Bakalin, Klimova. Gyrothyraceae — a new family for the Russian liverwort flora

Fig. 1. Gyrothyra underwoodiana (A, D, F, H from Bakalin, Klimova K-118-21-21, VBGI,

C, E, G from Bakalin, Klimova K-118-25-21, VBGI; B from Bakalin, Klimova K-128-5-21, VBGI).
A — mat, dorsal view; B — mat, gemmiferous plants; C — shoots, dorsal view; D — shoot, ventral
view; E, F — leaves (F — with dark field option); G, H — underleaves (H — with dark field option).
Scales: 5 mm for A, B; 2 mm for C; 1 mm for D, E, F; 500 pum for G, H.
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Fig. 2. Gyrothyra underwoodiana (A, B, D from Bakalin, Klimova K-118-21-21, VBGI,
C, E from Bakalin, Klimova K-118-25-21, VBGI; F from Bakalin, Klimova K-128-5-21, VBGI).
A — midleaf cells with oil bodies; B — leaf margin cells with oil bodies; C — trigones in midleaf cells;
D — papillose cuticle of the midleaf cells; E, F — gemmiferous leaflet margins. Scales: 100 um.

flanked by lateral sides extending below the leaf base. Underleaves regular, mostly hid-
den within rhizoids, obliquely spreading, smaller lanceolate, 620 x 750 x 175-230 um,
larger bilobed, 750—1000 x 300—550 um, with subequal narrow lobes, divided by nar-
rowly V-shaped sinus descending to %2—2%3 of the underleaf length; lobes straight or
narrowly divaricate; lobes ending in 3—7 uniseriate cells. Cells in the midleaf oblong,
mostly hexagonal, 40—75 % 35—-50 pm, thin-walled; trigones moderate in size, convex;
cells along margin swollen, bigger than adjacent intramarginal row, 26—50 um along
margin, forming distinct rim, walls thickened with moderate concave trigones; oil bo-
dies 5-7 per cell, shortly fusiform to ellipsoidal, 7—10 x 4—6 um; cuticle in the midleaf
finely, but distinctly striolate, along margin narrowly striolate in outer row of cells and
becoming verrucose inward. Gemmae 1-celled, greenish, 7-12 um in diam., sparsely
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Fig. 3. Gyrothyra underwoodiana (Bakalin, Klimova K-118-21-21, VBGI).
A — shoot, fragment, dorsal view; B — shoot, fragment, ventral view; C—G — leaves;
H-N — underleaves; O — cells in underleaf lobes, fragment of H; P — cells in underleaf middle part;
Q — gemmae; R — gemmiferous leaf margin. Scales: 1 mm for A, B; 1 mm for C—N; 100 pm for O—R.

produced in well-developed shoots and nearly always present and usually abundant
in small plants with distant leaves, produced in the shoot apex, from undeveloped,
dentate leaflets hidden between normally developed leaves; gemmae production seems
to stop further shoot development. [Gametangial shoots were not found in the stud-
ied specimens. The most recent description was provided by Crandall-Stotler (Gy-
rothyraceae..., 2022) as following: “Sexual condition, dioicous, with male plants more
slender than females. Androecia intercalary on leading stems, with up to 6 antheridia
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Fig. 4. Gyrothyra underwoodiana (Bakalin, Klimova K-118-21-21, VBGI).

A — stem cross section through zone with rhizoidal pad, general view; B — ellipsoidal, ventral
pad with short connate rhizoids, cross-section, fragment of lower part; C — ellipsoidal structure,
cross-section, fragment of upper part; D — leaf margin cells; E — papillose cuticle of marginal cells,
fragment of D; F — midleaf cells; G — papillose cuticle of midleaf cells, fragment of F.
Scales: 500 pm for A; 100 um for B-G.

per bract. Gynoecia subtended by 1-2 subfloral innovations; bracts and bracteoles in
2-3 series; perianth hyaline, tubular, only the constricted mouth emerging from the
bracts, subtended by a well-developed fleshy, incipient marsupium. Sporophyte seta
large, unspecialized. Capsule dark brown, ellipsoidal; capsule wall bistratose, with-
out secondary wall thickenings; elaters free, with 2(—3) dark-brown spiral thickening
bands; spores brown, spheroidal, apolar, with the wall minutely papillate”].

Specimens examined. Russia: Kamchatka Territory, Aleutsky District, Commander Islands,
Bering Island, northeast part of the island, area about 1 km northeast of Sarannoe Lake, 55.28989°N,
166.18586°E, 106 m a. s. 1., moist soil in part shade, 21 VIII 2021, Klimova, Bakalin Com-161-3-21,
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ibid., 55.28594°N, 166.19011°E, 116 m a. s. |, road across hummocky tundra, partly shaded moist
clayey soil in road cut, 21 VIII 2021, Bakalin, Klimova K-86-1-21; south part of the island, Bobrovaya
River upper course, 54.78589°N, 166.57714°E, 52 m a. s. 1., open moist clayey soil on slope to the
river, 2 1X 2021, Bakalin, Klimova K-118-21-21, K-118-25-21, ibid., moist soil wall on riverside slope
in part shade, 2 1X 2021, Klimova, Bakalin Com-181-1-21; middle part of the island, upper reaches
of the left tributary of Myakishevskaya River, 55.06402°N, 166.29661°E, 263 m a. s. |., open moist
clayey soil on slope to temporary stream, 7 IX 2021, Bakalin , Klimova K-128-5-21 (all in VBGI).
Canada: British Columbia, Vancouver Island, ca. 15 km S of Port Renfrew, 48.5°N, 123.67°W, 11 VII
2001, W. B. Schofield 187778, ibid., Stive Lake, 49.25°N, 121.7°W, 02 IX 1984, W. B. Schofield 82675;
ibid., Chilliwack Mt., near summit, 49.15°N, 121.98°W, 10 III 2000, W. B. Schofield, P. Woodsard
182056 (all in UBC).

Discussion

Morphological differentiation

Superficially, in the field, Gyrothyra may be mistaken for a strange Mylia taylorii
(Hook.) Gray. The first feature that should alert the viewer is the gemmae distribution
in masses between uppermost leaves present abundantly in some populations. Gem-
mae, although known, are very rare in Mylia taylorii in Pacific Asia. Unlike in Asia,
in North America, as Schuster (1969: 1043) wrote for M. taylorii “asexual reproduc-
tion frequent, but not copious, by means of fasciculate gemmae arising from the mar-
gins of more or less ovate (never lanceolate) leaves with rounded apices”. Therefore,
even if gemmae are present, the distinctions are obvious because gemmae are never
produced from the margin of normally developed leaves in Gyrothyra. The next ‘can-
didate’ for mistake is Nardia geoscyphus (De Not.) Lindb., that, however, has concave
leaves, never with Plagiochila-like appearance with somewhat convex antical third of
the leaf and never has the laterally appressed leaves near shoot apices, and never pro-
duces gemmae. Finally, Gyrothyra may be confused in the field with Cryptocolea im-
bricata R. M. Schust. due to similar shoot apices with somewhat laterally appressed
leaves. However, sterile plants of Cryptocolea R. M. Schust. are much smaller (shoots
never wider than 1.5 mm), golden-brownish, with leaves never Plagiochila-like and
never with gemmae. All these confusions are possible only in the field, while under
dissecting microscope, plants immediately differ from all three mentioned species in
the presence of well-developed regular underleaves (present in Nardia geoscyphus, al-
though much smaller and subulate, while commonly bifid and ca. %2 of leaf length in
Gyrothyra) and the presence of narrowly ellipsoidal deep purple pads distributed sin-
gularly between underleaves and formed of short, densely connate rhizoids. Although
most authors indicate only deeply bifid underleaves in Gyrothyra, this taxon also pos-
sesses narrowly triangular underleaves as drawn by Schuster (1955, fig. 1) and as ob-
served in this study (Fig. 3K, M, N).

Even at the time of the original description there were no doubts that a new ge-
nus was in hand. Howe (1897) discussed the morphology of the taxon and stressed
(L. c.: 204): “In respect to structure of the sporogonial envelopes, Gyrothyra is one
of several very interesting transitions from the ordinary Jungermannia type to the
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various pouch-bearing genera. Considered from this point of view and from certain
other gametophytic characters, its nearest affinities are undoubtedly to be found in
that section of Nardia represented by Nardia haematosticta Lindb. [= N. geoscyphus],
of Europe. In manner of dehiscence of capsule it recalls the marsupiferous genus Kan-
tia Lindb. [= Calypogeia Raddi]; but the valves of Gyrothyra are much longer and their
cell-walls lack the local thickening, while, of course, no generic comparison of the two
can be made so far as the gametophyte is concerned”. Probably being befuddled by the
similar to Nardia type of marsupium, Evans (1939) in his “Classification of the Hepa-
ticae” placed Gyrothyra in the Jungermanniaceae. Likely, for similar reasons, Buch et
al. (1938) placed Gyrothyra in the Epigonianthaceae and Miiller (1940) in the Nar-
diaceae. The first researcher who argued Gyrothyra as the member of its own family
was Schuster, who described Gyrothyraceae firstly invalidly (Schuster, 1951; no Latin
diagnosis) and later legitimately validated it (Schuster, 1970). The main differentia-
tion of the morphological features separating Gyrothyra from the other known liver-
wort families were formulated by Schuster (1951) and later in more pronounced form
(Schuster, 1955: 139) cited here: “The most critical differentiating features of Gy-
rothyra are, as follows: 1. The bistratose valves devoid of thickenings (present in Jun-
germanniaceae and Ptilidiaceae). 2. The linear, spirally twisted valves (short, ovoid
to elliptical, and straight in Jungermanniaceae and Ptilidiaceae, except for Isotachis
Mitt.). 3. The 1:1 spore-elater diameter ratio (circa 4:1 in Ptilidiaceae, 2:1 in Junger-
manniaceae). 4. The extreme anisophylly, with the underleaves deeply lobed, but the
lateral leaves entire, at least eight times as large as underleaves (in Ptilidiaceae leaves
nearly or quite isophyllous and all series of leaves nearly equally lobed; in Jungerman-
niaceae with no underleaves or with vestiges that are entire like the lateral leaves).
5. The longitudinal, usually purplish «cushioned» areas of the ventral merophytes
situated between the underleaves that consist of small, specialized cells oriented at
right angles to the leaf axis (i.e., in the same direction as the rhizoids), fused to form
a spongy elevated tissue. The rhizoids almost all originate around the periphery of this
region, from larger, relatively unspecialized cells, unpigmented like the rest of the stem
cells. Ventral stem structure of this nature appears to be unique among the Hepaticae”.
The later methods of molecular systematics have confirmed the isolated position of
Gyrothyra (Shaw et al., 2015; Forrest et al., 2006) as it was before argued based on the
morphology (Schuster, 1951, 1955).

Ecology

On Bering Island, Gyrothyra underwoodiana is a species of habitats with dis-
turbed vegetation cover. Most records were made from open to partially shaded
moist soil (with various humification) along streams and small rivers (Fig. 5), al-
though once the species was collected on a bank of small lake and once on a road-
side across hummocky tundra (Fig. 6). A near constant companion of Gyrothyra is
Nardia harae |= Nardia scalaris var. harae (Amakawa) Vana]| (Fig. 5B), a species of
questionable status likely completely replaced in the Pacific Asia morphologically
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Fig. 5. A — Bobrovaya River valley: place of collection of Gyrothyra underwoodiana in the southern
part of the Bering Island; B — mat of Gyrothyra underwoodiana mixed with Nardia harae
in natural conditions (Bobrovaya River valley). Scale: 5 mm for B.
(Photos by K. G. Klimova, 2021).
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Fig. 6. Place of collection of Gyrothyra underwoodiana in the north part of Bering Island.
A — area about 1 km northeast of Sarannoe Lake, bank of small lake surrounded by hummocky
tundra; B — ibid., road across hummocky tundra. (Photos by K. G. Klimova, 2021).
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similar N. scalaris Gray. In broad scale, Bering Island is in the forestless zone where
so common in northeast Asia except its northern extremes robust shrubs like Alnus
Jruticosa Rupr. and Pinus pumila (Pall.) Regel — are absent. The highest shrub in
the Bering Island is Salix alaxensis (Andersson) Coville reaches 3.5 m high (Mo-
chalova, Yakubov, 2004) although in the vast majority of cases the best developed
individuals are 2 m high at maximum following to our observations.The short sta-
ture of the vegetation on the island is explained by strong winds and other climatic
conditions. The vegetation itself is not composed predominantly of arctic elements.
The vegetation of the Commanders is subarctic and in the absence of strong winds
and low summer temperature, a taller vegetation would be developed in the Com-
manders. The vascular flora consists of many boreal elements that suggest its inter-
mediate position between Hemiarctic and Boreal zones. Krestov (2004) provided
a distributional analysis of vascular plant flora and formulated the following con-
clusions: 1) the flora is very similar and, probably, even belongs to the flora of the
Kamchatka Peninsula; 2) the flora possesses more amphi-Pacific rather than boreal
nature. Krestov (l. ¢.) also argued Commanders belong to the subarctic phytogeo-
graphic zone. At the same time, Mochalova and Yakubov (2004) judging from the
dominant position of Asteraceae, Poaceae, and Cyperaceae argued the boreal nature
of the vascular plant flora of the Commanders (cf. Yurtsev, 1968; Tolmachev, 1986).
Therefore, although Gyrothyra was collected in completely forestless landscapes, its
surroundings possess many boreal traits than would be expected from viewing the
photographs of the tundra-like landscape.

The original description of the taxon (Howe, 1897: 203) provides data on ecology as
“clay banks” and “earth in a brook”. These notes show the species” habitat as being free
of dense vegetation cover. This is indeed one of the most valuable characteristic of the
taxon. The most recent, although brief, description of the habitat by Crandall-Stotler
(Gyrothyraceae..., 2022) shows the same: “On shaded, moist bare soil, along roadsides,
trails, or on damp rocks along small streams”. Davison (1993) provides more definite
data on the ecology of the taxon in the Aleutians. He stressed its frequent colonization
of places with disturbed vegetation cover, including tire-tracks in grassy terrain. How-
ever, he noted (l. ¢.) that in the higher elevations the species tended to be distributed
on soil along streams below melting snowbeds. The most recent mention of this species
we were able to find is in the checklist of Attu Island liverworts (Talbot et al., 2018:
133) with description of its occurrence in “shaded ditch wall in tundra” that is similar
to the description by Davison (1993). Therefore, the occurrence of Gyrothyra in for-
estless tundra or tundra-like communities is the natural trait of the species ecology in
Aleutian Island Arch. Unlike the Aleutian occurrences, historical data (Howe, 1897)
on the taxon’s occurrence in coastal Pacific North America indicate coniferous for-
est zones. Moreover, within the forest zone the species seems to avoid the uppermost
possible elevations and never occurs near the timberline. Even in California (Doyle,
Stotler, 2006) where the species similarly occurs (1. c.: 157) “on shaded, moist bare
soil of hillsides, and road and trail banks”, the elevational range is 50 to 1200 m a. s. 1.
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Although all Californian reports of Gyrothyra are in the northern half of the state,
these northern reports are not so cold as in Aleutians. Within California, the species
is known from geographic regions of Klamat Ranges, North Coast and even inward of
the continent to the Sierra Nevada. The dominate climate type in all those regions is
Warm-summer Mediterranean (Beck et al., 2018), thus the same as mentioned above
for the British Columbia occurrence of the species. The climate of Aleutians is clas-
sified by the ecoclimatic-phytogeographical system of Tuhkanen (1984, original not
seen, cited after Talbot et al., 2018) as northern boreal, hyperoceanic, and perhumid.
Unlike to the latter, the Koppen-Geiger climate classification cited above refers cli-
mate in the western Aleutians (westward of Unalaska) to Subpolar Oceanic Climate
type. Therefore, being uniform in habitat preferences (the sites with disturbed vegeta-
tion in man-made habitats and along watercourses) the macroenvironmental charac-
teristics changed drastically through the species range from tundra in Aleutians to the
temperate forests in California.

The only associate of the species in Bering Island (present in the majority of vou-
chers) is Nardia harae — the species with questionable status and morphologically si-
milar to Nardia scalaris. The associates in Aleutians (Davison, 1993) are more diverse
and include in higher elevations (our comments are in square brackets): Nardia japo-
nica Steph., Scapania uliginosa (Lindenb.) Dumort. [the identity may be questioned],
Schistochilopsis incisa (Schrad.) Konstant. and Moerckia blyttii (Morch) Brockm. In
lower elevations Gyrothyra occurs together with Nardia scalaris Gray [rather refer-
able to N. harae], Scapania scandica (Arnell et H. Buch) Macvicar [rather referable
to S. parvifolia Warnst.], Solenostoma obovatum (Nees) C. Massal. [rather referable
to S. subellipticum (Lindb. ex Heeg) R. M. Schust.] Solenostoma rubrum (Gottsche ex
Underw.) R. M. Schust., Pellia neesiana (Gottsche) Limpr., Diplophyllum obtusifolium
(Hook.) Dumort. [rather referable to D. sibiricum Vilnet et Bakalin], Fuscocephalo-
ziopsis pleniceps (Austin) Vana et L. Soderstr. and Calypogeia muelleriana (Schiftn.)
Miill. Frib. Gyrothyra seems to be an easily spreading species. Davison (1993) indi-
cated for Aleutian plants of Gyrothyra the frequent presence of sporophytes and gem-
mae, whereas in Bering Island, we were able to find only gemmae. The gemmae, how-
ever, are sometimes produced in masses and should be easily disseminated by water
flow along streams and vehicle wheels, and man and animal legs along the roadsides.

The better developed populations are observed in the southern part of the island
and survive in much colder and wetter conditions than it would follow from the data
provided by the Weather Station in northern part of the island. The comparison of
climates in Bering Island with data for the bioclimates in one locality of Gyrothyra
in British Columbia where the species is the most abundant (following to the map by
Hong, 1987) shows: 1) mean annual temperature in British Columbia locality is much
higher and reaches 8.33 °C, 2) annual precipitation is twice higher than in the nor-
thern part of Bering Island and reaches 1525 mm per year, 3) however, the precipita-
tion of the warmest quarter is even lower than in northern part of Bering Island and
reaches only 120 mm, 4) mean temperature of driest quarter reaches 14.9 °C versus
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1.6 °C in the northern part of Bering Island and 5.7 °C in its southern part; 5) the tem-
perature of the wettest quarter in British Columbia is the same as in southern part of
Bering Island (2.8 °C) and lower than in northern part of the Island (3.8 °C). Several
discrepancies actually arise from the fact the wettest quarter in Bering Island (Oc-
tober-December, see above) is not the coldest, while in British Columbia it is nearly
corresponding to the coldest quarter of the year. The general climate characteristics
are different in British Columbia locality, where the climate is warm-summer Medi-
terranean, while in Bering Island it is Subpolar Oceanic Climate (Beck et al., 2018).

Distribution

Howe (1897) described Gyrothyra underwoodiana based on the specimens collected
in Humboldt County of California State of the U.S.A. and Burrard Inlet of British Co-
lumbia in Canada. For a long time, this species was known mostly between these two
points. Hong (1987) summarized the distribution of the taxon in the map (Fig. 5in 1. ¢.),
where the area is stretching from southern tips of Pacific Alaska mainland via British
Columbia, Washington, Oregon and to the middle California. Taking into account that
this species occurs from low to middle elevation, the community types are somewhat
vary along latitudinal gradient, although always belong to the Temperate Coniferous
Forests zone (Olson et al., 2004). Davison (1993) was the first to document the occur-
rence of this species through the Aleutian Island Arch to the Near Islands (Attu) and
mapped its distribution (Map 27 in the L. ¢.). The distribution of Gyrothyra in Aleutians
is confined to forestless landscapes cited as tundra by Davison (1993).

Efforts to find Gyrothyra underwoodiana in Russia have been underway for over
20 years starting from the first visit of Bering Island by the author Bakalin in the sum-
mer of 2002. Having been unsuccessful he asked the late Dr. W. B. Schofield (UBC)
for any tips to aid the field search and for his opinion on the possibility to find ei-
ther Gyrothyra underwoodiana or Takakia S. Hatt. et Inoue in Russia. He answered
20 years ago and suggested that it looks to be difficult to find both genera in Com-
mander Islands because even in the Near Islands of the Aleutians (Attu Island, the
most close to Commanders) these taxa occur mostly in man-made habitats, thus were
probably introduced to these islands. Similar concerns are provided by Davison (1993:
178) who firstly recorded Gyrothyra from Aleutians: “Given its widespread occurrence
in the Aleutians and its distinctive morphology, it seems unlikely though not impos-
sible that Gyrothyra underwoodiana was overlooked by many of earlier collectors. In-
deed, Gyrothyra having an affinity for disturbed habitats may be an adventive species
in the Aleutians, having arrived with shipments of heavy equipment employed since
World War II, which locally create major disturbances across the tundra. From these
initial introductions Gyrothyra may have then spread to the naturally disturbed tun-
drasites it presently occupies”.

Taking into account that Alaska, including Aleutians (except for the Commanders)
was sold by the Russian Empire to the United Stated in 1867 and since then nearly
all transportation between Commanders and other Aleutians was ended, it was one
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would hardly to expect these taxa would be found in Bering Island in roadsides, be-
cause all now existing roads are newly constructed in the island post-1950. Therefore,
if the ‘introduction’ model of the Aleutian distribution is adopted, the introduction
event to the Commanders would have occurred long before the World War I1. An op-
posite possibility is the natural occurrence of Gyrothyra in the Aleutian tundras before
industrialized human activity and the species then locally spread to roadsides. There
could be two reasons for the natural spreading of the species to the Bering Island from
the Aleutians. Firstly, these are winds, which, as mentioned above, often reach hurri-
cane speed. In addition, easterly winds absolutely dominate the Aleutians, as the ex-
ample of Adak Island (WeatherFlow Inc., 2023) shows. Secondly, it is the possibility
of the introduction by birds. Bering Island has long been shown to be the site of occur-
rence for both Palearctic and American bird species (Stejneger, 1885), which move be-
tween islands in search of couples and can theoretically distribute gemmae and spores.
In addition, some migratory birds travel along the Aleutian Chain and can transfer
propagules to the nearest islands too (Aleutian Canada Goose ..., 2023; Gibson, 1981).

Among six specimens collected in Bering Island, the only one was found in the
roadside in the only populated part of the Bering Island. Other specimens were col-
lected in the areas with disturbed vegetation cover, where cover was disturbed due to
natural forces of riverside denudation and where no roads exist.

Conclusion

The Aleutians, as the island chain connecting Asia and America across the Pacific
Ocean, are an admirable place of interpenetration of Asian and American floras in va-
rious taxonomic divisions, including liverworts. There is the somewhat admitted con-
sensus that the imaginary Tatewaki phytogeographic line going between Commanders
and Near islands (Attu and Agattu) is the serious phytogeographic border between
Asian and American floras of vascular plants (Tatewaki, 1963), liverworts (Bakalin,
2009) and mosses (Fedosov et al., 2012). However, as it likely should be, the distri-
bution of a few species does not easily fit into the Procrustean bed of this regularity;
the occurrence of Gyrothyra underwoodiana in Bering Island is an exception to the
common rule. Phytogeographically this record seems to fall within the pattern of dis-
tribution set by a series of mosses, e. g., Brachythecium frigidum (Mill. Hal.) Besch.,
Claopodium bolanderi Best, Lescuraea baileyi (Best et Grout) E. Lawton and L. sav-
iana (De Not.) E. Lawton, etc. (Fedosov et al., 2012) easily crossing Tatewaki line
to access the Commanders. Moreover, it is unknown whether the distribution of this
taxon in the Aleutians is natural phenomenon or rather the result of introduction of
invasive species due to human activity. In any way, it is probable to predict that this
find is not the last in a series of discoveries of penetration of Western American species
to the West.
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