northwest
Territories (Milier 1980a). New records: (1) HH68-9 (station 11). Oid Crow Basin, Yukon
Territory; Early Wisconsinan?; Bryological Report 265. (2) HH75-24, Bluefish Basin,
‘Yukon Terrutory Wnsconsman Bryological Report 328. (3) Clements Markham lnlet
Ellesmere Island, Northwest Terrltorles, 6400 = 60 BP. (SI-4314); Bryological Report
401.

Paludella

See the introduction to the family rOr distinguishing features of the genus
Paludella. The génus is monotypic and P. squarrosa is a common, often beautifolly '
preserved fossil. The specimens in my collections aré less blackened than the Meesia

fragments.
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Paludella squarrosa {(Hedw) Brid.

Diagnostic features. — Leaves strongly sq_uarrose—recurved, ovate to obovate, not or
longly and ‘narrowly décurrent; apéx shortly acute; margins plane or slightly recurved,
crenulate; medial cells rounded or quadrate, moderately thick—walled, strongly
bulging—-papillose on the adaxial side. bulging on the abaxial sidé; basal cells rectangular,
thin—\/;(alled. '

Habitat. - In ihterrhediate,fens,‘in ecotonal‘region's between forests.and fens, around

springs. rarély and poorly developed in drier habitats, on damp soil or rocks.

Recent Distribution. — Circumboreal. North America: Alaska to Greenland, south to New ..
York, Michigan, Wyoming and Montana Northern, western, eastern and central Europe.-

northern Asia.

Subfossil Dis"tribution in North America. - Greenlénd_ and New York (Miller 1980a). New
records: {1) HH68—9, Old Crow Basin, Yukon Terfitory; Holbcene peat, 50 to 60 cm
below surface; Bryological Report 148. (2) HH68-8, Old Crow. Basin, Yukon Terri;cory;
Holocene peat, 200 to 150 cm be‘low surface; Bryologic.al Report 158. (3) HH72-54

. (station 3), Hungry Creek, Yukon Territory; Wisconsinan; Bryological Report 435.
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Cato\s_copiaceae .

This monotypic family has a fossil record i;\ North America (see below) and
Poland (Holocene and Pleistocene, Jovet-Ast 1867). it is absent from the British rec'ord
{Dickson 1973). Catoscopium nigritum specimens preserve very poorly and ‘are often
difficult to identify. The cell and margin structure described below, distinghishes the leaf
fragments from similar fragmenfs of Ceratodon 'purpureus specimens, often equally -

poorly preserved. ’
Catoscopium

Catoscopium nigritum {Hedw.) Brid.

v

Diagnostic fea’thes. - Leabves b(oadly—lancedlate, stiff and straight, tubulos; above; costa
wide, occupying up to half "the leaf base, with an adaxial and abaxiaI{stel/'éid band;
margins entire, plane, or slightly recurved in the shoulder area; medial cells irregular,
varying .frbm narrowly -rectangular to’ rounded, quadrate or subquadrate, evenly

thick-walled or the transverse walls thicker; basa/ cel/ls wider, mostly rectangular, often

variéusly angled, shorter towards the margins, thick —walled.

Habitat - On damp calcareous-soil and peat On flushed slopes, banks of streams or
- jakes, in rich fens and ‘on solifluction terraces. Typically growing in»emall bulging
hummocks on the sides of larger hummocks. in late snow melt areas and wet transition

R *
. zones of meadows.

Recent Distribution. = Circumboreal. North America (Miller 1980b). Alaska to Greenland,
south to New Brunswick, New York, Michigan and lowa in the east and British Columbia,
Alberta and northern Montana in the west. Northern, western, eastern and central Europe,

Pyrenees, Caucasus. Northern and central Asia. . b

Subfossil Distribution in North America. — Greenland, Michigan and Vermont (Milier

1880a, b). New records: (1) HH68-9 (station 3), Old Crow Basin, Yukon Territory; *
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- 60,000 BP.; Bryological Report 174. {2) Kluane Lake, south shore, Yukon Te;'ritory; below
43 m of water; 2215 BP. (I-10,525); Bryological Report 178. (3).CRH 12 (station 2), Old
‘Crow Basin, Yukon Territory; = 60,000 B.P.; Bryological Report 267. (4)‘HH68-’9 (station
-3), Old Crow Basin, .Yukdn T‘erritory; Early WiLsﬁ:onsinan?; Bryological Report 391. (5)
Clements Markham Inlét, Eile;mere lsland, Northwest Territories; 6400 = 60 BP.
(SI-4314); Bryological Report 401.

Discussion. — Ceratodon purpureus differs from .éatoscopium by its strongly r‘ecur'ved h
margins gnd denticuiate apéx. ‘The upper cells are isodiametric. Meesia /ongiseta is.
differentiated frorﬁ C. nigritum with its more strongly erect-recurved leaves and more
rectangular,' thinner walled upper cells. The specimens are less obvidusly blackened by

fossilization than Mees/a fragments.
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Bartramiaceae

The genera Plagiopus, Bartramia, Conostomum, Philonotis and Breutelia have a
fossil record. Breutelia (Flandrian) and P/ag/apus (Devensian) have only British records
(Dickson 1873). Whlle Conostomum was found in glac1al deposits of Poland (Jovet— ~Ast
1867) and Bartramia was listed for ltaly (Jovet—Ast 1967) Brntam (Dickson 1873) and
Nort_h America (British Co‘l_umbla, Holocene: Miller 1980a).

Philonotis represents most of the records. In North America, one species with
two of its varieties are recorded (Miller 1980a). Several other species are listed from
Late Tertiary and Quaternary deposits in Belgium. Switzerland, Germany, Denmark and

Poland (Janssens 1977a, Dickson 1973 and Jovet—Ast 1967).

Philonotis _

The only species .in the North Americen record is P. fontana. It is the most
common species of' the genus presently found on the continent and numerous
modifications occur. Several of these have been given, perhaps unnecessarily, varnetal;"
status. See the discussron below for the distinction between this species and other taxa .
in the genus.

Philonotis leaves are euperficially similar to those of Pohlia ,Ieeves in shape and

areolation. However, Pohlia leaves are differentiated by their longer and narrower

ovate—lanceolate shape with cells that are less thick-walled and smooth.
Philonotis fontana Hedw.) Brid.

Diagnostic features. - Leaves ovate lanceolate to Ianceolate erect or shghtly secund;
apex slenderly acumlnate costa reaching into the apex or beyond; marg/ns plane above
.revolute below sharply denticulate, often from the base to the apex, sometimes only
above, teeth sharp and sometimes‘recurved at the base; medial cells rectangular. or
oblong, linear towards— the margins, papillose at the upper ends on the adaxial surface and
* at the lower end on the. abaxial surface of the leaf, papillae larger or sometimes present

.

only on the cells towards the margins.
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Habitat. — In wet generally calcareous habitats and on wet rocks. In late snow melt areas,
beside streams and springs, in seepages, in fens with moving water. pH 6.25-6.55 (n=3),
conductivity 34.9-405 mit:roScrﬁ“‘ (h=3), Ca concentration 3.5 and 4.5 ppm (n=2), Mg
concentration 0 065—0.085 ppm (h=3), Na concentration 3.6-4.6 ppm (n=3) and K

concentration 1.0-1.3 ppm (n=3).

Recent Distribution. — Circumboreal and in montane equatorial regions. North America: '
Greenland to Alaska, throughout the continent south to Mexico. Europe, Azores, Canaries,

/ . . .
Madeira, eastern African Mountains, northern and central Asia, Japan.

i

Subfossil Distribution in North America. - Alaska, Greenland, Northwestx\Territories,
Oklahoﬁxa and Vermont (Miller 1980a). New records: (1) Kluane Lake, south shore, Yukon
Territory; below 43 m of Water; 2215 B.P. (I-10,525); Bryological Report 178. (2) St
Hilaire, Quepec; 10,100 tw>150 B.P. (GSC-2200). Bryological Report 280, Mott et a/.
1980. (3) élements Mark‘harh inlet, Elle_smere istand, Northwest Territories; 6.400 * 60

B.P. (SI-4314); Bryological Report 401.

Discussion. — Other Philonotis species are distihguished by uni-papillose cells (only
papillae at the upper or the lower end of the cells). Often, these taxa have narrower
leaves. Several varieties of P. fontana are based.on the variable length of the costa and

on the shape of the leaf apex.
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Timmiaceae

Timmia

Five of the six Timmia species have a féssi! record Timmia comata, T. bavarica
and 7. megapo/itana have European and Russian Eecords {Jovet-Ast 1967) Timmia
austriaca and T. norvegica are known from European and North American deposits (Miller -
1980a). o

Timmia leaves resemble Po/ytrichum leaves in shape but do not have adaxial.

ARG ,

lamellae. The only species in my collections is represented by a single specimen of T.
austriaca.- . _ s

L

Timmia austriaca Hedw.

Diagnostic features. — Leaves lanceolate from an oblong base, the base forming a
homogeneous brown sheath; apéx narrowly obtuse; costa stout, ending just below the
apex, smooth; margins irregularly and usually denticulate in the upper part, incurved
above, plane below; /imb cells quadrate, wéakly mamiliose on the adaxial side; sheath

celIs rectangular, narrowed to a linear shape towards the margins, smooth or papiliose

Habitat — On wet hummocky or gravelly slopes or soil, in crevices of rock outcrops,

around bird perches. In wet tundra meadows and in seepages.

Recent Distribution — Circumboreal (Brassard 1980). North America (Miller & Ireland -
1978a) most abundant in the southwestern Cordillera From Alaska to Greenland and
NewaUhdland, through the western mountains to New Mexico and disjunct to South
Dak;\i‘ta, upper Michigan, Quebec, and New Brunswick in the east. Europe, ﬁorthern Asia.

. | :

Subfossit Distribution in North America. - Vermbnt (Miller 19804, Mitler & Ireland 1978a).
| New records: (1) Clements Markham Inlet, Ellesmere Iéland, Northwest Territories; 6400 +

.

60 BP. (SI-4314); Brydlogical Report 401,
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Discussion. — Other 7/mmia spécies are differentiated by a pale, yellow or hyaline

sheathing base or by a sheath with some papillose cells.
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Orthotrichaceae

This large family' has a very poor fossil record. Zygodon viridissimus has two
El_andrian records in the British Isles (Dickson 1973). The genus is represented in Pliocene
depés‘its of Germany. U/ota has a few Flandrian recor.ds in Britain and a Holocene record
;n Czechoslovékila Orthotrichum is represented by three species: O. diaphanum of
Devensian age ' Britain, 0. obtusifolium of the Two Creeks Forest Bed in Wisconsin and

0. speciosum, discussed below.

Orthothrichum speciosum

Diagnostic features. — Leaves narrowly ovate-lanceolate to lanceolate; apex narrowly
acute; margins revolute along the entire length, except at the apex; medial cells
irregularly rounded to elliptic, very thick—walled, commonly with two high, simple or

forked pépillae; basal cells elongate, stronbgly porose and very thick—walled.

Habitat. ~ Mostly on trees in temperate forests, rarely on rocks farther north in boreal

and tundra areas. In the high arctic on gravelly slopes (Vitt 1873).

Recent Distribution. — Circumboreal.  North America. from Alaska to'Greenland and
Newfoundland, south to the Great Lakes area in the east and to Oregon, Idaho and -

Montana in the western mountains. Europe, northern Africa and northern Asia
Subfossil Distribution in North America. — (1) Clements Markham Inlet, Ellesmere Island,
Northwest ‘Territories; 6400 = 60 BP. (SI-4314); Bryological Report 40 1', as

Orthotrichum cf. speciosum.

Discussion. - Sporophytes are necessary to identify this species with a high reliability.
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Leskeaceae

Lescuraea, Leskea and Pseudoleskeella are the three genera in this family with a
fossil record. Lecuraea has a few records of Late Devensian age in Britain and is known
from deposits of the penultimate glaciation in Poland (Dickson 1973} Several species of
Leskea and Pseudoleskeel/a are known from the Pliocene of the USSR and the
Netherlands, and from the Holocene of Czechoslovakia (Jovet—Ast 1967. Dickson 1973)
Two North American records are known.-Miller (1980a) reported Leskea australis Sharp.
in Grout, of unknownm age for North Carolina. One specimen of Pseudol/eskeella is
pfese,nt in my collections. |

The family is perhaps closely related to the Thuidiaceae The principal difference

between the two families is based on peristome characteristics.

Pseudol e.skee/ /a

This genus (sensu stricto) is characterized by a pleurocarpous habit, small and
simple paraphyllia, small ovate~-lanceolate leaves with an apiculate apex and with plane
and entire margins. The areolation is thev most characterstic feature of the vegetative
plants. The medial cells are rounded, oval or shortly elongate, and smooth or papillose on
the abaxial side of the leaf. -'l:he wélls are sometimes strongly thickened.

{

Pseudo/eskée//a tectorum (Funck ex Bird) Kindb. ex Broth.

Diagnostic features. — Leaves widely ovate-lanceolate; apex shortly acuminate; coéta
double, one branch often reaching to the middlq of the lamina; margins plane, entire;
medial cells rhomboid to shortly elongate (3:1 to 6;1), with clear corner thickenings,
firm—walle&, marginal cells shorter, parallelogram-sh basa/ ce//svvarying frorﬁ elliptic to

rounded, quadrate and subquadrate.

Habitat — On calcareous rock, usually in crevices and protected places, on trees, rarely

- Y
on soil or siliceous rocks.

Recent Distribution. — Circumboreal (Lewinsky 1974: world distribution map but very
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WQMN-N%' North America). North America from Alaska to Greenland, New foundland
and Labrador, south troughout Canada and northern United States, in the wastern
mountang #yimgh Alberta and British Columbia to Arizona and New Mexico, east to

Manitoba. Mexico. Svalbard, mountains in Europe and arctic USSR.

Subfossil Distribution in North America - (1) CRH 12 (station 2), Old Crow Basin, Yukon
Territory; + 60,000 B.P; Bryological Report 267

Discussion. — The similar Leskea nervosa (Brid) Loeske is differentiated from
Pseudoleskeella tectorum by a single costa ending in the apex. Other Pseudoleskeella

species are distinguished by nearly isodiametric or papillose medial cells



Thuldiaceae

Several of the crrcumboreal genera in this family havya good ftossil record
Heterocladium 1s found n a Holocene deposit in British Columbia (Miller 1980a) and n
several deposits of various Neogene ages n Germany, Poland and the USSR (Dickson
1973. Jovet-Ast 1967) Anornodon s r‘eported from lowa (Aftorian). Washington D C
(Wisconsinan) and North Carolina (Wisconsinan) by Miller {1980a) and is reported from
numerous Neogene and Pleistocene deposits in Europe (Jovet- Ast 1967)‘ Claopodium
has two extinct and one extant species represented in Plhocene deposits in Duab
Caucasus (Abramova & Abramov 1959) Other records of the genus are known from
France. Poland and the USSR (Jovet-Ast 1967 Helodium s frequently found n
Pleistocene deposits of Belgium (Janssens 1877a), Switzerland, Poland and Germany
{Jovet-Ast 1967} The North American records are discussed below Thurdium s
represented by various species In European Neogene and Pleistocene deposits
{Jovet—-Ast 1967) Three species are known from the North American Pleistocene. Two
are discussed below. The third, 7. de/icatu/um, has an Aftonian and Wisconsinan record
{Miller 1880a).

Thuidium and Helodium are pleurocarpous genera characterized by leaves with a
very well developed costa, unipapillose cells and paraphyllia on the stem and branches.

These paraphyllia are often very well preserved

" Helodium

This genus is distinguished from Thuidium by filiform paraphyliia with cells longer
than wide. These paraphyllia are not only found on the stem and branches, but also on the
base of tHe costa and along the basal margins of the leaves (cilia). He/odium blandow// is
the only species of the genus witH a foséil record. It is a common Pleistocene fossil in
Britain (Dicksbn 1973), Where it is now extinct, and in Belgium (Janssens 1977a), where it
is now extremely rare. It is also known from glacial deposits in Switzerland, Poland and

Germany (Jovet-Ast 1967).
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Helodium bhandowii (\Web. et Mohr) Warnst. - R ——
. - . . . )

Diagnostic features. - Branches with flhform branched paraphyllia with cells lqnger than
wide; /eaves broadly ovate, apex shortly acuminate; margins denticulate, with recurved
teeth and cilia in thé basal part; medial cells rhomboid or oblong, unipapillose, papillae‘

usually at the upper-end.

'Habitat — In wet calcareous fens (rarely in fens without tree or shrub layers) and marshes,
usually with percolating water, along streams and ditches. Associated with Mnium
pseudopunctatum, Pa/ude/la. Squarros_a, Sphagnum teres, S. warnstorfii, and

Tomenthy pnum nitens. , N

Recent Distribution. - Circumbbreél North America: from ‘Alaska to Greenland,
Newfoundland and Labrador, w1despread through0ut Canada, in the northern/Umted '
States from New England to Washmgton reaching Arizona and Nevada in the western
mountains. Europe, northe.rn Asna, Japan.
Subfossil Distribution in North America. - Greenland and Northwest Territories {Miller
1980a). New records: (1) HH68 9 (station 2), Old Crow Basin, Yukon Territory; * 60,000
BP Bryologncal Report 262.

Discussion. — Species of Thu1d/um are differentiated from He/odlum b/andowu by their

laminal paraphylha with quadrate cells and the absence of cilia at the Ieaf base.

Thuidium

. See the Helodium introduction for the.differentiation between the two genera

®
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-

Thuidium abietinum (Hedyv) BSG ‘ R

Dlagnostlc features ~ Fragments unipinnately branched leaves w1thout marginal cilia;
paraphy/l/a Iamlnal or branched filiform, cells quadrate ,papillose wﬂ% paptllae at the

upper end of the celis.

Hébifat. - On sandy, gravelly or organic soil in well drained, usually calcareous ‘habitats.
Frequently on‘o'ld dunes or dry hill sides®in opeh, coniferous stands, in Dryas heath, on
Iedges, at bases of cliffs or among talus rocks. Rather genrally associated with
Rhyt/dium‘ rugosum, Hy,bnum bambergeri and Tortula ruraljs. e comeact and more
~ regularly pinnately branched when growing in more exposed and drier habitats. Often

found in‘areas much exposed to wmd with Tortula ruralis and Tomenthy@m nitens.

Recent Distribution. — Circumboreal. Argtic and alpine—montane species. North America:
Greenland to Alaska gwd south to Arizona, Colorado, lowa, Indiana and Virginia at higher

elevations. Europe, northern Asiatic US.SR. central Asia, China and Japan.

Subfossil Distribution’ in North = America. — New York, ‘Northwest " Territories,
Saskatchewan, Vermont and Wisconsin (Miller 1980a). New fecordsz (1) HHB8-9 (station
8), Old Crow Basin, Yuken Territory; Eefly Wisconginan?; Bryological Rep’ort_Gi (2)
j'. HHE8~-S (sta’tion‘ 8), ’Old Crow Basin, ?ﬁ?’d‘h‘ ~Ferritory; Early Wisconsinan?; Bryological
Beperwz. (3) Anaktuvuk River, 0.8 km down'eﬁreafn from Irgkivik Creek, Alaska; 10,580
+ 150 BP. (%1 1,010); Bryological Repert 171, Hamilton 1980a, p. 21. (4) Your Creek
drea, AAI_aska;‘ 5615 = 110 BP. (I~10,568); Bryological Report 183, Hamilton 1973a, Fig. 5.
(5) Anaktuvuk Valley, thaw lake 2k km upvalley from Akmagolik Creek, Alaska; 6220 £ 140
BP. (I-10,784); Bryological Report 200, Hamilton ‘19'.'80a, p. 23. (6) Anaktuvuk Valley,
thaw lake 2 km upvalley frdm Akmagolik Creek, Alaska; 6200 + 120 BP. (i-10,925); -
Bryological Report 201, Hamilton 1980a, p. 23. (7) CRH 12 (station 2), ‘Old Crow Basin,
Yukon Territory; * 60,000 BP. Bryological Report 267. (8) Cape Deceit .Quaternary
Exposure, Near Deering (station 8); Alaska; 12,420 + 1080 BP. (-4781); Bryological
Report 351, Matthews 1874a ' :



126

Discussion. — The other. Thuidium épecies are distinguished from 7. abietinum by their
bi—'or'multipinn_ate branching. See the discuséion of Helodium blandowii fqr the

distinction fromThuidium. >

Thuidium recognitum (Hedw.) Lindb.

Diagnostic_featufes. - Fragments bi—pinnately branched; /eaves without marginal cilia;
paraphy/lia filiform or lanceolate with short celis, papillose with papillae at the upper

end of the cells.

Habitat. — On moist calcareous soil, humus, rocks or logs. In wet or. moist woods, open

'swamps or meadows.

Recent Distribution. — Circumboreal. North America: from Alaska to Greenland, Labrador
and Newfoundland, throUghout Canada and West from New England through the northern
United States to Montana and Idaho, south to Georgia, Mississippi. Missouri, Kentucky,

and Kansas. Europe, northern Africa, Japan, northern Asia.

Subfossil Distribution in North America. — Wisconsin (Milier 1980a). New records: (1)
HH79¥1, Hungry Creek, Yukon Territory: 8700 £ 80 B.P. (@SC-2971); Bryological Report
383. - |

'Discussion. - Other bipinnately branched Thuidium specieé are distinguished by

péraphyllia with bapil,l’ae not restricted to the cell ends.

&if

T
<
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Amblystegiaceae

: A'mb/ysteg/'um
Amblvstegium serpens (Hedw) B.S.G

Diagnostic features. — Fragments frequently buf irl.'eg.ularly branched; branch leaves
small, usually < 1 mm, erect—spreading to spréaéing, ovate—lanceolaté with sienderly
acuminate apeX’; stem /eaves often twice as large; costa reééhing half way up in the
lamina; margins entiré or weakly denticulate; medial cells rhomboid, 51 to 31,
thin-walled, towards the, apex longer and narrower, becoming gradually shorter,

rectangular and gpiadrate at the base.
Habitat. — Usually on soil, on rotten wood and humus in moist to wet habitats.

Recent Distribution. - Circumboreal Bipolar. North. America: from Alaska to Greenland,
Newfoundiand and Labrador, throughout Canada and the United States, especially in th and.
central states. Central and South America, Europe, Asia, Japan, North Africa and New

Zealand.

Subfossil Distribution in North Ameri‘ca.. ~ ga, lowa, Louisiana, Saskatchewan and
Wisconsin (Miller 1980a, inct@dfiﬁg A. juratzkanum Schimp.). New records: {1) HHB8-9
tstatioq 3) Old Crow Basin, Yukon T_errifory; Early Wisconsinan?; Bryological Report 302
{2) Cape Deceit Quaternary Exposure, Near Deering (station 6), Alaska; 700,000 --
1,800°000 B.P.; Bryological Report 341,.Matthews 1974a.

' Discussion. — The smal! leaves and large, wide cells. (so that the leaves are composed of
only a strikingly small number of cells) are clear features to differentiate ‘the two
representatives of the genus Amb/ysteg/qm'represented in the - fossil record from

- Leptodictyum. Thé two species are distinguished from Hygroamblystegium by the less
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well developled coeta and the absencse of a clear shoul'der area on the leaf (Kanda 1975).
The character states' differentiating A. serpens and A. varium are discussed under the
latter. Amblystegium juratzkanum, given species rank in Ireland et a/. (1980, is probably
only a modification of A. serpens. In its extreme form it is differentiated in somewhat

larger and stiffer plants and more wudely spreading leaves.
Amblystegium varium (Hedw. Lindb. .

| Diagnostic features. - Fragments frequently but irredularly branched: /eaves very variable
in size, 0.5 to 2 mm long. spreading to erect—spreading, ovate—lanceolate with acuminate:
apex; co$ta reaching into the apex; margins entire, or sometimes denticulate in the uoper
half; medial cells rhomboid, 5:1 to 3:1, thin walled, not strikingly more elongate towards:
the apex, basal cel/s gradually shorter, rectangular and quadrate in the base.
Habitat. — Usually on soil, on humus, logs and rocks in moist to wet shaded habitats. In

calcareous areas.
a

Recent Distribution. ~ Circumboreal. North. America; from Alaska to Greenland and
Labrador, throughout Canada and the northern United States, especially in the eastern

part, Mexico. Haiti, South America, Europe, northern Africa, Asia, Japan. ™~

éubfossil Distributlon in North America. — (1) Chandalar River, 3 km east of Caro, Alask‘a;,
>30,000 B.P.; Bryological Report 184 (2) Anaktuvuk Valley thaw lake 2 km upvalley from
Akmagolik Creek, Alaska; 6220 * 140 BP (- 10,784); Bryological Report 200 Hamllton
1980a, p.,.23. (3) CRH 12 (station 2), Old Crow Basin, Yukon Territory; + 60,000 BP.
Bryological ﬁeport 287. (4) CRH 70 (station 2), Oid Crow. Basin, Yukon Territory; >37,000
« BP. lGSC—2792)= Bryological Report 269. (5) HH75724 (station 2),’ Bluefish Basin, Yukon
Territory; above >53,000 BP. (GSC-2373-2); Bryological Report 271 (6) HH68-8
(stat:on 9), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryologucal Report 370.
(7) HH7/,2~54 (station 3), Hungry Creek, Yukon Territory; Wisconsinan; Bryological- Report

435. e
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Discussioﬁ. - Plants of A. varium are .freq‘uentl;l larger and stiffer than those of A
'se(pens. Other differentiating features are the costa reaching high in the ape’x and the
hore uniform areolation (apical ceils not longer than mediél) in A varium. The margin. is
mostly slightly denticulate, as was suggested by Grout (1828-34). The‘large forms of A
var./'um are distinguished from Leptodictyum trichopodium by the shorter areolation and
from Hygroamblystegium tenax . by the less well developed césta and the more
lanceolate leaf shape witH a slender apéx {compare .also Nyhélm 1965). Another species-
with leaves similar to Amb/ystegium varium is Rhynchostegiella compacta (C..M(.'J“.)
Loeske {Brachytheciaceae). Howeve“r, the cells in the latter are much longer and narrower
than in Amb/ystegium.' Rhynchostegiella can be .differéntiated from Leptodihctyum'
tr/'chopod/;um (the ce\]ls are very similar) by the narrower ovate—lanceolate leaves, the
costa that reaches much higher into the apex and thé recurved tips of the marginal teeth
(straight tips in L. trichopodium if it is not an entire form). Branched protonem\a—like cell
strands are often present in the apical part of the Rhynchostegiella leaves or along the
abaxial side .of the costa v /
- <

Calliergon and Calliergonella

Some of the mforma’non complled in the Habitat and Recent Distribution sections
of the Calliergon. and Ca///ergone//a species treatments is derived from Karczmarz
'(1966 197 1) and Wynne. (1945) in addition to the works cited in Materuals and Methods B
The maps of the present day distribution of C. giganteun, C. r/chardson// and C.
trifarium are based on ALTA and CANM specimens and on some additional mf_ormatlon.
from papers listed in the ca.ptions'to the figures.

C. obtusifolium Karcz. C; orbicularicordatum (Re’n. vet Card) Broth. "and C.
Wickes/ae Grout are not represented'in the fossil record. C cordifolium (Hedw.) Kindb.
{Miller 1980al has béeh found as a subfossil only in the eastern part on the continent and
is fepresented by a doubtful specimen. (Geological Survey. of Canada, Paleobotanical
Collections, !} from Banks lsland in the Canadian Arctic (Kuc 1974c). The “extinct
Quatérnary species C. aftonianum Steere, C. hansenae Steere and C. kayjanum Steere
_are discussed under C. richardsonii. "Calliergon subsarmentosum Kindb. (Janssens

~1980b) is discussed in relation with C. giganteum. o o | K v
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Calliergon g)’ganteun;'(Schimp.) Kindb. Plate 7

Diagnostic features. — Stem and branch /eaves ovate—cordate, branch leaves sometimes
ovate-ohlong; costa reaching in most mature leaves to the apex; apex cucullate; a/ar
cells in a large convex group that reaches the costa except for one or two basal cells in
between costa and lthe group, cells strongly 'differentiavted, walls thin and hyaline, often
not pr‘esverved. '

Habitat. - In rich fens,. sed.ge—moss meadows, ditches, beside lakes and pools, sometimes
completely submerged pH 7.1 to 7.5 (n=3), conductnvuty 187 to 475 microScm™! (n=3),
‘Ca concentratlon 3 to 28 ppm (n=3), Mg concentration 3 to 22 ppm (n= 3), Na

concentration 10 to 22 ppm (n=3), K concentration 0.0 to 3.5 ppm (n=3).
: . .

Recent Distribution. - Circumboreal. North America from Alaska to Greenland, Labrador
and Newfoundland, south to Pennsylvania, Michigan and Minnesota in the- east and to
“Washington, Ioaho and Wyoming in the west. Europe, northern Asia.

Subfossil Distribution in North America . - Alaska, mGreenland, lowa, Minnesota, North
- Dakota, Northwest Territories and Penriéylvanja (Mitier 1980a). New records: (1) Silver
) Creék' Slims River drainagé Yukon Térritory'  30 100 * 600 BP. {Y—-1385); Bryological
Report 2, Schweger & Janssens 1980. (2) Snake River area, Yukon Territory; 11,700 #
90 BP. (GSC-2693) and 11,800 = 170 BP. (GSC-2745); Bryological Report 41. (3) -
HHE8-9 (station 8), Old Crow Basin, ‘Yukon Tvorr?tory; Early.Wisconsinan?; Bryologicai
Report 61. (4) \I:iH‘69—21v (station 2), Old Crow .Basin, Yu'kon Territory; = 60,000 BP;
Bryological Repo;"“t 102 {5) HH69—21,' Old Crow Basin, Yukon Territory; Early
Wisconsinan?; vBronogio‘@l Report 103. (6) HH68—9 (station 3), Old Crow Basin, Yukon
Térritory Early Wisconoinan7' Bryological Report 109. (7) HHE68-9, Old Crow Basin,
Yukon Territory; Holocene peat, 50 to 60 cm below surface; Bryologlcal Report 148. (8)
Sunwapta Pass, Alberta; 6320 * 100 B.P. (GSC-451); Bryologlcal Report 162 Schweger
et a/. 1978, p. 62. (9) Mackinson lnlet Ellesmere Island, Northwest Territories; '>52,000
BP. (GSC-2677); Bryological Report 163, Blake & Matthews 1978. (10) Mackinson Iniet,

' -
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Plate 7. Calliergon giganteum (Schimp.) Kindb. (Bryolbgica! Reborts 269 and 276)
1. Leaves (x50)
2. Leaf apex {(x500).
3. Medial leaf cells (X500).
4. Alar leaf cells (x200)
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.Ellesmere Island, Northwest Territoriesl; >52,000 BP. (GSC-2677), Bryc;logical R’éport
164, Blake & Matthews 1979, (11) Mackinson Inlet, Ellesmere lIsland. Northwest
Territories: >52,000 BP. (GSC-2677); Bryological Report 165, Blake & Matthews 1979.
{12) Chandalar River, 25 km downstréam from Caro, Alaska; >42,000 BP.; Bryological
Report 166.’(13) Koyukuk River, 6 km‘downs.tream from Henshaw Creek, Alaska; 52,800
+ 1300 BP. (OL—F1283); Bryological Report 168. (14) Anaktuvuk River. 0.8 .km
downstream from Irgkivik Creek, Alaska; 10,580 = 150 B.P. (I-11,010); Bryological
R;pért 171, Hamilton 1980a, p. 21. (15) HH68-9 (station 1-2), Old Crow Basin, Yukon
Territory; * 60,000 BP.; Bryological Report 176. {16) Kiuane Lake, south shore, Yukon
Ter’ritbry:-below 43 m of water; 2215 BP. (I-10,525); Bryological Report 178. {17)
Se.ction Creek, 9 kmt upstream from Sagavanirktok _Eiver, Alaska; 12,690 + 180 BP.
(I; 10,567); Bryologiéal Report 182, Hamiltdn 1979b, p. 29. (18) Your Creek area, Alaska;
5615 + 110 B.P. (i~ 10,568); Bryological Report 183, Hamilton 1979a, Fig. 5. (19) Tulunga B
River, 8 km upstream of east fvork, Alaska; 33.220 = 1760 BP. {I-1 1,012); Bryologiéal
Report 198, Hamilton 1980a, p. 19. (20) Anaktuvuk Valley, thaw lake 2 km upvalley from
Akmagolik Creek, Alaska; 6220 + 140 BP. (I-10,784); Bryolog'ic‘:al Report 200, Hamilton
1980a, p. 23. (21) Anaktuvuk Valley, thaw lake 2 km upvalley from Akmagolik Creek,
Alaska; 6200 * 120 BP. (I-10,925); Bryological Report 201, Hamilton 1980a, p. 23..,(22)‘
HH68-9 (station 11), Old Crow Basin, Yukon Territory; Early - Wisconsinan?: Bryological
Report 265. (23) CRH 11 (station 3), Old Crow Basin, Yukon Terfitory; + 60,000 BP.
Bryological Report 266. (24) CRH 70 (station 2), Old Crow Basin,qukon Territory;"‘
>37,000 BP. (GSC-2792); Bryological Report 268. (25) CRH 70 (station 2), Old Crow
Basin, Yukon Territory; >37,000 BP. (GSC—2792); Bryological Report 270. (26)
HH75~19, Oid Crow Basin, Yukon "Territory; pre-Wisconsinan?; Bryological Report 272
(27) Kitchener, Onfario; below 8800 B.P; Bryological Report 276. (28) Shoran Lake, Banks
Island, Northwesf Territories; 10,200 + 130 BP. (GSC-2673); Bryological Report 283.
(29) HHE8-9 (station 3), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological
Report 294. (30) HH68-9 (station 3), Old Crow Basi‘n, Yukon Territory; Early
Wisconsinan?; Bryological Report 295. (31) HHE8-3 (station 3), Old Crva Basin, Yukon
Territory; Early Wisconsinan?; Bryolog"ic':al Report 302. (32) Kitchener, Ontario; below

8800 BP. Bryological .Report 322. (33) HH75-24, Bluefish Basin, Yukon Territory;
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Wisconsinan?; Bryological Report 325. (34) HH75-24, Bluefish Basin, Yukon Territory;
Wisconsinan; Bryological Report 328. (35) Cape Deceit Quaternary Exposure, Near
Deering (station 6), Alaska; 700,000 - 1,800,060 BP ; Bryological Report 341, Matthews
1974a (36) Cape Deceit Quaternary Exposure, Near Deering (station 1-2), Alaska;
700,000 - 1,800,000 BP.; Bryological Report 346, Matthews 1974a, as Cal//iergon cf.
g/ganteum. (37) Cape Deceit Quaternary Exposure. Near Deerihg {station 5—6)! Alaska;
- 400,000 - 900,000 B.P. Bryological Report 352, Matthews 1974a. (38) 228HH, Bluefish
Basin, Yukon Territory; >37,000 BP. (GSC-2783), + 60,000 BP.; Bryological Report 362.
(39) HHE68-9 (station 14), Old Crow‘Basih,‘ Yukon Terrifory; * 60,000 BP.; Bryological
Report 387. (40} HHE8-9. {station 3),\ Old Crow Basin, Yukon Territory; Early ~
Wiscohsinan?; Bryo[Ogical Report 389, as Cal/iergon cf. g/'ganteum.‘ {4 1) Milford Gypéum
Quarry, Milford, Nova Scotia: >50,QOQ B.P. (GSC-1642); Bryological Report 413. {42)
HH72-54 (station 3), Hungry Creek, Yukon Territory; Wisconsinan; Bryological Report
434 {43) HH72~54 (station 3), Hungry Cfeek, Yukon Territory; Wisconsinan; Bryological
Report 435. (44) Lake 2 km southé-ast of Kap Inglefield, Inglefield Land, Greenland;

Holocene?; Bryolégical Report 437.

Discussion. — All the subfossil specimens are characterized by distinct, bulging alar cell
groups. In some poorly preserved leaves the cell gfoups can disintegrate and leave a
distinct gap, even when the leaves are still on the stems. None of the material could be
assignekd to the closely related C. cordifolium (Hedw.) Kindb. When compressed by a
covérslip, the subfossil material of C. giganteum fr'équently is characterized by a
longitudinal split along the costa at the apex. In some materiaal the costa is very broad and
approaches the forrﬁ crassicostatum (Karczmarz 1971,A p. 85). Other material has
“narrowly ovate—lanceolate brahch leaves. Two such fragments (Bryological Report 169 &
276, PLate 7), were classified under C. subsarmentosum Kindb. (Janssens 1880b).
However, they are comparable to C. giganteum var. hystricosum Roth et Bock (Karczmarz
1971, p. 86). The narrowly ovate-lanceolate leaves of both "specimens‘ are characterized
by crenulations in the upper half 'ahd by nematogon initials among the apical cells. The
apex shape and denticulation are reminiscent of .Drepanoc/adus _tundrae—b.

pseudostramineus leaves (see discussion under these taxa). The well differentiated alar
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cells form a strong, -convex and bulging group, very unlike the alar cell structure in C.
sarmentosum. These alar cell groups reach the costa in the branch leaves, in contrast with
the stem leaves. In the latter taxon, a few undifferentiated basal celis (characterized by
thick, porose walls) are inbetween the costa and the alar cells.
In my é)pinion the type specimen of C. subsarmentosum (Sl is also C. giganteum
(cf. var. hystricosum). Ca{//ergoh subsarmentosum was described by Kindberg (1808a, b,
Steere & Crum 1977) from material collected by J. Macoun "on wet earth, Shawnigan
Lake, Vancouver Island, British Columbia, June 18th, 1308" Both the Kindberg papers
(1909a. b) provided essentially the same short and insuffyiﬂcient description. The branch
leaves are incorrectly characterized as very small. No reasons are given for its:presumed
close relationship with C. sarmentosum. Grout (1931, p. 98) studied material determined
" as C. subsarmentosum, but collected earlier than the type by Macoun on July 13, 1906 on
Vancouver Island, British Columbia (Robinson 1'953).. Grout's slides, mentioned in
Robinéon’s paper, could not presently be located at DUKE (Anderson, in /itt). Grout
briefly descrlbed the . morphologlcal features, and these clearly underiing the close
relationship w1th C. g/ganteum However, he con5|dered the material as "merely a slight
variation” of C. sarmentosum and cited C. subsarmgntosum as a ‘synonym of C.
sarmentosum. This was followed by Wynne (1945, p. 144) aftér she studied Grout’s'
slides. | |
Robinson (1959) studied. subféssil Ca//iefgon frégmenté coltected by Fries {1962)
from lateglacnal dep05|ts at Weber Lake, Minnesota (Miller 1980a). He also re—examined
Grout's collections at DUKE and concluded that the fossils are very sumrlar to the latter
material. He provided a ,comparison between C. sarmentosum and C. subsarmentosum and
concluded that both are distinct taxa He did not attempt to relate C. sub,_sarmentbsun"/ to
ary other taxon in the genus Ca//iergon. The bulk sample of the Cal/liergon peat was
kept by Fries, but | have not yet been able to trace this.

Karczmari (1971, p. 16, 80, 126, 128) studied the type material of C
subsarmentosumeS) and placed the .species (Kindberg 1909a) in synonymy with C.
giganteun (Karczmarz 1968, 1971, p..‘80, Robinson in /itt.). He made a reference to
Kmdberg (1909a). Presumably an error, he put the same taxon (referring there to

Kindberg (1908b)) in synonymy with C. sarmentosum (Karczmarz 1971, p. 126 (see also

Al
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Steere & Crum 1977). There is no annotation label attached to the packet of the type

specimen from S that | studied
Calliergon megalophy/lum Mik.

Diagnostic features. = Stem and branch leaves widely cordate—ovate, 4 to 6 mm long,
plicate; a/ar cells strongly differentiated, inflated and with hyaline walls, the group not

reaching the costa
Habitat. ~ In minerotrophic lakes, pools in fens.

Recent Distribution. — Circumboreal. North America: Alaska and Northwest Territories.

Europe, Asia.

Subfossil Distribution in North America. — (1) HH68-9 (station 7), Old Crow Basin, Yukon

Territory; = 60,000 BP.; Bryological Report 308, as Ca//iergon cf. megalophy//um.

Discussion. — Steere (1978a) suggested that it might well be that this species does not
occur in North America. Weber's specimen (ALTA) from Colorado b;—:-ing a much smaller
plant without plicate leaves is not C. megalophy/ium, but C. richardsonii (). However,
material from Alaska (e.g. Steere 15563 in ALTA), identified by Steere as C. richardsonii.
approaches C. megalophy!/um much more closely. The fossil plant from the Old Crc')w
Basin is also much larger than all other Ca//iergon specimen(s in my fossil collections. No
definite taxonomic conclusions can be brought forward without cémparative studies of
C. mega/o,bhy//um, C. macounii (Karczmarz 1966b) and C. richardsonii in the field and
from North American herbariL‘Jm specimens. Cal//iergon megalophy//um isﬂvery common
in suitable habitats in eastern Fennoscandia (Tuomikoski 1840). Clearly it is not so
common in North America as it is in Scandinavia. Most likely, if it was forrnefly as
abundant in North American Iakes as it presently is in Scandinavian, it would be a common

fossil (see the discussion of Drepanoc/adus crassicostatus).
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Calliergon richardsonii Mitt) Kindb. ex Warnst

Diagnostic features - Stern and branch /eaves widely cordate-ovate, branch leaves
sometimes narrowly ovate; costa reaching mostly half way up in the lamina, a/ar cells

strongly differentiated, inflated and with hyaline cell walls almost reaching the costa

Habitat - On organic substrate, on gravel and rocks in arctic regions in the mountans it

grows in intermediate and rich fens. in valleys of rivers and streams.

Recent Distribution. — Circumboreal. North America from Alaska to Greenland, Labrador
and Newfoundland, south to the Great Lakes area in the east, in the western mountains
south to Alberta and disjunct to Wyoming. Northern, eastern and central Europe,

Svalbard, northern and central Asia

Subfossil Distribution in North America. — lowa, Minnesota, Northwest Territories and
Vermont (Miller 1980a) New records: (1) Riverbar near HH'/LB’*—QQ along Porcupine River,
Yukon Territory; recent detritus; Bryological Report 34, as Cal//iergon cf. richardsonii

(2) CRH 11, Old Cro tsin, Yukon Territory; + 15,000 BP.; Bryological Report 37. (3)

HHS?S {station 8), &

§ow Basin, Yukon Territory;, + 60,000 BP., Bryological Report

48, as Calliergon %; ichardsonii. (4) HH68-9 (station 8), Old CroWw Basin, Yukon

Territory;, * 60,000 w ! yological Report 54. (5) HHE68-9 (station f’8), Oid Crow Basin,
Yukon Territory; Early Wisconsinan?; Bryological Report 62. (6) HH68-9 (station 3), Oid
Crow Basin, Yukon Territory; Ea.rly Wisconsinan?; Bryological Report 109, as Ca//iergon

¢f. richardsonii. {7) HHB8-9 (station 9), Old Crow Basin, Yukon Territory: 38,800 + 2000
BP. (GSC~2756); Bryological Report 120, as Cal//iergon cf. richardsonii. (8) HH68-8,
Oid Crow Basin, Yukon T?rritory; Holocene peat, 140 to 150 cm belo‘w surface;
Bryological Report 157. (3} HHE8-9, Oid Crow Basin, Yukon Territory; Holocene peat,
200 to 150‘ cm below surface; Bryological Report 1859, as Calliergon cf. richardsonii.
(10) Sunwapta Pass, Alberta, 6920 = 100 EP (GSC-451); Bryological Report 162,
Schweger et a/. 1978, p. 62. (11) Anaktuvuk ‘River, 0.8 km downstream from Irgkivik
Cfeek, Alaska; 10,580 * 150 B.P. ((-11,010); Brydlogical Report 171, Hamilton 19804, P

“
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- 21 as Ca///ergon cf. r/chafdson// (12) HHB8-9 (station "1-2), Old Crow Basm Yukon
v'Terrltory 60, OOO BP Bryological Report 176. (13) Kiuane Lake south shore, Yukon
‘Terrntory below 43 m of water; 2215 BP (I—10525) Bryologucal Report 177. (14)
Char,\da.kar River, 3 km east of Caro, Alaska, >30,000 B.P. Bryologlcol Report 184. (15)
HH68-9 (station 2), Old Crow Basin, Yukon Territory; * 60,000 BP.; Bryological Report
262. (16)'HH68—9 (station 11), Old Crow Basinr Yukon Territory; Early Wisconsinah?;
'Bryologlcal Report 265. (17) 'CRH 12 (station 2) Old Crow Basin, Yulgon Territory;, = .
60,000 -BP.; Bryologlcal Report 267. (18) CRH 70 (station 2) Old Crow Basin, Yukon
Terrutory; >37,000 .B.P. (GSC-2792); Bryologzca1 Report 269, as Calliergon cf.

. richardsonii. (18} Kitchener, Ontario; between»690\0 BP. and 7700 BP. Bryological
Réport 274. (20) HHE8- 9 (statnon 3), Oid Crow Basin, Yukon Territory' Early .
~ Wisconsinan?; Bryological Report 299. (2 1) HH68- -9’ (station 7), Oid Crow Basm Yukon

v Territory; * 60,000 BP; Bryological Report 308. (22) ~MH75-24, Bluefish Basin, Yukon
T_érritory: Wisconsinan?; Bryological Report 326. (23) Cape Deceit Quaternary Exposure,
Near Deering (station 6), Alaska; 700,000 - 1,800,000 B.P.. Bryological Report 3417,
Matthewo 1974a (24) HH68-9 (statiorx 9), Oid Crow Basin, Yukon Territory; Early
Wlsconsman? Bryologncal Report 370. (25) HH68-9 (station 3), Old Crow Basm Yukon
Terrltory Early Wlsconsunan7 Bryologlcal R%port 391.(26) HH68 9 (station 9), Old Crow» ,
Basm, ‘Yukon Territory; Early Wisconsinan?; Bryological Report 425. (27) HH72-54
(station 3), Hungry Creok, Yukon Terthory; Wisconsinan; Bryological Report 435.
Discussion. '~ The main ;‘eature differentiating C. richardsonii from C. giganteurn is the
poorly developed costa, usually branched in the upper part and only extended half way
up the’ Iamma The branch leaves of C. r/chardson// can be narrowly ovate-lanceolate.
Such form of C. r/cham’son// in the subfossil record, with narrowly o\/ate lanceolate
branch Ieaves and a very short, weak costa was described as the extmct C’ aftonianum
Steere (1842) from Aftonian deposits in Yowa This is probably an aquatlc form that:‘is
commonly found as a subfossil and much less frequently er}countered in herbarlum

material (e.g: Vitt 24193 and Peterson 4883 in ALTAI. Kuc (19743) commented on ‘the
taxonomic value of C. aftonianum while dlscussmg the Late Cenozoic dustrubuthn of that

;f

taxon (see also Miller 1880a). He pointed out the close relationship wrth C. r/chardsgn//

-
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Steere_ (in /itt.) came to the s#ne conclusion regarding this taxon. As with the other
extinct Quaternary taxa (C. hansenae Steere, C. kayianum Steere Camptothécwm
woldenii Grout, Drepanoc/adus apiculatus Steere, Drepanoc/adus minnesotensis
Williams and Neocalliergon integrifolium Williams), Steere concluded that at Ieast some
of them may represent abnormal forms of extant species (eee also Miller 1980b, p.
21-22 and Wynne 1945 p. 133). Except for C. aftonianum, | did not recognize in my
fossil collectlons any of the above mentloned extinét taxa that were redescribed and
discussed by Kuc (1974a p. 7r8) in Janssens (1980b), C. aftonianum is still accepted as
a distinct specves. Further study of living populations of C. richardsonii will probably lead
to .the recognition of C. aftonianum as a distinct form, or even a subtaxon of C.

- richardsonii, still living in an aguatic environment.

Calliergon sarmentosum (Wahlenb.) Kindb.

Diagnostic features. — Leaves narr%wly ovate; apex cucullate and in some leaves shortly

apiculate; afar cells well but gradua!ly dlfferentlated from the basal cells, inflated, the

cells towards the costa with brown thickened walls, the ones on the 0uts|de of the ovond

alar cell group with thin hyaline walls. .
Ce | . |

Habitat. — On irrigated rocks and on organic soil. In mires, mostly poor fens, and rocky

tundra, beside lakes and streams, in_mountaigs often submerged in streams and in late
" snow melt areas. /;

Recent Drstrlbutlon - Circumboreal. Bipolar. Arctic—alpine specues North America from
A|aska to Greenland, Newfoundland and Quebec, south to New Englandin the east,
Montana and Colorado in the west. Bolivia, Peru and Patagonia, Svalbard, northern Europe,

~the Alps, Kenya, northern and central Asia. South Island of New Zealand, Antarctica.

Subfossil Dlstnbution in North America. - Greenland Kansas, Minnesota and Northwest

Territories (Mnller 1980a) New record: (1) St Eugene, Quebec 11,050 + 130 BP.
‘(QU-—448); Bryological Report 279, Mott et al. 1980.
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Discussion. - Other Ca/ liergon species are distinguished from C." sarmentosum by more

# abruptly differentiated alar cells or by the differén; shape of the alar cell group.
Cal /ii\érgon strami neurn (Brid) Kindb.

Dnagnostlc features - .leaves oblong-ovate; apex obtuse; a/ar cells gradually
dlfferentuated in a tong narrow group reaching up along the margins; ap/ca/ cells

s
frequently partially differentiated in n_ematogon initials.

Habitat. ~ Often submerged in shallow poois, in fen and bogs, occasionally admixed with
"Sphagnum. pH 7.9 n=1), conductivify 450 microScm-! (n=1), Ca concentration 42 ppm
(n=1), Mg -concentration 18 ppm {h= 1), Na ;:dncentration 25 ppm (n=1), K concentration
1.4 ppm(n=1). |
- ' . '

Recent Distribution. — Circumboreal. Bipolar. North America: from Alaska to Greenland,
Labr,ador and Newfoundland, throughout Canada and south to New England and Michigan
in” the east and Montana Idaho, Wyoming and Coldrado in the west. Europe northern

Asia, Japan and Australia.

<y

- Subfossil ‘Distribution in North America. - Greenland, Minnesota, Northwest Territories,

lowa and ‘Wiscc‘msin’ (Miller 1980a). New record: (1) HH72-54 (station 3), Hungry Creek,

Yukon Territory; Wisconsinan; Bryological Report 435.

S

Discussion. - Other Cal/iergon species are differentiated from C. stramineum by better

developed alar cells or by the different shape of the alar cell group."
Calliergon trifarium (Web. et Mohr) Kindb.
J%jaﬁgrwostig features. .~ Fragments unbrancheb\/eav'és concave, imbricate, ovate; costa

c .‘ P 3 . .
& frequently short, branched or double; a/ar ce//s gradually differentiated, the row at the
? fa | B 4

“4nsertion of the leaf inflated, with thick brown walls, the alar cells reaching the base of
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the costa .

Hébitat. — In tufts or as solitary stén’is intermingled -with rich fen‘bryiophytes. Often
‘associated with Scorpidium species, Meesia triquetra and Drepanoc/adus species in ’rich
» féns and calcareous spring seepages. S'ubmer'ged typés only exceptionally fouﬁd in lakes.
pH 7.2 to 7.7 (h=15), _conductivity 229 to 602 microScm-! (n= 15), Ca concentration 19 to
54 ppm (n= 10), Mg concentration 5.2 to 23.0 ppm (n=10), Na concentration 5.4 to 27.8

il

ppm (n=10), and K concentration 0.7 to 2.5 ppm (n=10).

Recent Distribution. — Circumboreal. :North America. from Alaska to Greenland,

Newfourgdland Qnd Labrador south to Pennsylvania and the Great Lakes area in the east

; Montana in the western mountains. Fennoscandua western, eastern and

L
central Europe, Nort’h (A5|a

Subfossil Distribution in North America. — British Columbia, Greenland, lowa Michigan‘
aneso; Ohio, Ontarlo Wlsconsm and Yukon Terrltory {Miller 1980a) New records: (1)
CRH 11, Old Crow: Basin, Yukon Terntory + 60, 000 BP.; Bryologlcal Report 3, as.

L3
Calliergon cf. trifarium.. (2) Riverbar hear HH75-9 along Porgume River, Yukon

W Basm Yukon

Territory; recent detritus; Bryologlcal Report 34. (3) CRH 11, Old
Territory; + 15,000 B.P.; Bryological Report 37. (4) HH68 9 (station 8), Old Crow Basin,
* Yukon Territory; Early Wisconsinan?; Bryological Report 61. (5) HH69-21 (station 2),-Old
Crow Basin, Yukon Territory; + 60,000 BP, Bryologibal Repoft 102. (6) Your Creek area,
Alaska; 5615 = 110 B.P. {I-10,568): Bryological Report 183, Hamilton 1979a, Fig.-5. (7)
Wagner Property., Ednﬁonton area,\“AIberta; Holocene peat, 50. to 60 cm below water
surface,; Bryological Report 205. (8) HH68-9 (station 2), Old Crow Basin; Yukon Territory;
+ 60,000 BP.; Bryologicai Report 262. (9) HHE8-9 (station 11), Oid Crow Basin, Yukon
Territory; Early Wisconsinan?; Bryolbgical Report 265. “O)‘“ Kitchener, Ontario; between
6900 BP. and 7700 BP.; Bryological Report 274. (11} HH68_49 (station 3),.Old Crow
Basin, Yukon.Territory; Early Wisconsinan?; Bryological Report 302. (12) Kitchener,
Ontario; below 7700 BP.; Bryological Report 320. (13) Kitchener, Ontario; belowx8§90
B Bryological RePort 322. (14). Cape Deceit Quaternary Exposure Near Deering
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(station 6), Alaska 700,000 - 1,800,000 B.P.; Bryological Report 341, Matthews 1974a
{15) HH68 S (statlon 3), Old Crow Basin, Yukon Territory; Early Wlsoonsman7 Bryolognca|
Report 389 (16) HHB68- 9 (statuon 3), Old Crow Basin, Yukon Territory” -eEarIy
Wtsconsman7 Bryologlcal Report 392 (17) HHB8-9 (station 9) Old Crow\,Basm Yukon .
Territory; Early Wlsconsman7 Bryologncal Report 425 (18) HH72 54 (station 3), Hungry

Creek, Yukon Territory;, Wisconsinan; Bryological Report 435.

[+] '\)

+ Calliergon unidentified species _ ‘ o o

- Subfossil Distribution in North ‘America. - Minnesota and Northwest Territories (Miller
1980a). New records (1) HHE8-9, Oid Crow Basm Yukon Terrltory Holocene peat, 200 -
to 150 cm below surface; Bryological Report. 159, (2) Chandalar River, 3 km east of
Caro, Alaska; >30,000 BP.; Bryological Report 184, as cf. Ca//iergon species. (3} CRH
70 (station 2), Oid Crow Basin, Yukon Territory; >37,000 BP. (GSC-2792); Bryoiogical
Report 269. (4) CRH 70 (station 2), Old Crow Basin, Yukon Terrlztory; >37,000 BP.
(GSC-2792); Bryological RepOrt 270. (é) HH68-9 _(station'7),:' Old Crow Basin, Yukon
Territory; = 60,000 BP.; Bryological Repoﬂt 308. (6) Kitcttener Ontario; below 8800 B.P.;

Bryologlcal Report 322 (7) HH75-24,. Bluefish Basin, Yukon Territory; Wisconsinan?;
Bryological Report 325. (8) HH75 24, Bluefish Basm Yukon Territory; Wisconsinan;
Bryological Report 328. (9) Cape Deceit Quaternary Exposure Near Deering (station 1-2),

Alaska 700,000 "~ 1,800,000 BP; Bryologlcal ‘Report 340; Matthews 1974a, as cf.
Calliergon species. (10) Cape Deceit Quaternary Exposure Near Deering (station 6),

Alaska; 700,000 - 1,800,000 BP,; BryoPoglcal Report 341, Matthews 1974a. (11) Cape
Decelt Quaternary Exposure Near Deering (statlon 5- 6) AIaska 700,000 - 1, 800,000

B.P.; Bryological Report 345, Matthews 1974a, as cf. Ca///ergon species. (12) HH68-9
_(station 12), Old Crow Basin, Yukon Territory;‘: 60,000 BP; Bryological Report 386, as
cf. Ca///ergOn species. (13) HH68-9 (station 7), 7'Old Crow Basin, Yukon Territory; .
Wisconsinart; Bryological Report 424./(14) HH72-54 (station 3), Hungry Creek, Yukon

Territory; Wisconsinan; Bryological Report 435.
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Calliergonella cuspidata (Hedw.) Loeske

Diagnostic features. — Leaves widely ovate—cordate, often with a sharp apiculus or
“shortly.acute; costa absent or short and double; a/ar cells strongly differe’d, inflated
and thin-walled, in a convex-group. not reaching the middie of the leaf base. Stern with

inflated epidermal cells, outer walls thin, forming a continuous hyalodermis.

Habitat. — In rich fens and sedge meadows, in ditches and éutrophic swamps. pH 7‘-0 to
. 7.5 (n=3), c‘onductivity 66 to 410 microScm-! in=3), Ca concentration 8 to 76 ppm (n=3),
Mg concentration 1.4 tp 97 ppm (n=3), Na concentration 81 to 27.1 (h=3), K
concentration 0.0 to 0.4 (n=3) | |
_ i
Recent Distribution. — Circumboreal. Bipolar. North America: common in the east Labrador
and Newfoundland, south to Tennessee, in the west in a few scattered localities (British
Columbia and Califdrnlia). South America: Argentina. Europe, northern Africa, Asia,

Jamaica, Macaronesia, New Zealand.

Subfossil Distribution in North America. — Alberta (Miller 1980a). New records: (1)
Wagner Propevrty, Edmonton area, Alberta; Holocene peat, 60 to 70 cm below _wét;r
surface; Bryological Report 206. (2) 'HH€‘38-9 (station 2), Old Crow Basin, Yukon Territory;
+ 60,000 BP; Bryological Report 263, as cf. Calliergone//a cus,b/data.

stcu55|0n =~ The closely related Calliergon spemes can be dlstmgmshed by their single
and well developed forked costa: In western North America (and in New Zealand) C.
cuspidata is _probably recently introduced (Schofield 1974). The species is distinctly

weedy and is commonly found in mesic and acid habitats.
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Campylium

Speciés of the gends Campy/jum are distinguished by their ovate—cordate leaf
base with an abrupt constriction at thé insertion and the long slender. ypper part of the
lamina, forming an tubular apéx. Campy(iu}n species often;“.have long, narrow and
thi ed medial cells, a useful character 'state to differentiate between small
Campylium specimens and Amb/ystegiurﬁ fraémént\sA The.medial cells become gradually
shorter in the basal part of the lamina. Subfossil fragments often have a chara;terisﬁc
yelléw or g,olaén color, in contrast Qit,h many other members of the Amblystegiaceae,
which are reddish—-brown or dark-brown.

Only two species and one variety are presently recogmzed in my collectuons As a
result of critical study of the material that | named C. c/:)ysophy//um (Brid) J. Lange C.
polygamum (B.S.G) C. Jens. and C. radicale (P. Beauv) Grout in Janssens (1980b) it is
clear that these fragments ére poorly preserved forms of the more common "specie_s
discussed below. The three above mentioned taxa have published fossil records listed in
Miller (1980l | | | | '

- The present day distribution of C. ste//atum and its variety arcticum is based on
h”erbarium material studied {see the captions to the figures). The other information in
compiled as explained irf’ Chapter Ii . -

Campy/ium'h/'spidu/um (Brid) Mitt.

Diagnostic ‘features. - Leaves wide—spreading to squarroée, around 1 mm long, flat.at the
base, concave at the middle of the lamina and tubulose at the apex; costa reaching hélf
way up the lamina or shorter and branched; margins often finely denticulate all around or
sharply denticulate at the base and entire towards the apex, or completely entire; medial
ce//.é thick or fhin—walled, smooth; al/ar ce//s numerous 6r few, small, quadrate, in
gradually differentiated groubs. |

S

Habitat. — On moist calbareQL'?s soil, bases of trees, decaying bark and stumps.

Recent Distribution. = Circumboreal. North America: from Alaska to Labrador, throughout
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central United States. Mexico. Central and South America, Europe, Asia and Japan.

Subfossil Dlstrlbutlon in North Amerlca - (1) Anaktuvuk Valley, thaw lake 2 km upvalley

from, Akmagohk Creek, Alaska; 6200 120 BP. (I~10925) Bryological Report 201,
Hamilton 1980a, p. 23. as Campy/ium cf. h/sp/du/_ur@ {2) CRH 12 (station 2}, Old Crow
Basin, Yukon Territory; + 60,000 BP.; Bryological Report 267. (3) HH68-9 (statien 9). Oid
Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 370. |

Discus;sion.'- No attembt was made to distinguish the variety sommerfe/_t/i (My;r.) ALindb‘ in
the fossil material. This taxon is considered by 'Gro"ut (1928-34) to have feWer
differentiated alar cells. The variety cordatum Grout (1928—34), with numerous alar eells,
is consndered by Crundwell and Nyholm (1962b) as the endemic North American C.
h/sp/du/um Tt is only found in the United States {Alabama, Tennessee MISSOUFI Kansas,
Minnesota, lllinois, Ohio, Pennsylvanla, New Jersey)'and for Canada in Ontaruo and New
Brunswick.‘These authors also reﬁamed material called C. hispidulum Hy many European
and North American bryologists as C. sommerfe/tii (Myr.) Bryhn‘. This - taxon is truly
widespread ~and its distribution is the one reported above. Material named C.

- sommerfeltii by European bryologists is renamed C. ca/careum Crundw. et Nyhoim, an

endemic European taxon. These new combinations are very confusing and further work |

" on this problem is needed. .
.J. ’ . :

Campy!ium stef/atum (Hedw.) C. Jens. var. stel/atum

Diagnostic features. — Leaves erect—spreading to squarrose, _straight, 1 to 2 mm long.
weakly concave in the basal part, tubulose or flat in the upper half; costa short, double or
absent; margins entire; medial cells often porose; alar cells gradually or more abruptly
differentiated from shorter basal cells, or inflated, thin-walled.and hyaline, or inflated,
thick—walled and brown, not reaching the costa.

Ed

Habitat. — On more or less calcareous soil, sometimes on rocks in moist or wet habitats.

N

rn

Canada south to British Columbia and Montana in the west, and in eastern, midwestern and ,
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In fens, along streamsides, in roadside ditches, in seepage areas around springs. The pH
ranges from 69 to 79 (=36, conductivity 66 to i040 microScm (n=36), Ca
concentration.2.8 to 116.0 ppm (n=27), Mg concentration 1.4 to 51.6 ppm (n=29), Na
concentration 6.3 to 28.2 ppm (h=28) and K concentration 0.0 to 7.2 ppm {n=28).

Recent Distribution. - Circumboreal. North America: from Alaska to Greenland, Labrador
and Newfoundland rare in the Arctic Archipelago, south to Pennsylvania and Ohio,
disjunct to North Carolina in the east, through the western mobuntains to British Columbia,
Alberta and Montana, disjunct to Wyomlng Colorado and New ‘Mexico. Europe, Svalbard,

Caucasus, northern and central Asia, Korea, Japan.

Subfossit Distribution in North America. ~ Alaska, Alberta, Indiana, lowa, Micﬁigan,
Minnesota, New York, North Carolina, Northwest Territories, Vermont and Wisconsin
(Miller 1980a). New records: (1) HH75—1,.Rock River, Y(ﬂ(on Territory; >43,000 BP.
(GSC-2585); Bryological Bepor.t 33. (2) CRH 12, Oid Crow Basin, Yukon Territory;
35,500 BP. (GSC;2507)' Bryological Report 40. (3) HHE68-9, Old Crow Basi-n, Yukon
Territory; Holocene peat 50 to 60 cm below surface; Bryologlcal Report 148. (4)
Sunwapta Pass, Alberta; 6920 = 100 BP. (GSC—-45 1); Bryological Report 162, Schweger |
et a/. 1978, p. 62. (5) Koyukuk River, 6 km downstream from Henshaw Creek, Alaska;
-52,80'0 + 1300 B.P. (QL-1283); Bryological Report 168. (6) Anaktuvuk River, 0.8 km
downstream from'lrgkivik Creek, Alaska; 10, 580 = 150 BP. (I-11,010); Bryological
Report 171, Hamllton 1980a. p. 21. (7) Anaktuvuk Valley, thaw lake 2 km upvaliey from
Akmagolik Creek, Alaska; 6200 + 120 B.P. (i-10,825}). Bryologlcal Report 201, Hamilton
1980a, p. 23: (8) Wagner Property, Edmonton area, Alberta; Holocene peat, 50 to 60 cm
below water surface; Bryological Reporf 205. (9 Wagner Property, Edmonton area,
Alberta; Holocene peat, 60 to 7.0 cm below water surface; Bryological Report 206. (10)
North Fork Pass, Og‘ilvie‘Mou-ntains', bYukon ;l'erritory; 11,250 + 160 BP. (GSC—470):
Bryological.Repdrt 260. (11) CRH 12 (station 2); Old Crow Basin, Yukon Territory; *
60,000 BP. Bryological Report- 267. (12) St Hilaire, Quebec; 10,100 +* 150 BP.
‘ (GSC—2200);’ Bryological Report 280, Mott et a/. 1980. (13) Cape Deceit Quaternary
Exposure, Near- Deering (etation 8). A|aska; >39,000 B.P. (|—4699); Bryological Report
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350. Matthews 1974a (14) HH79-1, Hungry Creek, Yukon Territory; 8700 + 80 BP.

(GSC-2971); Bryological Report 383. (15) HHE8-9 (station 3), Old Crow Basin, Yukon -

Territory: Early Wisconsinan?; Bryological Report 391. (16) HH68-9 (station 9), Old Crow
Basin, Yukon‘ Territory; Early Wisconsinan?; Bryological Report 425 (17) HH72-54
(station 3), Hungry. Creek, Yukon Territory; Wisconsinan; Bryological Report 435.

: [ 4
Discussion. — Subfossil material is characterized by the frequent absence of the alar cell
groups, because of imperfect preservation. The distinctive variety arcticum is discussed

.

below.
Campy/ium stellatum var. arcticum (Williams) Sav.—Ljub.

Diagnostic features. — Leaves erect-spreading to squarrose, straight, 1 to 2 mm long,
strongly concave in the lower half and channeled in the uppér Half; costa stout«double or
absent, margins entire; medial cells often porose; alar cells gradually differentiated.
inflated, hyaline or orange, numerous, reaching to the base of the costa and often also
along the margins half way up the basal part of the leaf. .
Habitat. — In hummocky tundra, on streamsides and pond shores. Locally very abundant in

the high arctic. E

Recent Distribution. — Endemic to North America: Ellesmere Island, De‘von Island, Melvilie

Island, Banks Island and Béffin Island.

Subfossif Distribution in North America. - (1} Section Creek, S km upstream from
Sagavanirktok ‘River‘\,r A.Iéska; 12,690 + 180 BP. (1—10,567); Bryological Réport 182,
Hamilton 1979b, p. 29. (2) Your Creek area Alaska; 5615 f 110 BP. (I-10,568);
Bryological Report 183, Hamilton 19794, Fig. 5. (33) Anaktuvuk Valley, thaw lake 2 km
up\;aliey from Akmagolik Creek, Alaska; 6220 = 140 BP. (I-10,784); Bryological Report
200, Hamiiton 1980a, p.‘23. {4) HHB8-8 (station 11), Old Crow Basin, Yukon Territory;
Early Wisconsinan?; Bryological Report 265. (5) HHE8-9 (station 3), Old Crow Basin,

}
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Yukon Térritory; Early Wisconsinan?; Bryological Report 302.

Discussion. — This distinctive variety is distinguished by strongly concave leaves. This
feature “auses them to disrupt or fold when mounted on a slide. The huge adaxially
convex, bulging alar cell groups are very obvious when the leaves are observed attached

on the stem.
Campy/ium unidentified species

Subfossil Distribution in North America. = Minnesota and Northwest Territor.ies (Miller
1980a). New records: {1) Wind River, 56 km south of continenfal divide, Brooks Range,
Alaska; 9080 *= 150 BP. (I-10,509); Bryologic‘é; Report 181, Hamilton 197Sb, p. 41. (2)
St. Hilaire, QuébéE; 10,100 *+ 150 BP. (GSC~2200); Brydlogical Report 280, Mott et a/.
1980 | ' |

-

Cratoneuron

Species of this genus are differentiated from other Amblystegiaceae by their

cordate—lanceolate leaves with a stout costa
" Cratoneuron filicinum (Hedw.) Spruce

Diagnostic features. — Leaves straight to falcate—secund, cordate—lanceolate, abruptly
narrowed at the insertion, upper part gradually and Iongly apiculate; costa stout, reaching
into the apex or. occasionally shorter and branched margins sharply denttculate all around
or only weakly at the base medial cells around 5:1, walls thick but not porose; alar
_cells gradually but clearly differentiated from the basal cells, walls thick, brown Stern

with few lanceolate paraphyliia

Habitat. — On rock and trees on moist soil. In fens along streams and in seepage areas.
Often associated with other Cratoneuron species, as well as Ca/liergon and Philonotis

species. o
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Recent Distribution. — Circumboreal Bipolar. North America from Alaska to

Newfoundland, south to Alabama, Texas, New Mexico and California Europe, Madeira,

northern Africa, northern, western, central and eastern Asia. New Zealand

Subfossil Distribution in North America. — Alberta and Minnesota (Miller 1980al. New
records: (1) HH68-9 (station 8), Qld Crow Basin, Yukon‘ Territory; 38,800 = 2000 BP.
(GSC-2756); Bryological Report 114. (2) HH68-9 (station 3), Old Crow Basin, Yukon
Territory; + 60,000 B.P.; Bryological Report 174. {3) HH75-24, Bluefish Basin, Yukon
Territory; Wisconsinan?; Bryological Report 326. {4) HHE8-9 (station 3). Old Crow‘ésin/
Yukon Territory; Earty Wisconsinan?; Bryological Report 391. |

Discussion. - Very few paraphyllia are present or preserved. However, the species is
easily distinguished ky its stiff, cordate~lanceolate leaves, stout costa reaching up high
into the apex, short medial »cells\with thick w.a\lls and differentiated alar cells. Occasionally,
the costa is shbrr'and branched. Branches with only this type of leaves are very
confusing (see Bryological Reportb 174). They can be found on good C. filicinum
specimens (e.g. Vitt 18273, ALTA!. It vis- unknown if there is ar\y relation of ‘this feature

with habitat.

Drepanoc/adus (including Calliergid rjum)

Nineteen taxa of the genus Drepanoc/adus nave been found in the North American
Cenozoic record. Fifteen are present in my own collections. Of the remai i r two
have been considered extinct Drepanoc/adus minnesotensis Williams 1930 i‘!ﬁ'qugrently
closely related to D. aduncus (Wynne 1944a) or D. exannu/atus (Miller 1980a), while D.

apiculatus Steere 1842 appears close to D, revolvens (Wynne 1944a). Drepanoc/adus

~ Iycopodioides (Brid) Warnst. was identified by Coleman in deposits of the Scarborough

Beds of Toronto and by Kuc from Holocene material of Banks and St Patrick Islands

(Miller 1980a). Drepanoc/adus revolvens var. intermedius ({Lindb. ex C. Hartm) Grout is

not recognized as a separate taxon in my classification of Drepanoc/adus (see discussion

under D. revolvens), | have not been able to locate these specimens and no opinion “can

be given on the value of these records.
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~ Other extant North American Drepénoc/adus species that have not yet been found
among the subfossil bryophytes from the Quaternary deposits are D. procerus {Ren. et H.
Arnell ex Husn) Warnst, D. schu/zei (Limpr) Loeske (= D. fluitans var. uncatus (Hedw)
Warnst., D. berggren/i {C. Jens) Roth,v D.. purpurascens (Schfmp.) Loeske, D. capillaceus
(Mitt) Broth. D. jamesii-maccounii (Kindb) Grout., D. /ai‘/“fo//'us {Lindb. et H Arnsll)
Warnst and D. pseudosarmentosus (Card et Ther) Perss. The discussion under D.
crassicostatus contains more information on the status of D. trichophyl/ius in North
America. Drepanoc/adus procerus, formerly known only from Europe, was recorded for
the first time in North America from the vicinity bf the Attawapiskat River in the Hudson
Bay Lowlands by Persson & Sjérs (1960). This species was locally very abundant in :I:ve
intermediate fen types in the area Drepanoc/adus procerus was also annotated from
Alaskan material by Persson (Persson & Sjérs 1960) and listed for Newfoundland and
British Columbia (ireland et al/. 1980) It 1s closely related to D. exannul/atus and D.
purpurascens, the latter not treated in Tuomikoski's paper (1949) but recognized by
Persson (Persson & Gjaerevoll 1957) Drepanoc/édus procerus is differentiated by
quadrate alar cells forming a distinct, fragile group that does not extend to the costa The
costa is strong, con\ulex at the back and nearly decurrent on the stem Leaves are strongly
falcate—circinate with entire margins {except at the apex). Drepanocladus purpurascens is
~ distinguished from D. exanﬁu/atus by auricles formed by a singly row of strongly
elongated alar celis reaching the costa Several of the fossil D. exannulatus specimens in
my collection display this feature, but intergradations of this extreme structure with the
typical D. exannulatus structure of two to three tiers of alar celis and the lack of any
other differentiating character states does not warrant the separation of these taxa.
Drepanoc/adus schulzei can morphologlcally be consndered wnthm the variability of D

exannulatus, but is autoicous (Nyholm 1965, Persson & Sfbrs f§60) Sex dq’térmmatlon s
| R

is nearly always impaossible in subfossil matenal

G

of

A detailed analysis the relat|onsh|ps among

characters used are the presence or absence of nerﬁatog’bns (mnttals« of rhlzo|ds un the

leaf, usually cells at the apical part, dlfferentxat%d in suze and shape from the surroundmg

o

" laminal cells) and the branching pattern (r‘ﬁdla?‘*’%ersus dorslventral) Ca///ergone//a
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differentiated from the other Amblystegiaceae by non-decurrent leaves. a rudimentary
costa, a hyalodermis, dorsiventral branching and the absence of nematogons, s
questioned to belong to this family (Tuomikoski & Koponen 1979). All Calliergidium
spacies described belong to other gepera Cal/iergidium pseudostramineus, the species
discussed below as D. pseudostramineus, is described as Warnstorfia tundrae and
closely related to W. f/uitans. The genus Warnstorfia contains the species W. f/uitans.
W. tundrae, W. exannu/ata W trichophy!/a and W. procera The taxa are charaterized by
radial branching patterns nematogons and micronemata, non-plicate penchaetnal leaves.
few paraphyses, poorly developed annulus, an exostome with scalaritorm. uneven sides,
acuminate leaves, more or less denticulate and well differentiated alar cells. Closely
related to Warnstorfia are the genera Calliergon, Sarrmpenthypnum and Loeskhypnum.
Calliergon is differentiated from Warnstorfia by ovate. cucullate and decurrent leaves.
Included are C. giganteumn, C. cordifolium and C. megalophy!lum (= C. macounii in North
America). Other taxa will have to be reevaluated. Safmenthypnum is intermediate between
Warnstorfia and Cajliergon and contains S. sarmentosum. It is characterized by the red
color, a single functionless nematogon cell and non—decurrent alar cells. Loeskhy pnum
contains L. badium and L. wickesiae, differentiated from other taxa by the firm cell
structure at the base of the leaf.

A second large grf)up outline by Tuomikoski & Koponen {1979) is the genera
Sanionia, Scorpidium, Limprichtia and Drepanocl/adus. These taxa have more or less
two—sided branching, macronemata but no nemtogons, plicate perichaetial leaves, many

paraphyses, a differentiated annulus and an even-sided exostome. Scorpidium ingiudes

not ‘only S. scorpioides and S. turgescens (both only distantly related), but
/ycopodioides, S. tr/'farium S. vernicosum, S. brevifolium and 54 lapponicum, 'taxa
described here as Ca///e@'on or Drepanoc/adus species. The genus &L/mprichtia contains
L. revolvens and L. /ntermed/a two species which are doubtfully distinct (see the
discussion under D. revo/vens below) The genus Drepanoc/adus sensu stricto
(Tuomikoski & Koponen 1979) has complanate, distichous branching, macronemata, entire
'margins and well developed alar cells. Three groups can be recognized (1) the
orthophylidus form, including D. aduncus and its: extreme form, D. s/'mp//'ciss/rr')us;A(Z)

forms which are never orthophyllous and have a small group of alar cells, D. sendtneri,

-~ ,'(7 o :—..\\
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D. tenuinervis and D. brachiatus (Australia); (3) and foerhs with an excurrent costa, D.

‘capi_//i_folius and D. -/ohyifo//us (South "‘Americal. The genus Sanionia is unique and

" monotypic: S. uncinatus.

The Drepanoc/adu.s species constltute 234 % of the total of 1648 North .

Amerlcan Late Cenozonc subfossnl bryophyte records {Kuc & Hills 1971, Kuc 1973e,

- Mrller 1980a and Janssens 1981). The following keys are based on study of herbarlum :

materual deposnted in ALTA, BR CANM DUKE,. MICH and S N

X, : ) . i ‘\_—\_/‘

.

" Introduction to the multiple access key to the species of Drepanocladus

A

‘|dent|flcat|on.

N
N

Thrs multnple access key to all Drepanoc/adus taxa, known as fossils in North Amernca is

"structured in the same way as the key to species 8f Sphagnum in Alberta (Vitt & Andrus

1977) To construct the key with edge punch analysis cards, con5ult Vitt & Andrus

(1877). For users basically familiar with the genus Drepanoc/adus the followmg key

. offers the opportumty for |dent|flcat|on of fragmentary material, a very common feature,

of “subfossil specamens However, for users without concepts of the taxa of these
genera, it is necessary to dlSCUSS the relative value of the characters and thelr states,
because not all of them have the\ same value in guiding the user to the correct

i

Most important are the character states associated with the alar-cells. Character

states 33 and 34 (extent of the alar cell reglon) essentially differentiate the Warnstorfia

~and Ca/ //erg/d/um groups from the other taxa (Plates 14:3 and 11:5). Character states

35 to 37 (differentiation of alar cells) are explained by Plates 17:4 and 53:3 respectuvely.

Another reliable character is the structure (entireor denticulate) of the leaf margin.

'However it is of less value in subfossil material, because teeth often are not preserved

or the aquatic forms ‘lcommon as subfossals) are characterlzed by poorly developed

dentlculatlon.
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In addition to the above characters, a number of character states are very helpful .
when present These states, together with a reference to a figure and occasnonally some
notes on their. mterpretat(on are as follows: (1) Circinately curved Ieaves {character -state

4), Plate 41:1. This very characterlstlc feature will be always found in younger. (or aplcal)

leaves of D. uncinatus and in all leay _m D revo/vens fragments (2) ovate leaves

(Character state B), Plate 1 7:1.‘ X Ieaves (character state 1 1) P(ate 50.1. (4)
apiculate {character state 15), Plat T arrowly ‘obtuse (character state 16), Plate 38: 1
and. hooked leaf aplces (character state 17) Plate 38:1. (5) branched or forked costa
(character state 23) Plate 29:1. (B) costa reaching into the apex and beyond (character
state 27), Plate 23‘( (7) pentagonal stem transverse section (character state 47), Plate
- 47.2. Some care must.be taken with this character. Many subfossil bryophyte stems are
strongly compressed or desiccated, creating the illusion of an angular transverse section.
However, a well preserved D. tunﬂrae pentagonal stem transverse section (Plate 47:2)
c(early shows rldges of cells with narrow lumina. The cells from the inner part of the
stem are thin walled, Iarge and smooth, not flattened. It is important to keep in mind that
the ridges are bunt up by stem cells, not by cells from decurrent leaf lamina, as in Plate
' 26 2. (8) absence of central strand (character state 49), Plate 32: 2. Several good sections
must be made because often in young and aquatnc materual the central strand is less than
normally developedt 9 formatnon of a contmuous hyalodermxs (character state 50), Plate
-4 1:3. Again care must be taken to examlne well preserved materiat.

To check the |dent|f|cat|on some assustance can be obtained by con51der|ng the
leaf length and leaf curvature index, dlsp(ayed in Plate 8. Thus graph ts based on
measurements, of 269 representatave speCImens (ALTA, CANM S and BR) The number of
specumens measured per taxon can be found in parentheses after the name of the taxon
in-the legend for Plate 8: Because of the notorlous varlablhty of the spemes of the genus

Drepanoc/adus absolute measures of the specnes portrayed in this graph are only
marginally helpful. The most mterestung dif ferentiating features among taxa or groups of
taxa are listed below Y Drepanoc/adus pseudostram/neus (C. Muill) Roth and D. tundrae
are mostly orthophyllous and the plants are smaller than those of the,‘Warnstorf ia group

(Drepanoc/adus exannul atus ’_an‘d D. fluitans), with which they are closely related. More

information on this compIex of species can be found in the species discussion sections.

.
-

El e
L T 1



Plate | 8. Relation between leaf length®and curvature of ‘rr‘\ja'jor 'Drepanoc/adus-taxa
The Ieaf. Iehgth is fhe rﬁe‘an‘ 6( “the' number of specimens listed in
parentheses after the taxa belovvlj.?’ﬁz;we curvature (a/b) is the mean of the
same number Qf taxa, except for D. revolvens and D. uhcinatt}.é. For
‘these two taxa itA is the lower Ifmit 1o the 95 % confidence interval
around the mean. CAL: D. (pseudostram/'neus (2) and D. .tundra‘e (8); DREP:
D. aduncus var. aduncus (47),> D.._"capi//ifo/iu.s (4), 'D.- sendtneri (6) and
D. a‘duncusk var. polycarpus (12); WAR: D. exénnu/attjs (34) and D.(’
fluitans (32); SCORP:  D. badius 12'6), D. vernicosus (6) and D.
1 lycopodioides vars "g;gz/ifo//us (26); pot D. aduncus var. po/ycafpus (12);
tri. D. trichophyllus (5); cap: D. bapi//ifo/ius (4); lap: D. lapponicus (4);

rev: D. revolvens (30); unc: D. uncjnatus (28).

:
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(2)’;Drepanoc/adus aduncus var. polycarpus is rﬁostly orthophylious. However, the alar cell

-~ structure (see the species discussion) is a much better ,cf}iéracter for dif'fer,entiati.on from
- the other species of Yhe true Drepanoc/adus taxa (Drepanocl/adus aduncus, D.
| capillifolius and D. sendtneri). (3) A helpful ‘feature in differ;ntiating D. trichophy!lus
from D capill ifo/ids, or for that matter frbrh all other Drepanoc/adus taxa, is the length
of fhe leaves. Tha»re is essentially no overlap with D. capi/lifolius. However, this is less
valid'f?r?the North American species D. crasé/costatus, which is closely related to D.
trichophyllus. (4 'Drepanoc-/adu»s badius, D. lycopodioides var. brevifolius and D.
vernicosus _ére the smallest taxa. “One of .the most reliable character states to Vdistinghish
between two closely related species: D. vernicosus and D. /apponicus, is the leaf-fength.
Drepanob/adus Arevo/vens and D. uncinatus are.the only speci'e;s displaying truly circinate
leaves. This éharacter state is much more constant in D. revolvens than for D. Uncﬂ/ natus. |
Two grapHs, Plate 9 and 10 illustrate the relationship of éonductivity (see Chapter

W for more details) and pH for several Drepanoc/adus taxa. These taxa were:the most
commenly collected with water samples. Species. located at the .low end of the
o minerotfophic gradient (D. fl/uitans and D. vérnicosus) show a high variability in pH. In
highly minerotrophic ‘waters (con&uctivity above 300 microScm) D. aduncus and D.

revolvens are the most commonly collected species. The pH is always above 7.
Multiple access key to species of Drepanoc/adus
. A
Character o : Character State
- LEAF -
. 4Cu}’vature of leaf 1. straight: 1, 2, 4.5 6 7,10, 13
. 2 cusved: 1,2,4,5,6,7, 10,12, 13

3 falcate: 1,3, 5.6, 7,8 9, 11,12, 14, 15
4. ciréinate: 11, 14, 15



Piate é Relationship between pH and conductivity for several Drepanoc/adus

v

taxa. Triangle: D. aduncus. Dot D. fluitans.
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Plate 10.‘ Relationship between pH and conductivity for several Drepanoc/adds ’

' i taxa Solid dot D. .J/vens. Open circle: Q. ‘vernicosus.
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Shape of leaf

Leaf surface
Leaf decurrency

/ Leaf apex shape

Denticulation of leaf margin

Strength of costa

Branching of costa

161

5. ovate: 4
6. widely ovate-lanceolate: 2, 3,6.7.8 12
7. ovate—lanceolate. 1, 2, 4, B, 6., 7.8 89 10,
' 11,12,13,14, 15 |
+ 8 lanceolate: 4, 12, 14 ‘
8. concave: 3. 6,7, 8,9, 10, 11, 12, 15
10. plane: 1,2, 4,5,6, 7,10, 13 |
11 plicate: 14 |
12. decurrent 2, 4, 6, 10, 13

" 13 not decurrent 1, 3,4,5,6,7,.8 9, 11, 12,

14,15 \ .

14. acuminate: 1, 2, 3, 4, 5. 6. 7,,8, 9, 10, 11,
12,13, 14, 15

15, apiculate: 4

16. nafrow|y obtuse: 1

17. hooked: 10, 13 =
MARGIN

18. denticulate: 5, 6, 7, 10, 13, 14
19. denticulate at the base only: 1, 4, 12
20 entire: 1,2, 3,4, 8,9, 11,1215

COSTA

21. strong, clearly outhned, in section convex
" on both sides: 1. 2. 4, 5, 6, 10, 12, 13,
14, 15 |
22. weak, poorly outlined, in section plane
convex 1,3,7,8,9, 11,14, 15
23. branched or forked: 3, 7, 9



Léngth of costa

Wall thickness
~

Cell wall pitting

Extent of alar cell group

-

Differentiation

Color of cell walis

MEDIAL CELLS

kT
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24 single: 1,2,3, 4,5, 6, 7,89 10, 11, 12,
13, 14, 15 |

25. ending around the midvdle. of the lamina: 3,
7.9 11

26. ending in the upper half of the lamina: 1, 2.
6,8 10, 11,12, 13, 14, 15

27. reaching into the apex and beyond: 4, 5

e

28 thin: 1,2, 4,6,7, 14,15 - ‘

29, moderately thick: 1,5, 6, 10, 13, 14, 15
30. thick: 3,5, 6, 8,9, 10, 11, 12, 13, 15

31 porose: 3, 5, 6, 8 9, 10, 11, 12, 13, 14,
B 15

32, smooth walled: 1, 2, 4, 6, 7.8, 10, 14, 15

ALAR CELLS

> /

33 reaching costa 2, 5, 6, 7, 10, 13

34. not reéching costa 1, 3, 4,6, 9 11, 12,
14,15 ’

35. well differentiated: 1, 2, 4, 6, 10, 11, 12,
13 |

36. poorly differentiated: 3, 5. 7, 8, 9, 12, 14

‘37. not differentiated:*3, 8, 15

38 hyaline: 1,2,4,6,7,10, 11, 13, 14

39. yellow: 6,7, 8, 13, 14 ‘

40. yellow—brown to dark brown: 3, 5, 6, 8, 9~
12, 15 | |
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Wall thickness 41 thick 3,5, 6,8 /9,12, 14,15
42.thin: 1,2, 4,6,7,8 10, 171,13, 14
Pitting of cell walls | 43 porose: 3, 8,9, 12, 15
" 44 smooth 1,2,3,4.5,6 7.8.9, 10, 11, 13,

‘14
STEM
Transverse section shape 45. circular: 1.2, 3, 4,5, 6,7,8.9 10, 11,12,
14, 15
' - 46. angular: 2, 3, 4, 10, 13

47. pentagonal with prominent ridges: 13
Central cells differentiated from inner cortical cells (thicker walls and s;maller lumens)
48 yes 1,2, 3 4,5.6.7,9, 10, 11, 12, 13,
14
49.no: 8, 15
Differentiated epidermal cells (inflated, outer walls thin)
| 50l forming hyalodermis: 11, 14
51, present, but not forming cbmplete
hyalodermis. 4, 6.7, 10, 14
52 absent 1,2, 3 4,5 6 7,8 9 10,12, 13,
15

SPECIES LIST

1. D. qduhcus (Hedw.) Warnst. ’

2. D. aduncus var. pol/ycarpus (Bland ex Voit) Roth
3. D. badius (C.J. Hartm) Roth -

4. D. capillifolius (Warnst) Warnst.
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6. D. exannulatus (B.S.G) Warnst’ - . qv ;
7. D. fluitans (Hedw.) Warnst. %M“
8. D. lapponicus (Norrl) Smirn. “ s "
9. D. lycopodioides var. brevifolius (Lindb.) Mbnk .;;
10. D. pseudostramineus (C. Mull) Roth . o
11.D. rexolvens (Sw.) Warnst.
12. D. sendtneri (Schimp.) Warnst. 3
13. D. tundrae {H. Arnell) Loeske Z “
14. D. uncinatus (HedW.) Warnst. - - i
18. D. vernicosus (Lindb. ex Hartm) Warnst.

Dichotomous key to species of Drepanoc/adus

- Based on the characters and character states Ae‘valuated in the introduction to the
multiplé access key, the following dichotomous key is constructed This key IS more
dif ficult to use with poorly préserved material than the mutiple access key, but will better
guide the user who is unfamiliar with the value of the different characters in the genus

Drepanoc/adus.

1. Alar celis differentiated and reaching the costa, stem transverse section circular to
pentagonal with prominent ridges, central cells differentiated from inner cortical

cells (thick wélls and narrow lumina) .. ... .. .. L . 2.

1. Alar cells undifferentiated or there are several basal celis between dif ferentiated alar
)
cells and the costa, stem transverse section circular, central celis differentiated %rom

inner cortical cells (thick walls and narrow lumina) or undifferentiated . . . . . . . .. 7.

2. Margins entire, costa strong, single, ending in the upper half of the leaf, walls of -

the medial cells thin, alar cells well differentiated, hyaline, with thin walls . . . . .
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........ .. .. ... D. aduncus var. polycarpus

2. Margins denticulate throughout (study several leaves ot the fossil fragments,
denticulation preserves badly). costa strong or weak, branched or single, short

to reaching into the apex and bg%md, walls of medial cells thin or thick, alar

g cells distinctly to indistinctly differentiated, hyaline to dark—brown, with thin or

" ick walls .| . S S 3

3. Leaves orthophyllous, apex shortly acuminate, narrowly obtuse or hooked, alar cell
group widely and longly decurrent, stem transverse section circular to pentagonal

with prominent ridges

3. Leaves falcate-secund to rongly’ curved, apex acuminate, never blunt, alar cell group
not broadly decurrent, stexy transverse section cirgular

’

4. Stem transverse section distinctly angular, mostly pentagonal with prominent

ridges, formed by cells with narrow lumina . . .. ... ... ... ... D. tundrae

4. Stem transverse section circular to slightiy angulaf AAAAAAA D. pseudostramineus

o
© B. Leaves narrawly constricted and with weak costa reaching halfway up in the leaf, alar

cells always poorly differentiated . . . . .. ... .. .. ... L .. D. fluitans

“.

5. Leaves with: wide Base at insertion and with strong costa, reaching higher than the

-
IR

middle of the leaf or reaching into the apex and beyond, alar cells well to proorly

differentiated

6. Costa reaching beyond the a\pex, alar cells poorly differentiated. epidermal ceils of

the stem with thick walls . . . . . .. ... .. .. . . . D. crassicostatus

6. Costa ending in the upper half of the leaf or reaching into the apex, alar cells well

@
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dnfferenttated some of the epldermal ceﬂs of -the stem mﬂated and with thin

outer walls R S T .. D exannulatus

7. Leaves strongly plicate, young leaves strongly denticulate in upper part, epidermal cells:
“of the stem commonly forming a continuous hyalodermis, central cells differeqttated _

from inner cortical cells (thick w,_alls and narrow lumina) . . e D. uncinatus

- 7. Leaves smooth (not plicate). entire, epidermal cells of the stem sometimes forming a

contmuous hyalodermus central cells differentiated from mner cortncal cells (thick

walls and narrow lumma) or undlfferentnated e Cee 8.

8. Alar cells well differentiated {(sometimes in a small tight group, not aiways present
on the leaves: look at the stems!), margm mostly dentlculate along the basal part

9

or ent:re costa smgle ~stem transverse section . with central cells always

~

dlfferentlatedfrom the inner corticalcells . . . .. . ... e L. Sl 9.

8 Alar cells poorly dsfferentlated or undlfferentlated margin always entire, costa
',often branched or forked stem transverse sectton wuth central cells -

dif ferentiated fcom ‘inner cortlcal cells '(thick walls and narrow Iumuna) or

. » undn-fferentnated . T e, T 12

<N

-~

9. Epudermal cells of stem inflatad and wuth thin outer walls, formmg a continuous
hyalpdermns leaves circinate to strongly falcate secund margin entire (except at the
apex in some youhg Ieaves), alar cells‘ clearly differentiated, two to five, in a small

~ distinct group . e N R PR D. revolvens

S Ep:dermal cells of sterm with thick walls or some of them inflated and with thin outer
walls but never formmg a contmuous hyalodermls Ieaves falcate or falcate -secund,
margin dentnculate at the base alar cells well to poorly dlfferentlated never in a small

tight Qroup . . - ... \... ..... . 10.'

- ; ’ o
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10. Costa reaching into the apex and beyond . . .. .... ... .. ) capillifolius

10. Costa ending in the upper half of thelleaf .. . ... .................. 11

14. Walls of alar cells dark—brown, thickened, costa strong, to 100 micrometer wide, s

medial cell walls thick, porosé . ... .. ................ P . D. sendtneri

11. Walis of alar cells hyaline, thin, costa weaker, not as wide, medial cell .walis thin to

moderately thickened, smooth . . . .. .. ... ..... TR D. aduncus

12, Stem transverse section wnth central cells not dlfferentlated from the inner <

ol -
cortical cells costa smgle enﬂ;ng in the upper"r?élf oﬂthe leaf . . .. . .13
- Dﬂ\ ﬁ:'ymﬁ,, .- @ < T :
o omd ,",h“ ‘ *

12 Stem transverse sectlon with central cells dnfferermated from the mner cortical

T

v . cells (narrow lumina and thick walls), costavoften branched, ending in the

" middie of the leaf . . . ... LT S 4

.D./ appon/’éus

e

"5{‘
14. Leaves erect spreadmg apex acuminate, medlal ‘cell and apical cell walls, thick

-

and usually not porose . . ... ...... .. D. /ycopod/mdes var. brevifolius,

<

-

14. Leaves imbricate, apex frequently apiculyate, medial and apical‘ cell walls usually

.

strongly thickened ?nd porose . . . ... .. o D. badius



s W e Y (L g e

-
z

O A L PR et e A G AR

AT

g o I . 168
Yy ‘ v _

%

Drepanoc/adus aduncus (Hedw.) Warnst. var. aduncus "Plate 11

<3

Description (n=47). — Leaves falcate-secund to-straight, ovate—lanceolate, not to weakly

}decurrent {1.2)2. 3—2 8(6.3) mm long, »maximel' width (0.4)0.7-0.8(1.3) mr'n'-b'asal width

' (O 2)0. 3 0.4(0.7) mm apex slenderly acuminate; margins entire or weakly denticulate at '

the base onIy costa weak to strong, endmg in the upper part of the lamina; upper /eaf
ce//s elongate, sometimes oblong—hexagonal, walls thin to moderately thick, rarely

porose, (17)51-64(120) micrometer long, (3.5)5.6—6.5(11.0) micrometer wide; a/ar cell§

in a small group not reaching the costa, clearly differentiated, inflated, shortly rectangular

to_rohnded-quadraie, walls hyaline, thin. Stem with a circular transverse s'e.cti»on, diameter
(130)220-270(480) micrometer, central strand vweakly developed, epidermal cells With
thick outer walls. ' "

Habitat. — In fens; in ‘seepages, beside lakes and pools in calcareous areas, serhetimes in
brackish water. On stum‘ves and |egs in wet Betu/a forests or in moderately rich fens. -
Together with Ca///ergon g/ganteum Call /ergone//a cuspidata, Campylium stellatum,
P/ag/amn/um ellipticum and Tomenthypnum nitens. The species growks relatlvely well in
phanerogam vegetation. TheUhnghest concentratlon of salt measured in brackish habltats
was 38 % pH 66 to 75 {(n=8), conductivity. 150 to 575 mlcroScm'1 (n—5) :

concentration 23 -61 ppm (n 5), Mg concentration 7.7 - 23 3 ppm (n=5), Na. concentration

1.2—25.¢ ppm (n=5) and K concentration 0.05-18.40 ppm n=5).

Recent Distribution. - Circumboreal and arctic—alpine. North America (Plate 12) : from

Alaska to Greenland, uncommon in the Canadian Arctic Archipelago, south to New
England Ohio, Indiana, llinois; Mississippi Missouri, Nebraska, Colorado, Arizona,
Callfornla and Mexnco Elsewhere in Peru Iceland Europe, Algerla northern and central

Asia, Australia, New Zéaland, Kerguelen.

Subfossil Distribution in North America (Plate 13) . - California, Indiana, lowa, Minnesota,

' Ne‘w> York, North Carolina, Ontario, Saskat[:pewan, Vermont and Wisconsin (Miller 1980a).

New records: (1) HH75-1, Rock River, Yukon Territory; >43,000 BP. (GSC-2585);
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Plate 11. Drepanoc/adus- aduncus (Hedw.) " Warnst. var. aduncus {Bryological

Reports 114, 115, 178, 267)

" 1. Leaves (x38). .
Marginal cells halfway up the leaf (x240).A
Medial leaf cells (x240).

Stem. transverse section (x240).

o s W N

Alar cells and undifferentiated basal cells {x240).
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Plate 12. The present day North American distribution of Drepanoc/adus aduncus
(Hedw) Warnst. var. aduncus, b¥sed on specimens in ALTA and CANM
(solid dots), and Steere (1978a) and Tuomikoski et a/ (1873} (open

circles).
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Plate 13. The subfossil North American reacords of Drepanocladus aduncus

- (Hedw.) Warnst, var. aduncus. Solid dots:

(1980a).
1. Holocene.
2. Wisconsinan. o~
5 !

3. pre-Wisconsinan Pleistocéne.

Appendix 1. Open circles: Miller
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Bryological Report 33. (2) HH68-9 (station 8}, Old Crow Basin, Yukon Territory; * 60,000
BP. Bryological Report 48. (3) HH68-9 (station 3), Old Crow Basin, Yukon Territory; Early
Wisconsinan?; Bryological Report 109. (4) HH68-9 (station .9)' Old Crow Basin, Yukon
' Territory; 38,800 = 2000 BP. (GSC-2756); Bryological Report 114 (5) HHB8-9 (station
"'9), Old Crow Basin, Yukon Territory; 38,800 + 2000 BP. (GSC-2756); Bryological Report
115. (6) HH68-9, Old Crow Basin, Yukon Territory; * 60,000 BP; Bryologioal Report
134.(7) Anaktuvuk River, 0.8 km downstream from Irgkivik Creek, Alaska; 10.580 * 150
BP. i=11,010); Bryological. Report 171, Hamitton 1980a, p. 21. (8) Kiuane Lake south
shore, Yukon Territory; below 43 m of water; 2216 BP. (i-10.625); Bryologxcal Report
- 127. (9) Kluane Lake, south shore, Yukon Territory; below '43 m of water; 2215 BP.
{I-10.525); Bryologicel Report 178. {10} HHE8-9 (station 2), Old Crow Basin, Yukon
Territory; * 60 000 B.P. Bryological Report 262. (11) HH68-9 (station 2). Old Crow
Basin, Yukon Territory; £ 60,000 BP. Bryological Report 264 as D cf. aduncus. (12) CRH
12 (station 2), Old Crow Basin, Yukon Territory; * 60,000 BP Bryological Report 267 ‘
{13) CRH 70 (station 2), Old Crow Basin, Yukon_ Territory; >37,000 BF’ (GSC-'2792)
Bryological Report 270. (14} HH75~-24 (station 2), Bluefish Basin, Yukon Terrltory above '
" >B53,000 BP. (GSC-2373-2); Bryologncal Report 271. {15} Shoran Lake, Banks Island
Northwest Territories; 10,200 # 130 BP. (GSC- 2673) Bryological Report 283. {16}
HH68 9 (station 3), Old Crow Basin, Yukon: Terntory Early Wlsconsrnan? Bryologxcal
Report 294.

- Ay
k4 y }

Dlagnostlc Features and Discussion. ~ Specnmens of p. aduncus are dtffereriglted from
other fossil Drepanoci/adus fragments by, mdstly distant, curved to falcate secund Iea\)es
and yellow to yellow—brown color. The cell walls are thin and the cells are some’umes
short, aoproachirtg the length of those of some Amblystegium species. The alar cells are
more or less strongly. inflated but in the var. aduncus the alar cell group does not reach
“the base of the costa. No teeth are present along the margms except rarely along the
basal part. For the importancea of the alar cells in dustmgunshmg the varieties aduncus and
polycarpus, see the dnscussnon under the latter. Drepanoc/adus aduncus var kne/ff// a
"form with distant, straight leaves and with short medial cells, is sometimes found, but

these character states are not at all exclusively associated with each other. Short cells
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are often foun;j in small strongly falcate-secund leaves. It is not possible to\form a clear
concept of this latter variety. Another common taxon in the Drepanac-/aaus group,
considered here as a separate species, D. cap/l/ifolius, is very distinct. lts dif ferentiating
features are listed in the discussion of that species.

One of the most important aspects of the ecology of D. aduncus is its ability to
thrive well within a luxurious vascular plant vegetation. It is commonly found in ditches

.
sub)ect to fluctuatmg water level and creeping over de;d litter. It is the.Drepanoc/adus

~ species whuch is the most commonly associated with disturbance (e.g road ditches) and

eutrophication te.g., influx of nutrients from farmiand or silt). - v
Drepanoc/adus aduncus var. polycarpus (Bland. ex Voit) Roth Plate 14

Description (n=12). — Leaves straight to slightly falcate-secund, widely ovate-lanceolate,
decurrent, (1.4)2.4-3.9(5.5) mm long, maximal width (0.750A8—1.0§3) mm, basal width
{0.2)0.3-0.5(0.7) mm; apex acuminate; 'méfgins entire; costa strong, ending in the upper
half ‘@'thé lamina; vpper /eaf ce//s‘elongate to shorﬂy elongate, (26)57-86(106)
micrometer long, (4.5)5.5-7.3(8.6) micrometer wide, walls thin; a/ar cel/ls in alarge group

reaching the costa, well—differentiated, walls thin. Stem with circular or angular

transverse sectiqn, diameter {230)240-290(380) micrometer, ‘central strand well

~developed. epidermal cells small and wit

¢ . _ G ‘ o . >

o

Habitat. = In rich fens, sometimes 'submefged. On stumps and logs in Wet Betula forests.

‘ ~ ‘ L :
Recent Distribution. ~ Circumboreal. North America (Plate‘ 15) : rare in the southern Yukon
and Northwest Territories, Greenland, common in southern parts of Canada and south to

Wisconsin, lowa, Wyoming, Nevada and California Europe, Asia.

Subf‘ossiI\Distri,bution ir’1 North America (Plate 16) . — Michigan, Saskatchewan, Wis@dn;in '
(Miller 1980a). New records: (1) #H68-9 ('station 8), Ola Crow Basin, Yukon Territory;
60,000 BP., Bryological Report 47. (2) HHE8-9 (station 9), Old Crow Basin, Yukon
Territory; 38,80b + 2000 BP. (GS§—2756); Bryological Repbrt 120. (3) Kluane Lake,
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Plate 14. Drepanoc/adus aduncus var. polycarpus (Bland. ex Voit)
Bryological Reports 47, 178 and 2&57) ' .
Y Leaves‘(x35).
Stem transverse section (x224).
Alar leaf cells (x560).

Marginal leaf cells halfway up the leaf (x560).

o~ WD

Medial leaf cells (x560)

Roth






Plate 15 The present day North Amorican"'\distrib'ution of Drepanoc/adus aduncus

var. polycarpus (Bland ex
, : : »
- CANM. :

Voitl Roth based on specimens in ALTA and

N
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Plate 16. The subféssil_ North ;American records of Drepanoc/adus aduncus var.
polycarpus (Bland.. ex Voit) Roth. Solid dots: Appendix 1, Open circles:
Miller (1980a).
1. Holocene.

4

, o
2. Wisconsinan.



182

! 33

& ‘ ;

or or or o0t ory on all




183

south shore, Yukon Territory; below 43 m of water; 2215 BP. (I-10.525); Bryological
Report 178 (4) CRH 12 (station 2), Old Crow Basin. Yukon Territory; + 60,000 BP.
Bryo|ogica|A Report 267. (5) HH72—54’(station 3), Hungry Creek, Yukon Territory;
Wisconsinan; Bryological Report 435."

~.D|agnost|c Features and Discussion. — The alar cell structure is one of the most reliable
characters to differentiate Drepanoc/adus species (see also Lodge 1959, 1860} V&
these features are applied as a primary character to the dlfferentlatlon of D. aduncus var.
aduncus and var. po{ycarpusf the }Twéﬁt“satisf.ag}ory concepté for these two taxa result
The strongly differentiated, decurrent alar cell groups that reach the costa in the variety
_p‘d/ycarpus are associated with a ‘short ’areollation of medial cells, large, widely
ovate—lanceolate and mostly straight leaves and a strong costa The margin is\a|ways
,ent'ire. My concept does not cémpletely correspohd with that of Crum (1973), who
described the\leavés * élightly to strongly falcate-secund. My ideas are more closely
related to those of Nyholm (1865) and Grout (1924-34), except that the leaves of the
material that | studied tend to be more elongate and ;rxore slenderly acuminate than those
illustrated by the latter authors.

‘ The small number of collections did not warrant any more detailed information on
the ecology of the variety. Because it is commonly found among coliections ‘named D..

aduncus, it is assumed that this taxon has a very similar habitat.
Drepanoc/adus badius (C.J. Hartman) Roth Plate 17

Descfiption n=286). - l.eave.é‘ falcate—secund, ovate to broadly ovate, strongly coﬁcave, '
imbricate, (1.4)1:8-2.1(2.8) mm long. maximal width (0.5)0.7-0.8(1.1) mm, basal width
(0.2)0.3-0.4(0.5) mm; apex shortly acuminate to frequently apiculate; margins entire;
costa weak, very often branched or forked, reaching half way up:; upper leaf cells
‘elongate, (39)52-59(7 1) micrometer Ioﬁg, (5.5)7.0-7.7(8.7) micrometer wide, yﬁ?lls thick,
porose; a/ar cells not or poorly differeﬁtiated, enlarged, shorﬂy rectangular, walls brown
and thick, porose. Sterm with most frequently-a slightly angular transverse section,

diameter (160)225-255(290) micrometer, central strand present, epidermal cells with



Plate 17. Dfepanoc/adus badius (C.J. Hartman) Roth (Bryological Reports 109 and
281)

Leaves (x42)

—_—

Fl
Madial leaf cells (x870). 1

Stékrﬁ transverse section (x268).

P W N

Basal cells and boorly differentiated alar cells (x268)
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thick outer walls.

Habitat - A species of wet habitats,, frequently found in more shallow parts of
intermediate to rich fens, on irrigated rocks and beaches, sometimes exposed to salt

water. Carpets which are completely free from other mosses are rarely seen. The

N X

species usqﬂw

C. wiekgs it
k“'j‘ *
Fal if ehtn T mqdh

- £ 4

¢ G
Toment”pnum nildhs pHranges from 4.4 to 7.3.

ws associated with Au/acomnium palustre, Calliergon sarmentosum,

v’lium ste//au/m, D. exannulatus, D. revolvens, D. uncinatus,

&, Scorpidium  scorpioides,  Sphagnum  warnstotfij  and

Recent Distribution. - Circumboreal Subarctic—arctic species. North America (Plate 18) :
common in Alaska and Yukon Territory, rare on the Arctic Archipela\go\, Greenland,
northern Newfoundland, ‘Labra;or, rlorthern Quebec and along the Hudson Bay coast,
mountains in Alberta and British Columbia. Northern Europe, northern Asia, Svalbard and

Japan.

Subfossil Distribution in North America (Plate 19) . — Northwest Territories (Miller 1980al.
New records: (1) CRH .12, Old Crow Basin, Yukon Territory; 35,500 B.P. (GSC-2507);
Bryological Report 40. (2) HHB68-9 (station 3), Old Crow Basin, ,\Yuko'n Territory; Early
Wisconsinan?; Bryologicél Report 109. (3) Your Creek area, Alaska; 5615 = 110 BP.
(I-10,568); Bryological Report 183, Hamilton\19§9a, Fig. 5. (4) Stewart Point, Banks
Island, Northwest Territories; 9080 + 160 B.P,; Bryological Report 281. |

Diagnostic Features and Discussion. — Drepanoc/adus badius is. closely related to
Calliergon wickesiae Grout and Scorpidium turgescens (T..Jens)) Loeske. All three taxa
are‘characterized by incrassate, porose cells, an ovate leaf shape, apiculate apex and
poorly developed costa, which may be absent, single and short, double, prominent or
inconspicuous, in individual leaves of the same fragment. Drepanoc/adus badius can be

" differentiated because of its falcate-secund leaves and long acuminate apex.



Plate 18. The present day North American distribution of Drepanoc/adus badius
(C.J. Hartman) Roth based on specimens in ALTA and CANM (solid dots),
and Steere (1978a), Tuomikoski et a/. (1973) and Lewinsky (1971) (o;fen

circles).
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Plate 19 The subfossil North American records of Orepanocladus badius (C.J
Hartman) Roth. Solid dots: Appendix 1. Open circles: Milier (1980a)
1. Holocene.

2. Wisconsinan
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Scorpidram turgescens and Callrergon wichesiae ditter from [0 hadrus with
ther straight leaves and short apiculato apces The difterence between the tormer taxa
(s more subtle and 1s primarly based on costa charactenstics Usually some leaves of (
wickesiae will clearly exhibit a single costa runming to the upper halt ot the leat More
study 15 needed to correlate the costa teatures with other character s.tatas s0 that these

two taxa can be based on a sounder basis

Drepanocliadus caprllitolius (Warnst) Warnst Plate 20
Description (n- 4) Leaves straight to shghtly secund lanceolate to ovate lanceolate

plane. mare or lass decurrent 24 38 mm long maximal width 03 09 mm basal width
02-04 mm. apex slenderly acuminate. rmarg/ns sometimes weakly denticulate at the
base entre. costa strong longly reaching into the apex and beyond wpper leaf cells
elongate. 50-70 micrometer long. 4 8-7 6 micrometer wide, walls thin. a/ar cel/ls i a
small group not reaching the costa moderately well differentiated. inflated. shortly
rectangular to rdéunded-quadrate. walis thin, hyaline Stern with angular or circular
transverse section, diameter 180-250 micrometer, central strand present epidermal
cells sometimes inflated. with thin outer walls but never forming a continuous

hyalodermis

Habitat - Mostly immersed along the margins of more or less minerotrophic lakes.
submerged to two meters in depth.

Recent Distribution. - Circumboreal Scattered within the northern hemisphere distribution
of Drepanocladus aduncus. North America (Plate 21) : Yukon Territory. Mackenzie
District, Hudson Bay area and Great Lakes area, in the western mountains only in

Colorado, Utah and California Europe, Algeria, northern and central Asia

Subfossil Distribution in North America (Plate 22) - Ontario (Miller 1980a). New records:
(1) Riverbar near HH75-9 along Porcupine River, Yukon Territory, recent detritus;

Bryological Report 34. (2)- Snake River area, Yukon Territory. 11,700 = 80 BP.



i
Plate 20 Drepanociadus capillitolius
41 and 269
1 Leaves (x38)
2 Mediai lsat Ccealls x40
3 Alar ieat cells (x240

(Warnst) Warnst  (Bryologcal

Reports

34
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Plate  21. The present day North American distribution ~of  Drepanoc/adus

" capillifolius (Warnst) Warnst. based on specimens in ALTA, CANM, NY
and C. o ) - | !

. A
> Y
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Plate 22. The subfossil North American recor.nds of Drepanocl/adus capillifolius
(Warnst) Warnst. Solid dots: Appendix 1. Open circles: ‘Miller (1980a).
1. Holocene.
2. Wiscdnsinan.

3. pre—Wisconsinan Pleistocene.

‘
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(GSC-2693) and- 11,800 + 170 BP. (GSC-2745); Bryological .Report 41. (3) HHB8-9
(station 8), Old Crow Basin, Yukon Territory: * 60,000 BP. Bryological Report 48. {4)
Sunwaptd Pass, Alberta; 6320 * 100 BP. (GSC-451); Bron:)gicaI Report 162, Schweger
et al. 1978, p. 62. (5) HHBE8-9 (station 2), Old Crow Basin, Yukon Territory; + 60,000 BP.;
Bryological Report 262. (6) CRH 70 (station 2), Old Crow Basin, Yukon Territory; >37,000
BP. (GSC-2792); Bryological Report 269. (7) HH68-9 (station 3), Old Crbw‘ Basin, Yukon
Territory; Early Wisconsinan?; Bryological Report 302. (8) ;HH68.—9 (station 8), Old Crow

Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 370.

Diagnostic Features and Discussion. - The taxa.D. .aduncus var. aduncus, D. capi//)'fo//us
and D. aduncus var, po/ycarpus are clearly defined;.l can not agree with Crum (1973) who
considers D. cap/l/ifolius amerely an aquatic form of both D. aduncus var. aduncus and
var. polycarpus. Alar cell, as well as medial cell morpholgy of D. capi/lifolius is more
closely related with that of the variety aduﬁcus than with that of the variety po/ycarpus.
The alar cell group does not reach the costa in D. cap////‘fo/ius: Marginal teeth are .
frequently present alohg the basal part of the leaf, but never in the upper halif. The leaves

are very narrow and the costa is wide and extends beyond the lamina in the apex.

Drepanoc/adus crassicostatus Janssens (tentative name to be validated and described

later) ' : B o Plate 23

Description (n=4.1).‘ - Note: this description is based on fossil specimens (27) and 14
extant populations (ALTA, CANM, NY, COLO and DUKE). Leaves straight to slightly curved,
ovate-lanceolate to narrowly lanceolate, 38 59 mm long, maximal width 0.6-1.0 mm,
basal width 0.3-0.7 mm; apex slenderly acuminate; margins dentlculate; costa strong,
" longly r;eaching beyond the apex, biconvex indransverse section, with two stereid bands;
upper leaf cells elongate 44-88 micrometer long, 4.7-6. 3 micrometer wide, walls thick
to moderately thick, porose alar cells in a diffuse group, usually reachmg the costa,
poorly dlfferentlated, sllghtly inflated, rectangular, walls brown, moderately thickened.
Stem with ‘a circular transverse sectioﬁ, diameter 270-420 rﬁicrometer, central strand

well developed, epidermal cells with thick outer walls.



Plate 23. Drepanoc/adus crassicostatus Janssens (Bryological Reports 54, 62,

159, 167, 308 and 434)

1. Leaves (x35). ' S 4
2. Stem transverse section (x220‘). ' \\""‘m{
3. Alar leaf cells (x220) o ( |
"® 4 Costa transverse seation (x220)
\ ' 6. Marginal cells halfway the leaf (x560).
6. Medial leaf cells (x560). -
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Habitat. - The two North American specimens of D. crassicostatus collected by myself
with watersamples indicate high minerotrophic conditions: pH measurements of 7.7 and
7.9, conductivity 500 and 920 microScm, Ca concentration 19 and 77 ppm, Mg
'conqentration 37 .and 42 ppm, Na' concentration 22 and 42 ppm, K concentration O and

0.8 ppm.

Recent Distribution. - North America only (Plate 24) : Alaska. southern Yukon Territory
and Mackenzie District, westcentral Alberta and southeastern British Columbia, disjunct to

" Colorado and Nova Scotia

Subfossil Distribution in North America (Plate 25) . — (1) Chal;ner’s Bog. circa 15 km
southwest of Turner Valley, Alberta; 18,500 + 1090 BP. (GSC-2670); Bryological Report
| 42, Jackson 1979. (2) Chalmer's Bog. circa 15 km southwest of Turner Valley, Alberta;
18,400 = 380 BP. (GSC-2668); Bryological Report 43, Jackson 1979. (3) HH68-9
{station 8), Old Crow Basin, Yukon Territory; * 60,000 B.P, Bryoloéical Report 48. {4)
HHE8-9 (station 8), Old Crow Basin, Yukon Territory; * 60,000 B.P., Bryological Report
54. (5) HHE8-9 (station 8), Old Crow Basin, Yukon Territory; Early Wisconsinan?;
Bryological Report 62. (8) HHE9-21, Oid Crow Basin, Yukon Territory; Early
Wisconsinan?; Bryological Report 103; as Drepanoc/adus cf. crassicostatus. {7) HHE8-9
(station 3), Old Crow Easin; Yukon Territory; Early Wisconsinan?; Bryological Report 108.
(8) HHB8-9 (station 8), Old Crow Basin, Yukon Territory; 38,800 * 2000 BP
(GSC-27586); Bryological Report 116. (9) HH68-10, Old Crow Basin, Yukon Territory;
‘Hol.ocene peat, 200 to 150 cm below surface; Bryological Report 159. (10) Chandalar
River, 2.5 km downstream from Caro, Alaska; >42,000 B.P.; Bryological Report 166. (11)
Koyukuk River, 9 km upstream from Henshaw Creek, Alaska; Pleistocene; Bryological
Report 167. (12) HH68-9 (sfation 3), Oid Crow Basin, Yukon Territory; £ 60,000 BP,;
Bryological Report 174. {13} HHB68-9 (s’fation 1-2), Old Crow Basin, Yukan Territory; *
60,000 BP. Bryological Report 176. (1>4) Kluane Lake, south shore, Yukon Territory;
below 43 m of water; 2215 BP. (I-10,525); Bryological Report 178. {15) Wind River, 50
km south of continental divide, Brooks Range, Alaska; 9380 + 150 BP. (I-10,508), 9600
+ 85 BP. (USGS-163); Bryological Report 180, Hamilton 1978b, p. 40. (16) HHE8-9



Plate 24. The present day North American distribution of Drepanoc/adus
crassicostatus Janssens based on specimens in ALTA, CANM, C, COLO and

NY.
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Plate 25 The subfossii North American records of Drepanocladus crassicostatus
Janssens. Based on Appendix 1.
1. Holocene.
2 Wisconsinani .

3. pre—Wisconsinan Pleistocene.
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(station 2). Old Cv(w; Basin Yukon Territory ¢ 60 000 HP  Bryological Heport 262 (1 )
HHE8 9 (station 2) Old Crow Basin Yukon Ternitory + 60 000 BP  Bryological Report
264 (18) HHE8 9 (station 11) Old Crow Basin Yukon Territory Early Wisconsinan’
Bryological Report 26% (19) CRH 12 (station 2) Old Crow Basin Yukon Territory
60.000 BP Bryological Report 267 (200 HH7S 19 Old Crow Basin Yukon Territory
pre- Wisconsinan?. Bryological Report 272 (21) HHE8 9 (station 7) Old Crow Basin
Yukon Territory + 60000 BP Bryologcat Report 308 (220 HH7S 24 Bluefish Basin
Yukon Territory Wisconsinan?  Bryological Report 326 as  Drepanocladus ot
crasstcostatus {23) 228HH. Bluefish Basin Yukon Territory >37 000 BP (GSC 2783)
60.000 BP . Bryological Report 362 (24) HH68 9 (station 14) Old Crow Basmn Yukon
Territory + 60.000 BP . Bryological Report 387 (25) HH69-21 (station 3) Oid Crow
Basin. Yukon Territory, : 60.000 BP Bryological Report 388, as Drepanoci/adus ot
crassicostatus. (26} HH72-54 (station 3). Hungry Creek. Yukon Territory, Wisconsinan
Bryological Report 434 (27) HH72-54 (station 3). Hungry Creek. Yukon Territory

Wisconsinan. Bryological Report 435

Diagnostic Features and Discussion - Subfossil material of D. crassi/costatus s very
common It comprises 15 % of all the identified Drepanoc/adus records Moreover. this
new species i1s often very abundant in the assemblages. Its structure suggests a similarity
with D. trichophy/ius, an aquatic species However, many character states deviate from
those of D. trichophy!/us. The alar cell structure is drastically different Orepanoc/adus
trichophy//us exhibits very clearly differentiated alar cell groups, strongly decurrent and
comparable with those of D. tundrae. In D. crassicostatus the differentiation is poor ant
the alar cell groups are essentially not decurrent Other differences are the poor
denticulation and the complete absence in D. crassicostatus of the macroscopic aspect of
D. trichophy//us In the latter the branches are clearly characterized by brush-like tips
(Tuomikoski 1948) The leaves at the end of the branches are straight and tightly rofled
together in a pencil-like configuration. The most distinct common feature that O.
crassicostatus and D. trichophy!//us share is the strongly developed costa, reaching far
beyond the apex and biconvex in transverse section, displaying abaxial and adaxial stereid

bands. A forthcoming paper will compare in detail the morphological and anatomical
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dif ferentiation between D. crassicostatus, D! trichophy/ius and D. capilli fo//'.ds.

North American specimehé, named D. trichophyllus, from ALTA, CANM, COLO,
DUKE and NY were .studied and compared with material from C and S. The North
American specimens éppeared to be other taxa of .the Warnstorfia group. Some
specimens are D. crassicostatus but none of the specimens were similar to the
characteristic Fennoscandi’an Qrepanoc/adus trichophy//us. At present | have seen no
North American specumens with' a costa reaching into the apex and beyond, well
d1fferentna§ed alar cells and the macroscopit aspect of D. tr/chOphy//us Persson’s

Alaskan specimens are not present in ALA {Persson & Shacklette 1959 Murray, in /itt.).

"Persson & Gjaerevoll (1957) offered the suggestion that unstud:ed forms of the

Warnstorfia group are present in alpine—arctic areas of North America. Most Ilkely this

applies to the material which | named D. crasswostatus Drepanoc/adus tr/chophy//us is

‘known as a subfossnl from Late Weichselian sedlments in western Norway (Ovstedal &

Aa&th 1975). The authors mention that they observed:the very typlcal alar cell structure |

and leaf shape of this species. The taxonomic status, ecology and distribution of ' D.
crasswostatus in relation to D. trichophy/lus will be discussed in the forthcommg paper. @
A comparison of the-habitat of D. .trichophy//us and of the extant populatlons of D.
crassicostatus indicate differences. Drepanoc/adus tr/chophy//us occurs in moderately
minerotrophic mires, floating or submergted, usually in non-calcareous  water. In the .
T‘ornetrésk area, Sweden, water analyses resulted in the following values: pH ranges from
5.0 to 8.5, conductivity 5-40 microScm-, Ca concentration 14 ppm, Mg concentration

6.6 ppm, Na concentratnon 14 ppm, K concentration 4.7 ppm, S concentration 44 ppm, P

-concentratlon 0.2 ppm and Fe concentration 14 ppm (Sonesson 1966). The two North

American specimens of D. crassicostatus, collected by myself- with ‘water samples,

indicate more minerotrophic gonditions: see the habitat discussion ahove.

. Dr,épanoc/adus exannu/atus {B.S.G) Warnst. Piate 26

Description~‘(n=34). - Leaves strongly falcate-secund to straight, narrowly to widely
ovate—-lanceolate, more'pr less decurrent, (1.4)2.9-35(4.8) mm long. maximal width

(0.4)0.6-0.7(1.1} mm, basal width (0.2)0.3-0.4(0.8) mm; apex slenderly acuminate; margins



Plate 26. Drepahc;c/adus exannul/atus (B.S.G) Warnst. (Bryological Reports 48, 54,
173, 176, 260, 272, 302, 308 and 322)
| 1. Leaves (x31)
2. Stem transverse section (x200). )
3. Marginal cells halfway up the leaf (x500)
4. Medial leaf cells (x500). |
5. Alar leaf cells (x200).

I
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denticulate; costa strong, ending in the upper half of the lamina or reaching into the apex - ‘

in. large aquatic forms: upper leaf cells elongate, (36)68-87(134) micrometer long.
(3.8)5.6-6.8(9.2) micrometer wide, walls thick or thin, sometimes slightly‘pﬁbrose; é/a/
cells in a large group, in one to three regﬁlar tiers, often reaching the costa, clearly
‘diff.er.entiated, inflated, shortly to Iohgly rectangular or ovoid, walls yellow or brown, thin

or slightly thickened. Stem mostly with a circular transverse section, diameter

(160)250~310(460) micrometer, central strand always developed, often several of the |

epidermal cells inflated. with thin outer, walls, -but never forming a continuous

- hyalodermis.

Habitat — In poor fens, ditches and non—calcareous springs,“immersed in pools and lakes.
Often as:sociiated with Cal/liergon stramineum, C cordifolium, C richafdsonii,
'Au,/ac'omn‘ium pa/us'tre, Hypnum lindbergii, Polytrichum commune and Sphaghum
- species. pH (4..1)4.5—7.6(9.0); {n=10), , conductivity 20-860 micfoScm-' (n=4) Ca
c_oncentrat_idn 1.6-71 ppm (n=9), Mg concentration 0-51 ppm (h=9), Na concentration
.0-29 ppm (n=9), K concentraiibn 0-17 ppm (h=9). The species is absent in extremely

rich fens. It is often a member of the bottom flora of lakes.

Recent Distribution. —. Circumboreal. Common, except in Arctic areas. North America

(Plate 27) . from Alaska to Greenland, Labrador and NveoundIand, south to new England

and Wisconsin in the east, Colorado, Utah and Oregon in the west. Europe, northern,

western, eastern and central Asia. -

Subfossil Distribution in NortH America (Plate 28) . — British Cdlumbia,.GreenIand, lowa:

~ Michigan, Minnesota, New York, Northwest Territories, Ontario, Vermont, Yukon Territory
(Mille.rb 1980a). New records: (1) Riverbar near HH75-9 along Porcupine River, Yukon
Ter.ritdry; recent detritus; Bryologicél Report 34. (2) Riverbar of ba_sé camp at HH68—‘9,
Old Crow Basin, Yukon Territory; recent detritué;‘Bryblogical Report 35. (3) HHB8-9
(station 8), Old Crow Basin, Yukon Territory; + 60,000 BP, 'éryologica'l"Report 48. (4)
HHB8-9 (station 8), Oid Crow Basin, Yukon Territory; = 60,000 BP., Bryological Report

- B4, (5) HH75-24, Bluefish Basin, Yukon Territory; probably pre—Wisconsinan; Bryological

K3

,-



>
Plate 27. The present day North American distribution of Orepanoc/adus
exannulatus (B.S.G) Warnst. based on specimens in ALTA and CANM “(solid
-dots),v and Léwinsky {(1971), Steere (1978a) and Tuomikosﬁi et a/l. (1973)

(open circles).



212




Plate 28 The subfossil North. American records of Drepanocl/adus exannulatus
(BS.G) Warnst. Solid dots. Appendix 1. Open éircl_es: Miller (1980a); "Ku¢
‘& Hills (1971), Kuc (1973c)
1. Holocene. “
2. Wisconsinan.
3. pre—-Wisconsinan Pleistocens. |
4

. Late Tertiary.
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Report 173. (6) HH6B-9 (station 3),. Old Crow Basin, Yukon Territory; * 60,000 BP;
" Bryological Report 17.4. {7) HH68-9 (station 1-2), Oid Crow Basin, Yukon Territory; *
60,000 BP.; Bryological Report 176. (8) Kluane Lake, south shore, Yukon Territory; below
43 m of water; 2215 BP. (I-10,525); Bryological Report 177. (9) Kluane Lake, south
shore, Yukon T‘errito'ry; below 43 m of water; 2215 BP. (I-10,525); Bryological Report
178. (10} Your Creek area, Alaska; 5615 = 110 BP. {i-10,568); Bryological Report 183,
Hamilton 1978a Fi_c‘;A 5 {11) Chandalar River, 3 km east-of Caro, Alaska; >3‘0,000 BP;
Bryological Report 184. (12} North Fork Pass,“‘Ogilvie Mountains, Yukon Territory; 11,250
+ 160 B.P {(GSC-470); Bryological Report 260. (13) HH68-9 (stati6n~1 1), ‘Old Crow Basin,
Yukon Territory; Early Wisconsinan?; Bryologicél Report 265. (14) HH75-24 |(station 2),
Bluefish Basin, Yukon Territory; above >53,000 BP, (GSC-2373-2); Bryological Report
271 {15) HH75-18, -Old Crow Bgsin, Yukon Territory; pre-Wisconsinan?; Bryotogical
vReport 272. (16) Kitchener, Ontario; below 8800 BP.. Bryological Report 275. (17)
Chalmer’s Bog, circa 15 km southwest of Turner Valiey, Alberta; below 18,500 * 1090
BP. (GSC-2670); Bryblogical Réport 285, Jackson 1979. (18) HHE8-9 (station 3), Old
Crow Basin, ‘Yukon Territory; Early Wisconsinan?; Bryological Report 302. {19) HHE68-9
(station 7), Old Crow Basin, Yukon Territory; * 60,000 B.P.; Bryological Report 308. (20)
Kitchener, Ontario; below 8800 BP.; Bryological Report 322. (21) HH75—24; Biuefish
Basin, Yukon Territory, Wisconsinan?; Bl"yological Report 325. (22) HH75-24, Bluefish
Basin, Yukon Territory, Wisconsinan?; Bryologicai Report 326. (23) Cape Decesit
- Quaternary Exposure, Near Deering (station 5), Alaska; 700,000 - 1,800,000 BP;
Bryological Report 333, Matthews 1974a; as Drepanoc/adus cf. exannul/ atus. (24) CapAe
Deceit Quaternary Exposure, Neér' Deering (sta&ion 6), Alaska; 700,000 - 1,800,000 BP;
‘ Bryological Report 341, Matthews 1974a; as Drepanoc/adus cf. exannulatus. (25)
228HH, Biluefish Baéin, Yukcn Territory; >37,000 BP. (GSC-2783), = 60,000 B.'P.;4
Bryological Report 362. (26) HH68-9 (station 3), Old brow Basin, Yukoﬁ Territory, *
60,0(‘70 BP.; Bryological Report 384. (27) HH68-9 (station 3), Old Crow Basjn,‘Yukon
Territory; Early Wisconsinan?; Bryological Report 391. (28) HHB8-9 (station 3). Old Crow
Basin, Yukon Térritory; Early Wisconsinan?; Bryological Report 392. (29) Baird lniet area,
Ellesmeré tsland, Northwest Territ'orie's;‘ sample at top of core, Holocene; Bryological

Report 409. (30) Baird Inlet area, Ellesmere Island, Northwest Territories; sample at top
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of core, Holocene:\mﬁgﬁ:al Report 410. (31) HH68-9 (station 8), Old Crow Basin,
Yukon Territory, Eérly Wisconsinan?; Bryological Report 425, (32} HH72-54 (station 3),
Hungry Creek, Yukon Territory; Wisconéinan; Bryological Report 435.
.

Diagnostic Features and Discussion. — Drepanoc/adus exannul/atus can best be
dif ferentiated from the other species in the Warnstorfia group by the more or less
enlarged epide'rmal cells of the stem. Often a group of epidermal cells, seen in a
traﬁsverse section of the stem, are clearly enlarged by comparison wifh the cortical cells
and-have thin outer walis. In addition, the species is aistinguished from D. fl/uitans by
well-developed denticulation, a less conspicuous constriction at the base of the leaf and
more clearly dif ferentiated alar cells. From D. tundrae it differs in its generally circular
transverse section of the stem, the less decurrent alar cell groups ahd the more
falcate—secund leaves. From D. crassicostatus it is distinguished by a costa ending into or
before the apex. None of the North American Quaternary subfossil material is similar to
the common Fennoscandian species 0. procerus. This species is characterized by
strongly fa|c'éte;-sec,und, concave leaves with a short, decurrent costa, that is slightly
convex in transverse section and by the absence of epf&ermal cell dif ferentiation on the

étem.
Drepanoc/adus fluitans (Hedw.) Warnst. » ' Plate 29

Des;;ription (n=32). - Leaves moderately falcate—secund to straight, ovate-lanceolate to
broadly ovate-lanceolate, (17.3)2.7—3.7(6.2) mﬁx fong, maximal width (0.3)0.6-0.7(1.4) mm,
basal width (0.2)0.3-0.4(0.5) mm; apex sienderly acuminate, often flexuose and twisted,
sometimes forming rhizoids from nematogon cells; Margins mostly dentic‘ula;ce; costa
" weak, 'énding hal'f way up the lamina, frequentlv branCﬁed; upper. leaf cells elongate,
(48)8_4—103(142)'microméter long, (4.3)6.3—7.2(8.3) micromeEer wide, walls thin; alar -
cells in a large dif fude group, usually reaching the costa, modérately dif ferentiated,
sHortIy rectangular to rounded—quadréte: not clearly arranged in tiers, walls yellow to

hyaline, thin, not porose. Stem with a circular transverse section, diameter

(160)220-260(360) micrometer, central strand present, epidermal cells small and with



Plate 28. Drepanoc/adus fluitans (Hedw.) Warnst (Bryologigal Reports 39, 116,
157, 166 and 302) -
1. Leaves (x40).
Marginal leaf éells halfway up the leaf (x640).
Medial leaf celis {x640)

Stem transverse section (x256)

o r W N

Alar leaf cells (x256).



218



|

thick walls

Habitat - In poor fens and pools and lakes with oligotrophic water, in acid bogs and on
wet acid rocks. Often with Sphagrum species and Calliergon stramineum Many of its
habitats indicate a highly dynamic environment {changes n water level and/or
anthropogenic influence). pH 4 8-7.5 (n=7), conductivity 19-215 microScm' (h=7), Ca
concentration 24-359 ppm (n=7), Mg concentration 0.0-89 ppm (n=7) Na
concentration 4.0-254 ppm (n=7), K concentration 0-11 ppm (n=7). Drepanoc/adus
fluitans is one of the most acidophilous species of the genus. it is the first species to
appear in depressions in bogs, where the stagnant water 1s very acid and intensely brown

from decomposed humus.

Recent Distribution. — Bipolar, circumboreal and austral. North America (Plate 30) : Alaska,
Yukon and Northwest Territories (but not in the Arctic Archipelago), Greenland, south to
Newfoundland, New England, the Great Lakes area in the east, Colorado and California in
the west Ecuador, Europe, Azores, Canaries, southerﬁ and southeastern Africa. northern
Asia, nKorea, Japan, New Zealand, Tasmania, Kerguelen Islands.

Subfossil Distribution in North America (Plate 31) . — Alberta, lowa, Minnesota, New York,
Ohio, Ontario, Yukon Territory (Miller 1980a). New records: (1) Muskiki Lake, 30 km
eastsoutheast of Mountain Park, Alberta; 8300-: 435 BP. (S-1823); Bryological Repoft
39 (2) HH68-9 (station 8), Oid Cron Basin, Yukon Territory, Early Wisconsinan?;
Bryological Report 61. (3) HH68-9 (station 9), Old Crow Basin, Y;kon Territory; 38,800 =
2000 B.P. (GSC-2756); Bryological Report 114. (4) HH68-9 (station 9), Old Crow Basin,
Yukon Territory; 38800 = .2006 BP. (GSC-2756); Bryological Report 115; as
Drepanocladus cf. fluitans. (5) HH68-8 (station 9), Old Crow Basin, Yukon Territory;
38,800 * 2000 B.P. (GSC-27586); Bryological Report 116. (6) HH68-3, Oid Crow Basin,
Yukon Territory; Holocene peat, 140 to 150 cm below surface; Bryological Report 157.
(7) Chandalar River, 25 km downstrearﬁ from Caro, Alaska; >42,000 BP; BFyological'
Report 166. (8) Anaktuvuk River; 0.8 km downstream from Irgkivik Creek, Alaska; 105?8’?)
+ 150 BP. {I-11,010); .Bryological Report 171, Hamilton 1980a, p. 21. (9) Kiuane Lake,



Plate 30 The present day North American distribution of Drepanocladus fluitans
{(Hedw)} Warnst based on specimens in ALTA and CANM (solid dots), and
Steere, Holmen & Scotter (1971). Steere (1978a) and Tuomikosk: et 4/

(1973) (open circles)
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Pia‘te_ 31.. The subfossil North American records —of - Drepanocladus fluitans
(Hedw.-) Warnst Solid dots: Appendix 1. Open circles: Miller (1980a).
) 1. Holocene. o o
2. Wisconsinan.

>
3. pre—Wisconsinan Pleistocene.
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south sho . Yukon Territory; below 43 m of water; 2215 BP. (I—10525) Bryological
Report 177 (10} HHB8-9 (station 2), Oid Crow Basin, Yukon Terrntory * 60,000 BP;
Bryological Report 263. (11) HHB8-3 (station 3), Old Crow Basin, Yukon Territory: Early"
Wisoonsinan?; Bryologica| Report 302. (12) HH68+8 :(statior) 7}, Old Crow Basin, Yukon
Térritory; + 60,000 BP.; Bryological Report 308. (13) HHE8-9 (:station" 3), Oid Crow
Basin, Yukon Territory; = 60,000 B.P.; Bryological Report .384, as c¢f. Drepanocladus
fluitans. (14) HH68-8 (station 3), OI.d Crow Basin, Yukon Territory; Early Wis'consina‘m?:
B.ry'ological Report 391? {15) HH72-B54 (station 3), Hungry Creek, YL’(OH- Territory;

Wisconsinan; Bryological Report 435.

Diagnostic Feétures and Discussion. - Subfossil specimens ar'e sometimes found which
are too poorly preserved to place them in elther D. fluitans or D. exannulatus. However,
typically developed and well preserved fragments are very easnly dlstmgmshed |
repanocl/adus fluitans is-a much smaller pTant {except the strongly etiolated aquatLg: -
forms), having leaves with a strongly contracted base, a very weak costa, thinner—-walled
cells and ]_éss differéntiated-alar cells. T'he‘structure of the latter is again one of the most '
reliable characters to differentiate hetween these two 'Dfepanoc!/adus taxa Some
orthophyllous forms of D. f/uitahs. can be mistaken for Leptodictyum. riparium (Hedw.)

Warnst. The two species can be distinguished by the wider medial cells. the very

gradually differentiation alar cells and the absence of nematogon initials in L.
riparium Drepano_c/adys‘;bs and B. exannul/atus differ in the tolérance for lower
concentrat;ggﬁs of cations and the lower pH of D. fluitans. The southern hemisp‘hqre'
~ populations are possibly taxonc)micallyyrelated types or recent introductions (Schofield

1974). More critical studies are oé_eded on these populations.

-

v o

Drepanocl/adus /apponicus.(NorrI.) Z. Smirn. ' Plate 32

Description (n=4). — Leaves falcate-secund, ovate—lanceolate to broadly ovate—lanceolate,
weakly concave, sharply constricted at the basal width, 2.4~4.0 mm long, maximal width
1.0-1.4 mm, basal width 0.6-0.8 mm, apex shortly‘ acuminate; margins entire; upper /eaf

cel /s elongate, 49-98 micrometer long, 4.1-4.8 micrometer wide, walls thin to thick,



Plate 32. Drepénoc’/adus cf. /aponnicus (No_rrl.)- Smirn. (Bryological Reports 206) -
1. Leaf .(x54). - |
Stem transverse section (x344). : -

Basal leaf cells (x860) .

> W N

Medial leaf cells (x860)
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sometimes porose; alar cell/s, rectangular, walls brown, thick and porose or slightly
inflated and the walls thinner and yeliow. Stem with circular transverse section, diameter

288-372 micrometer, no central strand, epidermal cells small and with thick outer walls.

Habitat. - In fens, beside lakes and streams. Assoc_iated(with Ca///'ergoh richardsonii, D.

exannulatus, D. tundrae, D. revolvens, D. vernicosus and Scorpidium scorpioides.

Recent Distribution. — Circumboreal, very rare. North America (Plate 33): Yukon Territory,

British Columbia and Alberta, Hudson Bay coast. Northeastern Europe. Asia

.Suk‘)fossil Distribuiiqn in North Ameriéa (Plate -34) . - (1) Wagner Property, Edmonton
aréa, Alberta; Holoce‘nevp.eat, .60. to 70 cm below water surface; Bryological Report 206;
as Drepanpcladu’s cf. lapponicus. (2) HH75-24 (station 2), Bluefish Basin, Yukon Territory;
above >53,000 BP. (GSC-2373-2); Bryological Report 271, as Drepanboc/adus cf.

lapponicus.

Diagnostic- Features and Disduss?on. - Drepanocladus lapponicus is a large turgid
species, and not unlike Scorp/’d/l‘/m.sc‘orpioides' in aspeét {Tuomik oski & Koponen 1979).
The plant frégménts of D. /apponicus are not bramched, ‘while even in-the subfossil
material .o\_f D. vernicosus -pinnate branching is é‘vident‘ The leaves are Widely
ovate—ianceolate and the alar cells are often more differentiated than in the closély

related D. vernicosus.
Dre,banbc/adus /ycopodioides var. brevifolius (Lindb.) Monk. ' Plate 35

Description (n=26). — Leaves falcate-secund, ovate-lanceolate, (1.2)1.8-2.3(3.8) mm long,
maximal width (0.5)0.8-0.9(1.2) mm, basal width (0.210.3-0.4(0.5) mm; apex ‘acuminate;
margins entire; costa weak, often branched in the upper part, reaching halfbway up the
lamina; upper /eaf‘ce/‘/s ‘elongate, {40)51-62(103) micrometér jong, {65)7.2-8.2(11.0)
micrometer wide, walls thick, porose, at least in the basal half; a/ar cells in a small or

.large diffuse group, poorly differentiated, irregular, walls brown, thick, sometimes



* Plate 33. The present day North American distribution of Drepanociadtus cf.
/aponnicus (Norrl) Smirn. based on specimens in ALTA and CANM (solid

dots), and Holmen and Scotter (1971) lopem circels).
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Plate 34. The subfossil North American records of Drepanoc/adus cf. laponnicus
(Norrl) Smirn. Based on Appendix . 1.
1. Holocene.

2. Wisconsinan.
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Piate 35. .Drepanoc/adus /ypopod/oides var. brevifolius (Lindb) Mo6nk. (Bryological
Reports 2. 115, 176, 198)
1. Leaves (x40).
Stem transverseﬁ section (x256).
Marginal cells halfway up the leaf (x640)
Alar and basal leaf cell§ (x256).

7
o b W N

Mediat leaf cells (x640). '
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porose Stem mostly with a circular transverse section, dameter (170)200-240(330)

micrometer, central strand present, epidermal cells small and with a thick outer wall

Habitat. - In rich fens and shallow pools and often in mesn\c habitats In small streams with
intermittent water discharge. It occurs on Devon Island together with D. revo/vens and is
among the most common of the meadow mosses in arctic areas One pH measurement of
5.6, conductivity of 14 microScm . Ca concentration of- 7.2 ppm. Mg concentration of

1.3 ppm, Na concentration of 13.3 ppm and K concentration of 0.05 ppm

Recent Distribution. = Circumpolar. Arctic-alpine species. North America (Plate 36) " not
south of 60° N latitude. Alaska, Yukon Territory (St Elias Mountains), Mackenzie Valley,
very commonly in the Arctic Archipelago, northern Quebec and Labrador. Northern Asia.

Subfossil Distribution in North America '(.Pla'te 37) . - Greenland (Miller 1980a). New
records: {1) Silver Creek, Slims River éz;nage, Yukon Territory, 30,100 *+ 600 BP.
{Y-1385); Bryblogical Report 1, Schweger & Ja:[sens 1980. (2) Silver Creek, Slims River

dr ,.ge, Yukon Territory; 30,100 + 600 BP. (Y 1385); Bryological Report 2, Schweger
) adsens 1980, (3) CRH 11 (station 5), Old Crow Basin, Yukon Territorys >51,000 BP.
'59—2), + 60,000 BP.; Bryological Report.{_‘32.§ (4) CRH 11, OId Crow Basin, Yukon
ry; * 15,000 B.P.; Bryological Report 37. (5) CRH 12, Old Crow Basin, Yukon
Territory; 35,500 BP. {GSC-2507); Bryological Report 40. (6) HH68-9 (station 8), OOyd
Crow Basin, Yukon Territory; = 60,000 B.P, Br&ologica! Report 48. (7) HH@—S {station
8). Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Repo:t 61 (8
HHB9-21 (station 1), Oid Crow Basin, Yukon Territory: * 60,000 B.P., Bryological Report
101. (9) HH69-2 1 (station 2), Old Crow Basin, Yukon Territory; t 60,000 B‘P.; Bryological
Report 102. (10) HHE8~9 (station” 8), Old Crow Basin, Yukon Territory; 38,800 + 2000
BF. (GSC-2756); Bryological Report 115. (11) HH68-9 (station 9), Oid Crow Basin, Yukon
Territory; 38.800 = 2000 BP. (GSC-2756). Bryological Report 116, as Orepanoc/adus
/ycopodioides var. brevifolius (12) HH68-9 {station 9), Old Cr<5w Basin, Yukon Territory;
38,800 + 2000 BP. (GSC-2756); Bryological Report 117, .as Orepanocladus

/ycopodioides var. brevifolius. (13) HH68-9 (statioﬁ g), Old Crow Basin, Yukon Territory;

-



36. The .present _, day North American distribution of Drepanocladus
lycopodioides -\}ar. b(e\)ifo/ius (Lindb) Mobnk. based “on specimens in ALTA
and CANM (solid dots), and Douglas & Peterson (1980), Holmen & Scotter

-

(1971) and Steere (1978a (open circles). +
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Plate - 37. The subfossil North Amerlcan records of Drepanoc/adus /ycopodioides :
~ var. brevifolius {Lindb.) Mbnk Solid dots: Appendix 1. Open circles: Miller
(1980a). -
l 1. Holocene. - "

2. Wisconsinan.
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38,800 * 2000 BP. (GSC-2756);" Bryological Report 118, as ODrepanoc/adus
Iycopodioides var. brevifolius. (14) HH68~9 (station 9}, Old Crow Basin, Yukon Territory;
38.800 i‘ 2000 BP. (GSC-2756); ‘Bryological Report 120, - as Drepanocladus

/ycopod/O/des var. brewfo//us {15) Anaktuvuk River, 0 8 km downstream from Irgkivik,

Creek Alaska; 10,580 = 150 B.P. {I-11,010); Bryologvcal Report 171, Hamilton 1980a, p.
21. (16) HHE68-9 getatlon 1—2);°OId Craow Basnn Yukon Territory; = 60, OOO B.P.;
Bryologlcal Report 176. (17) Kluane Lake, south shore, Yukon Territory; below 43 m of
water; 2215 B.P. (I~10,525); Bryologlcal Report 178, as Drepanocl/adus /ycopodioides
.var. brevifolius. (18) Tulunga Rive:8 km upstream of east fork, Alaska; 33,220 + 1760
B.P. {I-11,012); Bryological Report 198, Hamilton 1980a, p. 18. (19) Anaktuvuk Valiey,
thaw lake 2 km upvalley from Akmagolik Creek, Alaska; 6200 =+ 120 B.P. (I-10,925);

Bryological Report 201, Hamilton . 1980a, p 23.(20) HHB8-9 (station-2), Oid Crow Basin,

Yukon Terrltory 60,000 B.P. Bryological Report 262. (21) HH68-9 (station 11), Ol’dl

. Crow:Basin, Yukon Terrltory Early Wisconsinan?; Bryological Report 265. (22) CRH 11
(station 3), Old Crow Basin, Yukon Territory; = 60 000 B.P.; Bryologncal Report 266 as
Dfepanoc/adus /ycopod/O/des var. brevifolius. (23) CRH 12 (statlon 2), Old Crow Basin,

Yukon Territory; = 60, OOO B.P.; Bryological Report 267. (24) CRH 70 (station 2), Old Crow
Basnn, Yukon Terntory- >37.000 BP. (GSC-2792); Bryologucal Report 270. (25) Wnngham,

L Ontarno + 12,100 BP; Bryologlcal Report 277. (26) HHB8-9 (station 10), Old Crow

Basin, Yukon Territory, Early 'Wisconsinan?; Bryological Report 319 (27) HH75-24,
Bluefush Basin, Yukon Terr.ltory; Wlsconsman?, Bryologlcal Report 326, as Drepanoc/adus
lycopodioides var.—tﬁ!}revifc/ius‘ (28) HH75-24, ‘Bluefish Basin, Yukon Territory;
Wisconsinan; Bryo!og.i‘cal Report 328. (29) %68—9- {station 9), Oid Crot{\/ Basin, Yukon
Territory; Early Wisconsinan?; Bryological Report 370.(30) HHE8~-9 (station 3), ‘Old Crow
Basin, Yukon Territory; = 60,000 BP.; Bryological Report 384 (31) HHB8-9 (station 12),
Old Crow Basin, Yukon Territory; + 60,000 BP,; Bryologlcal Report 386. (32) HHE8-9

(station 3); Old Crow Basin, Yukon Territory; Early Wlsconsman?, Bryological Report 391.°

(33) Baird Inlet area, Ellesmere Island, Northwest Territories; ‘98 cm below bottom of

lake, Holocene; Bryological Report 411, as Drépanoc/adds /yéopodioides var.
brevifo/ius._(34) Baird Iniet area, Ellesrnere Island, Northwest Territories; 102 cm below

bottom of lake, Holocene; Bryological Report 412. (35) HHB68-9 (station 9), Old Crow

e K e b e B A
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Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 425, as Drepanoc/adus

lycopodioides var. brevifolius.(36) HH72-54 (station 3), Hungry Creek, Yukon Territory;

»

Diagnostic Features and‘Discusisyion. - The variety brevifolius is distinct from the

~ Wisconsinan; Bryological Report 435,

com;nen Eurepean, arctic species, D. /ycopodioides var. /ycopodioides. ‘_This latter taxon
is a much larger plant, with widely ovate-— |anceolatev and Iess falcate Ieaves with a better
‘developed costa and alar cell group. In the variety brewfo//us the alar cells are poorly
differentiated and in a large diffuse group Most commonly there are many small quadrate
cells. Leaves are frequently etrongly falcate—secund. Drepanoc/adus lycopodioides var.
/ycopodioides is si;'nilar in appearance‘ to D. /apponicus and Scorpidium scofpioides,
while the veriety brevifolius more closely resembles D. revolvens var. intermedius. The
distribution of D. /ycopodioides var. brevifolius was previously considered oceanic

(Kucyniak 1955). However, many specimens from localities in continental areas are now

knowﬁ The Wisconsinan Ontario record is strongly disjunct
Drepanociadus pseudostramineus (C. ML) Roth . Plate 38

Description (n=‘2). - Leaves straight to slightly curved, ovate-lanceolate, decurrent,
2.0-30 mm iong, maximal width 0.8_—1.d mm, basal width 0.4-0.5 mm; apex shortly
acuminate to narrowly obtuse, very'commenly hooked; margins weakly denticulate; costa
strong, ending high up in vthe upper half of-the Iamiea; upper leaf cells elongate, 60-100

micrometer long, 6.0-7.5 micrometer wide, alls thick to moderately thick, sometimes

porose; alar cells in a distinct group reaching the costa, clearly differentiated, strongly

inflated,. ovoidal, walls thin, hyaline. Stem with a c\(cular to angular transvei’se section,

central strand developed, epidermal cells sometimes slightly inflated and wnth thm outer

walls, formlng a weakly developed hyalodermis.

Habitat. — In poor fens. and pools in wet tundra and near waterfalls. Probably an
acidophileus species, but on’ the Reindeer Reserve (Holmen & Scotter 1971) found
intermixed with Scorpidium scorpioides. » SN

“*




Plate 38. _Drepanoc/adus pseudbstfamineus (C. M) Roth‘ (Bryological Reports
1. Leaves (x42)
2. Medial leaf cells (x670)
3. Marginal leaf cells halfway up the leaf (x670)
4. Alar leaf cells (x268) |
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Recent Distribution. — Rare. North America (Plate 39) : Alaska, Mackenzie delta, Alberta,
southern British Columbia, Washington in the west, Hudson Bay coast, Labrador and

Vermont in the east. Fennoscandia, the Alps.

Subfo'ssit Distribution in North America (Plate 4d) o (1) Riverbar near HH75-9 aléhg
Porcupine River, Yukon Territory; recent detritus; Bryological Report 34. (2) CRH 7Q
(station 2), Old Crow Basin, Yukon Territory; >37,000 BP. (GSC-2792); Bryological

Report 269. (3} HH75-24, Bluefish Basin, Yukon Territory; Wisconéinan?; Bryological
» Report 326; as Drepanoc/adus cf. pseudostramineus. (4) HH72-54 (station 3), Hungry
Creek, Yukon Territory; Wisconsinan; Bryological Report 434. (5) HH72-54 (station 3),

Hungry Creek, Yukon Territory; Wisconsinan; Bryological Report 435.

v
[
.

Diagnostic Features and Discussion. - | agree fully with Tuomikoski & Koponen (1879)
who indicate that D. pseudostram/beus (Ca/ / ie;gidiunf?seudostramineum (C. Ml
Grout) clearly to Warnstorfia, as does D. tundrae, and that both are closely related t6.D.
(Warnstorfia)- fluitans. Character .states in common between the thre_e above mentioned
taxa are leaves that are often straight, ‘the nematogon initials (differentiated apical cells),
the weak denticulation, the weak costa and the ovate leaf base with a narrow

constriction. The D. tundrae—-D. pseudostramineus group differs from D. fluitans in

better developed alar cell differentiation and often blunt apex. More information about D. .

tundrae and D. pseudostramineus is found in the D. tundrae discussion. For the
distinction between leaves of D. pseudostramineus and those of Eurhynchium

pulchellum, see the latter.
- Drepanoc/adus revof/vens (Sw.) Warnst. Plate 41

Descrip.tion (n=30). - Leav;::s circinate to strongly ~«fal¢§te—secund, ovate—lanceolate to
narrowly ovate-lanceolate, (1.4)2.1—2.6(4.5)‘ mm long, ‘maximal width (O.v4)0.6—0.17(1.0)
mm, basal apex s|enc{er|y acuminate, flexuose and épira|'|y twisted; marg)'ns entire; costa
faint, reaching the middle of the vlamina or. higher' up; upper leaf cells .elongate,'

(34)5 1-69(130) micrometer long, (3.8)5.0-5:7(7.8) micrometer wide, walls thick,'porose;

= e
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Plate 39. The present day North -American distribution of Drepanoc/adus
- pseudostramineus (C. MUll) Roth based on specimens in ALTA and CANM

(solid dots), and Holmen & Scotter 1971 {open circles).
e
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Plate 40. The W.isconsinan North American distribution of Drepanoc/adus

pseutiostramineus (C. MUll) Roth based on Appendix 1.
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Plate 41. Drepanocladus revolvens (Sw) Warnst (Bryological Reports 162, 164,
165, 200 and 434)
1. Leaves (x42)
2. Alar and basal cells (x268)
3. Stem transverse section (x268)
4

) Media} leaf celis (x670)
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e/ar cells in a very small group, two or five cells maximum, clearly differentiated,
infiated, ovoidal, commonly lost during the preparation, walls thin, hyaline. Stemv with
circuler "transverse section, diameter (150)220-250(340) micrometer, central strand well
developed, epidermal cells inflated_,_with thin outer walls, forming a very well developed

hyalodermis.

Habitet - ln fr'?, Sdge—mos_s meadows, beside streams, in pools. On moist soil, along
‘s'now’ beds, ice furrows and in depressions on. rock outcrops. It is one of the most
conspicuous elements in rich fens. Often associated with Campy/ium sté//atym and
Scorpidium:  scorpioides. pPH  range . 6.9)7.3-7.618.1),  (In=52), conduc‘ci‘vit‘y~
(32)400-530(1070) microScm™ {n=52), Ca concentration (3)33-60(160) ppm (n=43), Mg
concentration (0)16-24(53) ppm (n=43), Na concentration (5)15-25(100) ppm (n=43), K
concentration (0.0)0.7-3.6(18.8) ppm (n=43).

Recent Distribution. - Circomboreal.-Commor\ throughout its range_,.some southern
hemisphere localities. North America (Plate 42) : Alaska, Yukon and Northwest Territories
common in the Arctic Archlpelago Greenland Labrador Newfoundiand and continental
Canada, south as outliers to the Great Lakes area, lowa, Colorado and Mofitana. South

America (Tierra del Fuego), scattered in western and central Europe, more common in

northern Europe, Svalbard, northern Asia, Japan, Papua-New Guinea {Mount Wilhelm).

Subfossil Dnstrrbutlon in North Amerlca (Plate 43) —Alberta, Greenland, Iowa Michigan,
Minnesota, New York Northwest Terrltorles Ontarlo Pennsylvania, Vermont, Wlsconsm
(Miller 1980a). New recordS' {1) HH68-9, Old Crow Basm Yukon Terrltory Holocene
peat, 50 to 60 cm below surface; Bryological Report 148. (2) Sunwapta Pass, Alberta;
6920 + 100 BP. {(GSC—-451); Bryological Report 162, Schweger et al. 1978, p. 62. (3);
Mackinson iniet, Ellesmere lsland Northwest Territories; >52,000 BP. (GSC- 2677)
ilBryologlcaI Report 163, Blake & Matthews 1979 as Drepanociadus cf. revofvens. (4)
Mackinson Inlet, Ellesmere Island, Northwest Territories; >52,000 BP. (GSC-2677);
Bryological Report 164, Blake & Matthews 1979 (5) Mackinson Iniet, Ellesmere Island,
Northwest Terrltorles; >52,000 BP. (GSCv—2677); Bryological Report - 165, Blake &

.8 . y
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42. Thé_ugp;iesént: day North American distribution of Drepanbc/adus
revo/vv'ens (Sw.)jf%{%{arns‘t based on ;pecimens in ALTA and CANM (solid
dots) Holmen & - Scotter 1971, Lewinsky 1973, Steere (1978a) and

Tuomikoski et a/. (1873) (open circles).

£
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Plate 43: vThe subfossil North American records of Drepanocladus ‘_rev'o/vens
Sw.) Warnst Sclid dots: Appendix 1. Open circles: Miller (1880a), Kuc &
“Hils (1971) and Kuc (1973c).
1. Holocene. |
Wisconsinan.

pre—Wisconsinan Pleistocene.

P owN

Late Tertiary.
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Matthews 1979. ‘(6) Section Creek, 9 km upstream from Sagavanirktok lP.iver, Alaské;
12,690 + 180 BP. (-10,567); Bryo|ogica|‘RepOrt 182, Hamilton 1979k, p. 29. (7) Your
Creek area, Alaska; 5615 = 110 BP. (I-10,568); Bryological Report 183, Hamilton 1979a,
Fig. 5. (8) Anaktuvuk Valley, thaw lake 2 km upvaliey from Akmagolik Creek, Alaska; 6220
+ 140 BP. {I-10, 784) Bryological Report 200 Hamilton 1980a, p. 23. (9 Wagner

‘Property Edmonton area, Alberta Holocene peat, 50 to 60 cm below water surface;

Bryologlcal Report 205. (10) CRH 12 (station 2), Old Crow Basin, Yukon Terrltory, *
60, OOO BP.; Bryologucal Report 267; as Drepanoc/adus cf. revolvens. (1 1) St Eugene,
Quebec; 11,050 + 130 B.P. (QU-448); Bryological Report 279, Mott et a/. 1980, as
Drepanocladus cf. revolvens. {12) St Hilaire, Quech; 10,100 + 150 BP. (GSC-2200);
Bryological Report 280,'.Mott ‘et al. 1980; as Drepanocladus cf. revolvens. (13)
HH72-54 (station 3), Hungry Creek, Yukon Territory; Wiscon.sinan; Bryological Report
434.

Diagnostic Features and Discussion. - Characteristic are the smali, thight alar cell groups,
cbmposed of only a few cells, and the strongly circinate leaves. Also.the lower leaves of
a-fragment are strongly falcat‘e—secundwhich is not the case in the other Drepanoc/adus
taxa. with circinate leaves. Drepanoc/adus revolvens is quite isolated from all other
Drépanoc/adus spef:ies (see also Tuomikoski et a/. 1973, Tuomikaski & Koponen 1979
in Limprichtia). The only taxén closely related is D. revolvens var. intermedius. Most |
likely, both taxa are indistinguishable as subfossil;, beéausé ‘the characteristic red color
of the variety revol/vens comrhonly wi!il not preserve. Many,bryologists consider the
variety intermedius a less calciphilous taxon (sée for example Bird et a/. (197'7)3'. It would
be instructive to study the’relgtionships between the two vérieties"more fully and to’

clarify their respect}ve ecological requirements.
a
Drepanocl/adus sendtneri (H. MUll) VYarnst. - ‘ v Plate 44

Description (n=‘6). - Leaves strongly falcate—secund to slightly curved, ovate-lanceclate
to widely ovate-lanceolate; 1.9—4.1 mm long, maximal width’O.’S—l.O mm, basal width

0.3-0.5 mm; apex slenderly acuminate; margins entire, sometimes a few teeth at the

&



Plate - 44‘5répanoc/adus sendtneri (Schimp) Warpst. (Bryological Reports 115,
176, 266 and 294) ’
1. Leaves (x42)

Medial leaf cells (x670)

Stem transverse section (x268)

W

_'Alar and basal leaf cells (x268)
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base; costa stout, 40-100 micrometer wide at the base, ending in the upper half of the
lamina or reaching into the apéx; upper leaf cells elongate, 42-64 micrometer long. |
4.8-6.6 micrometer wide, walls thin, porose; a/ar cells in a diffuse group, not reaching
the costa, rectangular, well to slightly differentiated, inflated,.v,valls dark-brown, thick and
porose. Stem with a circular transverse section, diameter 150-300 micrometer, central
strand weak, always present, epidermal cells small and with thick outer walls.

Habitat. = In pools and shallow lakes in calcareous areas, in rich fens, even in brackish

- water.

Recent Distribution. — Gircumboreal, rare. North America (Pla\e 45) - mostly western in,
distribution, Alaska, Yukon Territor'y and Mackenzie District, Baffin Island, British
Columbia, Alberta and- southern Manitoba, south to Montana and California. Europe,

northern Asia.

Subfossil DistriI:ution in North America (Plate 46) . - Albé;ta and Wisconsin (Miller
1980a). New records: (1) CBH 11 (station B), Old Crow Basin, Yukon Territory; + 15,000
BP.; Bryological Report 36. (2) HHE8-3 (station 8), Oid Cro}w Basin, Yukon Territory; *
60,000 B.P., Bryological Report 48. (3) HH69-21, Oid Crow Basin, Yukon Territory; ‘Early
Wisconsinan?; nyological Report 103. (4) HH68-9 (station 8), Old Crow Basin, Yukon
Tgrritory; 38,800 + 2000 BP. (GSC~2756); Bryological Report 115. (5} HHE8-9 (station
9), Old Crow'Basiﬁ, Yukon Territory; 38,800 = 2000 BP. (GSC—2756); Bryological Report
120.(6) HHB8-9, Old Crow Basin, Yukon Territory; Holocene peat, 200 to 150 cm below
surfac.e; Bry'olog’ical Repoft 159, {(7) Koyukuk River, 6 km downstream from Henshaw
Creek, Alaska; 52,800 + 1300 BP. (01—1283); Bryological Report 168; as
Drepanoc/adus cf. sendtneri. (8) Anaktuvuk River, O (n=6).8 km downstream from Irgkivik
Creek, Alaska; 10,580 = 150 B.P.ﬁ {I-11,010); Bryological Report 171, Hamilton 1980a, p.
21.{9) HHB8-9 (station 1-2}, ,dld Crdw Basin, Yukon Territory; + 60,000 B.‘P,; Bryological
Report 176. {10) CRH 11 (station 3), Old Crow Basin, Yukon Territory; * 60,000 BP,;
Bryolog'ical Report 266. {11) HH68—9_(station 3), Old Crow Basin, Yukon Territory; Early
Wisconsinan?; Bryological Report 294. (12) HH68-9 (station 7), Old Crow Basin, Yukon



Plate 45. The present .day North American distribution of Drepanoc/adus
sendtneri (Schimp.) Warnst. based on specimens in ALTA and CANM (solid
dots).
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Plate 46. The subfossil North Amberican.‘«.f'r'lecgrds qs DrepanocFagus . Sendtneri
(Schimp.) WarnstA Solid dots: Appendix 1. ‘Opan ﬁrcleﬁ;‘l&{liller'HSBOa} %
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Territory; = 60.000 B.P.. Bryological Report 308. (13) HH75-24, Bluefish Basih, Yukon

Terr‘itor‘y';, Wisconsinan?; Bryoldgicéi Report 325.\(14) HH75-24. Bluefish Basin, Yukon
Territory; Wisconsinan?: Bryological Report 326. {15) Bog near Hanlontown, Iov&ya; +

1000 BP.; Bryological Report 454, Welch 17346 (CANM).: .

Diagndstic Features and Dis'cussion:., '~ Drepanocladus sendtneri clearly belongs to the
Drepanoc/adus group (sensu Loeske (1822), and Tuemlkoskn & Koponen (1979)). This is
indicated by the entire leaf marglns the rounded—quadrate alar cells; which do.not reache
the costa as a group and the stem epidermis without a hyalod'ermns. leferentsatung
features for. the species in thns group are the frequently strongly developed costa and
the th:ck walled medial and alar cells. The leaf shape is extremely varnable and ranges
from long. shghtly curved ovate—lanceolate Ieaves to short, wndely ovate lanceolate,
strongly falcate~secund and concave leaves. The Fennoscandnan D. tenu/nerws Kop.
(Koponen 1977) 1s closely reiated to D. sendtneri. Drepanoc/adus tenumerws is a true‘
aquatic, living in mtermedlate to highly minerotrophic lakes at a depth of two to §§le _m.eter,
and it ‘is differentiated from D. sendtneri by a much weaker dosta a'ndvthinne,r' énd less
vcolor'ed alar cell walls. A : .

All the material determined as D. sendtner‘i i\n ALTA and CANM from localities -east

of Manitobé {except the Baffin Island specimen) appeared to be different taxa (see also

Tuomikoski et a/. (1 Apparently this species has a distribution in North America that is

cehtered in the west.

‘ Piate 47

<

Drepanoc/adus tundrae (Arn) Loeske

Des‘cription (n=8). - Leaves stralgth to - sligthly~ curved ovatev-lanceolate ~strongly
decurrent {1.8)2.1-3.0(3.1) mm long, maximal width (O, 6)07 0.9(1.0) mm, basal width

(0.310.4-0.6(0.7) mm; apex acuminate, sometimes hooked at the tip; margins dentlculate

to weakly dentnculate' costa strong, endmg in the upper half of.the lamina; uppe/ leaf

cells elongate (49) 3- 70(75) micrometer long, (5. S)—S 8-7.2(7.8) micrometer wide,
walls moderately thick or thm _porose; alar cql /s in-a broadly decurrent gr0up reaching

: the costa, clearly dif ferentiated, inflated, ovq(dal to rounded quadrate, walls hyahne to

14
/

L

[



e

- Plate 47. 'Drepanac/adus' tundrae (H. Arnell Loeske (Bryological Reports 200,

i

and 302

—

. Leaves' (x38)
Stem transverse section (x240)
Alar leaf cells (x240) ‘

4

Marginal led cells halfway up the leaf (x600)

o & 0 N

Medial leaf cells (x600) -

295



265




266

yellow thin to moderately thick. Stem with ;n angular trafsverse section, usually clearly

) pentagonal dlameter -250-450 mlcromete/ central strand -well developed epldermal

/

. cells small and with a thlck outer wall.

: : i

Habltat - Inrich fens sometimes submeged in streams, lakes and pools of polygons and

meadows Mostly in exposed habitats, also in open Picea woodland.
! AN

~

Recent Distribution. — Circumboreal. North America (Plate 48) : Alaska, Yukon Territory
and Mackenzie District, Banks Island, Greentand, Hudson Bay coast and mountains on‘;the

continental divide in Alberta and British Columbia. Svalbard, northern Europe and Siberia.

Subfossil Distribution in North America (Plate 49) . - Ontario (Miller 1980a). New records:

(1) CRH 11, Old Crow Basin, Yukon Territory; *+ 15,000 BP.: Bryological Report 37. (2)

. BF. (I-10,784); Bryological Reporﬂt“fﬁ.’OO, Hamllton 1980a, p. 23. (3) HH68-9 -(station 3);

Oid Croxgl Be:s‘in, Yukon Territory; Early Wi'soonslnan?; Bryological Report 295. (4)

HH68-9 (station 3), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological

Report 302. (5) HHE8-9 (station 9), Oid Crow Basin, 'Yuléon_Te(ritory; Early Wisconsinan?;
Bryological Report 370. {6) HH68~3 (station 3), Old Crow Basin, Yukon TerritorY' Early
Wisconsinan?; Bryological Report 392 (7) HH72~ 54 {station 3) Hungry Creek, Yukon

Terrltory Wisconsinan; Bryologlcal Report 434

Diagnostic Features and Discussion. — Drepanocladus tundrae is ‘clearly differentiated

~

\from the other taxa of the Warnstorfia group by a broadly decurrent mostly straight leaf

oftem\with a hooked apex. The stem transverse section is always angular and mostly

" distinctly pentagonal. This character state in subfossil material can be distinguished from a

collapsed stem section by observing the intact, rounded cells, which form the ribs of the
stem. Drepanoc/adus tundrae is closely reIatedJ to D. pseudostramineus. The latter is
distinguished by less decurrent alar cell‘grouos,ﬂ_a more circular steh transverse section
and often a blunt apex. However, forms are often ‘enc,ountered which are intermediate

between these taxa. The taxonomic status of both species will be discussed in a

- Anaktuvuk Valley, thaw lake 2 km upvalley from-Akmagolik Creek, Alaska; 6220 % 140 .

-



Plate 48. The pr.esent day North American distribution of"Drepanoc/adus tund rae
(H.* Arnell) Loeske based on specimens in ALTA and CANM (solid, dots),

Holmen & Scotter 1971, Lewinsky 1973, and Steere (1978a) (open

circles).
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Plate 49. The -subfossil North American records of _.Drepand.c/adus tundrae H.
L . ’ 0 . '
Arnell) Loeske. Solid dots Appendix 1. Open circles: Miller (1980a).
1. Holocene. : o

2. Wisconsinan.
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forthcoming paper. At the moment, | believe that one‘of the two has to be reduced to
varietal status. Tuomikoski & Koponen (1979) stated _that b_oth species form the
donnecting link between Warnstorfia and the true Call /ergoh species. The orthophyllous
forms of both species with a hooked'apex- re‘serﬁ_blxe closely some cucullate -forms of
Calliergon spécies with a narrow apex. Careful annotation of the Warnstorfia species in
the major North American herbaria and additiohal co|lections‘ will most likely indicaté that
D. tundrae—D. pseudostramineus are‘ more commonly and evenly distributed over the

Continent. o - - ﬁ‘

v,
Drepanacladus uncinatus (Hedw.) Warnist o Plate,50

Description (n=28). - Leaves falcate-secupd to circinate, ovate—lanceo!a_te to lanceolate,
plicate to smooth, not or weakly decurreﬁ:t"t‘ (2.02.8-3.3(4.4) mm Iong“ maximal width
(0.4)0.6-0.7(1.0) mm, basal width {0.3)0.4-0.7(0.9) mm; apex slendérly acuminate, in
young leaves flexuose and-twisted, marg/ns frequently sharply de#t%gulate mostly in the
upper part; costa weak to strong, usually ending in the upper half of the lamina; upper
/eaf cel/s elongate, (33)52 B66(124) micrometer Iong {4.1)4.8- 54(7 4) micrometer wide,
wal!s thin to moderately thick, often porose; al/ar cells in a very small group, never
reaching the costa, more or less clearly differentiated, some mf‘lated,_ shortly rectangular
or rounded—quadrate, walls hyaline or yellow, thin to moderately thick. Sterm with a
circular transverse section, diameter (153)254~317(480) micrometer, ce;wtral strand well
. developed, epideEmal cells inflated and with a thin outer wall, forming a hyalodermis.
Habitat — On soil, gravel and over rbck on tree trunks, twigs and decaying wood
Common in Dryas heath, in the flood zone of streams, rivers and irrigated soil. Also seen
in rich to poor fens and meadows The species is not known’ to oc/:cur permanently ‘
submerged in lakes, but is common in periodically inundated areas. pH 'in aquatic
environmentsﬁranges from 4.9 to 7.9 (n=6), conductivity from 15 to 385 microScm-!
(n=6), Ca concentration 2.4 to 13.2 pﬁm (n=6), Mg concentration 0.0 to 1.0 ppm (n=6), Na

concentration 4.0 to 38.2 ppm (n=6) and K conc‘:entration 0 to 0.3 ppm (n=5).



. Plate 58). piepanoc/adus uncinatus (Hedw.) Warnst. (Bryological Report’s 171, 201,
335, 342 and 401) | |
1. Leaves (x38)
Stem transverse section (x240)

Alar "leaf cells (x240)
. Medial leaf cells (x600)

o~ LN

Marginal leaf cells halfway up the leaf (x600)
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Recent Distribution. = Circumboreal. Bipolar. Very common. North America (Plate 51)
from Alaska to Greenland Labrador and Newfoundland south to the Great Lakes ar;ea"“*
northern New York and Vermont, Colorado, Utah, |dahg and California, disjunct to Memco.

South America, New Zealand, Kerguslen Islands and Antarctica

Subfossil Distribution in North America (Plate 52) . — Greenland, Northv&est Territories,
Saskatchewan and Wisconsin (Miller 1980a). New records: (1) HH68~9‘(station 7), Oid
Crow Basin, Yekon Territory; * 60,000 BP., Bryological Report 68. (2) Anaktuvuk River,
0.8 km downstream from irgkivik Creek, Alaska; é10,580 + 150 BP. (I-11,010k
Bryological Report 171, Hamilton 1980a, p. 21. (3) Anaktuvuk Valley, thaw lake 2 km
upvelley from Akmagolik Creek, Alaska; 622.0 * 140 BP (- 10,784); Bryoiogical Rep"’brt
200, Hamilton 1«980a,' p. 23 .(4) Anaktuvuk Valley, thaw lake 2 km upvalley from
Akmagolik Creek, Alaska; 6200 + 120 BP. (I-10,925); Bryological Report 201, Hamilton
1980a, p. 23. (5) St. Hilaire, Qeebec; 10,100 + 150 B.P. (6SC-2200); Bryological Report
' 280, Mott et a/. 1980; vas Drepanoc/adus cf. uncinatus. (6) Cape Deceit Quaternary
Exposure, Near Deering (station 8}, Alaska; below >39,000 BP. (-4099); Bryological
Report 335, Matthews 1974a (7) Cape Deceit Quaternary TExpo’sure Near Deering,
- (station 6), Alaska 700,000 - 1,800,000 B.P.; Bryological Report 341, Matthews 1974a.
- (8) Cape Deceit Quaternary Exposure Near Deermg {station 8), Alaska; >39,000 BP.
(I-4099); Bryological Report 342, Matthews 1974a (9) Clements Markham Iniet,
Ellesmere Island, Northwest Territories; 6400 + 60 BP. {SI~4314); Bryological Report
401, '

Diagnostic Features and Discussion. — Drepanocl/adus uncinatus, normally a mesophytic
species, is sometime? found in wet habitats, often periodically inundated and thus
frequ_e‘ntly fossilized. ?ra’nch leaves formed during wet periods are characfe‘rized by an
almost complete absence of plicae (cf. also Loeske 1810, p. 203). However, 'the stem
Ieaves of D. uncmatus in these forms are stil very distinct They are strongly plicate,
very long and strongly denticulate. In contrast with most branch- leaves, they are straught
Drepanoc/adus uncinatus belongs to the species with a distribution restricted to former

glaciated and periglacial areas.

&




Plate

LY . .
51. The present day North American J'distribﬁtion aof " Drepanoc!adus

uncinatus (Hedw) Warnst based on specimens in ALTA and ‘CANM (solid
dots) Holmen & Scotter 1971, Lewinsky 1973, Steere (1978a) and

Tuomikoski et a/. {1873} (open circles).
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Plate 52. The - subfossil North American records of Drepanocladus uncinatus
) (Hedw.) . Warnst. Solid dots: Appendix 1. Open circles: Miller (1980a) and
- Kuc (1973c).
1. Holocene.
.2. Wisconsinan.

3. pre-Wisconsinan' Pieistocene.

4 tate Tertiary.
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Drepanoc/adus vernicosus (Lindb. ex C. Hartman) Warhst. : Plate 53
‘ Description (n=6). — Leaves falcate—sectnd t£> circinate, ovate-lanceolate,
(1.6)1.7-25(2.7) mm long, maximal width 0.7-0.8 mm, bésél \;vidth/O.S—O.? mm; apex
bslenderly acuminate; margins éntife’;‘costa wéak or strong, ending in the upper part of the
lamina;, upper /leaf cells elongate, 6(31)41—7-3}(>7A5)1\R micrometer long, .(3.9/4.0-5.6(6.2)
micrometer wide, walls thin or thick walled and béroée; alar cells not differentiated
from the other basal cells, rectangu|ar; walls thick, porose and brown. Stemn with circula\} ’
transverse section, diameter (280)290-370(380) micrometer, no ‘central strand,
Werﬁwal cells small and witH thick outer walls.
Habitat: — In moist or Jvhﬁw shaded habitats on calcareous substrata and in rich ferv\sA

Usuélly not . submeyged. pH - ranges fr\oTn\"')&to 80 (h=13) conductivity 32-393

—

—

microScm-! (h=13), Ca concentration 8-97 ppm (n= 1\4),\M9\Q@centration 1-23 ppm

n=14), Na concentration 3—66 ppm (h=14), K concentration 0—11 pprﬁ\(ﬁ":ﬂa)..,‘

Recent Distribution. - Circumboreal. North America (Plate 54) : Alaska, Yukon Territofy
and- Mackenzie District, Hudson Bay coast, Gaspe, Newfoundiand and New Brunswick,
south to the Great Lakes area, northérn Minnesota, southern Manitoba, Saskatchewan,

northern Montana and Washington.

Subfossil Distribution in North America (Plate 55) . - Minnesota, New York, Vermont and
Wisconsin (Mitter 19863). New records: (1) CRH 11, Old Crow Basin, Yukon Territory;
60,000 BP.; 'Bryoldgical Report 3. (2) CRH 11 (station 5), Old Crow Basin, Yukon
Territory; >51,000 B.P.'(GSC~2559—2),‘V + 60,000 BP.; Bryological Réport 32. (3
Riverbar of base camp a{ HHE8-9, Oid Crow Basin, Yukon Territory; recenf detritus;
Bryologice;I Report 35; as Drepanocladus cf. vernicosus. (4) North Fork Pass, Ogilvie
Mountains, Yukon Territory; 11,250 = 160 BP. (GSC-470); Bryological R\eport 260. (5)
Wingham, Ontério; + 12,100 BP. Bryological Report 278; as Drepano'c/a'dus cf.
vernicosus. (6) ‘Kitchener, Ontario; beldw 8800 BP.; Bryological Report 321. (7)
HH75-24, Bluefish Basin, Yukon Territory; Wisconsinan?, ‘Bryological Report 325; as



Plate 53. Drebanac/adus vernicosus (Lindb. ex c. Hartm) Warnst (Bryological
Reports 260, 321, 370 and 435) ‘
-1. Leaves (x43)
2. Stem transverse section (x276)
3 Basal leaf cells (x690)
4. Medial leaf cells (x690)
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Plate 54. The present day "~ North  American distribution «f  Drepanoc/adus
| vernicosus*(Lindb. ex ¢ 'Hartm.): Warnst. based on specimens in ALTA and

CANM (solid dots), and Holmen & Scotter 1971 (open circles).

[y
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Plate B5. The subfossil North American records of Drepanoc/adus vernicosus
(Lindb. ex c. Hartm) Warnst. Solid dots: Appendix 1. Open circles: Miller
{1980a). '

1. Halocene.

2. Wisconsinan.
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Drepanocladus cf. vernicosus (8) HHE8-G (station 9), Old Crow Basin, Yukon Territory.
Early Wisconsinan?, Bryological Report 370 (9) HH72-54 (station 3} Hungry Creek.

Yukon Territory, Wisconsinan, Bryological Report 435.

Diagnostic Features and Discussion — The character states most reliable for recognizing
D. vern/cosys are the absence of a central strand in the transverse section of the étem
and a complete lack of alar cell differentiation Most of the plants are small However. the
subfossil fragments are frequently still pinnately branched

D. vernicosus belongs to the species with a distribution restricted to former
glaciated and periglacial areas. It i1s absent from the Arctic Archipelago (ALTA and CANM)

.

~ Drepanoc/adus unidentified species

Suﬁossil Distribution in North America - Alaska, llliinois, Minnesota, Northwest
Terrifories, Quebec and Wisconsin (Miller 1980a). New records: (1) CRH 11, Old Crow
Basin, Yukon Territory; = 60,000 BP.; Bryological Report 3 (2) CRH 11 (station ). Old
Crow Basin, Yukon Territory; >51,000 BP. (GSC-2558-2), + 60,000 BP.; Bryological
Report 32; as c¢f. Drepanoc/adus species. (3) HH75-1, Rock River, Yukon Territory;
>43,000 BP. (GSC-2585); Bryological Report 33. (4) Riverbar near HH75-8 along
Porcupine River, Yukon Térritory; recent detritus; Bryological Report 34. (\5) Riverbar of
base camp at HHB68-9, Oild Crow Basin, Yukon Territory; recent detritus; Bryological
Report 35 (6) CRH 11 (station B), Old Crow Basin, Yukon Territory; + 15000 BP.,
Bryological Report 36. {7) CRH 11, Old Crow Basin, Yukon Territory, = 15,000 BP.;
Bryological Report 37. (8) HHE8-8 (station 8}, Old Crow Basin, Yukon Territory; + 60,000
BP. Bryological Report 48. (3} HH68-9 (station 8), Old Crow B‘asin, Yukon Territory; Early
Wisconsinan?;, Bryological Report 61. (10) HH68-8 (station 8}, Old Crow Basin, Yukon
Territory; Early Wisconsinan?; Bryological Report 62; as ¢f. Drepanoc/adus species. (11)
HHB9-2.1 (station 2}, Oid Crow Basin, Yukon Territory; * 60,000 B.P.; Bryological Report
102. {12) HH68-9 (station 3), Oid Crow Basin, Yukon Territory; Early Wisconsinan?;
Bryological Report 109. {13) Anaktuvuk River, 0.8 km downstream from Irgkivik Creek,
Alaska; 10,580 + 150 BP. (i~11,010);, Bryological Report 171, Hamilton 1880a, p. 21.
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(14) HHEB8 9 (station 1 2) Old Crow Basin Yukon Territory. + 60.000 BP  Bryologcal
Report 176 (15) Your Cresk arsa. Alaska 5615 + 110 BP (I 10.568) Bryological
Report 183, Hamiton 197%a Fig 5 (16) HHE8 9 (station 2). Old Crow Basin, Yukon
Te.rrltoryl + 60.000 BP. Bryological Report 262 (17) HH68- 9 (station 2) Old Crow
Basin. Yukon Territory + 60 000 BP. Bryological Report 263 (18) HH68 9 (station 11)
Old Crow Basin, Yukon Ternitory Early Wisconsinan?. Bryological Report 26% (19) CRH
11 (station 3). Old Crow Basin. Yukon Territory + 60 000 BP BryéIC)glcal Report 266
(28 CRH 12 (station 2} Old Crow Basin Yukon Territory ¢ 60.000 BP. Bryological
Report 267 (21} CRH 70 (station 2) C;ld Crow Basin, Yukon Territory, >37.000 BP
(GSC-2792), Bryological Report 269 (221 CRH 70 (station 2). Old Crow Basin, Yukon
Territory. >37.000 BP (GSC-2792); Bryological Report 270 (23) HH75-19 Old Crow
Basin, Yukon Territory, pre-Wisconsinan?, Bryological Report 272 (24) St Eugene,
Quebec: 11,050 + 130 BP. (QU-448) Bryological Report 279 Mott et a/. 1980 (25)
HHE8-3 (station 3), Oid CroW Basin. Yukon Territory, Early Wisconsinan?. Bryological
Report 294 (26) HH68-3 (station 3). Old Crow Basin. Yukon Territory. Early
Wisconsinan?: Bryological Report 295 (27) HH68-9 (station 3), Old Crow Basin. Yukon
Territory: Early Wisconsinan?: Bryological Report 299 (28) HHE68-9 (station 3). Old Crow
Basin, Yukon Territory. Early Wisconsinan?, Bryological Report 302 (29) HH68~9 (station
7). Old Crow Basin, Yukon Territory; * 60,000 BP. Bryological Report 308 (30)
HH75-24, Bluefish Basin, Yukon Territory, Wisconsinan?; Bryological Report 325 (31)
HH75-24, Bluefish Basin, Yukon Territory, Wisconsinan?; Bryological Report 326. (32)
Cape Deceit Quaternary Exposure, Near Deering (station 6), Alaska; 700,000 -
1,800.000 BP.; Bryological Report 341, Matthews 1974a (33) 228HH, Bluefish Basin,
Yukon Territory; >37.000 BP. (GSC-2783), + 60,000 BP.. Bryological Report 362 (34)
HHE8-8 (station 8), Old Crow Basin, Yukon Territory: Early Wisconsinan?: Bryological
Report 370. (35) HHB68-9 (station 3), Old Crow Basin, Yukon Territory; + 60,000 BP;
Bryoiogtcal Rep;)rt 384 (36) HH68-9 (station 10), Old Crow Basin, Yukon Territory; Early
Wisconsinan?; Bryological Report 385. (37) HHE8-9 (station 12), Old Crow Basin, Yukon
Territory;, = 60,000 BP.; Bryological Report 386. (38} HH68-9 (station 14), Old Crow
Basin, Yukon Territory; * 60,000 B.P.; Bryological Report 387. (39) HH68—-9 (station 3),

Old Crow Basin, Yukon Territory; Early Wisconsinan?, Bryological Report 388. (40)
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HHGEHB 9 (station 3 Old Crow Basin Yukon Territory Parly Wisconsinan®  Bryological
Report 391 (41 HH68 9 (statvonn 31 Old Crow  Basin Yukon  Territory  barly
Wisconsinan? Bryological Report 392 142) HH6GHE 9 (station 71 Old Crow Basin Yukon
Territory. Wisconsman Bryological Report 424 (43) HH68 -9 istation 91 Old Crow Basin
Yukon Territory Early Wisconsinan? Bryological Report 425 (441 Ballane Lake. Farrbanks
area Alaska 3110 + 100 BP (USGS 301 Bryologrcal Raport 427 Hammulton ef o/ 1980
as of. Drepanoctadus species (45 HH /2 54 (station 31 Hungry Creek  Yukon lerritory
Wisconsinan Bryological Report 434 1461 HH72 54 (station 3) Hungry Creek  Yukon

Territory Wisconsinan Bryological Repoit 43%

N
Hygroarmhly stegrum

Hygroarmbly stegrum tenax (Hedw) Jenn

Diagnostic features - ([eaves around 1 mm long, ovate to ovate-lanceolate costa

reaching to the extreme apex. strong and often with a twist in the upper half apex often
biuntly acurminate: rmarg/ns entire or subentire, medial cell/s short. 41 to 2 1. often

shorter in the apex. becoming gradually shorter. rectangular and quadrate at the base
Habitat. - In wet habitats, on stones and trees, also in running water

Recent Distribution. — Cwrcumboreal North America from British Columbia to
Newfoundland. but very rare in the west, essentially an eastern species south to Florida

Arkansas, Arizona and Mexico. Europe. North Africa. Madeira and Caucasus

Subfossil Distribution in North America - Vermont (Miller 1980a. New records (1)
Kiuane Lake, south shore. Yukon Territory. below 43 m of water; 2215 BP. (I-10,525);

Bryological Report 178

Discussion. — For the distinction between Hygroamb/ystegium tenax and Amb/ystegium

varium, see the notes under the latter. Similar Cratoneuron leaves are distinguished by the
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Cordate ovate shape with whar gy teeth along the mar s and by the elongate medial celis

Hygr oy pruam ‘
This genus 1 poorly reprasented in the tossil record (see also Dickson (19730
The tew gspdaimmns in my colloctions could not be assgned o any species with

conbiaence

Subtossy Distribution i North Amerca Indiana - Northwest Ternitones  Ontarno
vVermont and Wastington DC iMidler 1980a including 29y qrom powen cugyvenam i85 G
l(mskp\. Hoocurniontanum Crum o Steere and Anders M Juridun tledw i Jenn and Ao
poiare Lindbl L oesker New records (D) Clements Markham injet tllesmere island
Northwest Territories 6400 + 60 BP (S 4314 Bryological Report 401 as
Fygrohy prumr ot Jucrdom 130 HHBB 9 station 8 Oid Crow Basim Yukon Territory tariy
Wisconsman® Bryological Report 62 as ¢f Hyqrofn pnurm polare

Discussion Like the other Amblystegiaceae the species ot HMyyrohypnurm are
trequently found in wet habitats However these taxa are particularly éssocxateo with
running water This could explain therr practical absence from the fossil record because

such high energy environments are less suitable for fossilization
Scorprdium
Scorpidium scorpioides (Hedw  Limpr

Diagnostic features - [leaves widely ovate to cordate—ovate falcate-secund apex
apiculate’ costa short double, sometimes single and reaching to halfway up in the lamina
or absent. med/a/ ce/ls with thick porose walls, a/ar ce//s gradually differentiated a few

3

inflated and with thin hyaline walls

Habitat — In tufts or mats in moist or wet habitats on caicareous ground. often in fens

mixed with Drepanoc/adus revolvens. On irrigated rocks. sometimes submerged in lakes
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or pools. Cited as an indicator of rich fens (Miller 1980c). The pH ranges from 6.9 to 7.8
(n=35), conductivity -66 to 1042 mic;'oScm'1 (n=35), Ca concentration 2.8-155.0 ppm
(n ﬁ) Mg concentration 1.5-51.6 ppm (n=21), Na concentration 2.6-27.8 ppm (0= 20)_
and K concentratlon 0-15.3 ppm {n=20).

Recent Distribution. - Circumboreal. North America (Miller' 1880c). from Alaska to
Greenland, Labrador and Newfoundland,. most common in the north, south to the Great
Lakes area in the east and through ‘the western mountams, to Colorado and Utah in the

west. Europe, northern Asia.

Subfossil Dnstrlbutlon in North America (Mlller 1980c). — Alberta, British Columbia, lowa,
Mamtoba anesota Northwest Territories, Wisconsin and Yukon Territory (Miller
1980a). New records: (1) Silver Creek, Slims River drainage, Yukon Territory; 30,100 *
600 BP. {Y-1385), Bryblogical Report 2, échwege’r & Janssens 1980. (2) CRH 11, Old
Crow: Basin, Yukon Territéry; + 60,000 B.P.; Bryological Report 3. (3) Riverbar of base
camp at HHB8-9, Oid Crow Basi:n, Yukon Ter?itory; recent detritus; Bryological Report
35. (4] CRH 11, Old Crow Basin, Yukon Territory; £ 15,000 BP.; Bryological Report 37.
(5) CRH 12, OId CroW Basin, Yukon Territory; 35,500 BP. (GSC-2507); Bryological
Report 40. (6) HH68-9 (station 8), Old Crow Basin, Yukon Terr.itory; + ‘60,000 BP,
Bryological Report 48.-(7) HH68—V9 (station 8), Old Crow Basin, Yukon Tl)e.rritory; Early
~ Wisconsinan?; Bryological Report 61. (8) HHE9-21 (station 1), Olvd Crow Basin, kYukon.
“rerritory; + 60,000 BP; Bryological Report 101. (9} HH69;21 istation 2), Qld Crow
Basin, Yukon Territory, = 60,000 BP.; Bryological Report 162. (10) Su'r’Kﬁa/pta Pass,
Alberta; 8920 = 100. B.P. (GSC—451); Bryoldgicél Report:162, Schweger et a/. 1978, p.
62. (11) Mackinson inlet, Ellesmereo lsland, Northwes‘t Territories; >5%000 BP.
(GSC 2677); Bryologlcal Report 163, Blake & Matthews 1979. {12) Koyukuk River, 4 km
downstream‘from Hawzerah Creek, Alaska; * 60, OOO BP.; Bryologlcal Report 169. (13)
Anaktuvuk River, 0.8 km downstream from Irgkivik Creek, Alaska; 10,580 = 150 B.P.'
,_,(Iz_1 1,010); Bryological Report 171, Hamitton 1980a. p. 21. (14) A’naktuvuk River, 2 km
upstream from Itikmalaiyak Creek, Alaska;, 1935 +-80 B.P. (I-11,011); Bryological Report
‘4‘172, Hamilton 1980, p. 24. (15} HH75-24, Bluefish Basin, Yukon Territory; probably

9
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pre—Wisconsinan; Bryological Report 173. (16) Kluane Lake, south shore, Yukon Territory,. '
below 43 m of water; 2215 B.P. (I-10,525); Bryological Report 178. (17) Wind River, ‘50
km south of continental divide, Brooks Range, Alaska; 9380 * 150 B.P.‘ (I-10,508), 96)00
+ 85 B.P. (USGS-163); Bryological Report 180, Hamilton 1978b, p. 40. (18) Your Creek
area, Alaska'“5615 + 110 BP. (I-10,568); Bryological Report 183, Hamilton 1879a, Fig. 5.
(19) Anaktuvuk Valley thaw lake 2 km upvalley from Akmagohk Creek Alaska 6200 =
120 BP. (I—10,925), Bryological Report’ 201, Hamllton 1980a, p. 23.. (20) Wagner
Property, Edmonton area, Alberta; Holocene peat, \50 to 60 cm below watervsurface;
| Bryological Report 205.‘ (21 Wagner Property, Edr;wonton area, Alberta; Holocene peat,
60 to 70 cm below water surface; Bryological Report 206, es Scorpidium cf.
scorpioidves. {22) HHE8-9 (station 2), ‘Old Crow Basin, Yukon Ter‘(ritory; + 60,000 BP:
Bryological Report 262. (23)_' HHBE8-9 (station 11), Old Crow Baé;n, Yukon Territory; Early
Wisconsinan?; Bryological heport 265.L24) CRH 11 (s’fation"'.é), Old Crow Basin, Yukon
Territory; + 60,000 B.P; Bryological Report 266. (25) CRH’,*'1;2 {(station 2), Old Crow Basin,
Yukon Territory, * 60,000 BP.; Bryological Report 267 (26) HH75-24 (station 2),
Bluefish Basin, Yukon Territory; above >53,000 BP. (éSC—2373—2);- Bryologiea| Report
271. (27} HH75-19, Old Crow Basin, Yukon Territory; pre Wlsconsman? Bryological
Report 272. {28) Kitchener, Ontario; 6900 B.P.; Bryological Report 273. (29) Kitchener,
Ontario; between 6900 BP. and 7700 BP.; Bryological Report 274. (30) Kitchener,
Ontario; below 8800 BP.; Bryolqéicel -Repert 276. (31} St Eugene, Quebec; 11,050 =
130 B.P. (QU—-448); Bryological Report 279{, Mott et a/. 1980. {32} St. Hilaire, Quebec;
10,100 = 150 BP. (GSC-2200); Bryological Report 280, Motf et al. 1980, as
Scorpidium cf. scorpioides. (33) Sh‘eran Lake, Banks Islaed, Northwest Territories; just
above 10,200 + 130 BP. (GSC- 2673) ‘Bryological Report 282. (34) Shoran Lake, Banks
Island,. Northwest Terrltornes 10 200 130 BP. (GSC-2673);, Bryological Report 283.
(35) HH68—9 (station .3}, Oid Crow Basin, Yukon Terrltory Early Wisconsinan?; Bryological
Report 294. (36) HHE8-9 (station 3), Old Crow Basin, Yukon Territory; Early
* Wisconsinan?; Bryological Report 298. (37) HH68-9 (statior\ 3). Old Crow Basin, Yukon
Territory; Early Wisconsinan?; Bryological Réport 302. (38) Kitchener, Ontario; below
- 7700 BP.; Bryological Repert 320. (39) Kitchener, Ontario; below 8800 BP,; Bryologicel
Report 321. (40) Kitchener, Ontario; below 8800 BP, Bryological Report 322. (41)
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Kitchener, Ontario; beiow 8800 B.P.; Bryological Report 323. (42) K‘i‘tchener, Ontario;
below 8800 B.P.;'Br‘yological Report 324. (43) HH75-24, Bluefish Basin, Yukon Territory;
Wisconsinan?; Bryological Report 325. (44) HH75-24, Bluefish Basin, Yukon Territory;
Wisconsinan?; Bryologlcal Report 326, as Scorpidium cf. scorpm/des (45) Cape Deceit -
Quaternary Exposure, Near Deering (station, 6), Alaska .700,000 - 1,800.000 BP -
Bryological Report 341, Matthews 1974a (46) HHB8-9 (station 9). Old Crow Basin
Yukon Territory; Early Wisconsinan?; Bryologlcal Report 370. {47) HHE9- 21 (statnon 3),
Oid Crow Basin, Yukon T_errltory 60,000 BP.; Bryologncal Report 388. (48) HHE68-8
(station 3), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 391.
(;19) HHE8-9 (station 3), Old Crow Basin, Yukon Territory. Early Wisconsinan?; Bryological
Report 392 " (50) HH68-9 (stati.on 9), oid Crow Basin, Yukon Territory: Early
Wisconsinan?; Bryological Report 425, (51} HH72 54 (station 3), Hungry Creek, Yukon

Terr|tory Wisconsinan; Bryological Report 435.

Discussion. — Scorpidium scorpioides is a very characteristic fossil. Itis also one of the
most common P'Ieistocene eryophytes (see also DickSon 1973, p. - 142). All fossil
specimens have a rich dark-brown color. The“preservation' is. often perfect (Janssens
1877b, Gistel-26 deposits and Bryological Report 172) and -the fragments co’mplete.‘
Often intact api.cal parts of branches are found, composed of tightly inrolled leaves, that
are characteristically falcate—secund. In the preparafion of the slides, the apices of the
broadly ovate leaves frequently split and appear Iacerate. In less than perfectly preserved
material, the short apiculus is eroded and usually only preserved on a few leaves.

| The - species is locally very abundant in" rich fen pools and other highly
minerotrophic, stagnant waters. It is considered a rich fen indicator (Miller 1973b).
Calcium carbonates are frequently precipitated. in these environments and the older parts
of the plants are encrusted with lime. In autochthonous deposuts marl is often intermixed
with S. scorp/O/des peat. The habitat differentiation between S. scorp/O/des and S.
turgescens is discussed by Milier (1980c). He based his conclusions on information taken
from herbarium labels. S turgescens is considered to be found more frequently on

mineral substrata. ¥
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Scorpidium turgescens (T. Jens.) Loeske

Diagnostic features. - Leaves ovate to narrowly ovate, straight; costa short, double or
absent; apex apiculate; medial cells with thick porose walls; alar cel/l/s gradually

dif ferentiated, always thick—walled and never strongly inflated.

Habitat. - On calcareous soil, in fens, on irrigated rocks. Rarely submergefi in lakes. A
distinct calciphile (but in the British Isles also reported from acidic substrates), mainly
found in extreme rich fens. Asspciated with' Ca///'ergon trifarium, Drepanoc/adus
revolvens, D. tundrae, Meesia triquetra and Scorpidium scorpioidés. pH 7.3 to 7.7
(n=3), conductivity 181 to 493 microScm™ (n=3), Ca concentration 19 to 78 ppm (=3},
Mg concentration 86 to 18.0 ppm (n=3), Na concentration 9 to 25 ppm 7(n='3), K

~ concentration O to 1.5 ppm (h=3).

Recent Distribution. — Mainly circumboreal. North America (Miller 1980c): from Alaska to
Greenland, Labrador and Newfoundland, south to New Jersey, Ohio, Indiana and
Wisconsin in the east and to northern Idaho and Montana in the west; Queen Charlotte

Islands. Ebuador, Bolivia. Northern and montane Europe, northern Asia.

Subfdssil Distribution in North America. - Alaskab, Greenland, lowa, Michigan, Minnesota,
New York, Northwest Territories, Vermont and.Wisconsin (Miller 1980a, 1980c). New
records: (1) Your Creek aréa, >Alaska; 5615 + 110 BP (- 10,568); Bryological Report
i83, Hamilton 1979a, Fig. 5. (2) North Fork P‘ass, Ogilvie Mountains, Yukoh Territory;
11,250 + 160 BP. (GSC-470); Bryological ‘ﬁeport 260. (3) HH75-24 (station 2), Bluefish
Basin, Yukon Territorypabové >53,000 BP. (GSC-2373-2); Bryological Report 271. (4)
HH68-9 ‘(sta'tion 3); Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryologiéal
Report 302. |

Discussion. — The relationship. of Scorpidium turgescens with Calliergon wickesiae and

_ Drepénbc/adus badius ié discussed under D. badius.

i
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Scorpidium unidentified species

Subfossil Distribution in North America. - Northwest Territories (Miller 1980a). New
records: (1) HH68-9 (station 3), Oid Crow Basin. Yukon Territory; * 60,000 BP;
Bryological Report 174, as cf. Scorpid/um.’sgecies. (2) Kitchener, Ontario; 6300 B.P.

Bryological Report 273, as ¢f. Scorpidium species.



295

Brachytheciaceae

-

Brach){thec/urﬁ

.A's later explained in the discussion of 8. turgidum, most of the éubfossiI material
of Brachythecium is rather stenotypic and can be as‘signed to B. wrgidum. Several other
species of this large genus are represented in the literature by fossil records (Miller
1980a): 8. p/umosum (Hedw.) BS.G. B. rivul/are BS.G and'B. salebrosum (Web. et Mohr)
B.S.G. The only recor‘d | could check {G.S.C)) was Kuc's specimen of B. sa/ebrosum from

Banks island.
Brachythecium groenlandicum (C. Jens.)) Schijak.

Subfossil Distribution in North America - (1) Your Creek area, Alaska; 5615 = 110 BP.
(I-10,568); Bryological Report 183, Hamilton 1979a, Fig 5, as Brachythecium cf.

groenlandicum.
Discussion. — See below under B. turgidum
Brachythecium turgidum (C.J. Hartm.) Kindb.

Diagnostic features. ~ Fragments unbranched; /eaves spreading to erect, lanceolate to
ovate—lanceolate, base concave, plicate; costa reacﬁing into the upper half of the lamina,
weakly developed; margins plane io frequently narrowly recurved or incurved, entire to
weakly denticulate; media/ cel/s elongate, linear, with sharp ends and thick, smooth walls;
alar ce/‘/s gradually and poorly differéntiate_d, quadrate—reetanghlar, in an adaxially
convex, bulging group, sometihes shortly and narrowly decurrent, cells in the decurrency '
usually rectangular, sometimes quadrate.

Habitat. - On moist or wet calcareous soil, in fens, on irrigated rocks, and on soil and

rocks beside streams. pH 7.0 to 7.8 (n=7), conductivity 166 to 505 microScm (n=7), Ca
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concentration 22 to 77 ppm (n=7), Mg concentration 12 to 16 ppm (n=7), Na

concentration 12 to 25 ppm (n=7), K concentration 0.1 1o 15.3 ppm (n=7) -

Recent Distribution. — Circumboreal. North America. from Alaska to Greenland and
Labrador, south in Quebec. Michigan and Montana. Northern and central Europe, Svalbard,

northern Asia.

Subfossil Distribution in North America. — Wisconsin (Miller 1980a). New records: (1)
Hulgothen Bluffs, Fish Creek. Alaska; 500,000 to 1,500,000 B.P.. Bryological Report
170, (2) HHB8-9 (station 1-2), Oid Crow Basin, Yukon Territory. * 60,000 BP;
Bryological Report 176, (3) Wind River, 56 km south of continental divide, Brooks Range,
Alaska; 9080 + 150 BP (I-10,509); Bryological Report 181, Hamilton 1978b, p 4 1. 4)
Anaktuvuk Valléy, thaw lake 2 km vaalley from Akmagolik Creek, Alaska; 6220 = 140
BP. (I—i0,7'84); Bryological Rebort .200, Hamilton 18980a, p. 23. (5) CRH 12 (station 2}, Old
Crow Basin, Yukon Territory; = 60,000 BP; Bryological Report 267. (6) HH75-24 (station
2), Bluefish Basin, Yukon Territory, above >53,000 BP. {GSC-2373-2); Bryological
Report 27 1. (7) St. Hilaire, Quebec; 10,100 = 150 B.P. (GSC-2200); Bryologicat Report
280, Mott et a/. 1980. (8) Cape Deceit Quaternary Exposure, Near Deering (statidh 8),
Alaska; below >39,000 B.P. (-4099); Bryolog‘ical Report 335, Matthews 1974a (9) Cape
Deceit Quaternary Exposure, Near Deering (station 8), Alaska; >39,000 BP. (-4099);
Bryological Report 350, Matthews 1974a {10) HH79-1, ‘Hur'\gry Cregk, Yukon Territory;
8700 * 80 BP. (GSC—2971); Bryological Report 383. {11) HH72-54 (station 3), Hungry

Creek, Yukon Territory; Wisconsinan; Bryological Report 435.

Discussion. — Brachythecium turgidum is distiﬁguished 'frdm Leptodictyum speciesv by
having brachy(thecioid cells or medial cells with sharp points, (easiest to observe under a
low power lens of the microscope), while the taxa in the Amblystegiaceae always have all
their leaf cells with biunt ends. Brachythecium is an unwieldy genus. However, most of
the subfossil material could be assigned; after careful study and elimination,vto B.
turgidum. This taxon is characterized by its eséentially entire, often folded margins,

narrowly lanceolate to ovate—lanceolate, plicate leaves and narrowly or not at all
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decurrent alar cell groups. The leaves are erect to erect-spreading and light—-yellow in
color. The fragments are always unbranched Brachythecium turgidum is differentiated
from B. groen/andicum in the leaf decurrencies: if they are present in B. turgidum, they
remain attached to the stem when the leaves are scraped off, and they consist usua||y‘out
of a few rectangular cells. In B. groen/ahdicum, the decurfency is usually broader, often
remains attached to the scraped leaves and is composed of qﬁadrate—rounded cells. This
latter taxon also differs in hébitat: in moist places on rocks (e.g. basalts) in mats, in late.
show melt areas, or mixed with other bryophytes in heaths. It is tths essentially

acidophilous. There is only one dubious fossil record of B. groen/and jcurn: see above.

Brachythecium unidentified species
Subfossil Distribution in North Amfrica. — (1) Cape Deceit Quaternary Exposufe, Near
Deering (station 6), Alaska; 70 0 - 71,800,000 BP.; Bryological Report 341, Matthews
1974a, as cf. Brachythecium species. (2) HH78-1, Hungry Creek, Yukon Territory; 8700

+ 80 BP. (GSC-29871); Bryological Report 383, as c¢f. Brachythecium specieé.
Cirriphy!lum
" Cirriphyltum cirrosum (Schwaegr. ex Schultes) Grout

Diagnostic features. — Leaves imbricate, concave, narrowly ovate; apex abruptly
narrowed and long acuminate; costa short, usually reaching half way up the lamina;
margins entire to weakly denticulate; medial cells elongate, narrow and thick—walled,
shorter towards the base, walls smooth above, po_rose towards the base; alar cel/ls

* gradually differentiated, quadrate.

Habitat. — On moist to wet calcareous soil in open tundra, on rocks, or in crevices and
. depressions. Common in the wetter parts of Carex meadows, and along streams and
pond shores. In rock crevices farther south. Associated with . Meesia triquetra,

Calliergon giganteum and sometimes Bryum cryophilum in late showbeds in the High
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Arctic.

Recent Distribution. - Circumpolar. Arctic—alpine species. North America: from Alaska to
Greenland, through the Rocky Mountains to Alberta and British Columbia, south to -
‘Washington and disjunct to Colorado. Manitoba Iceland, Svalbard, mountains of Europe,

Himalayas, arctic US.S.R., China, Japan, northern Africa.

Subfossil Distribution in North America - Northwest Territories (Miller 1980a). New
record (1) Your Creek area, Alaska; 5615 + 11Q B.P. (I-10,568); Bryological Report 183,
Hamilton 1879a, Fig. 5.

Discussion. — Cirriphyl/lum cirrosum differs from C. pi/iferum (Hedw) Grout by its
bnarrowver ovate leaves, denser areolation (narrower cells with thicker walls) and weaker
costa In contrast with C. pi/iferum, an European—eastern North American species, it is

only found in arctic and alpine areas. There are no fossil records of C. pil/iferum.
Eurhynchium
Eurhynchium pulchelfum

Diagnostic features. — Leaves widely spreading, ovate to ovate?lanceolate; apex bluntly
acuminate or obtuse; costa short, usually reaching half way up the lamina and ending in an
abaxial spine; margins sharply ‘denticulate all around; medfa/ cells elongate, linear,
sinuose, thick-walled; apfca/ cel/ls abruptly shortened, often isodiametric; a/ar cel/s
gradually dif ferentiated, quadrate.

Habitat. ~ On soil, rock, rotting wood and treer—stumps or roots of trees in shaded

habitats, chiefly in calcareous districts.

Recent Distribution. — Circumboreal North America Alaska to Greenland in the north,

south to California in the west and Virginia in the east. Mexico, Ecuador, Europe, Canaries,
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Algeria, Caucasus, northern, central, and eastern Asia, Japan.

subfossil Distribution in North America — Louisiana, Minnesota, Northwest Territories and
Wisconsin (Miller 1980a). New records: (1) HH75-1, Rock River, Yukon Territory;
>43,000 BP. (GSC-2585); Bryological Report 33. (2) HH68—9 {station 8}, OId Crow Basin,
Yukon Territory, + 60.000 B.P, Bryologiical Report 49. (3) HHE8-9 (station 8), Old"Crow .
Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 62. (4) HH68-9 (station 7),
Old Crow Basin, Yukon Territory; * 60,000 BP. Bryological Report 64. (5) HH68-9
(station 3), Oll'd Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 302.
(6) Cape D‘eceit Quaternary Exposure, Near Deering (station 6), Alaska; 700,000 -
1,800,000 B.P.: Bryological Report 341, Matthews 1974a (7) HHE68-9 (station 9), Oid
Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 370. (8) HH68-9
(station 9), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 425.
(9) HH72-54 (station 3), Hungry Creek, Yukon Territory; Wiscovnsinan; Bryological Report
435. ' : '

Discussion. — The only taxon approaching £. pulchel/l/lum in some aspects is
Drepanoc/ adus pseudostramineus. Eurhynchium pulchel/lum can be distinguished by its
less developed alar cells, sharper denticulation, more numerous short isodiametrical cells
in the blunt apex, suddenly shortened from the medial cells, and the shorter ovate leaf

shape.
Tomenthy pnum
Tomenthy pnum nitens Hedw.) Loeske

Diagnostic features. — Fragments pinnately or frequentl.y densely branched on one side;
/eaves imbricate, narrdwly ovate-lanceolate to lanceolate, strongly plicate, sharply and
narrowly acuminate; costa single, ‘strong or weak, reaching into the upper half of the
lamina, often with abundant abaxial rhizoids formed in the lower leaves; ma/g/hs entire;

medial cells elongate, linear, very narrow, with blunt ends; a/ar ce//s gradually and
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poorly dif ferentiated, quadrate and thick-walled

Habitat — In moist or wét habitats, often in rich fens mixed with other mosses.
Associated with Sphagnum warstorfii and Campylium ste//atum. On Devon Isiand it
forms, along with Au/acomnium turgidum, Campylium arcticum, and Orthothecium
chryseum, a conspicuous, but minor component of the higher hummocky sedge-moss
meadows (Vitt 1875} It is also found in the mesic depressions of the rock outcrdpS,
often with Hyl/ocomium splendens, as well as in othe?:mesic‘ habitats. The pH ranges
from 6.8 to 8.0 (n=25). conductivity 163 to 1068 microScm! (n=25), Ca concentration
13.2 to ‘1 15.0 ppm (n=19), Mg concentration 0.0 to 53.2 ppm (n=19), Na concentration
6.3 1o 16.6 ppm (n= 18i and K concentration 0.0 to 13.6 ppm (n=19).

Recent Distribution. — Circumboreal. North America: from Alaska to Greenland, Labrador
and Newfoundland, south to New Jersey, Ohio, Michigan and Mihnesota in the east and to
northern ldaho and Montana in the western mountains, disjunct to southern Oregon,

Wyoming, Utah and Colorade. Europe and northern Asia.

Subfossil Distribution in North America — Alberta, Iowé, Minnesota, New York, Northwest
Territories ;md Wisconsin (Miller 1980a). Néw records: (1) Riverbar near HH75-9 along
Porcupine River, Yukon Territory; recent detritu;; Bryological Report 34. {2) Riverbar of
base camp at HH68-8, Old Crow Basin, Yukon Territory; recent detritus; Bryological
Report 35. (3) CRH 11 (station 5), Old Crow Basin, Yukon Territory; + 15000 BP,;
Bryological Report 36. (4) Snake River area, Yukon Territory; 11,700 = 890 BP.
(GSC-2693) and 11,800 = 170 BP. (GSC-2745); Bryological Report 41'. (5) HHE68-9
(station 8), Old Crow Basin, Yukon Territory; Early Wisconsinan?; Bryoiogical Report 62,
as cf. Tomenthypnum nitens. (6) HH68-9, Oid Crow Basin, Yukon Territory; Holocene
‘peat, 0 to 10 cm below surface; Bryological Report 143. (7) HH68-9, Old Crow Basin,
Yukon Territory; Holocene peat, 20 to 30 cm below surface; Bryological Report 145. (8)
HH68-9, Old Crow Basin, Yukon Territory; Holocene peat, 140 to 150 cm below
surface; Bryological Report 157. (3) HH68~9, Old Crow.yBasih; Yukon Territory; Holocene

peat, 200 to 150 cm below surface; 'Bryologicall Report 158. (10} Sunwapta Pass,
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Alberta, 6320 *+ 100 BP (GSC 451) Bryological Report 162, Schweger et a/. 1978, p
62 (11) Anaktuvuk River, 0.8 km downstream from Irgkivik Creek. Alaska, 10,580 * 150
BP (-11,010). Bryological Report 171, Hamilton 1980a p 21 (12) HHBEB-9 (station
1-2), Old Crow Basin, Yukon Territory: * 60,000 BP.; Bryological Report 176 {13) Kluane
Lake. south shore, Yukon Territory. below 43 m of water; 2215 BP (I-10,525).
Bryological Report 178 (14) Wind River, 50 km south of continental divide. Brooks
Range, Alaska, 9380 * 150 BP (-10,508), 9600 * 85 BP. (USGS- 163). Bryological
Report 180, Hamilton 1879b, p 40 {15} Section Creek, 9 km upstream from
Sagavanirktok River, Alaska; 12.690 + 180 BP. (-10.,567). Bryological Report 182,
Hamilton 1879b, p. 29 (16) Your Creek area, Alaska; 5615 * 110 BP. (I-10,568);
Bryological Report 183, Hamilton 1979a, Fig 5. (17) Anaktuvuk Valley. thaw lake 2 km
upvalley from Akmagolik Creek, Alaska; 6220 + 140 B.P. (I-10.784), Bryological Report
200. Hamilton 1980a, p. 23. (18) Anaktuvuk Valley, thaw lake 2 km upvalley from
Akmagolik Creek, Alaska; 6200 = 120 B.P. (I-10,925), Bryological Report 201, Hamiiton
1980a, p. 23 (19) Wagner Property, Edmonton area. Alberta; Holocene peat, 50 to 60
cm below water surface; Bryological Report 205. (20) Wagner Property,\Edmonton area,
Alberta; Holocene peat, 60 to 70 cm below water surface; Bryological Report 206. (21)
North Fork Pass, Ogilvie Mountains, Yukon Territory, 11,250 = 160 B.P. (GSC-470);
Bryological Report 260. {22) HHB8-9 (station 2), Old Crow Basin, Yukon Territory; *
60,000 BP.; Bryological Report 261. (23) HH68-9 (station 11), Old Crow Basin, Yukon
Tefritory; Early Wisconsinan?; Bryological Report 265. (24) CRH 11 (station 3), Old Crow
Basin, Yukon Territory; £ 60,000 BP.; Bryological Report 266. (25) CRH 12 (station 2),
Old Crow Basin, Yukon Territory; + 60,000 BP.; Bryological Beport 267. {26) CRH 70
{station 2), Old Crow Basin, Yukon Territory; >37,000 B.P. (GSC-2792); Bryological
Report 269. (27) CRH 70 (station 2), Old Crow Basin, Yukon Territory; >37,000 BP.
' (GSC-2792); Bryological Report 270. (28) St Eugene, Quebec; 11,050 = 130 BP.
(QU-448); Bryological Report 279, Mott et a/. 1980. {28) St Hilaire, Quebec; 10,100 *
150 BP. (GSC-2200); Bryological Report 280, Mott et a/. 1980. (30) HHB8-9 (station 3),
Old Crow Basin, Yukon Territory; Early Wisconsihan?; Bryological Report 288. (31)
HHE8-9 (station 3), Old Crow Basin, Yukon Territory, Early Wisconsinan?; Bryological

Report 302. (32) HHE8-8 (station 7), Old Crow ‘Basin, Yukon Territory; + 60,000 BP;
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Bryological Report 308 (33) Kitchener, Ontario. below 8800 B8P . Hryological Report
322 (34) Kitchener. Ontario, below 8800 BP . Bryological Report 323 (3b) Kitchener
Ontario. below 8800 BP., Bryological Report 324 (36) HH75 24, Bluefish Basin, Yukon
Territory. Wisconsinan, Bryological Report 328 (37 Cape Deceit Quaternary Exposure,
Near Deering (station 6), Alaska, 700,000 - 1,800,000 BP: Bryological Report 341
Matthews 1974a (38) Hr-‘|68-~9‘(statnon 9), Old Crow Basin, Yukon Territory, Early
Wisconsinan?, Bryological Report 370 (39 HH79- 1, Hungry Creek. Yukon Territory.
8700 * 80 BP. (GSC-297 1), Bryological Report 383 (40) HH68-3 (station 3). Oid Crow
Basin, Yukon Territory, Early Wisconsinan?, Bryological Report 389 (41) HH68-9 (station
3). Oid Crow Basin. Yukon Territory. Early Wisconsinan?, Bryological Report 392 (42)
Clements Markham Inlet. Ellesmere Island, Northwest Territories, 6400 * 60 BP
(S1-4314); Bryological Report 401 (43) HH68-9 (station 9), Old Crow Basin. Yukon
Territory. Early Wisconsinan?; Bryological Report 425 (44) HH72-54 (station 3), Hungry
Creek, Yukon Territory; Wisconsinan; Bryological Report 434 (45} HH72-54 (station 3),
Huhgry Creek. Yukon Territory; Wisconsinan; Bryological Report 435

Discussion. — The subfossil material of 7omenthypnum nitens is characterized by its
rich—brown color. in contrast to the golden color of the living populations. Presérvation
of this very abundant and easily recognizable moss is often perfect (including branches
and tomentum). The only North. American taxa approaching its leaf structure are
Orthothecium, Homalothecium, Trachybryum  megaptilum (Sull)  Schof. and
Tomenthypnum falcifolium Ren. ex Nich. Orthothecium is ecostate. However, it often
takes some time in poorly preserved material of Tomenthy pnum nitens to find the costa
" whiich is hidden by the folds. The use of pliant plastic coverslips has proven here to be
of advantage: to apply pértial pressure on a leaf to unfold it Homa/othecium and
Trachybryum megapti/um are sharply denticulate. None of the fossil collections could be
assigned to Tomenthypnum falcifolium. Thvis species is characterized by falcate—secund
leaves that are narrowed to the insertion (straight or slightly curved, lanceolate leaves in
7. nitens, Vitt & Hamilton 1975) Leaves of Drepanoc/adus uncinatus can- be
differentiatéd from those of 7. fa/cifo/ium by the denticulations along the upper part of

the margin and the differentiated alar cells. The stem epidermis of 7. fa/cifolium is
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tormed by thick walled cells not torming a hylodermms as v () uncinatus Rhwzods
practically always torm on the abawxial side ot the costain! fa/cifolium. but never occu
n D. uncrnatus

The species of Tomenthypnum differ in habitat Jomenthypnum falcitolium s

tound in poor fens, associated with Sphagnurm angustifolium and S magellanicum
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> Entodontaceae

All three North American genera of this family have a fossil record. Entodon,
represented by one species, £. concinnus, is known as single, well preéervad ffagments
in England (Dickson '1973) and Alaska {see below). In addition, there are’ Pleistocene and
Pliocene occurrences in Poland and the US.SR. (Jovet—Ast 1967). Orthothecium is only
“known in the North American Quate'rnai'y record. Pleurozium, a monotypic genus, is a .
very common fossil from Qostglacnal times on in Britain (chkson 1973) and is khown
from the Holocene of Belgium {Janssens 1977a) and from Iateglacnal and Holocene
deposits in the Yukon and Alaska. 8 -

Members of th!S family are dlstmgwshed by tmbrlcate concave leaves that are
often plicate, have a poorly developed or no costa and narrow, linear medial cells. There

are no paraphyllia £ntodon and Pleurozium have obtuse or slightly apiculate leaves,

Orthothecium has shortly acuminate to sharply acute leaves.

A,
Entodon é‘-;’;

Only £. concinnus has a fossil record.

P34

Entodon concinnus (De Not) Par.

Diagnostic features. - Fragments irregularly pinnately branched; /eaves ovate to obovate,
concave; apex obtuse; costa short and double or absent medial cells elongate, with
sharp ends, moderately thick—walled, slightly porose; alar cel//s numerous, in a ‘long,

. harrowly triangular group e‘xtending up along the margins, rounded or quadrate. '

Habitat — On'moist calcareous soil, often on rocks or fallen trees. On steep sliopes and
slopes covered with Dryas. Associated in mesic habitats with Hy/ocomigrr;,sp/endens,
Rbyt/jdiadé/phus triguetrus and Tomenthypnum nitens. It is more comrﬁon in drier
“habitats with such species as Thuidium abietinum, Ditf/'chumpf/éxicau/e and Hypnum
bambergeri. |

.

Recent Distribution. = Circumboreal. North Amervica (Steere 197.8a). from arctic Alaska to

o

<3
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central Alberta, disjunct.to Colorado and New Mexico in the west and disjunct to
Newfoundland and to North Carolina in the east Iceland. Europe, central and northern

Asia. Japan.

Subfossil Distribution in North America. — (1) Anaktuvuk Valley, thaw lake 2 km upvalley

from Akmagolik Creek, Alaska; 6200 * 120 BP. (I-10,825); Bryological Replort 201,

Hamilton 1880a. p. 23. |

Discussion. - P)euroz/um 1S distinguiéhed from Entodbn by its shortly a'piculate leaves,

blunt .ended me'dial cells and alar cell groups hot extending'aiong the margins. Leaves of

both taxa are differentiated from Ca//iefgon leaves by the absence of a sihgle costa and
less developed alar cé‘l!s.’ Scl/eropodium (includin'g Pseudosc)éropodium) ‘has a longer

apiculus and a short, single costa.

Orthothecium
Orthothecium chryseum is the most commonly represented species in the North
American fossil record. All localities are northern and my specimens fit the diagnosis of

the variety cochl/earifol ium (Miller & Ireland 1978b).
Orthothecium chryseum var. cochlearifol ium (Lindb.) Limpr.

‘ Diagnostic features. - Leaves ovate—‘lahceolate, strongly plicate; apex shortly acuminate
‘ or 's'ometimes‘narrowly obtuse, the tip sharply recurved; costa absent; margins entire,
- often narrowly recurved along the whole Iength;‘ medial cells linear, thick—walled,

porose; alar cells not differentiated. '

Habitat. = In cushions in wet meadows; on hummocky slopés or at the margins of ponds -

and lakes. The species ﬂis often associated with rich fen taxa but occurs also in Dryas
% heath with Ditrichum flexicaule, and Hyph&m bambergeri. On steep slopés it is found

with Cinc/idium arcticum, Mnfum blyttii, Cyrtomnium. hymenophyl/oides, C.

hymenophy!/um and Timmia norvegica.
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¥
Recent Distribution. - Circumpolar. Arctic species. North America: Alaska, Northwest
. "\ B H

Territories, Greentand. Svalbard, Northern Asia. The variety is recently recognized (Miller

& Ireland 1978b) and probably has a wider range, like Var. chryseum.

Subfossil Distribution in. North America, - Northwest Territories (Miller 1880a, as
Orthothecium‘ chryseurﬁ). New records: (1) HH68-9 (statipn 2), Old Crow Basin, Yukon
Territory; * 60,000 'B.VP._; Bryological Report 262. (2) Clements Markham Inlet, Ellesmere.
- Island, Northwest Territories; 6400 * 60 BP (SI-—4314); Bryological Report 401.

Discussion. — Other Orthothecium. species are distinguished by not or slightly plicate
leaves or narrower, finely acuminate leaves. The variety coch/ea(ifo/ium‘is differentiated .

from the vaﬁety chryseum by its shortly acuminate leaves with a strongly recurved tip.

Orhtothecium strictum Lor.

[

" "Diagnostic,features. - Leaves ovate—lanceolate, straight, not plicate; apex sharply acute
or acuminate: casta absent; margins narrowly revolute, weakly denticulate in the upper

n

‘part; medial cells elongate, with sharp ends, moderately thibk—walled, porose;.a/a'r cells

not differentiated.
Habitat. — On moist calcareous soil or in rock crevices.

Recent Distribution. — Circumpolar. Arctic-alpine species. North America: from Alaska to
Greenland and Newfoundiand, south to Alberta and Colorado in the west Svalbard,
Fennoscandia and the Alps, arctic US.SR, central Asia.

Subfossil Distribution in North America. — (1) HH68-9 (station 3), Oid Crow Basin, Yukon

‘Territory; Early Wisconsinah?; Bryological Report 391.
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Pleurozium o '
Pleurozium schreberi (Brid.) Mitt.

Diagnostic features. — Leaves ovate or oblong, stro_ngiy concave; apex bluntly apiculate;
costa short and double or absent; marg/ns Broédly incurvedabove, spmetimes partially
recurved, entire, wéakly denticulate at the apex; medial cells shortly to longly eloﬁgate,
with blunt ends, thick-walled and strongly porose; alar cells is a small oval group.

gradually differentiated, thick—walled and brown.

Habitat. = On soil or forest litter, on rocks. It grows in mesic to dry, shaded habitats. It is
most abundant in coniferous forests and very rare in tundra. When moré nutrients are
available it is usually replaced by Hy/ocomium sp/endehsA Turgid forms are often seen in
mires -and poor fens on hummocks. pH 4.9-7.3 (n=3), conductivity 24-286 microScm-!
~h=3), Ca concentration 5.8-16.4 ppm (n=4), Mg concentration 0.7-4.8 ppm (n=4), Na
concentration 10.3-41.0 ppm (n=4) and K concentration 0.3-13.5 ppm (n=4)
» »

Recent Distribution. - Circumboreal.” Bipolar species. North America from Alaska to .
Greenland, south to New England in the east and Washington in the west, disjunct to
higher elevations to'North Carolina, Tenne‘s'S'eé';ﬁerkans'as. Central and South AmevricaA.

Europe, Azores, Asia.

Subfossil Distribution in North America. — Greenland (Miller 1980a). New records: (1)
Snake River area, Yukbn Territory; 11,700 + 90 B.P. (GSC*-2693) and 11,800 £ 170 BP.
{GSC-2745); Bryological Report 41. (2} Anaktuvuk River, 0.8 km downstream from
Irgkivik Creek, Alaska; 10,580 + 150 B.P. {I-11,010); Bryological Report 171,> Hamilton:
19804, p. 21. |

Discussion. — See the discussion of Entodon concinnus for\ the distinction with other

taxa.
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Plagiotheciacgae

Only species of Plagiothecium were found as subfossils (Plagiothgciacgae: sensu
Ireland et a/. 1980). Miller (1980a) listed a late 6r posfglacial record from llinois of P.
cavifolium (Brid) lwats. In Europe and the ‘U.S.S.R., P/a_g)'othecium species were found in
Pliocene and Pleistocene deposits (Jovet—Ast 1867).. Most British records are Flgndrian
(Dickson 1973). | collected one well preserved specimen that could be identified as P.
- laetumn. ' .
P/ag/otheciuhv ' : -

-The genus is differentiated fr:'om Stereophy//um byv having a double costa,

where_as Stereophy/lum has a well \developed sin,g!e costa, ‘and from the genera in the

Hypnaceae (sensu Ireland et a/. (1980) e.g. I/ sopterygium, Taxiphy!lum, Hypnum and

Ptilium) by strongly decurrent, complanately inserted, often asymmetrical leaves.
Plagiothecium /aetum B.S.G

Diagnostic features. - Leaves distinctly complanately inserted, asymmetric, concave apex
slenderly-acuminate; costa very Shoft with two unequal branchés or absent, margins
entire below, weakly denticulate at the épex, sometimes narrowly revolute; medial cells
linear, slightly vermicular, moderately thick-walled, smooth, average width 5.0
micrometer; a/ar cel/s in a narrowly decurrent group, rectangular. .
. )
. Habitat. . — Usually on rotten Iog's, stumpS, bases Qf't‘rees, forest litter, and in rock

crevices. In coniferous woods.

Recent Distribution. - Circumbdreal. North . America from Alaska to Labrador,
Newfoundland, south to North Carolina and Tennessee in the east and to California in the
west, generally more common in the south), Europe, Asia, Japan.

Subfossil Distribution in -North America. - (i) REM 78-2, Old Crow Basin, Yukon

Territory; surface sample of Holocene peat; Bryological Report 289.

S
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'Discussion. - Other Plagiothecium species are distinguished from P. /aetum by smaller

leaves, wider medial cells, and quadrate or rounded alar cells (ireland 1969).
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Hypnaceae

This large. heterogenous farrwily has several genera represented as subfossils.
Hypnum has the most records and is discussed below. Hyocomium is Eurasian and has
Hoxnian and Flandrian records in Ireland, England and Brittany (Dickson 1973). Ctenidium
is known from the Miocene of the Caucasus, the Pleistoeene of Poland and from the
Hoxnian, Late Devensian and Flandrlan of the British Isles (Dickson 1973). Taxiphy//lum
and Pylaisiella are only known from North American localities (Mlller 1980a). The genera

/sopterygium and Ptilium are discuséed below.

Hypnum

Six species are represented in my collections. An additional six species are listed
by Miller (1980a). Many other records are reported by Jovet—Ast (1967) Dickson (1873)
and Janssens {1977a). Hypnhum spec1mens are often poorly preserved and many records
have low reliability values.

The genus is differentiated by its falcate—secdnd_ leaves with a double or no
" costa, by differentiated alar cells and smooth medial cells. The fragments are mostly not

pinnately branched.
Hypnum bambergeri Schimp.

Diagnostic features. — Leaves 1 to 2 mm long, falcate:secund to circinate, concave,
ovate-lanceolate ‘to lanceolate; margins plane or martially narrowly revolute, entire;
medial cells tr;ick—walled often perose' alar cells qliadrate to shortly rectangular, 3 to
5 along the marglns very thick- walled dark—brown and porose.. Stem with small,

thick - walled epidermal cells.

Habitat. — On moist calcareOUS soil in arctic and alpine hebitats. in Dryas heath, in fens
associated with Campy//um stellatum, Dicranum muehlenbeckii, Distichium
capillaceurn, Ditrichum flexicaule, Mnium thomsonii, Orthothecium chryseum and
Tomenthypnum nitens. pH 6.8-7.8 (n=3), conductivity 46—166 microScm-! n=3), Ca
concentration ' 8.2-224 ppm (n=3), Mg concentration 0.0-11.8 ppm (n=3), Na
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concentration 10.8-17.6 ppm (n=3) and K concentration 0.0-0.1 ppm (n=3).

Recent Distribution. — Circumpolar. Arctic—alpine species. North America (Miler 1876):
from Alaska to Greenland,b disjunct to northern Newfoundlahd and to t‘he Gulf of St
Lawrence in the éast, south through the western mountains to northern British Columbia
and disjunct to central Alberta and the west coast of the Hudson Bay. lceland, Svalbard.

Scotland, northern Europe, Alps, northern and arctic US:SR.

Subfossil Distribution in North America. - Wisconsin (Miller 1976b, 1980a). New records:
(1) Your Creek area Alaska; 5615 * 110 BP. (-10,568); Bryological Report 183,
Hamilton 1979a, Fig. 5. (2) Anaktuvuk Valley, thaw lake 2 km upvalley from Akmégolik
Creek, Alaska: 6200 = 120 B.P. (1-10,925); Bryological. Report -201, Hamilton 1880a, p.
23. (3) HH68-9 (station 7), Old Crow Basin, Yukon Territory; + 60,000 BP.; Bryological
Reportv 308. (4) HH75-24, Bluefish ‘Basin,‘ Yukon Ter'.ritory; Wisconsinan; Bryological
Report 328. (5) Clements Markham Iniet, Ellesmere Island, Northwesf Territories; 6400 =
. 60 BP. (S1-4314); Bryological Report 401. (6) HH72-54 (station 3), Hungry Creek, Yukon

Territory; Wisconsinan; Bryological Report 435.

Discussion. = Other Hypnum species with small thick~walled epidermal stem dells on the

stem are distinguished by their less thick—walled and non-porose alar cells.

'Hypnufn hamulosum B.S.G.

Diagnostic features. — Leaves small, less than 1 mm long, falcate—secund to circinate,
plane or slightly concave, ovate—lanceolate; marg/ns plane or narrowly revolute on one
~ side, entire or weakly denticulate; medial cel/ls thin—walled, smooth; a/ar cel/ls few
{3-5), quadrate or irregularly angled. Stem with strongly enlarged epidermal cells with a

thin outer wall.

Habitat. - On calcareous soil, on rocks, in rock-crev:
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Recent Distribution. - Circumboreal. North America from Alaska to the Arctic
- Archipelago, south to theq}-iudson Bay coast in the east and throughout the western

mountains to Utah in the west Europe, northern Asia, central China, Japan.

Subfossil Distribution in North America - Northwest Territories (Miller 1980a). New
record: (1) HH75~1, Rock River, Yukon Territory; >43,000 BP. (GSC-2585); Bryological
Report 33. ¢ N

Discussion. — Other Hypnum species with a weH develop d hyalodermis on the stem are
distinguished by their larger leaf size. ¥

Hypnum //ndbefgi/ Mitt.

Diagnostic features. — Leaves falcate—secund, = complanate, 1.5 to 2.0 mm long, plane or
slightly concave, widely ovate-lapceolate; margins plane or partially narrowly revolute on
one side, entire; medial cells thin~walled; a/ar ce//s strongly inflated, in a distinct

auriculate group, brown and thicker walled toWafds the costa, hyaline and thinner walled

towards the margins. Stern with enlarged epidermal cells with a thin outer wall

Habitat. - On wet sandy or silty soil, rotten wood and humus. Often in habitats which are
periodically inundated, such as swamps, the margin of lakes, ponds and under the Salix
.scrub in thé floodzone of streams. In Betu/a forest, fens, moist meadows and séepages.
Rather restricted to less célcareous substrates. Associated with Au/acomnium palustre,
Calliergon sarmentosum, C. Stramineum, C/ré/ jdium dendroides, Dr'epanoc/adus'

uncinatus, Pogonatum al pinum and Polytrichum commune.

Recent Distribution. — Circumboreal. North America from Alaska to Greenland,
Newfoundland and Labrador, across Canada from Nova Scotia to British Columt;ia and in
the United States from New England to Washington, south to Florida and the Guif of
Meiico in the east and Cxolorado in the west. iceland, Svalbard, Europe, northern and

central Asia and Japan.



313

" Subfossil Distribution in North America. - Minnesota (Milie:; 1980a). Neyv records: (1)
Anaktuvuk Valley, thaw lake < km upvalley from Akmagoiik Creek, Alaska; 6220 *+ 140
BP. (I-10,784); Bryological Report 200, Hamilton 1980a, p. 23. (2) Anaktuvuk Valley,
thaw lake 2 km upvalley from Akmagolik Creek, Alaska; 6200 * 120 BP. (I-10.925); .
Bryological Report 20 1. Hamilton 1980a, p. 23.

Discussion. - Hvpnum pratense is distingu’ished‘ from H. /indbergii by its narrower
lanceolate leaves and less abruptly dif ferentiated alar cell éroups. Ot\he{j Hypnum species
are distinguished from the two former taxa by their thib_k—walled epidermal stem cells or
by their smaller, circinate leaves.

Hypnum pratense Koch ex Brid.

Diagnostic features. — Leaves falcate-secund to circinate, + complanate, 1.0 to 15 hm
long. strongly concave, parrow‘ly ovate—lanceolate; margins plane or partially narrowly
revolu:ce, weakly denticulate at the apex; media/ cel//s moderately thick—walled. smooth;
alar cells quadrate, thin—walled, yellow or hyaline. Stem with epidermal célls with thin

outer walls.

Habitat. ~ On humus-rich or organic soil. On lake shores in calcareous districts, often in
rich fens, in wet alpine meadows and seepages. Associated mosses are Brachythecium
turgidum, Dicranum majus, Hylocomium splendens, Cyrtomnium hymenophyllum,

Orthothecium chryseum and Tomenthy pnum nitens.

Recent Distribution. - Circumboreal. North America from Alaska to Greeniand, throughout
Canada and south to British Colurhbia and Colorado in the west and Florida in the east

Europe, northern Asia and Japan. ¢

Subfossil Distribution in North Ameriéa. - Vermont (Miller 1980a). New records: (1)
HH68~9 (statior: 7), Old Crow Basin, Yukon Territory; * 60,000 B.P, Bryological Report
64. (2} Wind River, 50 km south of continental divide, Brooks Range, Alaska; 3380 + 150
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BP. (I-10,508), 9600 * 85 BP. (USGS-163); Bryological Report 180, Hamilton 19795, p
40, as Hypnum cf. pratense. (3) HH68-9 (station 11), Old Crow Basin, Yukon Territory;
Early Wisconsinan?; Bryolo'gical Report 265. (4) REM 78-2, Oid Crow Basin, Yukon
. Terfitéry; surface sample of Holocene peat; Bryological Report 289. (5) HH68-9 (station
3), Oid Crow Basin, Yukon Territory; Early Wisconsinan?; Bryological Report 302. {(6) Cape
Deceit Quaternary Exposure, Near Deering (station 6), Alaska; 700,000 - 1,800,000 BP;
Bryological Report 341, Matthews 1974a (7) HH72—54 {station 3), Hungry Creek, Yukon
Territory; Wisconsinan; Bryological Report 435.

Discussion. — See the discussion of H. /indbergii for distinction from other Hypnum

taxé.
Hypnum revolutum (Mitt) Lindb.

Diagnostic features. — Leaves 1.5 to 2.0 mm long, falcate—secund to curved, concave,
ovate-lanceolate; margins strongly revolute at both sides; media/ ce//s thin-walled,
sometimes porose; alar cells numerous, quadrate and thick-walled Sterm with

thick~walled epidermal cells.

Habitat. - On calcareous rock or gravel and around bird perches, often associated with
Tortula ruralis and Dryas. Very widespread throughout the arctic in more xeric habitats

than the other species of the genus.

Recent Distribution. — Circumboreal Bipblar- species. North America. from Alaska to
.Labrador, throUghout Canada from Manitoba to British Columbia, in the western mountains
~ south to Colorado, Utah, Texas, Arizona, New Mexico and California. Mexico, Svalbard,

Europe, Asia and Antarctica (as fo. pumilum (Husn.) Ando).

Subfossil Distribution in North America. — Saskatchewan, Utah and Vermont (Miller
1980a). New record: (1) Clements Markham Inlet, Ellesmere Island, Northwest Territories;

6400 = 60 B.P. (SI-4314); Bryological Report 401.
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Discussion & Other Hypnum species are distinguished by their plane or only partially

v

recurved margins.
Hypnum vaucheri Lasq

Diagnostic features. - Léaves 1.0 to 1.5 mm long, curved to falcate-secund, plane to
weakly concave, ovate—lanceolate: margins plaﬁe or partially narrowly revolute on one
side, denticulate above: medial cells short—oval in shape and moderately thick —walled,
often porose; a/ar ce//s numerous, up to 25 cells along the margins, thick-walled. Stem

with small, thick—walled eptdermal cells.

Habitat. — On limestone or other calcareous rock, on thin calcareous soil and frequently in
rock crevices in dry habitats and tn exposed situations. It occurs in the lower part of the
high alpine if suitable substrates are present Species associated with the same habitat are

H. revolutum, Grimmia apocarpa and Tortula ruralis.

Recent Distribution. — Circumboreal. North America. Alaska to Greenland, south to |
New foundland, Quebec and Ontario, widespread in the mountains of western Canada and
the United States and south to Texas and Nebraska Svalbard, mountains of Europe and

temperate Asia.

Subfossil Distribution in North America. — Northwest Territories and Vermont (Miller
1980a). New records: (1) Anaktuvuk River, 0.8 km downstream from higkivik Creek,
Alaska; 10,580 = 150 BP. (I-11,010); Bryological Report 171, Hamilton 1980a, p. 21. (2) _
HHB8-9 (station 2), Old Crow Basin, Yukon Territory; £ 60,000 B.P.; Bryological Report
262. (3) HHB8-9 (station 7), Old Crow Basin, Yukon Territory; * 60,000 BP; Bryological
Report 308. (4) HH6/8-9 (station 14), Oid Crow Basin, Yukon Territory; * 60,600 BP.;

Bryological Report 387.

Discussion. — Othef Hypnum species with thick—walled epidermal cells on the stem are

. /
distinguished by Ie/SS numerous alar cells. -

s
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Hy prinm umidentified species

Subfossil Distribution in North America. - (1) HH68-9 (station 3), Old Crow Basin, Yukon
Territory, Early Wisconsinan?, Bryological Report 299. (2) HH68- 8 (station 10), Old Crow
Basin, Yukon Territory,; Early Wisconsinan?; Bryological Report 385

/sopterygium ’

Subfossil records of this genus are known from the U.S.SR. Czechslovakia and
England (Dickson 1973 In addition, /. tenerum was found in a Wisconsinan deposit in
North Carolina (Miller 1980a) The records of /. pu/chel//um are discussed below

Fragments of /sopterygium are similar to P/agiothecium but are distinguished

from the latter by their non—decurrent leaves.

/sopterygium pulchel/lum (Hedw) Jaeg. et Sauerb.

Diagnostic features. - [eaves erect-spreading to secund, complanately inserted,

symmetric, not decurrent, lanceolate; costa absent; margins subentire at the base or
entire; medial celts elongate, smooth; a/ar cells few, 1-3 along the margins, quadrate,

or none.

Habitat. - in shaded situations, in cliff crevices, on rocky banks, beach ridges and bases

of trees and decaying wood and soil rich in humus. Often associated with B/epharostorma .

trichophy!lum, Distichium capillaceum, Mnium thomsonii, Myurella julacea and

Pohlia cruda.

Recent Distribution. — Circumboreal. Bipolar arctic-alpine species. North America: from
Alaska to Greenland, across Canada and south to Pennsylvania and Wisconsin in the east
and to California and Arizona in the west Iceland, Svalbard, Europe, northern USSR,

Japan, New Zealand.

Subfossil Distribution in North America. — Greenland and Northwest Territories (Miller

sat
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19804 New racord (1) HHEE8 9 (station 2}, Oid Crow Basn, Yukon Territory t+ 60 000

BP, Bryological Report 261

Discussion - The above reported specimen and Kuc's fragments from Banks Isiand (Miller
1980a) were studied by Ireland and considered to be the more robust western form of
I. pulchellum (see also his discussion ireland 1969 p 57). The closely related
Taxiphyllum tgxirameum (Mitt) Fleish, hsted by Miller (1980a) on the basis of
Wisconsinan ang Holocene records from Washington, DC and Loutsiana, ts distinguished
from /. pulchesym by shorter. acute, more widely ovate -lanceolate leaves with teath at

the apex

Ptilium
Ptilium crista-castrensis has Miocene and Pliocene records in Europe and the

U.SS.R. (Dickson 1973) The single record for North America in histed below
Ptilium Cfista\pgstfehS/S {Hedw ) De Not .

Diagnostic featyres. -~ Fragments regularly pinnately branched; /eaves faicate-secund to

circinate, plicatg. not decurrent; margins plane. sharply denticulate in the upper half

Habitat. = Commgn on rotten logs and coarse humus in boreal forest. Rare on moist soll
in the tundra. pM 6.8 (h=1), conductivity 202 microScm- (n=1), Ca concentration 14.5
ppm (n=1), Mg concentration 4.3 ppm (n=1), Na concentration 12.0 ppm (n=1) and K
concentration (3.6 ppm (n=1). '
\

Recent Distribytion. - Circumboreal Typical broreal forest biome. North America: from
Alaska to Greehl'ﬂd, Newfoundiand and Labrador, throughout the boreal forest in Canada,
and across thy TJnited States south to Tennessee and North Carolina in the east and
Célorado at higner elevations in the west. Europe, Himalayas, Caucasus, central and

northern Asia
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Subfossil Distribution in Morth America - (1), Anaktuvuk Vallyey, thaw lake 2 km upvéll_ey
from Akmagolik Cree&Alaska; 6200;-120 B.P. {I-10,925); Bryological Report 2b1,
Hamilton 1980a, p. 23. .. : | |

Discussion. = Hypnum species are distinguished from Pti/ium by their more irregular .

: brahchi‘ng pattern, non—plicate leaves or igss well developed denticuiation. N

v
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Rhytidiaceae |
Three of the four North American -genera in th|§ family'I;ave a fossil record.
Rhytidiadel phus is known from Pliocene and Pléistocer;e deposits in western Europe,
the US.SR. and North America (Jaf\ssens 1977a, Dickson 1873, Miller- 1980a, Jovet-Ast
1967). Gollania is reported from ‘the Pliocene d¥-Duab in the Caucasus (Abramova &
Abramov 1959). Rhytidium is discussed below. _
‘Members of tHis family are oft'én grouped in the Hylocomiaceae. Both families are
characterized by Iva‘;g‘e plants, often pinnately branched, the steh‘xs f’requently covéfed .
with paraphyllia, the medial celis elongate or linear, often papillose at the upper ends. The
‘three genera mentioned above have no or vefy few paraphyllié. Members of these génera |

are not multi-pinnately branched.

Rhytidium .

This mondtypic genus ‘has a good subfossil record. Rhytidium rugosum is known
from Pliocene an /P’Iei;stbocene deposits in the U.SS.R, Poland, Sweden, Denmark and thé
British Isles. North America fossils are listed below. |dentification of A. rugosum does not
create any problems, not even with strongly fragmented material. The falcate—secund,
rugosé leaves have a single'cost‘a, vermicular, élongaté medial cells,j often with sharp
papillae at the uppér end of the cell on the abaxial side of the upper part of the leaf. The

numerous alar cells are in a narrow, triangular group extending up along the margins.
Rhytidium rugosum (Hedw.) Kindb.

Diagnostic  features. - ’Frag//pents unipinnately  branched; = /eaves moderately
falcate—secund,‘rugose; ovate-lanceolate; apex acuminate; costa single, *reaching into the
upper half of the ]eaf; margins narrowly revolute for most of their Iength; medial cells
elongatg moderately thick-walled, several scattered cells in the up'per part of the leaf
papillose at their upper ends on the abaxial side of the leaf; a/ar ce/ls numerpus,
isodiametric', varying from quadrate to rounded and subquadrate,‘ extending up along the

margins in a narrow triangular group.

- !
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Habitat. - On ;iry calcareous_soil and rocks. On beachridges and rock outcrops. Often
" associated meOrthotr/chum speciosum and Dryas integrifol/ia.on Devon lsland, not
c:ollected very often in the Hidh' Arctic . .It is found frequently in the climax Picea

mariana/Sphagnum forest at the end of a succession on river deposits (Viereck 1970).

. Recent Distribution. — Circumboreal. North America: from Alaska to Greenland in the
‘north, to Arizona, Colorado, Missouri, Tennessee and North Carolina in the south. Central
America. Northern, western, eastern and central Europe, Spain, Morocco, Caucasus,

northern, eastern and central Asia,

Subfossil Dlstrlbutlon in North America ~ Northwest Territories (Miller 1980a). New -
records: (15 HH75 1, Rock River, Yukon Territory. >43,000 B.P. (GSC-2585); Bryologlcal
,_Report 33 (2) Anaktuvuk River, 0.8 km downstream from Irgkivik Creek, Alaska; 10,580
+ 150 BP, (I-11,010); Bryological Report 17 1, Hamilton 1980a, p. 21.(3) Wind River, 50
km south of continental divide, Brooks Range, Alaska; 9380 +* 150 B.P. (1;10,508), 9600
+ 85 B.P. (USGS-163); Bryological Repért v1 80, Hamilton 1973b, p. 40. (4) Your Creek
area, Alaéka; 5615 + VT 10 BP. (I—10,568); Bryological Report 183, Hamilton 1973a, Fig. 5.
(5) Anaktuvuk Valle'y, thaw lake 2~km upvalley from Akmagolik Creek, Alaska; 6200 £ 120
B.P. (-10,925); Bryological Report 201 ‘Hamilton 1980a, p. 23. (6) HH72-54 (station 3),

Hungry Creek, Yukon Terrltory Wasconsman Bryologncal Report 435

Discussion. = The other North American genera of the Rhytidiaceae are differentiated
from Rhytidium by their péraphyllia (Rhytidiopsis) or double costa ’(Rhytidiade/phui?'
and Go//anja). Asiatic genera are charaterized by straight leaves, shorter medial cells,

double costa or bi—pinnately brariching.
g2
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" Hylocomiaceae

Of the several genera in this tamily, only Hy/ocomium has a fossil record. All four
species of this genus are represented in the Pliocene and Pleistocene of the U.S.SRR. and
Europe (Jovet—Ast 19'67, Janssens 1977a, Dickson-1973). Only Hy/ocomium splenderns
has been found in North- American deposits. |

Preservation of this characteristic fossil is very variable. However, detached .

branches and leaves are easily identifiable.
Hylocomium "
Hylocomium splendens {Hedw.) B.S.G.

Dlagnostlc\features - Fragments bi- to tri-pinnately branched, often with clearly deflned
yearly increments - with the prlmary branching pattern sympodial and the secondary
~ branching bi- to tri- plnnate, stem feaves ovate-lanceolate with a short or long apiculus,
'—sharply denticulate, costa double, medial celis elongate to linear, vermicular; branch
' /eaves ovate or elliptic, with a short blunt apiculus, crenulate at the.apvex, costa absent or

short and doubie, medial cells linear, vermicular, thick—walled.

Habitat (Tamm 1953). = The species occurs from the lowlands up into the high alpine
zone. It grows 'as weft tter, r_ot:k and rotten trees in coniferous. woods. In the arctic
it 1s found at the bases of rock odtcrops and boulders, in transition zanes between
meadovis' and beach ridges. It has a monopodlal growth form (cf variety alaskanum’)
instead of the usual sympodlal development when it is growing on sloping stones on
-heaths and in deciduous forests Hy/ocom/um s};/endens avoids large open “areas, and
prefers the neughbowhood of’ trees Only on steep slopes with trlckllng water itis rather
independent of other vegetatlon. It is less tolerant of sunshine than P/eurozwm
schreberi. There is little or no contact with the substrate and its nutrient supply is found
in rain, atmospheric dust ‘and tree leachate. |t is completely destroyed after fire. pH
6.3-7.3 n=3), c‘onductivlty 19-444 microScm™ (n=3), Ca concentration 7.9 "‘and 320

ppm (h=2), Mg concentration. 7.9 and 8.8 ppm (n=2), Na concentration 1.0 and 11.4 ppm
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{h=2) and K concentratioh 9.8 ppm {n=1).

Recent Distribution. — Common and often frequent in its circumboreal range. Bipolar.
North America: from Alaskd, Yukon, and Northwest Territories in the north to Georgia,
lowa, Colorado and California in the south -Eun;ope, northern Africa, Asia, Japan. New

Zealand.

Subfossil Distribution in North America - Alaska, British Columbia, Greenlan;j, lowa,
Minnesota, New York, Northwést Territories, Saska#cheWah and Wisconsin (Miller 1980a).
New records: (1) Stewart River, Yukon Territory; >50,000 BP.; pdséible Sangamonian;
Bryological Report 4. (2) Riverbar near HH75-9 along Porcupine River, Yukon Territo.r_y;
recent detritus; BryoJogicevzl Report 34. (3) HHE8-9 (station 7), Old Crow Basin, Yukon
Territory; + 60,000 BP., Bryological Repor{ 64. (4) Anaktuvuk River, 0.8 km downstream
from Irgkivik Creek, Alaska; 10,580 = 150 B.P. (-11,010). Bryological Report 171,
Hémilton 19803, p. 21. (5 Kluane..Lake, south shore, Yukon Territory; below 43 m of
water; 2215 BP. (I—10;525); Bryological Report 177. (6) Kiuane Lake, éouth shore, Yukon
Territory; below 43 m of water; 2215 BP. (I-10,525); Bryological Report 178. {7) Wind:
River, 50 km> south of continental divide, Brooks Range, Alaska; 8380 = 150 BP.
(-10,508), 9600 * 85 B.P. (USGS- 163); Bryological Report 180, Hamilton 1979b, p. 40.
{8) Wind River, 56 km's_outh of continental divide, Brooks Range, Alaska; 9080 * 150 BP.
(I—1‘O,509); Bryological Report 181, Hamilton 1§79b, p. 41.(9) Your Creek area, Alaska;
5615 * 110 BP. (I-10,568); nyblogical Report 183, Hamilton 1979a Fig 5. (10)
Anak tuvuk Valley, thaw lake 2 km \;pvalley from Akmagolik Creek, Alaska; 6220 t 140
BP. (I-10,784); Bryological Report 200; Hamilton 1980a, p. 23..“(1 1) Anaktuvuk Valley,
thaw lake 2 km IUp\)aIley from 'Ai(magolik Creek, Alaska; 6200 = 120 BP. (i-10,925)
Bryological Report 201, Hamilton 1980a, p 23. {12) North Fork Pass, Ogilvie“l\nountains.,
Yukon Territory; 11,250 = 160 B.P. (GSC-470); Bryological Report 260.-(13) HH68-9
(station 11), Old Crow Basin,"Yukqn Territory, Early Wiséonsinan?; Bryological Report
265. (14) St. Hilaire, Quebec; 10,100": 150 B.P. {(GSC-2200}; Bryological Report 280,
Mott et a/. 1980. (15) HH68-9 (station 3). Old Crow Basin, Yukon Territory; Early
&  Wisconsinan?; Bryological Report 299. (16) HH75-24, Bluefish Basin, Yukon T.erri_tory;

M
~
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Wisconsinan?; Bryélogical Report 328, cf. Hy/ocom/u}n splendens. (17} Cape beceit
Cuaternary Exposufe, Near Déering (station 6), Alaska; 700,000 -~ 1,800,000 BP;
Bryélogical Report 341, Matthews 1974a (18) HH79-1, Hungry Creek, Yukon Territory;
87‘00 i>80 B.P. (GSC~-2971); Bryological Report 383. {19) HH.72—54 {station 3), Hungry
Creek, Yukan Territory; Wisconsinan; Bryological vRepovrt 435,

Discussion. - Other genera of the Hylocomiaceae and species of the ‘Rhytidiaceae are
distinguished from H. sp/endens by_’(heir' monopodialn branching, or by, sympodial'
branching not related to yearly increments (Loeskobryum), or by the absence of
paraphyllia. Other species of Hy/oco}nium have a single costa or strongly vplicéte leaves

or do not produce clearly recognizable yearly increments.
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Polytrichaceae 7

The genera Polytrichum, Atrichum, Oligotrichum, Psifopilum and Pogonatum
have é fossil record (Jévet—'Ast 1967, Dickson 1973, Janssens 1977a, Miller 1980a).‘
Psifopilum is representéd only in North America (Miller 1980a). Atrichum and

Oligotrichum do not have a North American record.

- Pogonatum

Pogonatum and Polytrichum are differentiatéd from the other genera of the
Polytrichaceae by their distinctly sheathing leaves wvithAa strongly widened costa and a
narrow lamina in the limb. The fossil sp‘ecimehs are black or black—-brown and opaque.
Pogonatum can be distinguished from Paolytrichum by a combination of vegetative
character states. Pogonatum leaves have incurved margins that never overlap. The leaves

<

are short and bluntly acute (never in Po/ytrichum) or sharply acute and longer, but then
the marginal cells of the adaxial lamillae are papillose. Polytrichum species have 'sn';ooth
top cells on thg‘ lamellae. »

The three Pogonatufn species in the North American fossil reco_rd, two of them
~ which are discussed below, are-differentiated from the otherﬁ taxa by their stiff, narrowly.
lanceolate leaves with numerous (>20), adaxial lamellae and d‘entivculate ‘margins.
Pogonatum al pinum, P. dentatum and P. urnigerum can be distinguished from each
dther by the structure of the top cell of the Iamellae,fmost easily observed in transverse
section. Siﬁgle good transverse sections are actually sufficient to identify the
Polyf?ichaceae to species level. Both P. urnigerum and P. d_entétum have coarsely
papillose top c.ells. The latter also haé very wide, slightly convex or flat topped marginal
~ lamellae cells, while P. a/pir_:um and P. urnigerum have narrow, elliptic, pear—shaped or -
rounded tc‘bp'cells. "Pogonatum alpinum has finely papillose top cells (papillae <2.5

micrometer), while P. urnigerum has coarse papillae (>5 micrometer). However, this

latter character state is not easy to distin'guish‘in strongly blackened subfossil material.
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Pogonatum al pi num (Hedw.) RohI.

Diagnostic features. — Leaves from a long, widely ovate sheathing base narrowly
" lanceolate, concave and tubulose above; margins sharply denticulate at the apex;

marginal cells of /amellae vertically elliptic, with thin or thick upper wall, Papilloée.

Habitat. — On moiét or wet, acidic, neutral or somewhat calcareous soils, often over -or
among rocks; where there is chufning of top soil due to frost action. In open tundra and
heaths, in forests, sometumés in ver;: wet places: in fens and in iate snow—melt areas. pH
6.3 n= 1v), conductivity 18.6 microScm-! (h=1), Ca concentration 7.8 ppm i(n=1), Mg

concentration 1.0 ppm (n=1) and Na concentration 38.2 ppm (n=1).

: Re-éent Distribution. — Circumboreal. Bipolar arctic—alpine species. North America from
Alaska to Greenland and Labrador, throughout Canada and northern United States
southward at higher elevations to North Caroliné in the east and California in the west.
Southern Mexico, South America, Svalbard, Europe, northern and arctic US.S.R, central

Asia, Japan. Africa, Tasmania, Australia, New Zealand. Antarctica

Subfossil Distribution in North America. - Greenland and Northwest Territories (Miller
1980a). New records: (1) St. Eugene, Quebec; 11,050 = 130 B.P. (QU-448); Bryological
Report 278, Mott et a/. 1980. '

Pogonatum urnigerum {Hedw.) P. Beauv.

Diagnostic features. — Leaves from a short, widely ovate s\heathing base narrowly
lanceolate, tubulose; marg/ns inflexed, coarsely denticulate along the limb; marginal cells

L
of the /ame//ae rounded or ellipsoidal, with extremely thickened upper walls, papillose.

Habitat. - On open ground on leached sahdy soil and in rock—crevices in dry and moist

habitats. Beside streams, in sandpits.
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Recent Distribution. — North America: from Alaska and British Columbia in the west to
Nova Scotia and New England in the east Europe, Azores, Canar)ies, Caucasus, northern,

western and eastern Asia, Japan.

Subfossil Distribution in North America. - Greenland (Miller 1980a. New records: (1)
- HH68-9 (station 1-2), Old Crow Basin, YQkon Territory; + 60,000 BP.; Bryological
Report 176 {2) Clements Markham lnlelt, Ellesmere Island, Northwest Territories; 6400 *
60 BP. (S1-4314); Bryological Report 40 1.

t

Polytrichum _

| Species of /"o/ytric/vum are differentiated from Pogonatum taxa by the adaxially
I‘amellae with smgo"th walled top cells of the adaxial lamellae. Only two taxa of this genus
are represented in rﬁy collections. Miller (1880a) listed the following species with a North
American fossil record: Polytrichum commune' Hedw., P. juniperinum Hedw. and P.

strictum Brid.
Polytrichum algidum Hag. & C. Jens. .

Diagnostic features. — Leaves ovate—lanceolate from a short sheathing base, tubulose; .
margins plane or inflexed, entire; marginal cel/s of the /amel/ae twice as wide as the

cells below, flat~topped or irregularly indented, thin—walled.
Habitat. — On calcareous or acidic soil, in wet places.

Recent Distribution. — Circumboreal. Arctic species. North America: from Alaska to

Greenland, not south of 80° latitude. Svalbard, northern Europe and Asia-

Subfossil Distribution in North America. — (1) HHB8-9 (station 11), Old Crow Basin, quon

Territory; Early Wisconsinan?; Bryological Report 265.

. r“ .
Discussion. — Other Polytrichum taxa are differentiated from this arctic species by their
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denticulate, plane margins or by their strongly incurved margins, or by marginal celis of
the lamellae which are not differentiated from the cells below. However, P. ohioense Bgn
et Card and. P. commune var. yukonensé (Card. et Ther) Frye are very similar, but can be
distinguished by minor differences in the structure of the top cells of the lamellae. Both
taxa have top cells with walls thicker than the walls of the cells be\ow‘.‘ln the latter
mentioned variety, fhe top cells are distinctly notched and the wall thickenings form two
bulging papillae. - |

133 :
- Polytrichum juniperinum Hedw.
Diagnostic features. — Leaves lanceolate from a widely ovate sheathing base, tubulose;
margins incurved and overlapping, entire; mérgina/ cells of the [amellae narrowly

vertically elliptic, as wide as the cells below, thin-walled.

Habitat. — On moist soil and humus, on Sphagnum hummocks, more rarely on dry soil and
soil covered rocks. Late pioneer on burned peatlands, sometimes on decaying trees.
‘O'ften associated with Dicranum fuscescens, D. scoparium and Pleurozium schreberi. pH
6.15 and 6.75 (n=2), conductivity 122 and 158 rﬁicroScm"ll (n=2), Ca concentration 5.0
and 5.5 ppm (n=2), Mg concentration 0.6 ppm (n=2), Na concentration 1 1.4 and 12.4 ppm

{(n=2) and K concentration 7.5 and 11.6 ppm (n=2).

Recent Distribution. - Circumboreal. Nearly cosmbpolitan. Bipolar species. North America:
from Alaska to Greenland, Newfoundland and Labrador, south throughout Canada and
northern United étates, at hiéher elevations in North Carolina, Arkansas, California and
Mexico. Europe, temperate Asia, in.the southern hemisphere at higher elevations and

latitudes.

Subfossil Distribution in North America.v = Greenland, Massachusetts, New York,
Northwest. Territories and Vermont (Miller 1980a). New records: (1) CRH 12 (station 2),
Old Crow Basin, Yukon Territory: * 60,000 BP.; Bryological Report 267. (2) Clements
Markham Inlet, Ellesmere Island, Northwest Territories; 6400 = 60 BP. (S1-4314);
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Bryological Report 401. {3) Milford Gypsum Quarry, Milford, Nova Scotia: >50,000 BP.
(GSC-1642); Bryological Report 413.

[N

Discussion. - See the distinction under P. a/gidum for the differentiation with other

Polytrichum taxa.



IV. SUBFOSSIL BRYOPHYTES and PALEOENVIRVONMENTAL RECONSTRUCTION

A. Introduction

During the Pleistocene Northern Hemisphere glaciations the continental shelvés,_
nox/ covered by the Bering Sea and the Chukchi Sea, were exposed and connected the
'(Jr;glaciated regions in northeastarn Siberia, Alaska and the Yukon. Beringia, a term first
used by Hulten (1937) for this land bridge, and later expanded to include the vast
landmass extending from the northern Yukon Territory to the Kolyma River in Siberia
(150° E), has long been considered as a glacial refugium. Survivors of Pleistocene
glaciatioﬁs probably dispersed repeatedly from. this area after deglaciation, and
progressive lequiformal distribution patterns can be constructed from study of the
distribution of a large group of such surviving species. In addition, because of its
Holarctic position, Beringia has played a strategic role in dispersal during the Cenozoic.
The affect of the Bering Land Bridge on hélarctic migrations is dependent -on thé
vegetation cover it possessed throughout the Cenozoic this is discussed in Chapter V.

Mbst of my research in Beringia is centered in the Old Crow Basin, the largest of
only four areas in the northern Yukon that are Iess than 400 m elevation. The other three
are portions of the smaller Bluefish, Bell and Bonnet Plume Basuns The Old Crow Basin is
a flat lowland covering 5500 km? in the northern Yukon. The basin is partly surrounded by
the British Mountains to the nortr_g, the Richardson Mounftéins to. the east and the
Porcupine Platean; and the (jld Crow Range to the south. The general elevation of the
towland is 300 to 400 m asl Topping thick deposits of fluvial and glaciolacustrine
sediments of Pleistocene age is a mantle of Holocene peat and thaw lake sediments, the
latter deposited in the numerous thermokarst lakes which occupy the basin. Permafrost is
continuous and the active layer exceeds 30 cm in thickness. Active ice—wedge formation
associated with low center polygons is taking place at the present time in the ‘Holocen'e

sediments of the basin.

329
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Hughes (1969} and Morlan & Matthews (1978} have provided a summary of the
geological history of the Olfj Crow Basin. It can briefly be summarized as follows. At two
separate time périods large glacial meltwater lakes formed in the basin. In both lakes,
‘thick layers of clay were deposited’ The interval between the I?custriné clays beds is a
sequence of sands and silts which were deposited by fluviatile processes. After drainage
of the last glacial meltwater lake around 13,000 years ago, the Oid Crow and Porcupine
Rivers rapidly cut down through the Pleistocene sediments in the basin, resulting in their
exposure in large cut—banks. Detailed studies of these exposures by members of the
Yukon Refugium Project! in and outside the Old Crow Basin led to an appreciation of the
complexity of the late Pleistocene history of the northern Yukon Territory. A short
summary of the hydrological evolution of the northern Yukon during the Pleistocene
follows. This sketch is based on John Matthew's ideas (1979), circulated to the members
of the Yukon'Refugium Project. The time—stratigraphical models applied to the Oid Crow
Basin will be discussed in more detail in Chapter V.

’Three glacial meltwéter lake basins have to be accounted for: the Old Crow,
Bluefish and Bell basins (Plate 56). In addition three canyons are essential to the workings
of the basin hydrology: the McDougall Pass, connecting the Bell Basin system with the
Mackenzie River system, the Bell Canyon, between the Bell Basin. and the Old
Crow-Biuefish Basins system, and the Alaska—Yukon Border Pass (Porcupine River). |

Before the deposition of the Lower Lake Clays, ihé.OId Crow and the Bluefish
Basins were subsiding, a continuation of local Tertiary tectonics. There was some
external drainage of these basins and sedimentation was slow. The Bell Basin drained into
the Mackenzie River through McDougall Pass. ’

During the first recorded glaciation in the eastern Richardson Mountains glacial
meltwat(er filled all three basins. The Alaska—Yukon Border Pass served as an outlet and
was eroded in stages, resulting in dropping water levels throughout the glacial epbch. The
former Procupine Ri\)er‘ outlet at McDougall Pass was blocked by Keewatin Ice, and this
resulted in a reversal of drainage as the Bell Basin discharged through Bell Canyon i?to
the Yukon River system.

! The Yukon Ref\ugnum Project was launched in 1975 to study the late Pleistocene
paleoenvironment of all unglaciated areas in the Yukon Territory (Morlan 1977f).



Plate 56. Glacial meltwater basins in the northern Yukon Territory. Map based on
| Hughes (1871) and Morlan (1978c). The maximum extent of the Late
Wisconsinan glacial meltwater lakes is indicated by the stippling. The
numbers are at the approximate location of the collecting: localities (Table
2). Localities 1 to 6 are in the immediate vicinity of Locality 1. Locality

13 § off the map to the south
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" With deglaciatién, the meltwater supply ceased, the> Old Crow and Biuefish Basiﬁs
continued t% gréin into the Yukon River system, but the Bell ‘_C)anyon may not have been
eroded deeply enough to allow the Bell Basin to do the same. The Bell Basin water joined
-the Mackenzie éiver system through McDougall Pasé. In the Old Crow and Bluefish Basins,
residual lakes femained, reworking the top layers of the lower lacustrine clays. This
explainé the paleontological character of the upper part of these lacustrine clays. They
are the oldest sediments in the northern Yukon that have been analysed for fossil
bryophytes; however, their exact age has not° yet been determined. During the
subsequent warm period:a flora and a fauna existed near Old Crow containing elements
that are not found that far north at present.

| Accumﬁlation‘of fluvial seaiments continued in the Old Crow and Bluef!sh Basins.
A warm oscillation around 60,000 years ago halted the in—filling', thawed the ice wedges
and created Disbohformi,ty A by erosion. Thié hiatus can be traced for over 40 km of the
southern protion/ of the Old Crow Basin (Morlan 1978c) The oldest date on
Disconformity A is more than 51,000 BP and a volcanic ash 30 cm below it has a
maximum dat@ of 80,000 years (Westgate, et a/. 1878} No detailed dating of the
* fluviatile sequencé below fDisconformity A ‘isypossible at the present time. A pollen
assemblage f»rom‘ the level of the exposure now known to coincide with Disconformity A
has the following characteristics: 10 % Picea, 21 % Betula, <2 % Pinus, 6 % Alnus, 2 %
Sal/ix and ardund 25 % each for Gramineae and Cype‘raceae' (Lichti—Federq%ich 1973).

This evidence, plus the abundant plant and insect macrofossils recovered from -
along the Disco‘nfor?ﬁity {Hughes et é/., manuscript in preparation), suggests that the
regional climate was as warm or slightly warmer than at present during the erosional
ihtervéi résponsible for the formation of the contact (Matthews, /n /itt). This period of
climatic amelioration is also indicated by ice—wedge pseudomorphs and cryoturbation
structurés aséociated with the Disconformity. »M'any of these structures contain peats,
bones, wood, shells of géstropods and pelecypods, and chitinous remains of insects,

- representing the ancient flora and fauna.
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The Bell Basin was impounded a few times after the initial recorded floodiﬁng,' with
McDougall Pass ano the Bell Canyon serving as outlets. No ponding occurred in the Old
Crow and Bluefish Basins, because the Alaska-Yukon Border Pass was eroded deeply
enough and the basins were filled up with sediment above the level of the pass.

During the Bonnet Plume glaciation, between 36,000 and 12,000 BP, McDougall

Pass became opstructed with sediments, the Bell Canyon was cut to its present level and

the water of the Peel was diverted once again to the Bell Basin and the Porcupine

System. The Oid Crow and Bluefish Basing were flooded by glacial meltwater flowing
through the rnore effective Bell Canyon and they overflowed through the Alaska—Yukon

Border Pass. According the Matthews’ (ibid.) senario of events, the Bell Basin was not _

- flooded continuousty ‘during this latter period. Around 13,000 years ago the Keewatin lce

Sheet retreated }rom the Richardson Mountains, creating the last rush of eastern glacial-’f"
meltwater to effect the basins. In a short span of time the glacial meltwater cut douvn the
Alaskan-Yukon Border Pass to its present level. Glacial meltwater supply was completely
cut off when the Laurentide glaciers retreated to the east ouer the dividd of the
Richardson Mountains. The Old .Crow and Bluefish basins Were drained, exposing
extensive plains with residual lakes . The development of -permafrost in the clays resulted
in formation of thermokarst or thaw lakes These thaw lakes began migrating over the
basin floor and accummulated coarse detrital organlcs Peat began to form, B
m:nerotrophlc fens as the postglac:al chmate became wetter. The postglamal peat A

1 to 2 m in thickness. At the present time the Old Crow Basin is covered»vgli}t &/

account of the vascular plant flora of the region has been provided by Cwynat3
and Welsh & ngby (197 1) %
Two sediment exposures HH68-9 and HH68 10 (Plate 1), along the Oid Crow

- River in the southcentral part of the Old Crow Basin, were studied in greatest detail.

HHBE8-9 (Hughes 1969), is bluff along the right bank of the Old Crow River, 1500 m

'north and upstream from the confluence with Johnson Creek in the Old Crow Basin. Most

of the 400 m long rlve\rpank has a southerly exposure. Thawing of permafrost in the
Upper Lake Clays during summer has created retrogressive thaw flow slides which form .

an extensive terrace high up in the section and obscure exposure of the most recent
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deposits in the Basin. The terrace and the ‘unde_rlying allu\;iQI material is transected by
several gullies, on the banks: of which productive collecting stations oscur. The Old Crow.
Basin sections, and more particularly the Ioéality HHE8-9, offer an excellent oppdriunity
to study the Late Pleistocene (120,000 to 110,000 years ago) and postglacial hiétopy( of
eastern .Beringia. The sequences discovered aléng the rivers in the Old Crow Basir; are
exposures of clay, sands and silts, deposited in a lacustrine or fluvial environment, and of

in situ massive peats. Most sediments contain abundant remains- of numerous such

¢

organisms as vascular plants ipollen, phytoliths, leaves and cones), ‘bryophytes,. diatoms,
mammals '(bonas), pelecypods, gastro‘pb‘ds, insecté {mostly Coleopteral @nd bryoczoa
(statoblasts). Evidence of Early Man is also found in the area and in one of the oldest

'

context on the continent.

o The sediment sequences indicate at Iegst two periods of basin inundation,‘ while
i rf?\e upper is dated to the last.glacial (30,000 to 12,000 BP), the lower is also tentatively
correlated with advancing Keewatin Ice. The stratiéréphic features, as well as the
enclosed organisms, make it possible to reconstruct the precise history of this critical

‘area in northwestern North America.

B. Results e ) .
fhe following sections of this chapter af&étricted mostly to the discussion of
the',s’émples collected in the northern Yu[gdn. Only these collections are numerous ,enIOu‘gh(
to span Late Pleistocene and Holocene history without major hiati. Other significant
assemblages from outside the basins in the Yukon or from other parts of North America
are discussed in Chapter V in relation to the Cendzéic history of Beringia. Plate 57 is a
composite section through locality HHE8-9 and neighbouring localities. it indicates the
strat'ig’raphic position of the analysed samples, collected by myself and members of the
Yukon Refugium Project, listed by their Bryological Report Number. Table - 1- lists
~additional samples from thé same levels. Samples from other nearby Old Crow localities
showing a similar stratigraphy, and from localities outside the Old Crow Basin are listed in
Table 2. Janssens (1981) gives all detailed information and the analyses'of each sample

listed in Tabies 1 and 2, while Appendix 2 summarizes theresplts . of all analyses of

samples from the northern Yukon Territory. Thirteen localities (Plate 56 and Table 2) are’

o .
¥, -
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57 Composite Old Crow Sequ{en&e showing the Bryological Report

numbers for the samples collected and of %haly_sed from HHB8-9,
HHE8-10, HHE9-21. CRH 11 and -REM - 78-2 Composition of the
sequence: HHE68~- 9 Stations 2, 3, 6, 7 and HH68-10, Holocene peat.
Measurements nby RE Gunn on HH68 9 Facies I:Jesc:np’uonl by RE. Morlan
based on HH68-9, Station 3 for -50 to +62 m on HHE68-9, Station 7

for above +62 m Recent peat, description by J A Janssens based on

HHE8-10.

1 Key to stratigraphic description:

PR S Y

1. F;ecent peat (HHE8- 10) not exposed in HHE8-9.

2. Silts -

3 Gray clays' ‘with extensive development of retrogressnve flowslides
(only partialty drawn on the figl

4. Variegated silts and clays.

5. Silts.

6. Cryoturbated and truncated silts.

7. Cryoturbated sil§s above and crossbedded silts and sands below
8. Clay, with ash layer, and stconformlty A on top.

8 Crossbedded fine 'silts and sands.

0. Darkbrown silt.

1. Crossbedded fine sands.

2. Crossbedded clayey silt and silty sand

3. Crossbedded clayey silts, very little sand in lenses.

4. Crosshedded silts and sands, detrital organlcs gravel layer.
%5 Crossbedded silts, oxidized, large wood.

6. Fine to coarse sand.

7. Organic silts, large wood.

8. Crossbedded - gands, organics on bedding planes

9. Crossbedded “®rganic silts. ‘

0. Sand and silt ’

21. Bedded organic silts and sands. ‘

22. Bedded silts and sands, discrete organic layers. .
23 Bedded silts and  sands with discrete organic layers, abundant
pelecypods. .

24, Faintly bedded silt, clay' and sand with hematite nodules, scattered

wood.

*25. Gray-brown siits and. sands.

26. Yellow—brown sands. .
27. Dark gray silty clay, black with oxidized joints, scattered wood.
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Table 1. Additional Bryological Report Numbers for samples collected at the same level

9

as samples indicated on Plate 57.

Sample # Additional Bryological Report Numbers from the
same level
/ 32 48,50, 54, 101, 134, 174-176, 262-264, 270,

362, 384, 386-388 .
36 . 37

47 68,102, 261

49 - 308 o ' .
114 115-118, 120

108 103, 265

143 289

370 425
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~ Table 2, Localities studied in the northern Yukon Territory.

# Locality name Bryological Reports Numbers (Janssens 1981)

Old. Crow Basin _
la HH68-9 (Upper Lake) 114-118, 120, 424,

b HHBES8-9 Dis. A) 47-49, 54, 64, 134, 174-176, 261-264,
| 308, 384, 386, 387
1c  HHB8-9 (Mid-Section) 61, 62, 294, 295, 299, 302, 319, 370, 385,

389, 391, 392, 425

'd HH68-9 (Lower Lake) . 108, 108, 265
le HH6B-9 (river bars) 35 .
20 CRH M 3, 32,36, 37. 266
3 CRH 12 A 40, 267
‘4 CRH70 ° 269, 270 |
5 REM 78-2 | 289 |
6 HHE8-10 1143, 145, 148, 157, 159
7 HHE9-21 101, 102, 103, 388
8 HH75-19 272
Bell Basin

8 Rock River | 33
Bluefish Basin ‘ N
| 10 HH75-24 173, 271, 325, 326, 328
Porcupine River —
11 228HH | ' 362
Upper Porcupine Section
12 HH75-9 34

y Bonnet Plume Basin

13 Hungry Creek ‘ 383, 434, 435

-~
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represented in this latter appendix. Only one locality (HH68-9). has been subdivided here
into its five major stratigraphical units. Each locality (or stratigraphical unit of HHE8-9)
represents from one to eighteen different samples (Table 2) as summarized vertically in
the columns of Appendix 2. The rows of this appendix indicate the age distribution of a
particular taxon. The age classification is based on three general periods: Pleistocene,
Wisconsinan, and Holocene. The designation Pieistocene is used whyen itis 'not dear that
the age is Wisconsinan or pre—-Wisconsinan. !

A total of 522 records are presénted here and summarized in Appendix 2. A
record constitutes the presence of one taxon in a single sediment sample from a
particular stratigraphical p"'osition at a single Iocality‘. Therefore, there can be several
‘records of the same taxon in several samples from the same stratigraphical position, but
exposed at différent stations (for example Disconformity A at the several HHE8-9
stations), Afrom a single locality. The 522 records represent 111 taxa, 96 of which are

identified to species or some infraspecific category. Mosses comprise 396 % of the

records and 97.8 % of the species. The 10 commonest species are Drepanoc/adus .

lycopodioides var. - brevifolius (27  records), Scorpidium 'sco[pio‘ides ‘and
Tomenthy pnum nitens (each with 26 Eecord.s), Calliergon giganteum, C. richardsonii and
_D. crassicostatus (each with 21 records), D. exannulatus (20 records), Aul/acomnium
palustre (13 records), and D. sendtneri and C. trifarium (each with 12 records) The
Amblystegiaceae (8 of the above listed most common species are members of this
family) represent 56.2 % of the records. The Brachytheciaceae {(7.7. %), Aulacomniaceae
(5.8 %) and Bryacéae (5.0 %) are the other most strongly represented families. A tabular
summary of subfossil bryophytes results for the nor}hern Yukon is given in Plate 58 to

58, Table 1 & 2, Janssens (1981) (pro parte) and Appendix 2. Some statistics are listed

- above.

! This applies to most samples collected in the Mid—-Section below Disconformity A. It has
been assumed that the top of the lower lake clay was formed during Sangamonian time
(Morlan & Matthews 1978). However, there exists severel alternative interpretations of
the stratigraphy. It is possible that the top part of these clays are Early or Middle
Wisconsinan in age and that the whole Mid-Section (18 m of sands and silts at HHE8-9)
was deposited during a short period before the formation of Disconformity A (around
60.000 years ago). The Mid-Section can then be considered &s being formed by a rapid
accumulation of fluviatile sediments in a. point—bar \system (Morian, personal
communication). On the other hand, the Lower Lake could be Early Pleistocene, even Late
Pliocene, in age (Schweger, personal communication). More details on time—rock units can
be found in Chapter V. : ; o
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C. Subfossil and the Present Day Bryofloras of the northern Yukon Territdry

Five moss species known from the fossil record of the Yukon have not been
found there at bresent. Leptodontium flexifolium is disjunct from 4400 km south in the
United States (Janssens & Zander 1980 and Plate 4). Cal//iergonella cuspidata,
Sphagnum centrale and ‘Mnium marginatum are found at the present time in
neighbouring Alaska and British‘Cqumbia, but as yet not in the Yukon However, both of
the former species are identified at a low reliability level from HH68-9 samples. Mnium
marginatum is found in the extraordinary Hungry Creek Bonnet Plume Basin assemblagé
(Bryological Report 435 (see Janssens 1981 for summaries of all Bryological Reports)).
Calliergon megalophy!/um is tentatively identified in a HH68-38 Old Crow Basin
assemblage. The species presently is known from Alaska (ALTA!) and the Northwest
Territories (Steere 1978a, Ireland et a/. 1980).

While approximately 22 % of the;bryophy‘te species in the present day flora of
the Yukon are Hepaticae {Table 3), this same group is represen,tedby only 2\.2‘ % of the
number of taxa in.the subfossil record. In addition, the two subfossil hepatics reco_'vered
from postglacial dated samples (Bryélogical Reports 143 & 148) are probably only a few
hundred years old. Very similar‘observations\can be made on the contribution of the
Hepaticae to the total North Am'erican.subfossil record {summarized in Table 4) and to the
British recbrd (Dickson 1973). Only 7 of the 525 extant species of hepatics on the North
American continent r;orth of Mexico are known as subfossils. In the British Isles 18
liverwort subfossil taxa contrast with some 179 subfossil moss taxa The present day
flora of this region contains 285 liverworts and 675 mosses (Dickson 1973).

On the other hand 47 % of the North American subfossil bryophyte records and
56 % of those from the northern Yukon are Amblystegiaceae. While the number of
species of this family contrlbutes only 4.4 % to the total number of species in the extant
North American bryoflora (8.8 % for the Yukon), they are exceptionally well represented
in the subfossil record: 16 9‘;‘ (North America) and 30 % (Yukon Territory). The higher
frequency‘/ of Amblystegiaceae in fhe present Yukon bryoflora as compared with the
North American flora is paralieled by their relative frequencies in the subfossil floras. In
the record for the British Isles, 10 of the 30 most common species belong to the

Amblystegiaceae and this accounts for 25 % of all the British records (Dickson 1973).
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Table 3.-Comparison between the present day and subfossil bryofloras of the Yukon

Territory.
‘ - ‘ Yukon present Yukon subfossil -
bryofiora! bryoflora?

Bryophytes _

# of records ‘ 525

# of species 511 90 |
Musci

| # of records : 523

# of species > 401 88
Hepaticae

# of records 2

# of species o 110 : 2
Amblystegiaceae ‘

# of records P 293

# of species 45 27

1 Vitt & Horton 1979b and Ireland et a/. 1980

2 Appendix 2
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Table 5. Representation of Hepaticae and Amblyskt\giaceae in the present day and

Quaternary Subfossil bryofioras of the Yukon Territory,

North America and the British Isles.

Yukon North America Britain
Hepaticae
subfossil flora 2.2 %! 2.*%’ 10.0 %°
present flora 22 %* 31 %5 a2 %
Amblystegiaceae |
" suhfossil flora 30 %! 16 %? 25 %}
present flora 8.8 %* 4.4 %3 4.6 %

! Appendix 2

? Janssens 1981, Miller 1980a, Kuc 1973c and Kuc & Hiils 1971

* Dickson 1973

4 Vitt & Horton 1976b, Ireland et a/.
s Crum et a/. 1973

¢ Warburg 1963 |

.

1980

) Jrvv,‘*_’t hd
o

‘\‘w,‘ﬂ
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To conclude (Table 5) . the Hepaticae are“under—representad in the fossil record
by a factor 10 {4 in the British record), while the Amblystegiaceae are over—represented
as fossils by a factor 3 to 4 (5.5 in the British record)l. The better representation of
liverworts in the British subfossil flora is due to the great oroportion of Flandrian
records (Dickson 1973), while postglacial records in North America are scarce in
comparison (Janssens 1981, Miller 1980a).

Groups of mosses not represented in the northern Yukon fossils are
characteristic of particular ha%'itats that are not conducive to fossilization. Thus, acidic
saxicolous species, dry siit growers, ephemerals and corticolous’species, for example

Andreaeaceae, Orthotrichaceae, Dicranel/a species, Dicranoweisia crispula, Coscinodon,

Schistidium, Grimmia and Rhacomitrium species are lacking. Also, curiously, some
ol

common bryophytes living in habitats with a high fossiliiation potential are noticeably
absent, that is, many Sphagnum species, Philonotis species, Myurella and Hygrohy pnum
species. Some factors that might contribute.. to this absence are poor inherent
preservation' capabilines (Sphagnum) and high energy environments (Hygrohypnum)
Future research in the northern Yukon should recover fossils of Andreaeobryum
rnacrosporum, presently known to occur in the headwater region of the Peel and
Porcupine Rivers on wet, calcareous rocks (Steere & Murray 1876). Fissidens
adianthoides, common in fens; Saé/ania glaucescens, one of the drier -calcareous soil
growers; Dicranum e/ong_atum, commonly found in bogs and tundra; Bryobrittonia
/ongi;ﬁes, on moist calcar‘eous silt .in fioodplains and already in the Quaternary fossil
record from Alaska (Bryological Report 201);, Barbula unguitul/ata and B. convol/uta, in

the same habitat as Bryobr/tton/a""/ong/pes Gymnostomum rpcurwrostrum on

calcareous rocks and m wet atundra (ﬁ’?Vologlcal F’{’eport 201), ~;,Rhacom/tr/um
. %

lanuginosum, in Iarge mats on aCIdIC and rarety el f‘caicareous rocks (Aiaska Bryqlogtcal\"

Report 201); Funaria hygrometr/ca Whnch was pf‘obabL,y ab;emdant Acm d}smrbed soil'in the‘

basin floodplalns durmg thelr Plerstocene developmar\t dobryum cmc//d/O/des :

g ¥

common in mire systems. and known f:‘om the* Nova Scotlan Ouaternary fossn record
{Bryological Report 413); {‘//mac:/um dendm/des along stréam

e g

";and Iakes Entodon

1

concinnus, on moist caIcarieou%%oul and already drscovered in an assemblage from the

- Brooks Range (Bryologlcal ort 201) Pt—_rv//um “crista- castrensrs, aimost certainly
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Table 4. Comparison of present day and subfossil bryoflora of North America

North American North American subfossil
present bryofiora record’
Bryophytes
© 4 of records 1663

# of species 1695 246
Musci

# of records 1650

# of species 1170 239
Hepaticae

# of records | 13

# of species 525 7
Amblystégiaceae -

# of records A ’ 775

# of species A 70; 40

' Grum et a/. 1973 and Stotler & Crandall—StotIer 1977

? Janssens 1981, Miller 1980a, Kuc & Hills 1971 and Kuc 1973c.
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present during the warm i:\térglacial and interstadials on the forésted floodplains of the
basins and now known as a subfogsil from the same assemblage, as the foregoing:
species; and ijytr-ichum\\strictum, a consistent component of acidic wet communities
with Sphagnum species. . ‘ \
Neither sporophytes nor calyptrae have been extracted from. any material
collected in fhe Yukon Territory. However, they are not unknown for North America. |
have extracted two ,rossil Hypnaceous capsules out of.deposits from Ontaric and an
Encalypta calyptra from aOuebéé sample. A Sphagnum sporophyte (probably S. /enense)
was recovered from a two million year old deposit in eastern Alaska. |
There are several possible explanations for the discrepancies between the
~subfossil records and the present—day bryofloras with respect to Hepatics,
Amblystegnaceae and other taxa mentioned above. It is generally accepted that selective
, the under- representatnon ‘of liverworts (Culberson 1955) Steere {1942) suggested
different cell wall composmon and structural dlfferences as the reasons for the rarity of

certain groups of bryophytes in the fossil record Hydrophilic mosses are supposed to
u\i«,v
be more protected agamst decay by the presence of aromatic and antibiotic constltuents o

in their cell walls (Steere 1942). An indication that cell walls of stem and leaves onlyk
mature at the end of the first year by the deposition of resistant producps is given by the
near absence of first year fragments and growth apices of pleurocarpous mosses
among the subf,ossn fragments. Further study of cell wall composition and ultrastructure,

and of the mlcro/ organisms responsible for decay ig badly needed to clarufy the exact
contribution of these factors to the skewed representation: of certain groups of

bryophytes in the fossil record. Clymo (1965) reviewed some of the conflicting literature
on the presence of anaerobic orgénisms below the sulphide horizon .in mires. He
. concluded that breakdown by micro-—orgAanisms ;/as probably the for ioss of matter
from Sphagnurn. His. experiments illustrated selective destruction by showing that S.

papillosum disappeared only half as fast than S. cuspidatum énd S. nemoreum from the

experimental set-ups.
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However, it is evident that for some groups differential destruction is not the
cause. Their absence can n\ost easily be explained by considering that they grow in
'habntats without potential for fossilization, as for exampie corticolous spemes.

Summery 4 o

Most species with a fossil record in the Yukon are still in the present bryoflora of

the Territory. However, Léptodontium f/eX/fo//um is a well documented example of a

disjunct specjogh ""‘s absent in the Yukon at present {Plate 4), as well as the low

- reliability -?". rds of Ca_///ergone//a cuspidata, Calliergon megalophy//um and
'}:-§phagnum cerztra/e. Hepaticae are strongly under-represented ‘as fossils, while the
_Amblystegieoeae are over—represented. Some bryophytes are hoticeabl.y absent as

fossils in the Yukon, but many of these are known from postglacial deposits in the
" Brooks Range and will probably be recorded fromn the Yukon in the future.v

Ultrastructural differences of cell-wall -and the production of antibiotic substances and

habitat preferences are responsible for the selective preservation.

D. Paleoecological‘Recon,struction: Approaches—

Introduct.ion

The mejority of assemblages belong to the transported type {see Materials and
Methods, and Table 6). Steere (1965) cautlons that only the /in situ deposited sediments
(fossil peats and forest soils) are capable: of giving reliable mforritatnon about
~ environmental conditions and clrmates Thns viewpoint can be modlfled when the history
of such largely transported and mlxed assemblages as those from the gIacnaI meltwater
lake basins in the northern Yukon is considered in detail All the samples have been
collected along rivérbanks. composed of repexposed fluviatile sediments and preserved
in permafrost. No extreme topographical differences {and thus drastically different
vegetati'on zones) are present between the localities* and the headwaters of the small
rivers cuttmg through the basins. in addition, it is clear, beciuse of the extensive erosion’
and down—cutting of the river valleys during the late— and postglacial perlod that the
headwaters were in most cases much closer to the present day coliecting localities. In
conclusion, none of the species occuring in the northern Yukon assemblages could have

been transported from exotic communities, but could have come from reworked flood
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Table 6. Summary of the characteristics of the three types of ¥ssembiages, derived from

% -the northern Yukon sampies.
Autochthonous . ‘Mixed Transported
v
Tofal ' kﬂ w . _

number of %ESemblages 4 11 48
number of records. 57 119 349
number of‘ taxa - : 35 62 84

| mdan number of records per 4.1 108 | 7.3
assemblage »;ﬁ ' |

mei?vnumber of‘ records per 1.63 . 192 ' 4.15
taxor; ' - » , 3

. Amblystegiac;eae e ’

rnumber_ of records " ' 33 * 54 207

number of taxa 16 20 31 gy
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plain sediments. Therefore despite the fact that most of the northern Yuko‘h" Yukon
assemblages are mixed, the data obtained provnde a sound basis for the reconstructlon
of Pleistocene and Holocene communities for this. ‘general area.

D|Sjuncts, Incongruous Samples and Modifications

There are four approaohes in paleoenvironl;nental research to the analysis of data
obtained from subfossil b‘ryophytesa The first two .methods will .be briefly’discussed
below while t;we fhird and the fourth will be dealt with in the next pa'rt. All four methods

~will be illustrated in Chapter V. ’ _

‘The first approach makes use of the characteristic habitat features of‘a single
taxon. The most significant conclusions are based upon ‘those species no longer in the
presem—day' flora of that area or that are found in unique associations. Two eXampIes are
discussed in detail in Chapter V. . -

A second approach to paleocenvironmental reconstruction, whioh is partially
¢pecies independent (compare Chaney & "Sanborn 1933 and Wolfes papers) is based
upon. an analysis of structure modifications. Some. modnflcatnons md;cate submerged
habitats for otherwnse ‘'semi—terrestrial taxa or exposed habitats for otherwise
shade;tolerant species. It is evident from the work of Lodge (1959, 1960) and Sonesson
(1966), as well as from the discussions in Nyholm 1965 Mértensson 1856, and Crum
1873, among others, that«spe‘cies in the genus Drepanoc/adus are extremely versatile in
their rﬁorphological response to different environmental conditions. In a discussion of the
taxonomy of se"veral'gehera of Amblystegiaceae, Tuomikoski & Koponen (1879) clearly
illustrated that the olasticity of Drepanoc/adljs is also found in the large and unnatural
genus Ca///efgon (consult Chapter il for more details).

Except for the real and simulated deep- water expenments of Lodge (1959
1960}, no- thorough study on correlations be;\{yeen morphological character:stlcs and
habitat factors have been published Lodge cultivated >popu‘la-ti‘ons\ of D. exannu/‘atus and
D. f./uitans uuder different co'r)ditions"bof' ‘sjubmergence, salt concentrations and light
intensities. Universal responses to aquatio haoitat (asso'ciated \’Nith low light intensity at
[increased depth) are the productlon of narrower. leaves nocrease ih cell Iength and
internede length of the stem. Many of these responses are typlcal etnolatlon features.
Lo’dge&gnd later Sonesson (1968, for D. trichophy//us) came to the conclusion that the

5
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shape and structure of the differentiated alar cells are primarily genetically determined,
while the shape of the leaves is strongly mfluenced by the environment. For further
,dlscu,ssmn see the Drepanoc/adus treatment in Chapter .

chkson (1973, p. 43) discussed the grossly modified leaves of a Polytrichum
commune specimen that has been washed in a reservoir before burial and fo'ssiliz‘ation.
The extreme length of the shoots ‘of deep-water bryophytes is mentioned by several

authors. Badin & Nauwerck {1968) pointed out the siow growth of the deepest growing

.‘bryophyte plants and the depletion of their chiorophyll content. Some authors have

described these aquatic forms as new species. For example, Savich—-Ljubitskaja &
Smirnova {1964, 1965) described two speci‘es, Bryum korotkev/cz/_'aF and
P/Aag/athecium simonovii, from perennial ice~covered lakes in Antarctica. | |

v Better known deep—water taxa are " Drepanoci/adus trichophyllus, ' D.
capillifolius and Calliergon megalophy!/um (Tuomikoski 1940, 1949, Tuomikoski &
Koponen 1979). These taxa at'e conﬁmonly found in Fennoscandian lakes (Persson 1942,

Maime 1978) and some appear to be true lake bryophytes. A treatment of deep-water

bryophyte structure is in Persson (1944). Even though he studied only a small number of

. species, many typical modifications were shared by all of them. However, Persson mostly

limited . himsel f tor pointing out how extremely different the aquatic forms are, without
giving more than cursory detail of structure. Bryum pseudotriqdetrum and Cinc/idium
stygium are distinguished from their normal terrestrial populations by r‘dbustness,
Iengthened shoots and squarrose-l-recurved‘ ieaves. The first species is, in addition,
_vcharat:terized by the absence of any branching, loss of differentiated border and
complete sterility. A unique character state foﬂtrﬂthe’ aquatic form of Drepanoc/adus
sendtneri is the much thinner costa. . , "i

Scorpidium scorpioides is a species of Amblystegiaceae upon whicl't no
quantitative observations in relation to modifications have been made‘f\:’Howe(/er,‘ it is an
extremety common Pléistocene fossil (see also Janssens 1977a, 1977b). Observations of
modifications in the field and s}udy of the subfossil assemblages has led me to the
conclusion that there are th&ae/distinct forms of this species. The luxurious form .ha"s
short internodes, very large, concave leaves, and is often black or dark—brown. This first

modification is found in autochthonous peat samples formed in extremely rich fens. In



351

‘well preserved samples containing this modification, marl forms the matrix (Bryological
Report 172 and Janssens 1977a, b, the Gistel sites). At present such marl dep.osits‘are
formed in extr‘emely rich fen pools, along the margins of which only the large, turgid
forms of S. scorpioides Iuve The stems become encrusted with calcium carbonates,
which give rise to the marl matrix. A second form of Scorp/d/um scorpIOIdes has small
leaves and is not turgid. This modification is found in what are obvnogg!y mixed or
transported assemblages (for example Bryological Report 201). This form'is,.,commonly
found intermixed wnth other bryophytes in more terrestrial habltats A thyrd very
~ characteristic modification of this specues is created by flood condmons 1 sudden rise
in the water level causes mats of the species to become floating. The n_ew_’(?ster.ns hav;:-;/
long internodes and even larger, but less concave, leaves than the turgid forms. An'i
example of this form in the fossil record is seen in Bryological Report 173. Tﬁe mixed
assemblage described in this report probably origina{ed by a sudden rise in water level
and by the influx of some components from nearby drler commumtles

Dfepanoc/adus species are the most abundan'dy recovered subfossxls so that
more quantitative studies along the line. of those performed by Lodge would greatly
enhance the usefulness of the second approach in paleoen‘vironmenta! reconstrpction.
Mdst species of Drepanoc/adus are capable of growing in submerged sitdati‘ons. The
most commonly found modifications in these aquatic plants or in the submerged parts of
terrestrial plants are longer mternode length, more orthophyﬂous narrower leaves, and
Ionger and narrower cells. The species of the subgenus Warnstorfia often have a
" reduction in the number and size of the marginaIVteeth.. Some specieshaye a longer
relative costa length in the aquatic forms (for example Bryological Report 409).

| have found analysis of modlfncatnons to be very useful in interpretations of
depositional habitats. For example, two samples (Bryological Reports 177 & 178) were
collected from the bottom of Kiuane Lake, 43 m below the present water level They
have Been estimated to be approximately 2200 years old. The peat in the core had the

aspect of an organic deposit, formed /in s\/'tu. However, the bryophyte assemblage shows

that the components were derived from different commdnities. In, addition tﬁo, the floristic
information, it is clear that the commufnities which gave rise to the assemblages are
terrestrial or semi-aquatic and not lacustring, because of the complete absence of

’
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aquatic modifications in the Drepanoc/adus species. Most likely the peat was rafted into
tHe lake during spring break-up. There is no other evidence to support the hypothc;sis
that Kluane Lake had a water level 50 m lower 2000 years ago (Matthews, personal
communication). | 7 '

A similar situation is analysed in Bry’ologic*;al Reports 409 to 412 (Janssens 1881,
Blake 1881). Abundant, well preserved material ofﬂ D. |ycopodioides var. brevifolfus was
r'ecovéred from 1 m below tﬁe bottom of an unnamed lake in the Baird Inlet region of
Ellesmere island, in an apparently autochthonous peat The material is of Early Holocene
age {8940 * 170 BP, GSC-3009). This species has never been found as an aguatic moss,
nor have | ever found any aquaticv modifications in subfossil fragments. The collector of
the samples proposed (Blake 1981) that the depression was forfned during Holocene
time after local deglaciation and that the water level gradual rose after the speéies had
already invaded the pond. The initially porous moraine which forms the dam for the'
present day lake was blocked by the accumulation of fine mihe_ral sediment and risiqg
permafrost caused the area to be flooded An alternative hypothesis is that D.
\/ycopodioides vaf'. brevifolius was l'!ving in a shallow pohd on dead ice. The pond
became graanIIy deeper when. the ice wasted during the postglacial period.(‘A clearly
aquatic form of D. exannulatus was recovered from a few cm below the bottom of the
lake in the same core, above the D. /ycopodioides var. brevifolius peat. This confirms
that a rise in water table occurred. ‘

jAnalysis of modifications can also be used with bryophytes that are not
characterstic of aquatic habitats. For example, Hylocomium splendens hag two distinct

growth forms, which are explained in more detail in Chapter lll. One formi, which is the

monopodially branched, is found in arctic—alpine, exposed h ther, luxurious,
sympodially branched form is always associated with the boreal forest Both forms are
easy to differentia}e ig\ well presefved subfossil material. The mé erial tha{t has preserved
“branching in-my collections all belongs to the sympodial fory(}(Bryological Reports 4,
200, 201 & 383). The localities are Stewart River in the Yukon‘(_6'3° N), Anaktuvuk Pass in
Alaska (68° N) and Hungry Creek in the Yukon (65° N). The forest form of the bryophyfe
is associated in fhesé samples with Picea needles and macrofossils of other boreal:taxa,

confirming the presence of trees in the environment. For the postglacial Anaktuvuk Pass
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{arthef north during

pre—-Neoglaciation Holocene than at the present time (Hopkins 1972 and Chapter V).

sample this supports the evidence that tree-line was higher up and

Local and Regional Reconstruction

The third and fourth approaches to paleoenvironméntal reconstruction are
ogussed in this section. Both are primarily based on the floristics of the assemblages.
The third approach is the most commonly used method in paleoenvironmental research
based on macrofossils (Miller 1980c). dne attempts to reconstruct, on a local scale, the
communitiés that gave rise to the fossil assemblage. The inferenées drawn are based
primarily on the ecology of the different species in the assemblage {see Chapter lil). In
addition, abundancy and rehablllty indices are used, as explained in the Chapter Il. The
conclusions that have been reached by analysis of each assemblage are contained in the
Bryological Reports submitted to the.Geological and Archeological Survleys‘of Canada,
the United Statas Geological Survey and several other organizations and persons that
provided the samples. These co?wclusions are not reproduced in the Summaries to the
Bryological Reports in Janssens 1981. Several of these assemblages will be discussed in
Chavpter I.II. This third approach also resulted in the assignment of each sample to a type
of assemblage (see Materials:and Methods and Table 6).

The fourth approach’is to reconstruct the regiénal'environments of the Oid Crow
Basin and adjacent areas:. To my knowledge, this is the first tirﬁe that ﬂmacrofossil
evidence alone is used on a regional scale for paleoenvirbnmeﬁtal reconstruction. Six
chronological/stratigraphical groups were formed from 65 assefnblages out of 73 for
the northern Yukon Territory. These are listed in Table 7. Some assemblages could not be
used because there was no consensus about their age as there are several con;rOversial
time—stratigraphical models for the Old Crow Basin. These will be discussed later
discussed in more detail. records and taxa for each group. What follows here is a
" synthesis of the ecological information each of the groups. The basis for this synthesis is

the study of the bryophyte growth form distribution in the groups.
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Table 7. Chronological assemblage groups of the northern Yukon Territory.

Assemblage Group # of samples #-of records # of taxa
6. Recent detritus | 2 18 15 ‘
5. Postglacial peats | 7 \EO\ - 31
4. Late Old Crow Interval 11 : 40 oo 21
3. Disconformity A 28 171 63
2. Mid-Section ; 13 - 115 52

1. Lower Lake 4 30 ~ 24
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; _Appendix 2, summarizing all records of the northern Yukon. also indicates the
predominant .growth forms for all of the taxa recovered. This growth form classification
is based upon that of Gimingham & Birse (1957) and Gimingham & Srﬁith‘ {197 1), who
suggested a descriptive system for the growth habit of terrestrial bryophytes, which
they ealled growth form types. Their descriptions of bryophyte growth habits and my
own observations of living populations in the field and dried herbarium specimens are fhe
basis for the designation of the most common growth form or forms for each of the
taxa listed in Appendix 2. The habit of a moss species is partially correlated with its
strategy to obtain and retain the available water for growth (Birse' 1958, Gimingham & .
Smith 197 1). In northern or antarctic regions summer is short and favorable periods for
growth are irregular. The growth form of the bryophyte will :inﬂuence critically its
survival. Such dense growth forms as small cushions, tall turfs with érect branches and-
small turfs are often effective in restricting water loss. The taxa with these growth
forms are most commonly found in more exposed environments. Carpet forming species
end large cushions are found in swampy areas that are provided with a permanent water
supply. Tall turfs, havmg eract branches and loose structure, and thus relatively little
influence upon water conservatnon often grow in habitats with S|gmﬁcant water
evaporation stress and in more water—logged condutnons (in the case of the rhizoidal
form). Often other mechamsms (for example cuticularization, lamina and lamellae
movement) are operating to restrict water—loss in these species. Most mat growers
exhibit an extreme variability. Typically. developed smooth and rough mats are never in
contact with the wate: table (for example Brachythecium species). More robust forms
approach' carpets and are found in swampy habitats (for example Drepanoc/adus
species). Plate 58 shows percentage histograms of the eistribution of growth forms of
the six .groups. The eight different growth‘forms recorded for mosses in the northern
Yukon (Appendix 2) are grouped together in three classes (small turfs, large turfs, mats
and wefts). The proportion of each of these classes for the six groups is reflected in the
height of the bars of the histograms in Plate 58. The percentages are calculated on the
basis of the number of records. Records with two common growth forms are scored

twice.



Plate 58. Percentage histograms of growth form distribution for the six
assemblage groups of the northern Yukon Territory. tt = small turfs (t +
to), TT = large turfs (Te + Trh + Td, MM = mats (Mr + Ms) and W =

wefts (Gimingham & Birse 1958). For further explanation, see text

<
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Cdmparns : o? dlfferenceﬁ ’ar]d srmnlarmes among the growth form spectra
A

(Piate 56) resulting in gr(méjhg tﬁe 6 gss%agg‘ groups mto three stratugraphlc zones

(!he deer Lake Mnd Section and

A'l ‘, iy

{PLate 59). Zone | assembles grodps éne ‘to thr%e
4 and Zone Bl are tho pdstglacial

Disconformity A assemblages). Zone ll is grOup
' » N \‘1 M‘

autochthonous and detrital samples {groups % and ,The dlfferentlatlon of ghe zones is
not only based on the growth ‘form spectra, but also the reme amoums bf rl% ,f‘n

upland and aquatic indicators (see below) the type of a pm ages anel the preservatlen

aspect of these assemblages lreflected in thenr_&'mean rell ‘;‘gllty index). Table 8 lists the
values for these parameters. In the remaining par.?"of this s.ection the three zones will be ‘
characterized. In Chapter V the vegetation history of the northern Yukon in relation to the
history of Beringia will be discussed on the basis of these descriptiens and the three
other approaches. ‘ »

Zone |, formed by the oldest assemblages, is the best documented. From it 316
records in 45 samples have been obtained and 85 different taxa are represented. Two
thirds of the fossil assemblages oof this zone are transeorfed. All the samples of the
oldest gro.up 1 of assemblages (group 1), the samples collected from the reworked
Lower Lake Clays) consisted of transported detrltal organics. The highest proportion of
peats with an autochthonous aspect in Zone il were found in relatlon with Disconformity
A  However, they were also transported as small blocks and deposited in features related
to the hiatus.

Zone Il has the lowest number of records and taxa Most of the sarrlples consist
of a few transported, poorly preserved organics in a primarily mineral matrix of silts and
“sands. The mean reliability mdex of these samples was also lower than the index for the
two other zones. Only group 4 constitutes this zone. It is clearly dlfferentlated from
Zone | below and Zone lll above in the growth form spectra (Plate 58). by the dommance
of mat growers and the absence of wefts. In Zone | the turfs (tt+TT) are dominent over
the mats and wefts are always present In Zone Il the large turf growers (TT) are

dominant and the mats contribute less than in Zone l.'
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Plate 59. Composite section tHrough locality HHE8-9, northern Yukon.
Assembla%e Groups: )

Zone il
6. Rec;ent Detritus
5. Postglacial Peats

Zone |i
4. Late Old Crow interval

Zone |
3. Disconformity A
2. Mid—-Section

‘1. Lower Lake
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\ ‘ Table 8. Statistics for Zones .1l and Iil of th;a northern Yukon sequence. 4 }-
Zone | Zonell -~ Zone lli '
(Group 1to 3) (Group 4) (Group 5 & 6)
Number of samples 45 A L 9
Number of-lze(:ords | 3186 40 58
"Number of taxa : ' 85 21 41
| ‘Assemblage types ‘
% autochthonous ’ 18% 9% - 45 %;
% mixed o 15 % 9% | 22 %
" % transported ' é? % 82 % o 33 % |
Mean reliability ipj:lex o bl;p5 if‘ . 42 B2
Intti’icétor Species ’f,.;r ‘9‘ *x‘hv‘/" - - '
% rich 'fzn records ‘ _ MQ‘«:/Z o _ _;5 % 7 %
oo % aqgéfic records - YR 5% C Teo2g,
‘%upland records . - . 9% 3% 3%
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Zone Il assembles t'\l'li'o 'groups with completely diffarent his;o'ries lgr‘oups 5 &}6). ;
Group 5 consists of seven in situ peat samples, exéhepthfor the oldest ones on top of
the Upper Lake clays. These latter samples consist of revs)orlged, éo‘arse detri‘tal organics
deposited when the lakes were finally completely. drained. Group 6 are present day
detritus samples, collected on the river bars during the summer. The material was
probably deposnted durlng the spring floods of the same year. Notwuthstandnng this
dlfferent orugm of the deposits of Zone lil, the growth form spectra are very similar l,
(Plate 58). This leads to an important conclusion and the working hypothesis discussed in
Chapter V. The preservatlon of Zone il samples was slightly better thah for the other
zones (see mean reliability index in Table 8). Forty—one different taxa are represented in
this upper Zone Il

1

The identification of these three zones is not only the result of a comparison of

" the group growth spectra, but also based upon the relative abundance of indicator taxa -

(Table 8). These xndlcator taxa comprlse upland fen and -aquatic species. Upland taxa are
found excluswely in topographically high habltats and are most llkely not found as living
members of mire communities. Rich fen species are found exclusively in rich and
extreme rich fens, characternzed by a pH higher than 6.5 and a Ca* concentratlon above
5 ppm (S]djls 19504, b, 1961a b, 1963, Slack et a/ 1980, Mlller 1880b). Two taxa are
listed as aquatic. mosses. The species classuf:ed as I“Ich fen, upland ‘or aquatlc are
indicated in Appendix 2. 15 % of the records of group 4 are from rich fen specnes
Together with the low representatlonv of upland taxa, this supported the creatlon;of Zone
[l for this assemblage group. Zone | is clearly differentiated from the two younger zones
by the htgh incidence of upland taxa Three times as many ‘of its records are from upland
spemes Most of ‘these are contributed by assemblage group 3 samples from the
Dnsconformlty which |:except|onally rich in speCIes Zone M, the Holocene and present
day assemlalages, are the poorest in all three ‘indicator specqes, having only half as many .

aquatics as the other, older zones.
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Summary

All subfossil bryophyte fragments in the bnortherg ‘.Yukon‘basins are der_ivod from
regional communities or in situ peats. Therefore, they can be considered reliable for
paleoenvironmenta“lﬁ _reconstruction. Four  approaches to  paleoenvironmental
reconstruction are utilized ;‘in the present study. One approach centers around species
that are "incongruous” for the assemblages they occur in. A second a-pproach deals with
growth form and,habit_atz modification® Many Well—def’ined modifications occur in the
group of the Amblystegiaceae. These forms can be correlated with habitat featur‘es
prlmarlly water level. Modlflcatlons also characterize some terrestrlal bryophytes: In the
case of Hy/ocom/um sp/endens use can be made of |ts dlfferentsated forest and
arctnc alpine forms. The third approach is to rely on the floristics of an assemblage to
reconstruct local environments. Abundance and reliability measures are used'to precusely
define(t}h’e conclusions. The fourth approach is a preliminaijy attempt at reéional
v paleoenvironmental reconstruction. Assémblages are grouped in stra;cigraphic units.
Growth form spectra and mdu:ator taxa suggest similarities and dnssnmularmes among the:
groups The groups outlined for the Oid Crow Basm indicate the presence of three’
chronologucal zones. These perlods suggest substantlal landscape evolution in the Basin

durmg Lite Quaternary times.



V. SUBFOSSIL BRYOPHYTES and the CENOZOIC HISTORY of BERINGIA

A. Origin and early Tertiary Evolution .

- The Bering—Chukchi Land Bridge is a 't'ectqnic feature, correlated with plate
tectonics, at least during most of its Tertiary and Ouaterhary history (Matthews 1979b,
1980b). During the Cretaceous the Pacific Kula Plate (now largely submerged), collided
with the eastern Siberian, Beringian and northwestern North American platforms. This
created early Tertiary fold belts élong the collision line and made exchange of terrestrial

biota between eastern Siberia and Alaska possibie. This exchange was partly responsible

for keeping the early, boreotropical Tertiary biota of Laurasia homogeneous. Prior to the '

Oligocene deterioration of ciimate, temperate'broad—leaved deciduous forests were

absent in the Northern Hemisphere.\ Most likely the early Tertiary forests were
broad-leaved and evergreen, indicating the equability of the climate (Wolfe & Tanai

1980). Only @Qstern Siberia were there significant water barriers to Holarctic dispersal

. during the early Tertiary. These were probably a con_ngc&'on of the southern Tethys Sea

~ with the Arctic Ocean along the 85° meridian (Matthews 1980b). During the Eocene, the

North American—Greenland plate drifted away from the Eurasian plate, breaking up

Laurasia and connecting the Atlantic with the Arctic Ocean.
. ‘ &

: g

B. Miocene

3

Bﬁ&é the - Miocene, Byringian (Siberian), mid-continental North American and

European biota had clearly dlff%rentuate@from gach other Thnsﬁwq‘g a reflactnon of the
disruption of Holarctic dispersal, wh|ch was caused more by world cllmatlc deterioration
than by sea barriers. During the Ohgocene an abrupt coalipg broke the connections of the
broad—léayed evergreen forests over Beringia (Wolfe fa78) and- the warmer middle
Mioéene did not restore any homogeneous biota with@a Holarctic distribution. The
existence of a curcumpolar homogeneous Miocene Arcto- Tertlary Geoflora is now
considered very ‘controversial (Wolfe 1978, Wolfe & Tanai 1980) The Arcto-Tertiary
Geqﬂo_ra was defined by Chaney (1947) as an uniform, early j;ertiary (at that time

considered Eocene) temperate deciduous hardwood forest, very similar to the southern

_mixed mesophytic forest of the eastern United States. However, most of Bei’ingia-»was

- s
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too cool for mixed- mesophytlc forest during the middle Miocene optlmum and and it

appears that the vegetation was not uniform. S;r@e no physncal barrier to Holarctlc

dispersal existed during this epoch (the Bering Strait was not yet formed and the Atlantuc
was in its early spreading stage), it seems that climate must have been the major factor
contributing to #e observed differentiation of the late Tertiary North American and
Eurasian biota (Matthews 1980b). Wolfe & Tanai (1980) concluded that north of 65,
Beringia was -covered by a rich northern Toniferous forest. containing many more
elements than the present taiga. It was dominated by Pinaceae (P/inus, Picea, Tsuga, Abies
and Larix/Pseudostuga). The broad Iea_ved genera were diverse and included Betu/a
(dominant), Fagus, Ouereus, Carya, Pterogar‘ya/C‘yc/ocarya,‘ Ulmus, Populus, Salix and

Symphor/carpos Farther north the forest became totally coniferous. To the south there

was an ecotone with the mnxed northern hardwood forest or possibly a mixed

enera occurred in these forests: Metasequoia, U/mus,

»Ph?rocarya Populus, Salix, Liquiddibar, Platanus,

/' elements including Lindera, Cercidiphyl/lum, Berchemia,
Procarya and Cocculus, were present in large numbers The coastgl area of. southern
Xa was occupied by coniferous forest (Pinaceae dominated). Broad leaved members

f,this coastal forest were Populus, Salix, Pterocarya, Alnus, Betula, Fagus, Ulmus and

‘Traditionally {Chaney 1947, 1959), species in a fossil flora are assigned to an
element lsuch as the Arcto-—Tertiar;‘IeIement)A These elements represent the region where
the spem*cjginated It is thus significant to consider to which elements the middle
M:ocene Alaskan assemblages belong because these elements comprlse the flora that has

been the basts for the Arcto-Tertiary flora, which in turn has been r&arded as the type

L : ,
‘flora for the mixed mesophytic forest Wolfe (1978) indicated that broad leaved

deciduous forests appeared for a short period of time at middle and hlgh latitudes of the
Northern Hemisphere after the Oligocene deterioration. He listed two major sources for
the comporents of these forests: (1) pre—adapted lineages present in the broad leaved

evergreen forests prior to thje/cﬁmatic deterioration and (2) elements of the high
' ~

elevation temperate coniferous forests that moved downslope. Three source areas are

. - :

]

!

:] Garp/nus Tilia, Acer. /lex, Elaeagnus and Nyssa. Still
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known for the components of the mlddle Mlocene mixed northern hardwood deciduous
and mlxéd mesophytlc forests thus, there are three elements the East Asian, the West
‘ Amerlcan and the Berlnglan (high latitude origin). For example. Cercidiphyl/um and

Zelkova are considered East Asian, U/mus, Cafyatand Ager West American. and

Metasequoia, Fagus.and Sa//‘x Beringian. Although 'some of these genera are no longer‘

natlve “to the area of the element they are ass1gned to they are considered to belong to

“the dlement because they were present in the area before the Oligocene deterioration.

A fossil bryophyte spemes, discovered in Late Pleistocene sediments in the

northern Yukon‘ could have some irnpllcations ‘for the reconstruction of the iertiary
hlstory of eastern Berlngla (Janssens & Zander 1980 Bryological Reports 174 & 370}
~ Even though there-is no evidence of the presence of Leptodont/um r’/exﬁo//um in

ﬁorthwestern North Amerlca in late Tertiary times, Jansserté?& Zander concluded that this

o Ry

moss probably was a rellct of the extensnve Tertiary flora W|th su@rtroplcal afflnltleS'

Leptodont/um flexifolium is found preSently in oceanic— montane areas of Central and
South Amerl,ca (Andes) in EurOpe Africa (Cameroun, Zaire, Kenya, the Hlmalayas Chma
Formosa, Japﬂnx southeastern Asia and Hawaii. In the troplcs and subtropics it occurs at
high elevatlon?, usually above 2000 m. In western Britain, L. flexifolium grows at places
pbelow 300 m e\evatlon {Dickson 1873). North American stations are 5|tuated in Memco
Arlzona, New Mexico and North Carollna with the southern Appalachian populations
restricted to the P/‘cea-Abies-:zone above 10370 m elevation. Several other members of
- the Pottiaceae have (gimllarﬁsjunctive patterns of distributién. For example, the
dIStrlbU':lon of Bryoerythrophyl/um /ameson// (Tayl) Crum is basically Andean— Hlmalayan
with only one New World station north of the ‘Mexican—United States border (British
Columbia: Queen Charlotte Islands, Schofie/d 15257, (UBC)) and it is present otherwise in
Scotland, China, India, Tasmania nd New Zealand (Zander l % m
Jamellatum {Lindb.) Jur: (Steere 1939) and Molendoa sendtneriana (B S. G§( mer
1976) show - large arctic—temperate North American dlSJunctlons while other specnes for
example P. subsessile (Brid) Jur. and Tortula bistratosa Flow., have similar dlstrlbutlons

W

but with Cordllleran intermediate statlons

« One explanatlon of the dls;unctlve pattern of /_ zl‘/eX/fo%,r is  that the

- distribution range was established in the north durlng early and middie Tertlary times. A

% Y
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Mesozoic dispersal is very unlikely, considering that the ons well known fossil
bryophytes from that era are all extremely different from any of the now extant species.
Only during the Paleocene. Eocene and early Oligocenelperio&s,' which were
characterized by long pé)riodé of warm and equable climate (Leopold & MacGinitie 1972,
Wolfe 1972, 1978, Janssens et al. 1979)', were most species, or more likely their
~progenitors, capable of spreading over the North American continent. Later, drastic
tectonic chang“es. (for ~example orogenesis and vulcanism) and, most importantly,
correlated clim;fblogfctal ‘changes starting with ‘.the QOligocene deterioration and
culminating in the glaciations of the‘APIeistocene, apparently broke up the‘ formerly

continuous distributions, selected pre—adapted species, segregated them in new

"~ vegetation units and restricted many populations to small refugial areas. The range of

some species, including L. “flexifolium, became very restricted and some taxa
preéumably became extinct in the more northern areas. leptodontium flexifolium

survived, apparently at least until the Wisconsinan, in the Old Crow Basin. It is quite

possible that a living population of this species will be collected somewhere in northern T

" North America in the future..., Ve R 5 '

o Doaw
- W

A more detailed reconstruction of the dispersal history of L. f/lexifo/ium can be

%roppsed when its narrow autecological requirements are considered. The species is

~ found in.Hawaii, which indicates long—distance dispersal is possible and has happened at

some time since the Miocene period. However, long—distance dispersal from Central

America to the Yukon Territory during Wisconsinan time is considered 'very unlikely.

. Propagula of L. flexifo/ium, being larger and probably not as drought resistant as many

diaspores of the species discussed by van Zanten (1978), are not likely to be transparted -

notrthward by air currents from Central America. Dispérsaliby any of the many species of
wa'erfowl migrating from the Gulf of Mexico area to the north is much more Iikely
(Bellrose 1976). Several routes are in existence now (as well along the West Coast and
over the continent) and it is épparent that similar migration patterns could have existed
‘durﬁxg Tertiary times, and the interglac;ial and interstadial periods of the Pleistocene.
Recent studies of migration of waterfowl! in northwestern North America (D.A. Boag,

Department of Zoology. University of Alberta, perso;r’\gl gommunication) suggest that

transportation by birds of wind—blown material floating on the water surface of lakes

oY
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and ponds is much more frequent than was formerly 'thought. These studies have also
shown that distances as great as 1500 km can be covered by waterfowl! in 13 hours in
exceptional situations (in this case during storm weather from Banks Island to northern
Alberta). Birds foliow the slow, northward transgression of t.he 1¢ C isotherm through the '
United States and southern Canada and the last northern leg of their spring migration
flight is non—stop in contrast with the slow northward migration earlier.

Based on these recent findings and assuming no drastically different migration
behaviour for birds during the Cenozoic, the following hypothegis for the distribution
paftern of L. flexifolium in North America is proposed as the m&likely: during Tertiary
times before the strong aridification of western North America, mesophytic broad leaved
deciduous and coniferous forests extended up to southern Alaska (Wolfe 1978). qhe
equability of the climate and it.s strong oceanic aspect rnade it poesible that the species
could have had a more or less contunuous dlitrlbUtIOn up to 60° latitude me habltats similar
to the ones found much farther south at the present time. The Old Crow Basin ltself {at
68°% was inside the rlch coniferous forest belt. However, the very. umque character of
the basins in the northern Yukon Territory (sheltered from the Ar‘t":&nc Ocean, with a
strongly continental climate but abundant residual lakes and waterlogged organic
subsirates) made them a li’kely stop~over and breeding arga for waterfowl (Bellrose
) 1976, p. B44) It is evbident that we have no idea yet when the di"shpersal of the moss
actually took place, but it is more likely to assume dispersal from hypothetical Tertiary
now extinct southern Alaskan populations than from the extant Central America
populations. It was also present in the northern Yukon before the formation of
Disconformity A (Br’yological Report 370). '
C. LateAMi.ocene and Pliocene

The rich conlferous forest in northern Beringia is of central significance with
respect to the development of present subarctic and tundra biomes. The near absence of
late Te'rtiary.%eposits in Canada is the cause of the tentative aspect of the reconstruction
of the boreel life zoAne history in continental North America (Matthews 1979b, p. 54, fig.
‘2.6c). However, macrofossils from the Miocene—Pliocene Beaufort Formation of the

northwestern Arctic Archipelago (from 73° to 83° N) were studied by Hills {(1875), Kuc &
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Hills (1974), Kuc (197 3e) and Matthews (1976b). The Beaufort Formation is a coastal plain \
deposit along the norfhwestern fringe of the Arctic Archipelago,  extending from Banks |
Island in the south to Axel Heiberg Island in the north. The oldest deposits on Axel

| Heiberg Island (81° N.) indicate that hardwood forest elements were present during that
epc;ch Later, during the late Miocene, the mixed hardwood-coniferous forest ecotone
extended‘ as far northl as Banks Island (73 NJ The oldest asserﬁblages of subfossil
bryophytes in North America are known from this island and these indicate a boreal
forest vegetation (Kuc & Hilis 1871).

The mosses in thé Beaufort Formation deposit on Banks Island were recovered
from‘ a woody sapropel of fluvial origin. The moss fragments were\ deposited in a
moderately minerotrophic pond (Nuphar, Potamogeton, Sphagnum teres and
Dfepénoc/adus exannulatus), surrounded by rich fens (Meesia triquetra, Ca//iergbn
giganteum, Drepanocl/adus revolvens, Scorpidium scorpioides and Tomenthypnum
nitens). A few fragments of Thuidium qbiet/‘num indicated that nearby there were drier
upland communities. Cones of Picea banksii (pr’esum_,ed prog.;er‘\itr:or o’f Picea glaucal),
Pinus and Larix were associated wifh the peat (Kuc & Hills 1971]). | ‘ ’

During the Miocene—Pliocene transition Meighen Island (80° N) was the site of an
. open woodland tundra with a circumpolar tundra zone in existence only at the end of the
Pliocene (see below) Kuc (1973e) identified 44 mosses and one liverwort from a black
peat layer exposed south of the Meighen Ice Cap. The bryfophytes were as_sociated with
sharp ')angled (indicative of minor transport)‘fragments of woed (Larix and Picea, Caréx
and leaf fragménts of Salix and D;yas). The age of the pedzﬁi nov:; estimated to bé Iaté
Miocene or. Early Pliocene {J.V. Matthews, Jr., ’personal communicéﬁbn). Mosses with an
extensive boreal distribution were found in the assemblage. They are still widespread in
. the Arctic Archipelago, but are generally more abundant in southern parts of the Arctic
and subarctic areég,_ The typical forest form of Hy/ocomium splendens with sympodial
. branching was present, as well as the tundra form (mondpodial branching). Fragments of
D/epanoc/a(du._s uncinatus are well developed with strongly plicate Ieéves,sas in the typical i
mesic form. Other taxa of this group are Po/y:"tr/'chum /’un/L\perinum, Aulacomnium

palustre, Drepanoc/adus revol/vens, Bryum pseudotriquetrum, Meesia uliginosa and

Thuidium abietinum. The latter is found in xeric habitats and was part of the upland

.
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component in the mixed assemblage. Mainly boreal taxa, presently very rare in Arctic
areas, .were Paludella squarrosa, Sphagnum recurvum and Pleurozium schreberi. Not
yet in the High Arctic at present, but recovered from the late Tertiary deposits, are
Climacium dendroides (Horton & Vitt 1976), Dicranum /eioneuron (restricted to the
Canadian Maritime region, Peterson 1979) and Pseudobryum cinclidioides. Specﬁes that
presently have a mainly arctic-alpinetddistribution are very abundant in the assemblage.
Examples are Calliergon r/cf;ar&sOn//, Hypndm hamulosum,  Cyrtomnium
hymenophy!ium, Cinclidium /at//o//um., Myurella - tenerima, Philonotis fontana,
Pogonatum alpinum, T/mh/a austriaca and T. norvegica This clearly mixed assemblage
indicates a mosaic of subarctic forest and open fens, physiognomically very similar to the‘
present day vegetatioh of the Old Crow region. The presence of arctic-alpine taxa in this
assemblage and the absence of any indications of evoluti‘on or speciation supports the
hypothests that present tundra elements were a‘ady growing in late Tertiary alpine and
open woodland habitats and were pre~adépted to open, exboéed environments. All the
sdbsamples of the péat‘indicate a very low a'bun(dance of Sphagnum material. This is in
contrast with abundant Sphagnum remains in Holocene subarctic assemblages from the
Olid Crow re.gion. If future studies of the Beaufort Formation or other high latitude late
Tertiary sampies confirm this near absence of Sphagnum, it may be possible that factors

other than climate stro

the present distribution of the genus in the High Arctic.
Vitt & Pakarinen (197 out for the first time that Sphagnum is much more
.corgr‘ﬁon'in the Subarctic zone than in the High Arct;i_‘c.

During the late Miocene the northern Ala\s‘k‘an forests were coniferous (Wolfe &
Hépkins 1967). Evidentl;;,'no continuédé\‘t‘hndré blome exusted around the pole at that
time. Peneplanation of the land bridge occurred during ‘the entiré Tertiary. The Bering
Strait, and the Bering and Chukchi Seas were forgned until the end of the Pliocene (35
ma). At that time the Arctic Ocean froze over, tundra migrated south and Siberian tundra
areas were united with those in North Americ? in northern Beringia. Plant and beetle
macrofossil studies (Hills 1975, Matthews 1976b, 1977) indicaté continuity of tundra
biota over Ben‘:‘iﬁgia for tRe first time. 'The circumpolar extent of tund;a cbincided or
shortly pré—dated the formation of the Bering Seaway. In addition to the boreal elements,

5

described above, steppe elements also were clearly present in North America during
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Pliocene time (Webb 1977). Thus, the diversity of biomes in Beringia was gréfter a ‘.f;this"
: ! “ L
firmly established and circumpolar. The Pliocene climatic changes ancd tne. inland
c'ontinental aspect of Beringia made it possible for‘steppé elements to .expand from
central Siberia into inland Alaska énd from the dr;ying Southwest of North America to the
north {see below). The former Miocene, rich coniferous forest became isolated on the
two continents and tﬁus induced faunistic and floristic differentiavtion In the remaining
southern Alaskan forest fWolfe & Tanai 1980). Pinus still extended its range farther
north than at present during the PIiocene—Pleistocehg transition (Westgate et af/.. in
preparation). Sphagnum /enense and S. mage//an/'curﬁ were associated with these trees
in east central Alaska (Bryological Reports 357 & 359.. Pinel‘does not reach the Lost
Chicken area at the present time (r;’late 2) and it range only overlaps with the range of S.
tenense in the southern Northwest Territories. Another possible explanation for the
presence of S. /enense in a Pinus woodland is a shift in habitat requirements of the
moss. However, if one infers evidence based on rhofphological features, then that is not
the case. Present day populations of §. /enense are indistinguishabfe. from the subfossil

material of the Lost Chicken site.

It appears that.S. /enense survived glaciation as a Beringian element and perhaps *

also in some hypothetical refugium of limited temporal and spatial extent in eastern North
America. It appears not to have expanded its range south or north after the last glaciatioh.

Pinus, on the other hand, survived primarily in the vast refugium of the south and

succeeded in reaching northward halfway to the Mackenzie system during the Holocene .

period.

During the Pliocene, Northern Hemisphere glaciations began (Guthrie & Matthews
1972, Matthews 1974%‘ 1979hb, 1980b, Repenning 1980). Boreai' elements were still
present in western Alaska. The Cape Deceit Formation, exposed near Deering on the
north coast of the Seward Peninsula, is at least 1.5 million years old. Besides the Lost
Chicken samples, it is the olde§t material | have worked 6n, Except for one (Bryologiqal
Report 34'1 1), all samples contained very poorly pEeserved bl;yophyges {Bryological
Reports 332, 340, 345 & 346). The better preserved moss fragments of the Formation

were accumulated among other detritus in a pond. Rich fen elements form the dominant

5

time than at any other. In the north an ever increasing coastai and lowland tundra begiqme
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| W . |
component in the transported assemblage. Hy/ocomium splendens. Eurhynchium
pulchellum, Amblystegium serpens, and Larix needies and cone scales suggest that
treed communities were in the vicinity. As with the Coleoptera and mammal remains, the

botanical evidence indicates the presence of subarctic tundra and an adjacent Larix

tree—line. No phyletic evolution is evident in any of the plant macrofassil remains.

D. Summary of the Tertiary History

v;é_,xadually,penepla_qeg during the

Tertiary: By Pliocene times the Bering Strait had f I is thus evident that during the

Beringia originated in the late Cretaceous. }§

Tertiary there was ample opport_unity for e'xc@qpoe of terrestrial biota between
northeastern Asia and northwestern North Amerios

'FClimatic fluctuations, which began duringv the Late Eocene, induced differentiation
in the holarctic boreotropical zone. Rich corferous forest was present in Alaska during
the middle Miocene optimum. South of the coniferous forest extended the mesophytic
deciduous hardwood and coastal coniferous forests along the west coast of
northwestern North America. The presence of Leptodontium flexifolium, a possible
member of such a flora, in the northern Yukon ering the Pleisto;:uene (Plate 4), might have
been the result of earlier dispersal of this species from the southern Alaskan forest

Open woodland tundra on Meighen Island, north of eastern Beringia, is the first
indication of the development of tundra during the Miocene—Pliocene transition. The
formation -of the Bering Strait coincidea with the isolafion of the eastern Sibérian and
western North American coniferous forest in Beringia and with the first circumpolar
extent of this northerh tundra. Sfeppe eleménts were introduced from S&eria and
southwestern North America during the Pliocene. At the time of the onset of glaciations
some boreal elements extended still farther wes’t in eastern5 Béringia than at the presént

time. '
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E.I Pleistocene

Introductidn |

By the onset of Pleistpcene glaciations all true boreal elements had disappearedh
frqmbthe Arctic Archipelago and the interglacial sites studied contained indications of a
. tundra life zone. The present bgreal and arctic biota can be traced back to floras: énd
faunas ‘:ﬁ the Miocene.“'l_fhe primary effects of the Pleistocene glaciation? were ’
progressiye impoverishment and recombination of those late Tertiary floras.

Paleoer;vironr_nentai studies in eastern Beringia, summarized and reviewed by
Hopkins (1967, 1872, Morlan (1979). Matthews (1979b. 1980b), Ritchie & Cwynar
{1979} and Schweger (1979), indicate that the region was not a refugium for the bdirqag”
and arctic veéetation per se (see for example Heusser 1967) of Canada ahd Aiaska, but
for many floristic elements of their b‘iota. Prgsent day boreal vegetation associations and
their associated fauna were completely absent during the Late Wisconsinan. In addition,
many of the tree taxa have not left any record and probably Aid not survive in thé‘ .
Beringian Refugium at all. : "

The most commonly reconstructed biome in B?_r.ingia, unique for Late Pléistocene
time during glaciations, has been named tundra-steppe (Hopkins 1972), arctic-steppe
(Matthews 1876c) or ?nammoth—steppe {Guthrie 1979). Pollen studies in_Alaska and the
Yukon Territory (Ager 1975, 1977, 1979, 1980, Colinvaux 1964, 19674, b 1973,

“ Colbaugh 1968, Heusser 1963, 1967, Livingstone 1955, 1957, Matthews 1974a, b,
"Rampton 1971, Ritchie 1_97;, Ritchie & Cwynar 1978, Schvx‘/eg'er 1&3‘76, '1979,4Schw_eger
& Janésens 1980) indicate that eastern Beringia was drier'than the ﬁow existing alpine or
lowland tundra in the area Abunda:\ce of Artemisia pollen is the most commonly cited
argument tb support this stepf)e feature. Several grazing, animals (Bison, Sajga. horse. e
mammoth) were the dominant faunal elements. However, Schweger & Habgood (1976).
Matthews (1874b, 1976c). Ritchie (1877) and Ager (1979) indicated that nz;ither
grassland nor arctic—steppe was the predominant vegetation-type of Be‘hngia, but that
the landscape was a much more cbmplex vegeﬁftion mo§aic in which dry g}a;sy habité’ts
were widespread. This dryne‘§§ was caused by ywe extreme éontinengg! aspect of the vast

land bridge area and is also the main reason for the limited glaciation of Beringia
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Pre-Wisconsinan
The contlnentahty of the glacial climatic episodes of the. Pleistocene became
manifest durlng the deposmon of Unit 2 of the Cape Deceit Formation (Matthews 197@3)
These sednments are of Early Pleistocene age. No weII preserved’ bryophyte assemblages
were recovered from these deposits (Bryological Reports 333 & 352). A slightly colder ‘
and clearly drier regional climate from the climate inferred from the above discussed Unit '
. 1 was suggested by the near absence of bryophyte macrofgssils, the accumulatlon of
= wind- blown silt, the abundance of Artemisia, Carex and Gramineae pollen, and by the
_low counts for Betu/a and A/nus polien
Interglacial warm floras are indicated by peat aésemblages of the Deering
Formation (Matthews 1974a) .at Cape Deceit (Bryological Reports 335, 342 & 350) and
* by the Stewart River sample (Bryological Report 4) in the seuthcentral Yukon.
The climate was warmer than at éresen\{ during the Kotzebuan (a pre-lllinoian
inte}glacial) near Deering on the S.eward_ Peninsula. The few, but perfectly preserved
 bryophyte fragments' recovered are taxa associated with minerotrophic fens
(Aulacomnium palustre, Br_achytheéiym turgidum and Campy/ium ste//atum) or found in
shaded, forested habitats (Drepanoc/adus uncinatus, the well developed mesic forrﬁ with
strongly plicate stem jeaves and well preserved branching}. The rich fens and woody peat
(both .P/‘céa species and arboreal Betu/a) and the presence “of some Coleoptera tundra
elements (Matthews 1974a) euggested a forest—tundra ecotonal regioh The 'same taxa
have not yet reached the area again during the present Holocene warming trend.

Macro_fossns\ of' Picea have been found, although the low polien accumulations of this
species suggest a marginal climate for this tree. . _ ; ¢
No pres’erved'bryophytes could ‘be recovered from Sangamonian Interglacial
sedinaents‘ at Cape Deceit. However, one sample frem the Stewart River locality, Yukon,
can be assigned to this period. The sed'imer)t is a pure Hylocomium splendens peat,
formed in a well developed’Piceayforest. It contains abundant spruce needlies and twigs

and the remains of several lakge—leav_ed dicots. The moss is clearly sympodially branched.

oy
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Wisconsinan /

The best docur‘éented glacial period- is the Wisconsinan. Abundant samples from
the Iocalit/ies .in' the Oid Crow Basin and adjacent areas were ar‘:alysed for subfossil
bryophytes (see Chapter V). Three ‘distinct zones were discovered throughout the
exposed sequence. Comparlson of the two ‘groups of recent assemblages (group 5 and
8) in Zone lll is the basis for the following working hypothesis. The simllaruty between
growth form spectra“of bryophyte assemblages of these postglacial /n situ peats and
recent river’_bar deposits (group 6 and 5) suggest that the alluvial detrital material strongly
reflects thé regional communities g.iving rise to /n situ ptat deposits. One assumption had
to be made before this working hypothesis could ‘b;e formulated: that the material
contriburing to the recent river bar deposits was mostly derived from postglacial peai
exposures. Considerable experience’ with allochthonous samples has proven that this
assumptron is true. The postglacial peats are the only extensive organic deposits exposed
to river actlon in the basins and their texture and buoyancy enable them to be carried
,ronger distances as compacted organic blocks. On the ©other hand, ' the fluviatile
" allochthonous deposits, which constitute most of the other, older organic sediments, will
break down more easily to numerous small fragments and the probablllty that bryophytes
of. *th:s materlal will be reworked for the second time as recogmzable fragments, is much
smaller. Based on this working hypothesis and by comparing the growth form distribution
in Plate 58, | concluded that the brydph‘yte vegetation in the northern Yukon was very
different"during deposition of Zone |l sediments.’ In addition, the communities that were
present during the latter period can be clearly differentiated ‘fronr those of the earlier
period (Zpne 1). Also, there is a distinction between Zone | and Zone Il growth form
distribution, suggesting a different vegetation cover. Detailed discussion of fhe
communities in relation to the vegetation history of Beringia follows later in this crlapter.

First it has to be contemplated if the difrerentiation of these zones could be
caused by ;elective preservation and that the differences in growth form distribution
seen among the three zones are not just a manifestation of the over—representation of .
Amb_lystegiaceae. Several arguments can be used, to. reduce this concern to its relative
‘-importance. Table 9 indicates the preservation aspect of the assemblage groups by listing

the mean of their composite reliability index. As pointed out before (Materials and
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Table 9. Mean and ranges of the composite reliability index for the six assembiage

N

groups ‘of the northern Yukon samples. The proportion of

autochthonous samples in each group is also given.

Zone'" Group

Proportion of authochtonous

Range and mean of

- composite reliability indices

samples
¢

w6 0% (42)-44-(46)
'B5 57 ;o (37)-60-(80)
i 4 8 % (10)-42-(71)
! 3 21 % (5)-47-(81)
2 15 % (20)-45-(75)
1 0 % {31)-44-(59)
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Methods), the composite reliability index of an assemblage has made it possible to
compare objecti\)ely the preservation among different assemblages. The slightly lower]
preservation for Zone Il assemblages can not cause the drastic differences in growth
form distributivon The only correlation seen in Table 9 is between assemblage type and
vpreservatlon Autochthonous samples are better preserved. No SIgmflcant decrease
correlated with age can be observed After analysung many  assemblages in. North
America, it has become ciear that there exists no correlation between age and
preservation of Oueternary samples. Actually, the ‘best preser)Led‘\SL_J/bfossil bryophyte
material is found in unconsolidated sediments of the Beaufort Formation, expased on the
northwestern coast of the Canadian Arctic Archipelago. The Formation is-now considered
to be of Miocene-Pliocene age. Pliocene—Pleistocene material from the Lost Chicken
jocality in Alaska (2,000,000 to 3;000,000 years old) is exceptionally well preserved also
and it has been possible to identify specimens of Sphagnur'n at the species level
(Westgate et a/. in preparatlon Bryologucal Report 357 and the discussion on Sphagnum
_ lenense m (Chapter .

A group of bryophytes which appear to be under-represented in both Zone il and
Il are the upland species (see Table 8). This is partly caused by the classical effect, known
in pollen analysis, and in vascular plant and insect macrofossil analysis, thaf more taxa are
. found when larger samples are investiggied. However, a 10 % contribution of Upland taxa
in the small Lower Lake Clay assemblage group 6 is in line with the .hi'gh value for these
indicator taxa in the other Zene_l assemblage groups. Therefore, | have concluded that
selective preservation, based on the two consideratior’s discussed above, can not be the
cause of the differentiation among the three zones.

. It is appropriate now to consider again fhe value of subfossil bryophytes for
paleoenvironmental reconetruction. Reconstruction of local communities is important in a
comprehensive review of the vegetation and landscape evolution (‘M‘iller 1880c). In
addition, it influences, illustrates and adds evidence to taxonomic and phytogeographic
concepts (Janssens & Zander 1980). Speciation rates and evolution in most groups of
" bryophytes is suggested to be slower than in vascular plants and some successful animal
groups {(Anderson 1963). .Sev'eh extinct fossil species were deecribed from Quaternary

deposits in North America (Steere 1942, Grout 1817, Williams 1930, Kuc 1974a). These
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‘taxa are members of the Amblystegiaceae and Brachytheciaceae. Most species in these
families are known for their extreme phenotypic plasticity. Except for Ca//iergon
aftonianum, all the e;<tinct ta&a haye been considered by Kuc {1874a} to be forms of
extant species of Calliergon. Drepanoc/adus and Tomenthypnur:n In Chapter lil, | have
recognized Ca/liergon aftonianum as a distinct form of C. richardsonii (seg Chapter IIf.
The absence of any extinct forms of mosses contrasts sharply with the Pleistocene
fossil record of mammals (Martin & Wright 1967), ibUt is similar to the situation with
insects (Matthews 1980b). H

However, bryophytes are not good indicators of macroclimate (Miller 1980c). :
They can occur in isolated sites, far from their normal range of distribution (Billings &
Anderson 1966, Steere 1965, Janssens & ~Zander‘.‘l'980) because they occupy
microenvironmental niches with rather uniform and stable’ microclimatic influences.
Examples in the subfossil record are Leptodontium flexifolium {(Janssens & Zander
41980) and Sphagnum./enense (Westgate et al.in preparation)

It is necessary that a complete reconstruction, on a regional scale, of 'past .
environments canhot be based on the bryophyte component alone (Matthews 1974a,
Miller 19800) but must incorporate as well information from pollen, -insect and other
macrofossil analyses However data from these sources are not yet-available for the
northern Yukon (Hughes' et al., manuscript in preparation. Thus, the following
reconstruction of the vegetation history of the Old Crow~Basin and adjacent areas is
based primarily on the bryophyte data. Table 10 correlates the major Wiscopsinan events
in the .Old Crow Basin Silver Creek, Hungry Creek, Brooks Range and some less
important areas from Wthh subfossil bryophytes are known It also gives a time frame
‘and a tentative time stratigrap’hical model lbased on Hopkins 1981). This table can be
referenced frequently during the following discussion. ‘ >

Zone | is, the best documented. The: similarity of the assemblage groups
throughout this Zone has lsad me to support the hypothesis that the sequence from. the,
top of the Lower Lake Clays to Disconformity A reflects ‘one period of rapid
accumulation of sediments lMorlan 1977b ‘& 1978b). The presence of the same
modification (see Chapter ) of the rare fossil. Leptodontium f/exifo/ium' at

/
Disconformity A and 9.5 m below it strenghtens this assumption If the Lower Lake Clay
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in the southcentral Old Crow Basin localities is linoian, there has to be a major hiatus
betwean it and the detrital organics on top of this clay. However, no other hiatus has
been apparently observed throughout the sequence below Disconformity A (Matthews,
-personal communication). The major time-stratigraphical models épplied to the Old Crow
Basin will be discussed in the last section of this chapter.

. The Lower Lake Clay assemblages f'orrr),the oldest group of Zone | and of the
total sequence. They consist of coarse detrital organics, incorporating charcoal.

Potamogeton seeds, Picea mariana cones and large wood fragments with‘sharp edges

but no bark (which indicates moderate transport). The rich and moderately minerotrophic

fen” bryophyte component is dominant in these assemblages (Appendix 2). it is best
represented by numerous well preserved fragments of Cal/l/iergon g/gantéum
Drepanoc/adus sendfj horpzd/um scorp/O/des and Tomenthypnum nitens. Less
abundant elements ;f“ ,‘mponem are D/craWen/andicum, Meesia uliginosa,
vl

Aulacomnium pa/ustre Calliergon richardsonii, mmMm Drepanoc/adus aduncus.,
- D. exannulatus and Hypnum pratense. Well preserved fragments of D. crassicostatus
suggest that some of the peat reworked in the assembrages was formed in pools or
lakes. Upland taxa, or species growing in exposed habitats are represented by Ceratodon
purbureus, Tortella tortuosa, Aulacomnium turgidum and Polytrichum algidum. Other
mosses with a distribution clearly centered in the arctic regions and less -common in the
boreal zone were D. badius (Plate 18), Drepanoc/adus lycopodioides var. brevifolius
(Plate 36) and Campy/ium stell/atum var. arcticumn.

The same species of the fen component, except Meesia uliginosa, are
represented in the Mid-Section (Assemblage GroxJ:p 2). However, several other taxa
representing this latter component have been found Bryum pseudotriquetrum, Meesia
triquetra, Catoscopium nigritum, Campylium stellatum var. stel/atum, Cratoneuron
filicinum, Drepanoc/adus capillifoltus, D. f/u/tans., D. tundrae, D. .vern/'cosus and
Scorpidium scorpioides. The aquatic species is still D. crassicostatus. Polytrichum

algidum is absent from the upland component, but several other species were

recovered: Tortul/a ruralis, Trichostomum arcticum, Encalypta species and Thuidium

abietinum. In addition to Campy/ium stellatum var. arcyfcum, poorly preserved -

fragments of Hygrohypnum polare and Trichostomum arcticum indictate the presence

%
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of arctic species A scarce component not present in the Lower Lake Clay assemblages
is composed of species growing in mesic, often shaded and forested habitats
Distichium capillaceum, Ditrichum flexicaule. Mnium spe&es, Pohlia species,
Campy/lium hispidulum, Eurhynchium pulchel/lum an rthothecium Strictum
‘ Sphagnum is represented by S. magel/anicurn and S. centrale. Both species are often
found in treed mires with relatively minerotrophic conditions.

Assemblage Group 3, the uppermost samples\of Zone |, are. from the
Disconformity They consisi of detrital organics which accumulated in erosion features
(such as ice—wedgé, pseudomorphs). The minerotrophic fen species in these assemblages
are Bryum pseudotriquetrum, Plagiomnium ellipticum, Catoscopium nigritum,
Helodium blarndowii, Calliergon giganteum, Drepanoc/adus [lycopodioides var
previfolius, D. sendtneri, Scorpidium scorpioides, Tomenthypnum nitens and Hypnum
pratense. In addition {o D. crassicostatus, the very rare aquatic Ca//('ergoh
megalophyllum is also represented, indicating lake habitats. Numerous upland species
were recovered (Plate 58), such as Dicranella varia Barbula acuta, Bryoerythrophy!lum
recurvirostrum, Pseudocrossidium revolutum, Tortula ruralis, Thuidium abietinum,
Hypnum vaucheri and Polytrichum juniperinum Mesic and forested habitats are
indicated by Fissidens bryoides, Distichium capillaceurn, Leptobryum pyriforme,
Pseudoleskeella  tectorum, Amblystegium  varium,  Campylium  hispidulum,
Drepanoc/adus uncinatus, Eurhynchium pulchellum, [sopterygium pulchellum and
Hylocomium splendens (forest form). Arctic—alpine taxa are represented by Desmatodon
leucostoma, C yrtomniurﬁ hymenbphyl Jum, Orthothecium chryseum var. cochlearifolium,
Hypnum bambergeri and H,.vaucher/, The increase in the proportion of bryophytes
indicating mesic and forested habitats is evidence that the clifnate was gradually
becoming milder and became optimal for forest during the formation of Disconformity A.
Geomorphological features as well as the abundant macrofossil remains of roots, twigs,

wood and needles support the reconstruction.
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An alternative hypothesis can be postulated for _tha change in vegetation and
landscape evolution Climatic factors play only a secondary role in affecting wetland
biota The hydrology and the influence of the minerotrophic ground water are of primary
mportancé in the systems Chmate as such only influences the plant communities through
the hydrological system Bryophytes are unusual specific indicators of particular wetland
communities (Miller 1980c and Rubnicek 1973)

During the time of deposition of Zone |, bryophyte taxa indicating mesic and more
forested habitats ,increased Forest cover became optimal during the formation of
Discoﬁformlty A The immediate cause of this shift from wetlands to mesic uplands could
have been better drainage This in turn was caused by the breakdown of a continuous
permafrost d-uri'ng the milder climate.

The most abundant and commonest bryophytes in Zone | belong to the
Circumboreal and Subarctic Phytogeographic Element (see Plate 42 in Chapter Ill. Exghty
percent of the present Alaskan arctic flora (north of 66° N) belongs to this Element
(Steere 1978a). The species in this Element are members of such communiiies as
coniferous forests, mire systems, montane, alpine and lush arctic meadows Most of the
circumboreal ranges are located in formerly glaciated areas of the Northern Hemisphere

‘
These circumboreal and subarctic species survived in Beringia and there is no doubt that
they also survived in the vast continental refugia in the south in a wide boreal realm
(Wright 1981). The populations, disjunct during maximal glaciation, weLe united again
after extremely rapid recolonization (Cruh 1972) of de;glaciated terrain.  This
phytogeographic Element - contains species with a wide ecological tolerance (or
composed of several ecotypes?), as for example Hy/ocom/‘um splendens and
Aulacomnium palustre, as well as such specialists as Scorpidium scorpioides, arich fen
indicator. Some of the species were able to maintain an extensive distribution range
outside the main glaciated areas, as for example Fissidens bryoides and Drepanoc/adus
aduncus (Plate 12). Others, for example D. revo/vens, have always been restricted to

habitats created by glacial and periglacial activity, such as rich fens.
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The presence of a temperate disjunct i the Mid Section and Discontormity n
assemblages. Leptodontium flexifolium. s discussed above No other species belonging
to the Temperate Disjunct Flement (Steere 1978a) also called the '‘Umiat Syndrome
Element (Steere 1965. 1976) have been discovered yet in the northern Yukon or in
Alaskan assemblages

Several of the speces recorded i Chapter Il belong to the Circumpolar
Phytogeographical Element They are members of Zone | and other assemblages from
northern areas (see Janssens 1981) Some of the species of this Element are strictly
arctic, while others extend southward i the western mountans (Packer & Vit 1974
Steere et a/ ., Horton 1978, Steere & Scotter 1978a) The exact or even approximate

timing of the availability of a corndor throughout the foothill region of Alberta and

northern British Columbia. connecting the southern refugia with the northern Yukon s
unknown (Rutter 1980) However, evidence is accumulating that many areas in the region
were available for flora and fauna (and Early Man) for long periods during the latest
glaciation and that limited, local ice surges were more common than long glaciation of the
terrain. The well documented extension of the range of many arctic species (for example
Horton 1978) through the western mountains has suggested that this area was available
for biota during a longer period than the latest Late Wisconsinan deglaciation. Steere
{1976} has argued convincmgly‘ that the species of the Circumpolar Element are not
closely related to any taxa of more temperate climates. This suggests ancient
relationships and long isolation of Tertiary species in the polar region. Often the closest
relative i1s clearly subtropical or warm-temperate. The discussion on Lleptodontium
flexifolium is significant in this respect (Janssens & Zander 1880) The a'rctic species
are a remnant of the pre-adapted taxa of a temperate—subtropical Tertiary flora Several
species recorded in Steere's tentat'ive hst of Circumpolar Arctic Bryophytes (Steere
19786) were present in Beringia and &ther northern areas during the Pleistocene (Table
11). They did not only survive the Pleistocene in the northern refugia, but also established
some disjunct populations in southern refugia during the glaciations. Au/acomnium
acuminatum was found in a Lateglacial deposit in Ne\;v York State (Miller 1873b, 1980a,
Vitt & Horton 1879). The species was aiso recovered from a Late Pleistocene deposit in

Quebec (LaSalle et al. 18978} It is still found in southern Ontario {see Chapter Illl. Miller &
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Table 11 Species of the Crcumpolar Arctic Bryophyte Element (Stesre 1976 19800
prasant in northern Late Tertiary and Pleistocene assemblages

(Janssens 1981 Miller 1980a kuc 19730)

Taxon Area : Age '

Aulacommnium acumynatiym

Crnclicdum arcticum

C fatitolrum

Cyrtomnrurn hymenophy/lum

Desmatodon |eucostoma
Drepanociadus badrus
D. lycopodioides

D, lycopodioides var

brevifolius

Hygrohypnum polare

northern Yukon
Ellesmer e Island
northern Yukon
northern Yukon
arctic Alaska
northern Yukon
northern Yukon
no‘rthern Yukon
Meighen Island

southern Yukon

northern Yukon

arctic Alaska

Bathurst Island

Pleistocene
PLeistocene
Pleistocene
Wisconsin
Wisconsinan
Wisconsinan
Wisconsinan
Wisconsinan
Late Tertiary

Wisconsinan

pre—-Wisconsinan
and

Wisconsinan

Wisconsinan

Pleistocene

northern Yukon Wisconsinan ~
Kiaeria glacialis Banks Island Pleistocene L
Lophozia quadriloba Banks Island Pleistocene

Phrlonotis tomentella
Tortella arctica

Trichostomum arcticum

Banks Island
northern Yukon

northern Yukon

P
Pleistocene
Pleistocene

Wisconsinan
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Beonminghott c 1969 racorded Hyurm cryophilon Maet from the L ateglacial of Michigan |
discovarad a 5;mummi ot Drepanoladas Iy copuodiondes var revifolius of Lateglacal
age i a sample trom Wingharm Ontarnio (Plate 3/) In addition some components ot the
Circumpolar Flemend have Holocene records i arctc areas (Janssens 1981 Miller
196804 These nclude Au/acormnum acumnatum  Aplodon wormskoid i Hornem) R
3 Bryobrittora Longpes  Cipelod i arctioam Oy rlamnram My menoptiy Hordes
Orepanoctadus badius O hvcopodiocdes var brevitol ras Kiseria glacial:s (Ber gt Hag
Frutonotes tomented ia Schistridiam halipenianutr Steere of Brassard (Bryoiogieal Hﬂl)mf{
402 n preparation Torte/la actica and Trochostomarn dreticum

Two species associatad with the Disconformity belong to the Steppe Bry()phvl-ﬂ
tlement (Steere 1978a  Desmatodon  feucestorma and  Pseud ocrossidium  revolulum
U Desmatodon eliesmerens:s Brassardr are both tound on calcareous silt i arcug
regions  They are disjunct from the southwestern deserts and steppés ot temperate
North America (Janssens & Zander 1980 and see Piate 6: Both species are stll present
In the northern Yukon They are considered as components that adapted themselves trom
the warm dry climate of steppes and subdeserts to cold and dry arctic chmate A few
small Alaskan assemblages in the Brooks Range confirm the warm interstadial period
Bryological Report 166 or indicated rich fen commumities (Bryological Reports 168
169 & 184

Zone |l represents the assemblage below the Upper Lake (38.000-25 000 BPi As
outlined above. the growth form distribution and species composition is very different
from the Disconformity A, Mid-Section and Lower Lake assemblages It is also clearly
differentiated from the postglacial samples Mat growers are dominant in the Zone |l
assemblages (Piate 58' and this 1s a reflecuon of the extremgly high proportion of
Drepanoc/adug records The most common taxon i1s Drepanoc/adus /ycopodioides var
ofeV//o//us a species with a high arctic range at present (Plate 361 Also D. badius
belongs to this group of species (Plate 18] All records in Zone Il are from fen or iake
species. except one upland taxon, Barbula acuta No Sphagnum material was recovered
and most mire taxa indicate highly m:nerotrc;phtc conditions (see also Schweger &

Janssens 1980)
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There is no evidence from bryophytes nor from any other macrofossul remains

{only Carex and Potamogeton achenes were recovered), of the survnval of any tree

specues in the Old Crow Basin before the floodmg by the Upper Lake. Dry upland habitats

are indicated by wind-blown silt in the detrital peat samples and a macrofossil of .

Artemisia (capitula). Most of the fine detrital peat contained large reworked wood
fragments it is likely that the peat was formed in thaw lakes, reworklng older sediments.

However, there is no evidence that the bryophyte component of the detrital peat

consisted of reworked material of pre-Late Wisconsinan origin (see Table 8 and the

dlscussmn in Chapter V).
‘ After the warm period that created Dlsconformlty A, the reglonal climate of the
northern: Yukon became probably dry and cold, or local drainage became increasingly
impeded and permfrost m’ore" extensive. The only well preserved bryophyte component
of the vegetation was the rninerotrophic mire species. The macrofossil record and these
bryophytes suggest a Carex—moss tundra in the Iovsl/lands and a steppe-—like environment
on the uplanos. ) o o

This change from the period that formed the Disconformity was not sudden.
Pollen records from alluvial sections including HHB8-9, of the Old Crow . Basin
(Llchtl-Federowch 1973) suggest a tripartite Mid- W;sconsman interstadial vegetation. The
lowest Mid- Sectnon samples indicate a Betu/a—herb or Grammeae herb assemblage with
less Picea than Gramineae. These assemblages gave way to Picea—Betu/a dominated
~ spectra, still bel)ow the later recognized Disconformity. During the formation of the latter
hiatus assemblages were again dominated by Gramineae and herbs, and ao/g,a‘rently this
vs-ivtuation did not change before the t‘looding of the basin by the latest glaz:ial melt\;vater
lake. The Upper Lake Clays themselvee are sterile. Inlconclusion po'llen‘ data do "not
support the sharp distinction between Zone | and Zone |l assemblages based on the
- 'bryophytes One of ghe reasons is the possibility of nearby sources of arboreal pollen, as
will be discussed below. Another possible cause of discrepancy is that precise
stratigraohical' re|ati_onsh.i;ps between the early\ polien work of Lichti-Federovich and
present detailed knowledge of the Oid Crow sequenees are not yet outlined. | suggest

- that after the formation of the Disconformity a steep, but still gradual cooling of the

climate took place and that most arboreal elements were eliminated from the Basin -
0 .
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£
vegetation. - ‘ ‘

However, trees 'were._ still present in interior Alaskel during this peﬁ’od of
de;forestation in't‘he Oid, Crow Basin, 35,000 to 32,000 years ago (l\/latthevy'sf 1974b,
Hopkins et a/. 1981). Pollen diagrams suggest a Carex-moss tundra for the Fairbanks
area, but the macr ofossil record, including Picea indicated an open forest—iunclra mosaic
with scattered A/nUS at-35,000 BP. Trees were apparently restricted; to the l0wlands
Later in the mterval more arboreal pollen is’ observed 't4/nus, Betu/a and -Picea) and
macrofossns of Betula papyr/fera are present Tree—line moved: to higher elevatlons
After 32, OOO BP tree —line dropped again wuth the onset of colder climates. The lmuruk
Lake pollen core (Colinvaux 1964, Colbaugh 1968) lndlcates shrub Betul/a tundra,
'followed by tundra vegetathn The warm ifterval in thls S|te could be correlated with the
Old Crow Disconformity A perigd.

In addmon to those in Alaska, pollen work ln the southern Yukon mdlcates a
non—glacial interval around 35,000 BP lRampton 1971 Schweger & Janssens 1980), as
in the Fairbanks study area. Wl“len the alternatn{e chronology of the Antifreeze Pond
pollen record (Rampton 197 1) is accepted, as oQtlined in Schweger & Janssens (1980), a
shrl.lb Betu/a—tundra landscape was present before 31,000 years. The Silver Creek
samples of the Boutellier non—glacial interval (38,000 to 30,000 BP) suggest tundra
meadow and steppe (Schweger & Janssens 1980, Bryologica‘l Reports 1 & 2). | -

It is possible té_ eXQJaln the differences between the interpretations of vegetation
in the Fairbanks area and é'outherrl,Yukon by consideration of the elevation differences.
The lowland forest-tundra in the Fairbanks area (approximately 100 m as.l) was replaced
by Betula shrub tundra at Antifreeze Pond (approxirﬁalely 700 m asl) and by tundra ;:
tuhdra—steppe near Silver Creek (approximately 1300 m as.l)-Compared with the modern
equ:valents this zonation shlfted to lower elevations. ) .

© Two other locahtles in eastern Beringia indicate anomalously rich forested areas
during this cooling period before the last major extent of the continental ice sheet
18,000 BP. One is south Of“An‘Ehorage, where edvancing valley glaolere biocked drainage
patterns and formed a Qlacial;ﬁlé\lfwater lake. Paleoecological e\(idence indicate treed
communities nearby (CE. Schweg&, personél communication). Another area is in the

southeastern Yukon Territory, The Hungry Creek section provided some of the most
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'controversial and intriguing. problems for the glaciation history of eas.ternA Beringia.
Bryological Reports 434 and 435 are the result of analyses of twé small samples of
alluvual detrltal material of this sectlon The last sample is the richest in number of species
among all the samples | have ever processed. An addmona| characteristic is the comp|ete
~ absence of any dominant taxon or any. dlfferantlal preservation |n the assemblage. All the .
material is perfectly preserved and all taxa reported are represented with a number of
fragments of the same order of magnitude. T.he assemblage belongs clearly to the
transported type, but the beautiful preservation rules pat any reworking of older material,
at least for the bryophytic component. Communities represented in the fossil assemblage
are Iakes,J minerotrophic fens, well devel;zgped Picea forest (Hy/ocomium spl/endens) with
rock outcrops (Mn}um marginatum #nd dry up.land habitats. Even species that are
character,istiv.:: for ecotonal areas between thesg communities wera recovered. The local
environments are completely and drastically different from the above ‘gescrib’ed
reconstruction for the Zone Il ass mbiages, although they ‘are of the same ' k‘l’hesg
discrepancies between the Old Crow Basin and Hungry Creek environments are not easily

]

explained. Hungry Creek is at a slightly higher elevation (450 m a.sl) and more of an
upland site. However; the /site_ was connected by the Peel River and the Bonnet Plume
Basin with the Mackenzie 3iver system ! and is considered to‘be< marginal to a large Iaka
formed Idufing'the advance of the Keewatin Ice Sheet towards the Richardson Mountains.
As in Anchorage, Picea forest probably survived un;til just before the advance of
Kéewatin ice in the Mackenzie Valley. An analog of this is seen in the history .of the Two
Creeks Forest Bed in Wisconsin (Schweger 1969). A small Alaskan a-ssemblage from the
Brooks Range indicates rich fen local environments and infers a cold climate, comparabie \
to Zone Il in the Oid Crow Basin (Bryological Report 198). |

No bryophytes, or any other macro— or microfossil are preserved or deposited in .
thé‘Upper Lake Clays. However, outside the basins some lateglacial a'ssesmblages are
‘known for the Yuk.on‘Territory. Mixed assemblages from North Fork Pass (1 1,250 BP,
~ Bryological Report 2‘60) in the westcentral Yukon and from the Snake River drainage
(Bryological Report 4 1] in the eastern Yuko'n-indicated a moderately rich minerotrophic
-fen and surroundmg dry tundra upland habitats. A poorly preserved specimen of |

1The northern Mackenzne Valley could have been a Late Wlsconsman tree refugium, see
Hopkins et a/. (1981}

"\
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Hylocomium spl/endens did not contain info[mation abouk forest vegetation. Both
assemblages are too smalt to venture any }re'gional environmentai or climatolcgical
interpretation. |

However,l.from the other side of eastern Beringia, on the Seward Peﬁinsula of
Alaska, moré detailed information is available (Matthews 1974al. A steppe-tundra with
Poa, locally abundant Artemisia and Potent/"//a, has been r'econstructec.‘. The climate was
arid and colder than the earlier period. However, it was not toc cold ‘for the growth of.
dwarf Be;tu/a. Dry upland habi"cats are also indicated by a s:ngle record of Thuidium .
qb/etinum in a fibrous Caréff péat sample {12,420 BP, Janssens 198 1. Bryological Report
351). At present we have ;\o clear evidence (except for Populus balsamifera) that trees
survived in eastern Béri.ngia after the Hungry Creek and Anchorage groves were
destroyed (see also Hopkins et al. 198 1)'.

Other lateglacial assemblages are yfr‘o‘m the Brooks Range. By 11,500-10,500 BP
post degléciation enVironment§ were available in the Sagavanirktok Valley (Janssené
1881: éryological Report 182, Hamilton 1879b). A relatively productive mesic tundra
meadow was present in the temporérily stabilized landscape. Bryologica! Report 171
(10,580 BP, Janssens 198 1) indicated that by that time glacier ice had retreated from its
last major readvance between 12,900 and 12,700 BP (Itkillik I age, Hamilton .198,0a). The
initial communities established were highly minerotrophic fens and drier calcareous
upland tundra P_oorly preserved fragments of what was probably an arctic form of
Hy/ocomiufn splendens a)nd of Pleurozium schreberi were recovered in the assemblage.
Holocene |

. With the beginning of the Holocene, dramatic vegetation changes took place in
eastern Berihgia (Hopkins 1972, Murray 1978). Dwarf Betu/a shrub tundra became
established and later Picea forest (with moose a'r'wd cafibou as major faunistic elements).
This latter forest replaced the earlier biota completely by 5000 y BP. Trees migrated
north through the eastern Rocky Mountains corridor, which was already well established -

by Late Wisconsinan time (Rutter 1980) and through the Mackenzie Valley system. !

1 Cold slightly minerotrophic lakes were present in the corridor area of Alberta (Janssens
1981. Bryological Report 42, 43 & 285), at 18,500 BP. Drepanoc/adus exannulatus
(aquatic modification) and D. crassicostatus were covering the bottom or sides of these
lakes. The radiocarbon dates on these moss peats .is questioned by several people as
being too oid (B. Mott & L. Jackson, personal communication). However, it is indicated that
bryophytes never use dissolved carbonates in aquatic systems, but that they rely on .
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. The history of many trees in Beringia is 'stiIIA very controverwsial (Hopkins et a/. 1981).
However, there ls quite good eviden'ce_,‘ that Populus balsamifera survivéd in Beringia
during the Late Wiséonsinan. Even today it is found far north and west of the major
extent of other taxa in Alaska There is some evidence the P. tremuloides and Lérix
could also have survived during this pFriod. They were certainly not abundant and
possibly reproduéed only vegetative%f“ othér taxa, such as Picea species and afboreal
Betula, were eliminated. The earlier concept of survival of tree .species on the exposed
southern continental shelf of Beringia (Heusser 1967, Hopkins 1872) is not accepted
a‘nymore (Hopkins et a/. 1981). During the postglacial, the genus Popul/us reoccupie‘d the
region first (Ritchie .1977) and expanded very r.apidly‘ This can be an indication of survival
" in the region. Populus was followed by Picea, arboreal ‘Betul/a and Larix, and finally
(5000 y BP) by A/nus. Present plant-site relationships in forested areas in Alaska_'are thus
‘not older than 5000 years (Murray 1978.). Extreme eastern Beringian areas (such as the
Old Crow Basin) were forested earlier (see below and Hopkins et a/. 1981). _.

A limited number of postglacial samples from eastern Be.r'ingia were analysed. for
subfossil bryophytes. The reason for this fairly incomplete record is the overall poor
preservation of most postglacial peats or detrital' orgahic sgdiments. The postglacial
sequence that | tried to reconstruct completely was at locality HHE8 -1 (Table 2) in the
Old Crow Basin. Only a few samples {Janssens 198 1: Bryological Reports 143, 145, 148,
157 & 1\59) throughout the sgquence contained sufficiently well presérved material tp
arrive at some conclusions. The basic problem’ with most samples was the extrerﬁe
humidification of Sphagnum material in the autochthonous peats (see Chapter |i).

The oldest dated Holocene peat sample (8700 BP) for the northern Yukon is from

Hungry Creek (Janssens 198 1: Bryological Report 383). It indicates the presence of Picea

in the area (needles and luxuriously developed Hy/ocomium sp/endens). Other bryophytic
gomponénts indicate rich fen communities and dry calcareous uplands. Sphagnum

material was not found The Old Crow sequence is not dated and it is not known when

1
__________________ t

l{contd)atmospheric CO, dissolved in the water {Hutchinsori 1975, Ruttner 1847-48,
194.8). This is the reason why high alkaline lakes,: that have no dissoived CO,, have no
bryophyte flora Because there exists no exchange of carbon between carbonate and
dissolved CO, in the water, the carbon that bryophytes assimilate can never be "old
carbon” (Broecker & Walton 1959). In addition, because the material dated was pure
moss-peat, the dates cannot be too old because of fossil carbon assimilated by the
mosses.

s
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. the first detrital peat accumulation began at this locality, probably 8000 to 9000 years
ago (Hopkins 1981, manuscript in preparation). Rich fens, intermediate fens and ecotonal
zone§ with forest groves are indicated. Aquatic lake bryophytes have been recovered
also, .as'quﬂ ‘as drier, ﬁ:alcareous upland species. Sphagnum is present from the start of
the ;;eat acI:cumuIation on, but probably increased throughout the Holocene, correlated by
a rap;d decrease in composite reliability index (most of the samples are so strongly
humidified that it was not possible to construct an assemblage; they'are not listed in
“Janssens 198 1) The resolution of the Old Crow analyses: for the Holocene is too coarse
to allow for the recoﬁstruction of the timing of the establishment of trees in the area
The surface samples contain several fragments of species such as Dicranum and
Iiverwof't species that usually are not sufficiently well preserved for specific
identifications. In the future, additional coliection and research irn the area ought to
concentrate on (n éurface sampling, {2) on correlatién among Holocene peat stratigraphy
contructed from several sources (exposed peaf banks along rivers, wide diameter cores
anid detrital material of rivers and thaw lakes) and {3) on exact radiometric dating of the
organic sémples. | ‘

*® The oldest. dated Holocene rﬁatérial for eastern Beringia are. twb Alaskan
assemblages from the Brooks Range south of the continental divide (Janssens 1981
Bryological Reports 180 & 181). T~hé detrital, fluvial, woody peat is older than 8000
years. The br\yoph)'/tes are poorly preserved. This and other geomorphological features
indicate extensive transport and probably reworking (Hamilton 1978b,‘Wind River
exposure's).‘lf the bryophytes wqer'e derived from local communities, they indicate the
presence’ of minerotrophic fens and éalcareous upland »hatv‘)itats. :

Two \70’unger (6500-6000 BP), extremely well. preserved assemblages are known
from north of the contine;\tal divide in the Brooks Ranée {Janssens 1981: Bryological
Reports 200 & 201). Another assemblage is known from south of the. divide {Janssens J
188 1: Bryological Repori 183). Trees are indicated in these assemblages by the presence
of Picea macrofossils and well developed forest bryophytes, sucﬁ as Juxurious forms of'

'Hy/ocom/'um splendens and Drepanoc/adus uncinatus. Other nearby communities were
well developed rich fens, extensive dry calcareous and acidic (Rhacomitrium) tundra

uplands, and alluvial habitats (With Bryobrittonia longipes).-The two northern sites are out
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of the range of .Picea at the present time (Viereck & Little 1975). By at least 6500 BP
Anaktuvuk Pass was deglaciated and peat samples of younger Holocene age suggested a
change to a more severe climate after 4750 BP (Hamilton 1980a). Neoglaciation in the
Brooks Range began about 3500 BP. Treés never reached the pass during the later part
of the Holocene after deglaciation

In the Fairbanks area the Ballaine Lake samples also show. Neoglaciation influence
in central Alaska (Janssens 198 1: Bryological Reports 427, 430 & 431, Hamilton 1980c).
Some of the episodes recorded in these sampbles can be tentative\y correlated with the
clima_'tic situation elsewhere in northern and central Alaska. Picea forest and poor
minerotrophic‘ fens were present 3000 years ago THe ice-wedge growth and the
younger bryophyte samples indicate a colder climate (180}(3 and 9800 BP) and probably ™
even less ﬁwir:erotrophic conditions. ' .
F. Sufnméry of the Pleistocene History in Relation to Time-S.tratigraphical Models

Relatively littie is known of the pre-Wisconsinan period. Only a few interglacial
assemblages have been studied and these are dated to the Kotzebuan (?) and Sangamonian
Interglacials. However, there aré'indications that boreal biota reached farther west and
north than at.the present time. ‘

The period of most interest is the interval between 120,000 and 10,000 .years
ago. It has been assigned the formal name Weichsel/Wtrm/Wisconsinan in the European
and eastern North American literature. However, Hopkins (1981, manuscript in
preparation) has argued that the application of a time-stratigraphical nomenclature
developed in Europe or eastern North America is most inappropriate and partially
misleading {see also Hopkins 1979). Therefore, | will apply hIS proposed alternative
time—stratigraphical model for Beringia, while referring to the classical, eastefn North
American (lllinois) syétefn and the Alaskan Brooks Range model (Hamilton & Port’er 1975,
Hamitton 1878c). Correlation with other time—stratigraphiqal {focal and general) models in
Siberia; Kamchatka, the Seward Peninsula, the Alaska Range, southert Yukon and

Cordilleran systems can be found in Hopkins (1981, manuscript in preparation).
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The Deering Interval followed the peak of the last interglacial from 120,000 to
80,000 years ago. The’ interval has been studied in the Cape Deceit section on the
Seward Peninsula and the climate was only slightly more severe than now.

' The Gotd Hill Int‘e(val extended from 80,000 to 65,000 years ago ({Early
Wisconsinan, Itkillik | Glaciation). The Lower Lake Clay and Mid-Section assemblages in
the Old Crow Basin probably belong to this interval. The top part of the Mid—Section is
the Oid Crow Tephra, 30 cm betow Disconformity A in HH68-9 Unit 1 of the Deering
Formation at Cape Deceit was also formed during this interval. The bryophytes in the
above mentioned beds indicate that the climate became gradually milder and more )
extensively forested. It was optimal durnng the following Old Crow Interval

The Old Crow Interval extended from 65, OQO to 25,000 BP (Mid-Wisconsinan,
itkillik 1/1tkitlik 1l Interval). The type section for this interval is designated as those vbeds
above Disconformity A (including all material inside the features of the Discoqformity) '
and below the Upper Lake Clays at locality HH68-9. Part of the latter Oid Crow Iﬁterval is
the Boutellier nonglacial interval of the southern Yukon Territory. A general, steep drying
" and probabie cooling trend is proposed fbr this later part of the Old Crow Interval, based
on the arctic bry;ophyte communities (Zone I, Assemblage Group 4, anld Silver Creek
samples). Bombin (1980) sugéested several climatic fluctuations within the Old Crow
Interval beds. ( '

The initial .period of the Interval was clearly milder and more mesic than a:my other
time between the last interglacial and the postglacial (Assemblage Group 3. Diéconformity
A samples). In contrast, the later part has no trees or shrubs and lacks S,c;hagnufn
completely.wA dry and probably cald climate is suggested by the Old Crow data. However,
pollen data suggest a still slight[yj milder c,lifnaie and.more diverse steppe—tundra than
during the following Duvany Yar Interval This latter interval extended from 25,000 to-
-13,000 BP (Late Wisconsinan, Itkillik 1l Glaciation). There are no fossiliferous sediments in
the Old Crow Basin sequerice and the Basin was flooded. The climate was e;<tremely dry

1

and probably cold.
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The Duvany Yar Interval was interrupted by a sudden climatic changé that agan
14,000 or 13.000 years ago and coincided with the drainage of the Old Crow Basin. It
"ended With the initiation of Holocene peat accumulation 9000 to 8000 years ago. The
period is named informally the "Birch period”, begause of the rapid rise of Betu/a pollen.
No well studied sediments of this period are known from the northern Yukon Territory.
The peat accumulation in the Old Cr\qw Basin started in the postglacial period as a
“detrital accumulation. Because of the poér 'preservation of the material collected. the
reconstructioh of the Holocéne _climatic fluctuations‘ is too coarse to indicate any
oscillations. The climate gradually became more mesic, and Sphagnum growth increased.
Asse;mblages from the Brooks Range and other Alaskan localities indicate more extensive

ranges for forested communities before Neoglaciation took place. -




VI. SUMMARY and CONCLUSIONS

Important historical considerations on the vegetational history of North America include
Lucy E Braun's speculative floristic plant geography on the hardwood forests of the
eastern United States. In her view no major displacement of the southern deciduous
forests would have been necessary to accommodate boreal and arctic plants®south of
the maximal extent of the Laurentide ice Sheet Arctic and coniferous belts could have
intervened between the ice and the stable, southern forests and a sufficient lowering of
the. altitudinal zonation would- have permitted extensive spruce-fir summit forests, still
leaving the southern associations intact Her concept of vegetation units was Clementsian
and thé plant community was considered to be a complex organism making it impossible
that taxa could have existed in other mixtures under analogous‘ climates. The individualistic
concept of plant associations, introduced by HA. Gleason in 1926, considered a
vegetation unit as a mere coincidence. Gleason stated thét plants migrate as indivi‘(dual
speciés, so that communities only migrate when most of the elements move and speé:ific
associations rarely retain their composition for any length of time. Gleason's ideas, along
with Chaney and Sanborn (1933), and later many other paleoecologists, who tentatively
advanced the idea that some past biota had a unique compositiori, were majors stéps
forward towards an integration of speculative plant geography and fossil data It now
offers the possibility to accomodate the rich and recently accumulated, new
paleobotanical evidence into réasonable working hypotheses about the origin of present
day biota. 4

The vx_/ork presented here is an attempt to utilize bryophytes, more particularly
mosses, in the paleoenvironmental reconstruction and historical biogeography of eaétern
Beringia. This ‘vast area, including Alaska and the Yukon, now has a rich moss flora
Beringia was never covered by extensive lowland glaciers and was a refugium for arctic
and boreal elements during the Pleistocene. Well preserved bryophyte fragments are
ubiquitous in the organif: component of fluvfatile, deltaic and Iacustrine sediments and in
postglacial peats. Continuous accumulations ;)f such sediments are k/nown in several
localities in the Old Crow Basin in.the northern Yukon Territory. The sequences, revealed
by rapid Holocene downcutting of the rivers in the Basin, were sampled with easy

stratigraphical control. Often samples were screened in the field and the coarse organic
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component was picked for bryophytes in the laboratory Additional samples, obtained
through the Geological Survey of Canada and the United States Geological Survey and
several other instritution's‘ and individuals, were processed. The data were used to
supplement the Old Crow anal‘yses. Abundancy and preservation was determined for each
taxon recovered from a sample. The preservation grade was expressed by a reliability
index that made it possible to compare samples. The fossil assemblages were classified
into three types. 1) The transported type often with numerous taxa, 2) the autochthonous
assemblages with a low species diversity and 3) an intermediate type, the mixed
assemblages, with often numerous taxa, but distinguished from the transported type by
the well preserved fen component. formed /n situ. identifications of 882 new records
for North America were made and the specimens are deposited in ALTA. All 145 taxa
have been provided with diagnoses and their morphology discussed. The descriptions are
based on comparisons of living and fossil material, with emphasis on the distinctive
microscopic features and tertain aspects of the subfossil fragments. In addition to the
descriptions, a compilation of habitat and distributional information is provided New data
on the physical environment of nunﬁerous species 1s provided (Appendix 1).

Five hundred and fifty—two records of subfossil bryophytes are reported from
the northern Yukon assemblages. They represent 111 taxa, 96 of which are identified to
species or some infraspecific category. Only two liverwort records are known, while the
Amblystegiaceae are represented by more than half the number of records and eight of
the commonest speci\.es belong to this family. Responsible for this selective preservation
is the potential for fossilization correlated with habitat, the ultrastructural differences i:{
’ cell.walls and the production of antibiotic substances. Five species are not found at
present in the bryofiora of the Yukon, but are in the fossil record Sphagnum centrale,
Lepiodont/um _f/exifo/ium, Mnium . marg/'natum, Calliergon megalophy//um and
Calliergonella cuspidata All the bryophytes in the northern Yukon fossil assemblages
are derived from trahsported material of regional communities or from /n s/tu peats, so
that all taxa could be used for paleoenvironmental re;:onstruction, to which there are four
approaches. The first approach derives paleoecological and climatological information
from a single species, the nortHern Yukon example being Leptodontium flexifolium. This

species was found in two assemblages during the Gold Hill and Early Old Crow Intervals,
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dated 65,000 years or older It grows, at the present time, on organic substrates In
lowlands of the temperate zane or in montane habitats in the subtropical belt At present
itis fo;md in North Amg’rica north of Mexico only in the Southern Appalachian Mountains
The presence of this species during the Old Crow Interval in the Old Crow Basin supports
the reconstruction of the diversified flora of that period The second approach deals
with growth form and habitat modifications. Many clearly outlined modifications can be
described in the ubiquitous group of the Amblystegiaceae. These forms can be correlated
with habitat features, mostly in relation to water\l‘evel in Hylocomium splendens. use can
be.made of its dif ferentiated forest and arctic-alpine forms. The third approach leads to
local environmental reconstruction, by relying on the floristics of an assemblage and the
use of abundancy and reliability measures. The fourth approach is an attempt at regional
paleoenvironmental reconstruction. Assemblages are grouped into stratigraphic units.
Growth form spectra and indicator taxa suggest similarities and dissimilarities among the
groups. The groups outlined for the Old Crow Basin indicate the presence of three
chronological zones These periods suggest substantial landscapé evolution in the Basin
during late Quaternary times. “

Plate 80 is a jllustration of the paleoenviromental reconstruction of eastern
Beringian localities mentioned in this work and some attributes of their fossil bryophyte
assemblages. The species diversity in the fossil assemblages is positively correlated with
the number of samples processed and the number of records. However, there is no
correlation with the relative proportions of indicator taxa or with major taxonomic
groups. Density of bryophytic fragments in the organic componentbof the sediments is
higher in autochthonbous samples. Overall, preservation in autochthonous assemblages is
also better. Landscape evolution and climate can be interpreted from the relative
proportions of indicator taxa in the subfossil bryophyte assemblage groups. During the
Gold Hill and Early Old Crow Intervais (65,000 to 40,000 BP), fossil bryophyte
assemblages (Zone |, Assemblage Groups 1, 2 & 3) suggest that the climate gradually
became milder and the Old Crow Basin more forested- The increase in mesophytic
species and decrease of fen taxa and Amblystegiaceae indicate a warming trend and the
évailability of more shaded habitats. During the formation of Disconformity A in the Old

Crow Basin (Assemblage Group 3, 65000 BP) climate reached an optimum. This is
&



Plate 60 Reconstruction of the paleoenvironment of eastern Beringan localities
during the Gold Hill. Old Crow. Duvany Yar, "Birch period’ and Holocene

Intervals The Zones and Assemblage Groups are for the Old Crow Basin

localities

Records, Taxa and Assemblages absolute values. obtaned by adding all
assemblages listed in the localities column

Density, average number of fragments in 100 g of the sediment traction.
> 1mm, in the samples.

Assemblage Types. A = autochthonous, M = mixed and T = transported
{or allochthonous) assemblages

Preservation. average of composite reliability indices of the assemblages

Indicator taxa Aq = aquatics, Mesoph = shade tolerant species, AA =
arctic—alpine taxa and Up = species growing in dry calcareous upland
tundra. :

Major Taxonomic Groups: Amb = Amblystegiaceae and Sph = Sphagnum

% = estimated increase of Sphagnum in Upper Holocene samples. The

fossil assemblages with high  Sphagnum content were not processed
because of poor preservation

)
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confirmed by fossil assemblages in the Brooks Range, Alaéka. During the Late Old Crow
interval (40,000 to 25,000 BP), the Oid Crow Basin (Assemblage Group 4, Zone i,
Brooks Range and Silver Creek fossil bryophyte asseﬁwblages indicate an abrupt coo‘iing‘
and drying o.f the climate. Bryophyfes were only present in lowland, highly minerotrophic
fens. Even though most assemblages are transported, there is only a very minor upland
component in them, suggesting the absence of dry calcareous tundra and the presence
of steppe. However durmg this same period a diversified P/cea forest still. survwed at
the Hungry Creek’ Iocallty No. bryophyte . fossn assemblages were present in the Old
Crow- Basin sediments of the Dygvany Yar “interval (25,000 to 13,000 BP) and the
subsequent "Birch Period” (13,000 to 8500 BP). Bryophytes from the central Yukon and |
the Brooks Range indicate a Iess harsh climate during these Late Wisconsinan and Early
Holocene periods than during the prece_diné Late O\Id Crow Interval in the northern Yukon. -
However, the complete sterility of the Upper Lake:Clays in the Old Crow Basin SUQgesté a
continuation of the gold and dry climate. The proximityuof the Keéwatin Ice Sheet to the

basin cg:s;ed a harsher climate locally than farther west in Alaska and south in the central

Yukon. During the Holocene, in northern and southern 'Yukon and in the Brooks Range of

Alaska, climate gradually became more mesic, as indicated by the increased r%ﬁ’iof peat
accumulation  and the increase in.Sphagnum. Arctic-alpine taxa and rich fen indicators

declined. Productive upland tundra became prominent In-the Brooks Range fossil

‘,bryéphyte assemblages clearly support evidence of a pre—Neoglaciation (3500 BPy

tree-line at a higher latitude and elevation than at the present time.
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APPENDIX 1: pH, CONDUCTIVITY and CATION CONCENTRATIONS of MIRE WATER

& SAMPLES

This appendix lists all the water sample analyses provided by MH. Hickman (Department

of Botany, University of Alberta) and D.H. Vitt. They are grouped per taxon in alphabetical

order. The authority names for fhose taxa not mentioned in the chapter on the North
American subfossil record aré given. The samples identified with a number in the column
" Col. ara collected by n';yseff in Alberta, British Columbia and the Yukon Territory. The
samples not identified with a number in—-bthe column Col. are provided by D.H. Vitt and are
‘extracted from the data base for Vitt & Sléck 1975, Slack et a/. 1980 and Horton et a/.
1979. Conductivity is not reducéd for the contributibn by H* cations. It is expressed in
microScm-. The cation concentrations are expressed in ppm. See Methods’ a_nd Ma‘teri'als
for the procedures of collection and analysis. ’

»
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Amphidium lapponicum (Hedw.) Schimp.

431

K1

Col.. pH Cond. [Ca] Mg+ [Na-)
3862 8.15 9156.25 5.00 14.4 616 39.3
3868 750 17966 410 290 - 560 1.30
3871 7.80 188.14 575 290 | 5.80 1.50
3872 7.80 198.31 475 3.60 6.00 1.50.
Aneura pinguis {L.) Dumort.
Col. pH - Cond. [Ca] (Mg~} {Na*] K]
7.15 47457 , 2.81 220 9.80 1.40
7.20 43220 " 278 230 850 1.10
7.28 486.44 ‘ .
723 .410.17 243 19.0 870 1.10
735 - - 488.14
725 505.08
| 7.35 49152 33.1 18.0 11.0 1.40
. 7.35 . 481.36 250
7.45 440.17 204 14.0 9.30 260
7.27 42373 243 11.0 470 .800
7.27 +406.78 ‘ :
7.20 369.49
6.98 44576 241 15.0 440 1.00
7.25 376.27
7.44 401.69
7.35 406.78 304 14.0 5.40 .700
7.25 40847
7.4%5 422.03
750 . 437.29 273 14.0 - 6.10 1.30
Aulacomnium palustre
Col. - pH _ Cond [Ca-] - [Mg*] [Na-)
2834 5.20 32203 ‘ 428
- 3226 7.00 66.102 843 1.46 812
3228 7.00 66.102 843 1.46 812
3828  6.60 14237 108 295 - 10.3
7.28 . 486.44
6.85 39152 308, 14.0 13.0
7.34 40339 375 16.0 8.60
3841 7.85 286.44 525 8.95 9.50
3851 6.76 17797 900 ' 855 . 132
3852 7:10 320.34 610 10.7 = 4,20
3858 6.50 137.29 - 450 485 10.8
3859 6.80 20169 145 4.25 12.0

i
4
;
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Aulacomnium turgidum

432

-196.61

Col. pH Cond. [Ca] (Mg--] [Na-} K]
1608 5.20 40678 3.84 940 5.90 .050
2382 6.30 18644 794 1.03 38.24

Brachythecium frigidum (K. Mull) Besch. . ‘
Col pH Cond  Ca1 Mgl INal K]
3870 775 215625 430 4.65 6.20 1.60

Brachythecium turgidum '

Col. - pH Cond. [Ca] Mg--] [Na*] K-]
1659 7.80 166.10 2243 11.95 176 120
3840 7.25 505.08 550 14.6 25.0 15.3
3845 7.75 35932 715 15.0 13.0 1.10
3846 7.05 38644 650 14.2 12.4 1.20
3847 7.10 38883 66.0 14.0 12.8 1.60
. 3848 7.35 37458 - 775 . 155 13.0 1.30
3849 7.15 38475 665 155 134 1.30 °
Bryum pseudotriquetrum

Col ~ pH CTond  [Ca 1 g1 INal K]
3821 7.70 85583 1245 492 1.4 5.20

7.30 . 47458

7.23 41017 243 8.70 1.10

7.35 488.14 s

7.25 505.08

7.25 473.60

7.25 49492 331 220 12.0 2.50

p 7.44 40168 . .

) . 7.35 406.78 304 140 540 700
3838 7.35 33898 500 11.0 111 800
3848 7.35 37458 775 155 13.0 1.30
3850, 7.30 322.03 625 10.2 5.20 -1.30
3857 7.20 25085 380 9.65 420 1.70

Calliergon giganteum
T Col P Cond  [Cal Mgl WNal  [K]
5202 710 15763 2315 333 2326 050
. 7.15 47457 281 220 980 1.40
2713 750 2748 7.50 12.68

3.34
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Calliergon stramineum

Q
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[Ca-]

Col. pH Cond. Mg--] [Nz K-}
2837 7.80 44237 4198 18.13 24.78 1.38
Calliergontrifarium
Col. pH Cond. [Ca'] iMg*-] [Na*] K]
2875 7.50 527.12 3353 17.12 274 222
2877 7.20 601.69 54.29 18.27 27.82 250
2878 7.50 508.47 46,08 2043 26.08 2.38
2868 7.60 47797 26.29 18.56 24.84 1.66
2873 7.70 493.22 3546 1798 -  25.06 152
7.32 405.08
7.20 43220 279 23.0 950 1.10
7.30 47458 '
7.25 479.60 :
7.35 40678 304 140 540 700
7.25 40847
7.35 42203
7.50 43728 273 14.0 6.10 1.30
7.30 22881 187 5.20 5.40 1.40
3848 7.35 37458 775 155 13.0 1.30 ‘
Calliergonella cuspidata .
Col. pH Cond. {Ca-] IMg--1 [Na-] - (K]
2952 7.50 410.17 762 979 . 27.14 400
32254 7.00 66.102 -843 1.46 812 .050
3228 7.00 66.102 843 1.46 812 080
Campylium stellatum
Col. pH Cond. [Ca*-] [Mg**] [Na*] {K-]
1659 7.80 . 166.10 2243 11.95 17.6 120
2218 7.00 38475 27.74 7.78 14.84 - .050
2443 7.60 181.36 18.29 8.64 9.08 050
2868.. .7.60 47797 © 2629 1858 2484  1.66
2876 7.50 . 44915 2653 16.26 2274 - 278
2866 7.50 467.80 ¥ 27.25 18.13 2444 1.66 .
2870 7.80 49492 ' 217 1842 25.28 1.80
2871 7.90 49153 2315 1827 282 1.94
2874 7.60 506.78 3453 187 26.84 2.64
2877 7.20 601.69 5428 1827 .27.82 250
2878 750 508.47 46.08 2043 26.08 2.36
2702 . 2049 233
2852 750 410.17 762 979 27.14 400
3225 7.00 66.102 843 1.46 8.12 050
3226 7.00 66102 843 1.46 8.12 050
3809 7.7€ 906.78 134 475 15.4 6.40
3811 7.80 62203 910 281 10.2 5.60
3813 7.65 949.15 161. 51.6 15.8 590
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3815~

7.65 1042 4 150. 51.6 224 7.20 :

3816 7.70" 93051 135: 50.0 147 6.20 ' :

3817 7.70 876.27 151. 48.1 142 - 550 _ !

3819 7.70 832.20 1175 45.0 12.1 5.70
7.15 47457 281 220 9.80 1.40
6.90 45762 - :

- 7.32 405.08
7.28 486.44 ’
7.23 41017 243 19.0 870 1.10 .
7.25 505.08 : ’ :
7.25 47960
7.30 44407
7.35 49152 331 180 11.0 -1.40
7.35 481.36 - A '
7.25 49492 33.1 220 120 - 250 _
7.45 44017 204 14.0 9.30 2.60 :
7.15 37966 34.0 10.0 6.30 2.70 ' ¢
7.05 388.83 o :
7.20 . 420.34 28.0 15.0 6.40 3.40
Climacium dendroides (Hedw. Web. et Mohr
Col. pH Cond. [Ca**] [Mg+*-] [Na*] K+
3868 6.75 196.61 185 | 6.00 7.60 4.70
Cratoneuron commutatum (Hedw.) Roth.

Col. pH. Cond. [Ca-] (Mg~*] [Na*] K]

1703 7.00 286.44 46.08 17.12 " 10.06 2.64

2772 7.60 12542 1253 [.08 3.04 .050

3421 7.40 33559 37.63 30.19 440 .050

Dicranella palustris (Dicks.) Crundw. ex Warb. -

Col. pH Cond. (Ca*] (Mg~ [Na*] [K-]
3226 7.00 66.102 843 146 812 .050
3863 " 6.55 37.797 350 -.065 4.60 1.30
Dicranum polysetum Sw. | ’
~TCol oH . Cord Gl Mgl INal K

3858 6.80 20169 145 4.25 120 136




Dicranum undulatum

k]
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Col o Cond  ICal _ IMg1  [NaJ K]
3826 666 16949 154 450 12,1 530
3859 6.80 20169 145 4.25 120 - 136
Distichium capil/laceum
Col. pH - Cond. [Ca) (Mg--] {Na-] [K+]
- 3821 7.70 855.83 1245 482 114 5.20
Drepanoc/adus aduncus
Col. pH Cond [Ca] (Mg~} [Na*] {K-1
35632 2363 200 718 050
20.49 233 '
29661 455 182 6.00 240
14746 246 7.70 5.80 240
576.27 344 7.15 184
227.12 H14 8.00 450 1.00
33898 500 11.0 11.1 900,
505.08 b5b.0 14.6 25.0 15.3
320.34 61.0 10.7 4.20 1.10
25085 380 9.65 4.20. 1.70
Drepanoc/adus crassicostatus
Col._ pH Cond. ' [Ca~l  [Mg~]  [Naj K]
1793 7.90. 500.00 18.8 424 2168 < .050
1805 7.70 92373 76.97 37.23 4164 .820 fi)
Drepanocladus exannu/atus .
Col pH Cond  [Cal Mgl [Nal  IK]
1808 8.00 311.86 :
1810 8.40 44068 37.39 29.26 292 1.38 !
1813 7.80 86441 71861 50.825 1696
o ' 18.7
3806 7.70 20.169 3.10 450 0. 200
440 - 160 .200 2.90 200
"470 200 .300 . 290 .300
4.10 200 .300 340 .100
430 - 2.20 .300 3.00 .400
430 . 200 .300 3.30 400
4.40 260 3.00 .200

.300

R
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Drepanoc/adus exannulatus var. purpurascens (Schimp.) Herz.

Col pH Cond 1Ca T Mgl WNal KT .  o
3863 655 37797 . 350 0656 460 130 O
3865 6.25 40508 4.50 085 420 1.20 | ;

Drepanoc/adus fluitans , ‘ ) : o

Col. pH  Cond [Ca-] (Mg*-] [Na] [K*]
2603 550 37.288 - 1518 2.61 254 -11.34
2620 -6.40 111.86 147 . 433 8.06 .260
2662 4.80 38983 553 1.17 13.12 .050"
2664 4.90 388983 - 7.70 1.46 11.16 .050
2713 7.50 196.61 2749 7.50 12.68 3.34
2714 7.00 21525 3584 893 12.22 8.68
4.00 1.90

3673 590 = 19.153 240 245

Drepanociadus lycopodioides var. brevifolius

Col. . pH Cond. * [Ca']  [Mg] [Na-] [K*]

5329 560 13550 722 189 1334 050

Drepanoc/adus revol/vens : ] ) B !

Col. ~ pH - Cond. [Ca~] [Mg--] {Na-] {K-]

1803 7.80 . 559.32 2846 3895 16.02 .050
1815 810 368.48 4487 13.67 40.84 050

1855 7.70 372.88 10%'7 "100. 18.78

. . 26.03 : . -
2064 740 . 32203 5.28 170 1274  .050
2230 7.50 15254 44.39 1367 © 2622 264

2457 7.30 '233.90 37.38 1252 49.68 .050
2665 5.40 37.288 987 2.47 5.09 264
2836 7.90 44237 4188 18.13 2478 1.38
2837 7.90 44237 4198 18.13 24.78 1.38
2844 7.50 469439 33.29 16.55 2652 2.08
2727 7.10 405.08 4415 18942 12.24 250

2865 7.20. 48983 2748 1857 2586 3.20
2866 7.50 - 467.80 2725 18.13 2444 166
‘2867 7.60 47119 27.74 1856 2392 8960
2868 780 461.02 2532 ¢ 17.27 2496 2.22
2870 7.80 48492 217 18.42 2528 1.80
2871 7.90 49153 2315 18.27 282 1.94
2873 7.70 493.22 - 3546 17.98 25.06 152
2874 7.60 506.78 34.25 187 26.84 264
2733 7.30 29153 2894 1497 - 970 .060
2868 7.60 47797 26.29 18.56 2484 1.66
2875 750 . 527.12 3383 17.12 27.4 222
2876 . 750 © 4498.15 2653 16.26 2274 2.78 .

2877 . 7.20 60168 54.29 1827 2782 250
2878 7.50 50847 46.08 2043 26.08 2.36
3225 700 - 66102 843 1.46 812 .050
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—

66.102 843

3226 7.00 - 1.46 812 .050
3228 7.00 66.102 843 1.46 812 .050 {
3811 7.80 622.03 910 281 10.2 5.60 ) ;
3813 7.65 949.15 161. 516 15.8 5.90 H
3814 7.75 1067.8 155 53.2 16.6 5.70 _ L 3
3815 7.65 10424 150 516 224 7.20 - ]
3816 7.70 .930.51 135. 50.0 . 14.7 6.20 %
3817 7.70 876.27 = 151, 48.1 14.2 550" : o :
.3819 -7.70 83220 1175 450 12.1 570 - . {
715 47457 281 220 9.80 140
6.90 ©457.62
7.32 405.08
7.20 43220 279 230 9.50 1.10
7.30 47458
7.28 486.44 .
723 410.17 243 19.0 870 1.10
7.25 505.08 . '
7.25 478.60
7.30 44407 . . '
7.35 49152 33.1 18.0 11.0 1.40
7.35 48136 , , . :
7.25 49482 331 220 12.0 250
7.45 440.17 204 14.0 9.30 260
7.15 37966 340 10.0 - .6.30 270
7.05 38883
7.20 - 42034 280 150 6.40 340
Drepanoc/adus uncinatus .}
Col. pH Cond. [Ca] Mg~*] [Na']  [K*]
1484 6.40 61.017 938 600 992 .050
1954 7.90 15.254 233 - 500 4.04 .050
2218 7.00 . 38475 1325 020 10.92 .050
2248 4.80 23.729 5.77 .740 15,7 + .260
-+ 2382 6.30 18644 794 = 103 3824 @ 005
Drepanoc/adus vernicosus ' _ ‘ -
Col. pH. Cond. {Ca"] Mg**]  .INa‘], [K~]

1682 6.90 30169 2315 1084 - 1086 574
2339 6.70 32203 456 : 1898 66.32 1.10

2636 6.00 94915 843 2.18 4.96 11.2
2815 7.40 20847 3328 822 3.34 .050
2834 520 ©32.203 ' -4.28 050
2702 - 2048 233

2824 — 891 1.03 6.16 .050
3842 755 38322 850 16.1 14.6 1.10
3843 8.05 38305 965 16.3 124 1.10
3844 7.05 38983 710 14.8 114 1.20
3845 © 775 ‘356932 715 15.0 13.0 1.10
3846 . 7.05 38644 650. -14.2 124 1.20
3847 7.10 38983 66.0 14.0 128 1.60
3848 . 7.35 37458 775 155 130 1.30
3850 7.30 32203 8625 102 5.20 1.30




Fissidens adiantoides Hedw.
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Col. pH Cond. [Ca-] iMg**] [Na-] K-}
2952 750 41017 762 979 2714 400
3228 7.00 66.102 843 1.46 812 .050
Fissidens g/and/'frons Brid. | ¢
Col. - pH Cond.  [Ca] IMg**] [Na*] K]
3868 7.50 17966 410 2980 5.60 1.30
3870 7.75 21525 430 465 620 1.60
3872 7.80 19831 475 360 6.00 1.50
Gymnoco/ea nf/ata (Huds.) Dumbrt.
Col . 'pH Cond. [Ca] IMg--] [Na-] [K+]
2662 4.80 38983 553 117 13.12 - 050
Hygrbhypnum luridum {(Hedw.) Jenn. ]
Tol pH Cond  [Ca] Mg [Nal K
3833 750 12542 166 435 690 250
3860 7.95 89831 6.00 280 370 1.20
Hylocamium :sp./ endens
Col. pH Cond = [Ca] {Mg*-] [Na-] BLSI
3831 6.90 25424 320 8.80 11.4 980 .
. 730 44407 ' .
2382 6.30 18644 « 794 1.03 3824 O
Hy.pnum bambergeri
Col or Cond  1Ca1  Mg-T WNal K]
1675 7.80 45763 8.18 200 13.36 .050
2166 680 - 18271 1325 020 10.92 .050
1659 7.80 166.10 2243 11.95 176 .120




Jungermannia pumila With.
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. Col. pH Cond. {Ca*] Mg~*] [Na-] K]
3867 7.65 89322 -450 1.80 33.0 4.80
Leptodictyum riparium (Hedw.) Warnst.
Col pH Cond. [Ca*’] (Mg-] [Na-] (K]
3334 8.10 12203 15049 100 4.04
2898 -
Meesia triquetfa
Col. pH Cond. (Ca] IMg-] [Na‘] K]
7.32 . 405.08
7.30 47458
7.28 486.44 _
7.25 49492 331 220 12.0 - 2.60
7.27 42373 243 11.0 470 .800
7.27 406.78
7.20 369.49
7.00 44576 241 15.0 4.40 1.00
7.25 376.27 . .
.7.44 401.69 ®
7.35 406.78 304 14.0 5.40 700
7.25 40847 .
. 7580 437.29 273 14.0 6.10 1.30
3839 . 7.35 .33898 500 11.0 1.1 800
. 3840 7.25 505.08 550 - 14.6 25.0 15.3°
3848 7.35 . 37458 775 155 13.0 1.30
Philonotis fontana
Col. " pH Cond. [Ca*] [Mg-*] [Na‘] [K-]
3863 6.55 37797 350 .065 460 1.30
3864 .. 6.25 34915 075 - 360 1.00
3865 6.25 40508 450 ..085 4.20 1.20
Plagiomnium ellipticum
Col. pH "\ Cond’  1Ca1 [Mg--]1 - [Na] [K+]
1716 82.33 12.38 10.08° 1.38
3835 7.40 698.31 328 6.35- 16.3
.3850 7.30 322.03 625 10.2 5.20 1.30




Pleurozium schreberi
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14.92

Col. pH Cond. [Ca] (Mgl [Na-] (K1
2248 490 23729 577 .740 18.7 .260
2098 ' 10.84 2.18 10.32 .540
3827 7.30 286.44 164 4.85 410 135
3828 6.60 142.37 108" 295 10.3 1920
Pogonatum al pinum
Col. ° pH . Cond. [Ca*-] Mg -] [Na*] K]
7382 630 18644 794 103 ¥ 3824
Pogonatum dentatum
Col. pH Cond. [Ca1 = [Mg~]  INa‘] [K*]
3863 655 37797 350 065 460 130
th/ia sphajgn/cb/é (B.S.G) Lindb. et. H. Arnell.
.Col. pH " Cond. [Ca) [Mg--] [Na*] - [K+]
| 695 39152 308 140 130 870
- Polytrichum jun./'pe//'num '
- Col. pH Cond. [Ca*) IMg*-} INa*] (K-]
3853 6.7 157.63 5.00 .600 124 11.6
3854 6 - 122.03 .550 .600 114 750
Polytrichum strictum Brid. ‘\ |
Col. pH .' Cond. [Ca**] [Na*] IK+]
3825 6.50 28983 190 20.4 15.3
3826 6.65 16949 154 12.1 5.30
3828 6.60 142.37 10.8 10.3 8.20
Ptilidium ciliare (L) Hampe
Col. pH Cond. {Ca*-] [Mg--] [Na] {K-1
2565 ‘ 13.25 477 - .400
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Ptilium crista-castrensis

Col pH Cond. [Ca-] (Mg**] [Na-) K]
3859 6.80 20169 145 4.25 12.0 13.6

Scapania pa/udosa (K. MUll) K. MUll.

Col. pH Cond. [Ca-] Mg*] {Na*] K1
2658 7.70 1.32

Scorpidium scorpioidgs

Col. pH - Cond. [Ca] (Mg**] INa*] K-]
2877 7.20 60169 5429 1827 27.82 250
3227 7.00 66.102 843 1.46 812 .050
3812 7.70 61356 155 275 10.0 350
RN 3815 7.65 10424 150 51.6 224 7.20
3822 7.80 93220 150. 46.9 15.0 5.80
‘ 715 47457 281 220 9.80 1.40

6.80 457.62

7.32 405.08

7.20 43220 278 = 230 950 1.10
7.30 47458 - .

7.28 486.44 ’

723 410.17 243 18.0 8.70 1.10
735 488.14 :

7.25 505.08

7.30 49152 315 230 9.80 1.40
7.25 479.60 ‘ (
7.35 48152 331 18.0 11.0 1.40
7.35 481.36
7.25 48492 331 220 12.0 250
7.27 42373 243, 11.0 470 .800
7.27 406.78
7.20 36949
6.98 44576 241 15.0 4.40 1.00
7.25 376.27
744 401.68

7.35 406.78

7.25 40847.

735 42203

750 43728

7.40 220534

720 ., 22542

7.30. . 22881

765 22203w.

3839 = 735 33888
3840 725  505.08:
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Scorpidiurmn turgescens
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Col. pH Cond. [Ca] (Mg} Na] (K]
2443 760 181.36 1829 864 9.08 .050
2873 770 49322 3546 17.98 2506 152
3848 7.35 37458 775 155 13.0 1.30
Scouleria aquatica Hook.
Col. pH Cond. [Ca ') Mg-] [Na'] (K]
3861 7.90 13051 145 +« 760 380 1.00
3867 7.65 89322 450 1.80 330 4.80
Sphagnum angustifolium (C. Jens. ex Russ) C. Jens /n Tolf.
Col. pH Cond. [Ca~] Mg--] [Na] IK-]
7.45 44017 204 14.0 9.30 260
6.85 39152 3089 140 13.0 870
3851 6.15 17797 8.00 855 13.2 9.10
3853 6.75 157.63 5.00 600 124 116
3855 7.20 32373 610 11.35 7.00 260
Sphagnum compactum DC. ex Lam. et DC.
/
Col pH ¢ Cond. [Ca] IMg]  “INa‘] K]
2113 480 .890 3.04 .050
Sphagnum fuscum
Col. pH Cond. [Ca-] IMg*-] [Na*] IK-]
3820 560 11186 500 685 135 7.30
Sphagnum i mbricatum Hornsch. ex Russ. o ‘
Col. ~pH Cond. "[Ca*] (Mg-1 K]
¥ 3873 380 56441 595 730 600 303
| Sphagnum jensenii H. Lindb.
Col . pH Cond  [Ca1  IMg~]  INa’ K]
440 1.60 .200 2.90 200
4.70 2.00 .300 2.90 .300
4.10 2.00 300 340 100
4.30 2.20 300 3.00 400
4.30 200 . .300 3.30 400
440 2.60 .300

300

.200




Sphagnum’ lenense

443

Col. phi iCond.

K]

7.28 486.44

C “Ca1__ IMg~1_ [N& =
1983 ~ 256 200 10.82 686
, ,
Sphagnum magellanicum ‘
Col. pH Cond. [Ca~] IMg**] = [Na"] K]
3858 ~ 650 13729 450 495 108 920 |
~ Sphagnum nemareum Scop.. ,
Col  pH Cond _ICa1 Mgl WNal K]
3832 580 15763 740 535 150 850
Sphagnum russowii Warnst.
Col. pH - Cond [Ca*] [Mg~]  [Na’) (K]
3825 650 _ 28083 190 360 204 153
3828 660 -V 14237 108 2.95 10.3 9.20
3854  6.15 122.03 550 600 11.4 750 Lo
3856 690 13220 800 1.10 8.40 8.70 <y 5
. ’ . [ g} RO
Sphagnum subsecundum Nees ex Sturm )
Col _pH _ Comd  ICa] Mgl MNal K] =
2834 520 32203 N 328 050
-Sphagpinn warnstorfii Russ.
N ‘ .
Col. pH . .Cond. [Ca} Mg*-] [Na-] .
745 440.17 204 740 930 2.60
6.95 39152 308 14.0 13.0 8.70 -
7.15 43559 322 130 12.0 5.10
Tomenthy pnum nitens N .
Col  pH _ Cond  [Cal Mg+l - WNal  [K]
2166 680 16271 1325 020 1092 = 050
3809  7.75 90678 1340 475 15.4 6.40 i
3810  8.00 83390 . 910 475 11.8 460 :
3814 7.75 10678 1550 532 16.6 5.70
3818  7.70 g898.31 1425 456 14.1 6.30
3821 770 - 85583 1245 492 114 5.20
3831  6.90 254.24 320 8.80 11.4 9.80

¥

RS
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gy :
725, 50508
7.25% 47960
7.30 4407
7.45 440.17 204 14.0 9.30 2.60
695 39152 309 14.0 13.0 8.70
7.15 43559 322 13.0 12.0 5.10
7.34 40339 375 160 960 290
7.15 37966 = 340 100 . 6.30 2.70 |
7.05 38983 . ;
720 . 42034 280 15.0 6.40 340 3
700  427.12 , ;
720 . 42203 2477 150 6.90 3.40
7.85 28644 525 995 950 1.10 '
7.05 - 38983 710 14.8 114 120 :
730 32203 625 10.2 520 1.30 ;
7.10 32034 610 107 4.20 1.10
6.80 201.69 145 425 120 - 136
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APPENDIX 2 SUBFOSSIL BRYOPHYTES COLLECTED in the NORTHERN YUKON
TERRlTORY

) Sub@tssnl bryophytes were collected at 13 localities situated in the northern - Yukon
Terrltory The thirteen localities are listed in Table 3. The IT & GF column indicates the

-
" Indicator ﬁ;axa and Growth Fo-rms_. ;

2

Indicator Taxa: (see more details in text) i
rf. rich fen species
up: upland species

- aq aquatic speciés

Growth Forms:

i Turfs: sysiemé with parailel Upright shoots
Te: tall, with erect.branches
Trh: as Te, wWith® der;;e tomentum’
Td: tall turfs wnth dnvergent branches N
t. a§ Te, but under 2 cm high . o \
Mats: systems forming a generally dens extending horizontally over the substratum
Mr: rough mats, principal fs;hoots horizohtal, abundant sT\ert branchés
Ms: smooth mats, brancheé in same plane as main shoots
Wefts: strangling shoots and branches often ascenﬁ?ing and luxuriant
W: wefts ' ”
Three age classes are assigned (éee téxt for more details)
H: Holocéhe . .

W: Wisconsinan\ : Y

‘Wleistocene

445
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Amblystegiaceae, 127
Amblystegium, 127
Aulacomniaceae, 103

Aulacomnium,

Barbula,

59

103

Bartramiaceae, 116
Brachytheciaceae, 295
Brachythecium, 295
Bryaceae, 87 :
Bryobrittonia, 56

Bryoerythrophy!lum, 60

Bryum,

Calliergidium, 149
Calliergon,
Calliergonell/a, 129
Campylium,
Catoscopiaceae, 114

Catoscopi

um,

128

144
114

Ceratodon, 46 -
Cinclidium, 93
Cirriphyllum, 297
Cratoneuron,
Cyrtomnium, 96
Desmatodon, 61
Dicranaceae, 50
Dicranell/a, 50
‘Dicranum, 51
Didymodon, 63
Distichium, 46
‘Ditrichaceae, 46
Ditrichum, 48 ~
Drepanoc/adus, 149
Encalypta, 57
Encalyptaceae, 56

148

. Entodon, 304

' Entodontaceae, 304
Eurhynchium, 298
Fissidens, 45
Fissidentaceae, 45
Grimmia, 83 . .

- Grimmiaceae, 83

Gymnostomum, 64

Helodium,

123

Hepaticae, 28

Hygroamblystegium, 2 88

Hygrohypnum, 289 -
ceae, 321
Hylocomiums 321
Hypnaceae, 310
‘Hypnum, 310
/sopterygium, 316

Hylocom

" Leptobryum, S0

Leptodontium, 65
Leskeaceae,
Lophozia, 29 -

Meesia,

Fa

121

Lophoziaceae, 29
108

448
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Meesiaceae, 109
Mniaceae, 93
Mnium, 98

Musci, 31
Oncophiorus, 55
Orthothecium, 305
Orthotrichaceae, 120
Paludef/a, 112
Philonotis, 116 .
Plagiomnium, 100
Plagiotheciaceae, 308
Plagiothecium, 308
.Pleurozium, 307
Pogonatum, 324

* Pohlia, 91

- Polytrichaceae, 324
Polytrichum,. 326
Pottiaceae, 59
Pseudobryum, 101
Pseudocrossidium, 70
Pseudoleskeella, 121

. Ptilium, 317

Rhacomitrium, 84
Rhytidiaceae, 319
Rhytidium, 318
-Scorpidium, 289
Sphagnaceae, 32
Sphagnum, 32
Thuidiaceae, 123
Thuidium, 124
Timmia - 118
-Timmiaceae, 118
Tomenthypnum, 299
Tortella, 75
~Tortula, 79
Trichostomum, 81
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