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ABSTRACT 

The paper critically reviews the North American 
Late Tertiary and Quaternary mosses which , when des 
cribed, were considered to have no equivalents in the 
recent moss flora . They are : CaZZiergon aftonia:num 
Steere, C. ha:nsenae Steere, Camp tothecium woZdenii 
Grout , DrepanoaZadus apieuZatus St eere, Drepa:noaZadus 
minnesotensis Williams and NeoaaZZiergon integrifoZ-
ium Williams. 

The most di stinct taxon is C. af tonianum , though 
its species status is questionable . Its diagnostic 
features wer e exami ned in detail, and criti cally di s
cussed, on fossil specimens extracted from Late 
Tertiary and interglacial deposits collected at lo
calities shown in Figure 1 and Table 1. 

CaZZier gon ha:nsenae is not specifically distinct 
from C. aftonia:num. Camptotheaium woZdenii is 
apparently synonymous with Tomenthypnum nitens var . 
invoZutwn. DrepanocZadus apieuZatus is within the 
present- day variability of D. revoZvens. D min
nesotensis seems to be an extreme morphological form 
of D. exannuZatus. NeoaaZZiergon integrifoZium is 
also an extreme form of CaZZiergon tri farium. 

RESUME 

L'auteur passe en revue et analyse les mousses 
du continent n-0rd-americain de la fin du Tertiaire 
et du Quaternaire dent la description, lorsqu'elle 
existe, n'indique aucune equivalence avec les 
mousses de la flore recente. Ce sent: CaZZiergon 
af tonia:num Steere, C. hansenae Steere, Camptothecium 
woZdenii Grout, DrepanoaZadus apieuZatus Steere, 
Drepa:noaZadus minnesotensis Williams et NeoaaZZiergon 
integrifoZium Williams . 

C. aftonianum constitue le taxon le plus dis
tinct, quoique l'on ne puisse dire avec certitude 
s ' il s'agit d ' une espece. Ses caracteres specifiques 
ont fait l ' objet de debats critiques et ont ete 
examines en detail a partir de specimens fossiles 
que l ' on a extraits de depots qui remontent a la fin 
du Tertiaire et aux stades interglaciaires . Les 
regions OU on les a recueillis sent indiquees a la 
figure 1 et au tableau 1. 

CaZZiergon hansenae ne se distingue pas speci
fiquement de C. aftonianum. Camptotheaium woZdenii 
est , selon toute evidence, synonyme de Tomenthypnum 
nitens var. invoZutum . Dr epanoaZadus apieuZatus 
ressemble a la variete moderne de D. revoZvens . D. 
minnesotensis semble etre une variete morphologique 
lointaine de D. exannuZatus . NeocaZZiergon inte
grifoZium est egalement une forme lointaine de 
CaZZiergon trifarium. 





CALLTERGON AFTONIANUM STEERE IN LATE TERTIARY AND PLEISTOCENE DEPOSITS OF CANADA 

INTRODUCTION 

Of several hundred species of mosses hitherto 
recognized in Pl eistocene deposits, about twenty 
have no equivalents in the r ecent flora (Jovet-Ast, 
1967). Seven such fossil species were described 
from North America and, until now, are known only 
from type localities. These are: Calliergon 
af tonianum Steere, C. hansenae Steere, C. kayianum 
Steere, Camptothecium woldenii Grout, Dr epanocladus 
apiculatus Steere, D. minnesotensis Williams, and 
Neocalliergon integrifolium Willi ams. These species 
raise a number of questions, one of which is the 

problem of Pl eistocene extinc tions which, in turn, 
has major historical impli cations for the Quaternary 
biota (Fernald, 19 25; Hulten, 1937; Kulczynski, 
19 23 ; Leopold, 1967; Steere, 1965; and others). The 
above- mentioned seven species are important to this 
discussion only if their taxonomic distinctiveness 
can be proven ; ther efore, critical examination of 
these taxa is necessary before drawing conclusions 
based on their paleoecological and paleogeographical 
s ignificance . 

Figure 1. Localities of Calliergon aftonianwn Steere . 

Original manuscri pt submitted: June 2 , 197 2 
Final version app roved for publication : January 25 , 1974 
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Late Pliocene and Pleistocene deposits studied 
by the author have yielded numerous specimens of 
CaZZiergon aftonianwn (cf. Kuc, 1974). The purpose 
of this paper is to discuss the variability of this 
species and its taxonomic status . 

Dr. W.C. Steere, author of C. aftonianwn , was 
kind enough to review thi s manuscript, to examine 
specimens and to offe r valuable remarks. Dr. J .V. 
Matthews, Jr., also provided comments on the manu
script. 

MATERIALS 

Some features of examined remains of C. 
aftonianum and the deposits bearing them are briefly 
summarized in Table 1. Figure 1 shows the location 
of fossil localities. 

Selected specimens are deposited at the 
Geological Survey of Canada, Ottawa. A considerable 
number of C. aftonianum fragments were contained in 
the original, unanalyzed parts of the samples. 
Specimens in the Beaufort Formation, Reindeer 
Station, Worth Point, and St. Patrick Bay samples 
were partly disintegrated during maceration. 

TAXONOMIC DISTINCTIVENESS OF 
CALLIERGON AFTONIANUM STEERE 

The original diagnosis of C. aftonianwn 
(Steere, 1942, p. 85) pertains to the most prominent 
diagnostic features of this plant. It reads: 
"Plant apparently large, pinnately branched, with 
the habit of CaZZier gon gigantewn ; basal leaves ob
long, obtuse, 1 mm long and 0 . 5 mm wide (Pl. III, 
Figs. 1-2); costa very short or even lacking; 
apical leaves of branch longer and narrower, 
lanceolate, up to 2 mm long and 0.3 mm wide, costa 
extending about one half the length of the leaf, 
but never percurrent. Known only from isolated 
branches" . 

The following descriptions of features of C. 
af tonianum are based on the examination of several 
hundreds of whole specimens and stem fragme nts as 
well as a number of individual leaves. 

Habit, size, and type of branching of 
specimens (Pl. I A-D) 

The plant has a distinct main stem and numer
ous lateral branches . The largest whole specimens 
extracted from the Quadra Formation are 8 to 9 ems 
in length, with lateral branches of 2 cm . Short 
and thin specimens are sometimes bifid. Stems are 
irregularly pinnate or branch irregularly . Main 
stems are more flexible than those of C. gi gantewn , 
probably due to the anatomical structure of the 
stems (see the description of stem cross- sections). 
The habit of C. af tonianum differs from those of C. 
gigantewn and C. richa:Pdsonii by its smaller stem 
leaves, which are loosely arranged on stems, making 
its foliage more or less uniform. 

Branch leaves . Uppermost leaves of lateral 
branches and of uppermost parts of main stems are 
longly lanceolate, sometimes recurved, with sides 
gradually converging to a narrow, obtuse apex . 
Leaf border s are largely recurved and even overlap 

in the upper part of the leaf, which is often tubu
late. There is a rather weak, single nerve that 
ends before the apical~ of the leaf (Pl . I E) . The 
morphology of uppermost branch leaves is the same 
for C. aftonianum, C. gigantewn and C. richardsonii . 
Leaves of the middle part of later branches are most 
characteristic for this taxon . They are longly 
ligulate, flat, commonly cucullate or with recurved 
borders at the top (Pl. IF-I). Nerve can extend 
through half of the leaf, but it is usually much 
shorter or ve ry short and bifid, or multifid or 
vanishing. These features clearly distinguish C. 
aftonianwn from other species of Sec. Eucalliergon. 
Leaves of the lower part of later branches (Pl. I J) 
are widely ligulate or elliptic or even orbicular, 
mostly flat or slightly concave, or with irregularly 
and narrowly recurved borders. They have a loose 
cell _net with or without a ve ry short nerve. They 
are smaller in all respects than upper stem leaves. 
Some leaves are morphologically very similar to 
C. cuspidatwn . Lowermost leaves of C. aftonianum 
have a primordial character (Pl. I K). 

Stem leaves (Pl. II). They are much more vari
able than stem leaves of C. gigantewn and C. 
richardsonii . Upper stem leaves (Pl. II A-E) are 
longly ovoidal with strongly recurved borders in the 
upper part of the leaf. Leaves of the upper-middle 
parts of stems are longly ligulate or narrowly 
ellipsoidal (Pl. II F-K), usually flat or sometimes 
with slightly recurved borders. Leaves of lower 
stem parts are generally smaller than upper ones, 
ovate (Pl . II L- N) or obovate (Pl. II O) and very 
similar to C. giganteum and C. richardsonii . The 
nerve of most stem leaves does not extend more than 
half the length of the leaf or is very short and 
single. In addition to leaves with short nerves, 
however, larger ones with longer single or forked 
nerves sometimes occur. In their morphology, these 
leaves converge with those of C. richar dsonii . 

Leaf undulation. Both branch and stem leaves 
are often longitudinally or transversely undulated 
in the upper parts of the leaf. 

Margin of the apex. It is rarely entire. 
Usually tops of marginal cells form the crenulation 
or the irregular, blunt dentition. Teeth closest 
to the apex are sometimes larger than others and 
often comprise a bicuspidate dentition (see Steere, 
194 2 , Pl. III, fig. 2). ~-

Primordial leaves. The taxonomic significance 
of primordial leaves is not well known; therefore, 
it is difficult to discuss them here as specifically 
diagnostic features. Comparison of primordial 
leaves of C. aftonianum, C. gigantewn and C. 
r ichardsonii indicates that those of the first 
species are larger, extend higher up the branches, 
and are usually short, oblong, or ligulate. 

Other leaf features. Margin, alar cells, and 
areolation do not differ from analogous features of 
C. gigantewn and C. richardsonii . 

Transverse cross-section of stem . Same as the 
stem cross-section of C. r ichardsonii . The sclero
derm is bistratose and composed of substereoidal 
cells . Cross-sections of C. af tonianwn stems have 
less scleroidal elements than those of C. gigantewn. 

3 
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A - F 
G - K 
L - 0 

upper stem leaves (1:40-45} from Mackenzie Delta beds, 
upper-middle stem leaves (1:40-45) from Mackenzie Delta beds, 
middle and lower stem leaves (1:50-55) from interglacial 
Worth Point deposits. 

Plate II. Variability of stem leaves of Callier gon aftonianwn Steer e. 
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Of the features described above, the most 
characteristic one for C. aftonianum is the longly 
oblong leaves with a short nerve or without one al
together (Pl. III). 

The specific status of C. aftonianum is depend
ent on one's point of view of the definition of a 
species. In the author's opinion, C. af tonianum is 
a clearly recognizable taxon but its species status 
is questionable. It is most closely related to C. 
r ichar dsonii and connected to it by intermediate 
forms. 

PALEOECOLOGY OF CALLIERGON AFTONIANUM AND 
ITS BIOSTRATIGRAPHIC SIGNIFICANCE 

Slender, soft, long, pinnate branching speci
mens of C. aftonianum , as well as the aquatic plants 
and animals associated with them (e.g., Calliergon 
giganteum, C. richardsonii , Drepanocladus exan
nulatus, Potamoget on sp., Ranunculus aquati lis, 
Scorpidium scorpioides , and Bryozoa, Mollusca and 
abundant plankton) and kinds of deposits in which 
they are found (moss-peat, sapropel, water detritus), 
indicate the hydrophilous character of the plant. 
Most probably it grew in stagnant, shallow water 
bodies. Specimens extracted from the Quadra Forma
tion are coated with a white substance, rich in 
plankton covers, which reacts with HCl. This sug
gests the calciphilous nature of the moss. Until 
now its remains have not been found in tundra depos
its but occur only in interglacial or preglacial 
beds associated with tree fossils and other boreal 
fo r est plants. Certainly, it was the plant of open 
water areas and, therefore, in addition to being a 
cal ciphile it is also a photophile. C. aftoni anum 
is a typical peatformer and the component of detri
tal sapropel. In the bryocenological sense it 
belongs to Helophytia, inhabiting shallow, stagnant, 
eutrophic, warmer water bodies and deep swampy bogs. 

C. af tonianum has existed in fully developed 
morphological forms since at least the late Tertiary 
and is well represented in interstadial or inter
glacial deposits. So far its remains have not been 
discovered in postglacial in situ deposits and, 
therefore, it is cons idered to be an extinct 
species. 

REMARKS ON OTHER NORTH AMERICAN PLEISTOCENE MOSSES, 
WHICH ALSO LACK REPRESENTATION IN THE RECENT FLORA 

Calliergon hansenae Steere: In the critical 
examination of its status Steere (1942, p. 85-86) 
wrote, "This species is probably most closely allied 
to C. aftonianum or to C. giganteum". The relation
ship with C. giganteum is rather unlikely because 
C. hansenae has "leaves narrowl y lanceolate, 1-1.7 
mm long (average length about 1.5 mm); costa short, 
to one half the length of the leaf; apex obtuse to 
obtusely acute" (Steere, op. cit.) which are 
features of branch leaves of C. aftoni anum . He also 
pointed out the elongated alar cells of C. hansenae , 
which also occur on some of the branch leaves of 
C. richar dsonii, as its diagnostic feature. 

C. kayianwn Steere: The author fully agrees 
with Steere (op . cit., p. 86-87) that it greatly 
resembles Scor pidi um scorpioides . "Symmetrical and 
not at all secund" leaves separate it from typical 
leaves of S . scorpioi des. Leaves of the C. kayianwn 

type commonly are found on the thin lateral stems 
and the uppermost parts of some main stems, in 
apical, budlike tops of lateral branches of fossil 
S. scorpioides specimens (cf. Kuc and Hills, 1971, 
Pls. 28 A, E and 29 D), and also on some recent 
specimens collected in the Canadian Arctic. On the 
other hand, leaves of the type C. kayianum were not 
found among the many collections of S . scorpioides 
from southern Holarctic regions of Europe and North 
America. If future study confirms this obs ervation, 
the C. kayianum leaf forms will have the paleo
ecological significance of indices of colder 
habitats. 

Camptothecium woldenii Grout: Jovet-Ast 
(1967, p. 141) suggested that it is "tres proche 
du C. aureum actuel". Grout (1917) stated that C. 
woldenii is "most closely allied" with C. pinnati
folium but differs from C. aureum and C. pinnati
folium "in entire leave s and very few isodiame tric 
alar cells". Both these features are taxonomically 
very important and preclude c onfusion of C. woldenii 
with either of these two species. Other features of 
C. woldenii shown in the original diagnosis and 
figures (Grout, 1917, p. 9; Pl. 1, Figs. 1-3) can be 
summarized as follows: robust specimens at least 
five inches long, pinnate, branching, and densely 
l eaved. Leaves more or less uni f orm, large (2.0 -
2 .5 x 0.75 mm), appressed or patent, strict, 
elongate-lanceolate (triangular with ovoidal base), 
gr adually narrowing from the base or a little above, 
a cuminated, very strong and deeply plicated along 
the whole leaf, margin entire. Nerve straight, 
ending above 3/4 the l ength of the leaf, prominent. 
Cells long-linear. Alar cells rounded or quadrat e 
(isodiametric), rarely extending above widest point 
of the leaf base. The plant with such features is 
most probably Tomenthypnum nitens (syn. Camptothec
ium nitens). Grout (op. cit.) did not point out the 
very characteristic, dense tomentum of rhizoids 
coating stems of Tomenthypnum . Judging from photo
graphs of C. woldenii , its sp ecimens are very simi
lar to Tomenthypnum nitens var. involutum (a common 
component of tundra deposits) which is characterized 
by the lack of the tomentum. 

C. woldenii was found in strata of Kansan 
Glacial age. C. aureum and C. pinnatifolium are 
southern species in Canada and their occurrence in 
glacial deposits is rather doubtful. 

Drepanocladus apiculatus Steere: This taxon is 
characterized by very concave leaves, with distinct, 
often r e curved apiculus and very short costa (Steere, 
1942). The author has observed submerged stems of 
arctic specimens of D. revolvens (most closely 
allied with D. apiculatus) possessing leaves with a 
recurved, thin point, similar to an apiculus and 
with a short nerve (extending to half the l ength of 
the leaf), but the leaves were not concave. It 
seems possible that D. apiculatus has a taxonomic 
status similar to that of Calliergon aftonianum . 

Dr epanocladus minnesotensis Williams: This 
plant is very similar to water forms of Dr epano
cladus exannulatus, which are characterized by 
entire leaves, strong but shorter nerves, and alar 
cells forming the large group extending to the 
nerve. 

Fossils of D. minnesotensi s (together with 
molluscs and Calliergon giganteum ) were found in a 
layer of late Pleistocene age "formed some thirty 
thousand years ago" (Williams, 1930). 

7 



NeocaZZi ergon integr i f oZium Williams: Fossils 
of this name are probably fragments of CaZZiergon 
trifarium instead . Apart from having leaves with a 
distinct nerve, N. integr i f oZium also has ovoid, 
concave leaves with a short, bifid nerve (or without 
one). Other features of N. integrif oZium (Williams, 
op. cit.) such as (1) slightly divided julaceous 
stems, (2) oval, concave leaves, (3) the character 
of alar and blade cells, and (4) porous cell walls, 
confirm its very close relationship with C. trifar
ium . 

N. integrifoZium has been found together with 
DrepanocZadus minnesotensi s (Williams, op. cit.). 
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