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Abstract Ulva and Enteromorpha are two of the best known green macroalgal genera, but recent
molecular studies have revealed that both are closely related. Further, the taxonomy in this complex
is confused due to a lack of stable morphological characters. In order to resolve phylogenetic
relationships among the species of this complex from Japan, we have determined the nuclear encod-
ed ITS (internal transcribed spacer) region including 5.8S gene sequences for 28 specimens. Our
molecular data indicate that Ulva and Enteromorpha are not monophyletic but rather paraphyletic wi-
thin a large clade Thus, we propose to return the following six Enteromorpha species to Ulva: E. com-
pressa (Linnaeus) Nees, E. flexuosa (Wulfen) J. Agardh, E. intestinalis (Linnaeus) Nees, E. linza (Lin-
naeus) J. Agardh, E. muscoides (Clemente) Cremades and E. prolifera (Miiller) J. Agardh, all of which
were originally described as members of Ulva. The ITS tree also indicates that free-floating Ulva
samples are divided into five different lineages: Ulva lactuca Linnaeus, U. pertusa Kjellman, U. ar-
moricana Dion et al., U. fasciata Delile and Ulva sp. These five species are distinguished by cell mor-

phology including the arrangement, the shape and size of cells.

Key words: Chlorophyta, Enteromorpha, I'TS, molecular phylogeny, morphology, Ulva, Ulvales,

Ulvophyceae

Introduction

The taxonomy of the green macroalgal gener-
a Ulva and Enteromorpha is still problematic due
to lack of stable morphological characters for
their species discrimination. A number of
researchers have questioned the validity of
many morphological features which have been
traditionally used to distinguish species of Ulva
and Enteromorpha, depending on species. For
example, gross morphology varies with wave
action (Mshigeni and Kajumulo, 1979), branch-
ing is affected by salinity (Blomster ef a!l., 1999),
thallus thickness varies through the season and
is thus probably related to thallus age (Bliding,
1968; Phillips, 1988). Cell size is known to vary
under different salinity (Koeman and van den
Hoek, 1981), the shape of basal cells is variable
with the age, the ploidy and/or the sex of in-
dividual plants (Coat ef al., 1998). The presence
or absence of the marginal teeth is influenced

by wave action (Phillips, 1988), and the pyrenoid
number is also thought to be variable under the
nutritional conditions, as also for microscopic
green algae (Kapraun, 1970; Tanner, 1980;
Phillips, 1988; Malta et al., 1999).

The green tide phenomenon may occur under
conditions when extensive biomass of free-
floating green algae accumulates on the shallow
beaches of calm bays. Especially, free-floating
Ulva thalli cause such green tides at several loc-
ations around the world (Fletcher, 1996; Malta
etal., 1999). In Japan, green tides have been ob-
served, for example, at Hiroshima Bay (Hiroshi-
ma Pref.), Hakata Bay (Fukuoka Pref.), Ura-
nouchi Bay (Kochi Pref.), Mikawa Bay (Aichi
Pref.), Kanazawa Bay (Kanagawa Pref.) and
Nemuro Bay (Hokkaido). Decayed free-floating
Ulva thalli have created environmental
problems such as killing shellfish and producing
offensive smells (Kudo and Notoya, 1999).

Okamura (1921) first reported a free-floating
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population of U. pertusa Kjellman in Japan.
Arasaki (1984) provisionally reported a new
species of free-floating Ulva, U. leptophylla
Arasaki (invalidly published) from Japan. He
thought that Japanese free-floating Ulva popu-
lations include U. fasciata Delile, U. leptophylla
and U. pertusa (Arasaki, 1984). Recently, Ohno
(1999) reported that free-floating Ulva popula-
tions found in Japanese waters included two
species, U. lactuca Linnaeus and U. pertusa;
however, he pointed out that a further compara-
tive study with European species was needed
for their precise identification.

Recent molecular studies of the Ulva and En-
teromorpha complex show that they can provide
clues to the phylogeny of this complex, and that
the sequences of the nuclear encoded internal
transcribed spacer (ITS) including 5.8S gene
have been used for species identification (Tan et
al., 1999; Blomster, 2000). Molecular studies
also can evaluate which morphological charac-
ters can be used for species discrimination
(Blomster et al., 1998, 1999; Coat et al., 1998;
Malta et al., 1999). However, the Japanese Ulva
and Enteromorpha have not been included in
these molecular studies.

To clarify the generic status of Ulva and En-
teromorpha, and to elucidate the species compo-
sition of free-floating Ulva in Japan, we deter-
mined sequences of the ITS region including
the 5.8S gene of Ulvales from several countries,
including Japanese free-floating Ulva.

Materials and Methods

Sampling, DNA extraction and sequencing
Thalli of Ulvales were collected from various
localities of Japan, Philippines and some Euro-
pean countries (Table 1). Free-floating thalli are
indicated as “free-floating” in Table 1. Unialgal
cultures were established using the punching
method (Hiraoka and Enomoto 1998). Total
DNA was extracted from these unialgal cul-
tures or directly from field-collected plants.
Voucher specimens are deposited in the Her-
barium of Graduate School of Science, Hok-
kaido University, Sapporo (SAP) (Table 1).
Methods for total DNA extraction, poly-
merase chain reaction (PCR) amplification and
sequencing of the nuclear encoded ITS were as
described by Shimada et al. (1999). We used 2
pairs of primers: ITS1 (5-TTTGTACACACC-
GCCCG-3")-ITS2 (5-GAATTCTGCAATTCA-

CA-3’) and ITS3 (5-CTCTCAACAACGGAT-
ATCT-3')-ITS4 (5-TCCTCCGCTTATTGAT-
ATGC-3’) (Coat et al., 1998, Malta et al., 1999).
Based on the direct sequencing of the PCR-am-
plified fragments, we could not determine the
ITS1 sequence of #1 U. fasciata and #17 U.
reticulata Forsskal, due to overlap two different
signals. Thus, we determined their ITS1 se-
quences using sub-cloning methods using the
TOPO TA Cloning Kit (Invitrogen Corp., La
Jolla, California) following the manufacturer’s
instructions, and plasmid DNA from each
recombinant colony was used for the template
of direct colony PCR. Ten clones obtained from
each sample were sequenced as mentioned
above.

Phylogenetic analysis

We have sequenced the ITS region from 28
samples, representing 15 species of Asian and
European Ulvales (Table 1). In addition, 13 ITS
sequences were downloaded from GenBank and
included in the alignment (Table 1). Represen-
tative ITS sequences were selected from multi-
ple sequences within individuals of #1 and #
17, and included in the analysis. The ITS se-
quences (629 bp) were aligned by eye with
regard to their secondary structure using the
mFOLD program (Zuker, 1989). The alignment
is available from the first author upon request.
Percursaria percursa (C. Agardh) Rosenvinge
and Ulvaria fusca Ruprecht were designated as
the outgroups in the present ITS analyses, be-
cause these two species represent a sister group
to a monophyletic group composed of Ulva and
Enteromorpha in the rbcL gene tree including
sequences of different order, Codium fragile
(Suringar) Hariot (M67453) and Bryopsis maxi-
ma Okamura (X55877) (not shown).

The maximum parsimony (MP) method was
used to construct phylogenetic trees. Regions
(52 bp-74 bp, 119 bp-140 bp and 432 bp-448 bp
of 629 base pairs of the alignment obtained) that
had any possible ambiguity in the ITS align-
ment were excluded. Gaps in the ITS alignment
were treated as missing data. MP analysis of
ITS sequences was performed PAUP 4.0b10
(Swofford, 2002). All sites were treated as unor-
dered and equally weighted. Heuristic search
option with random addition of sequences (10
replicates) and tree-bisection-reconnection
branch swapping algorithm (TBR) were used



Table 1. List of species used in molecular phylogenetic analysis and GenBank accession number.

Speci Sample Collection (date and voucher specimen number or reference) Accession number
pecies

number ITS
Percursaria percursa AY016305
Ulvaria fusca #C136 Oshoro, Hokkaido, Japan (4 Jun. 2001; SAP095049) AB097637
Umbraulva japonica #Cl4 Shimoda, Shizioka Prefecture, Japan (13 Mar. 2000; SAP095050) AB097638
Umbraulva japonica #C87 Tateyama, ?hiba Prefecture, Japan (14 Sep. 2000; SAP095051) AB097639
Umbraulva amamiensis #C100 Kaifu, Tokushima Prefecture, Japan (1 Jun. 2000; SAP095052) AB097640
Umbraulva olivascens Carna, County, Galway, Ireland (Tan et al. 1999) AJ234322
Enteromorpha compressa Portaferry, Strangford Lough, Northern Ireland (Tan et al. 1999) AJ234302
Enteromorpha intestinalis #Cl61 Karlskrona, Sweden (3 Oct. 2001; SAP095055) AB097643
Enteromorpha cylindracea Scotland (Blomster 2000) A]234308
Enteromorpha flexuosa #C47 Oshoro, Hokkaido, Japan (25 Jun. 2000; SAP095056) AB097644
Enteromorpha prolifera Ythan, Estuary, Aberdeenshire, Scotland (Tan et al. 1999) AJ234304
Enteromorpha procera Portaferry, Strangford Lough, Northern Ireland (Blomster et al. 2000) AF185939
Enteromorpha linza #E4 Yoshino Riv., Tokushima Prefecture, Japan (12 Mar. 2000; SAP095061) AB097649
Enteromorpha muscoides Backstrand, Tramore, Ireland (Tan et al. 1999) AJ234307
Ulva arasakii #6 Shizugawa, Miyagi Prefecture, Japan (11 May 1999; SAP095062) AB097650
Ulva californica Otter, Crest, Oregon, US.A. (Tan et al. 1999) AJ234315
Ulva lactuca Sweden (Tan et al. 1999) AJ234311
Ulva lactuca free-floating #C207 Nemuro, Hokkaido, Japan (19 Apr. 2002; SAP095063) AB097651
Ulva lactuca #C208 Nemuro, Hokkaido, Japan (19 Apr. 2002; SAP095064) AB097652
Ulva pertusa #12 Usa, Kochi Prefecture, Japan (1 May 1997; SAP095065) AB097653
Ulva pertusa free-floating #25 Hakata, Fukuoka Prefecture, Japan (28 Sep. 1999; SAP095066) AB097654
Ulva pertusa #C46 Oshoro, Hokkaido, Japan (25 Jun. 2000; SAP095067) AB097655
Ulva pertusa free-floating #35 Miyajima, Hiroshima Prefecture, Japan (28 Aug. 1999; SAP095068) AB097656
Ulva pertusa free-floating #36 Yokohama, Kanagawa Prefecture, Japan (14 Jun. 1998; SAP095069) AB097657
Ulva pertusa free-floating #38 Mikawa, Aichi Prefecture, Japan (17 Jun. 1998; SAP095070) AB097658
Ulva pseudocurvata Ythan, Estuary, Aberdeenshire, Scotland (Tan et al. 1999) A]J234312
Ulva fenestrata North Boardman St. Park, Oregon, US.A. (Tan et al. 1999) AJ234316
Ulva taeniata Seal Rock, Oregon, US.A. (Tan et al. 1999) A]J234320
Ulva scandinavica #19 Wadden Sea, Netherlands (6 Oct. 1998; SAP095071) AB097659
Ulva rigida Skara Brae, Orkney, Scotland (Tan et al. 1999) AJ234319
Ulva armoricana #C105 Brittany, France (11 Oct. 1998; SAP095072) AB097660
Ulva armoricana free-floating #33 Miyajima, Hiroshima Prefecture, Japan (10 Jul. 1999; SAP095073) AB097661
Ulva armoricana free-floating #37 Yokohama, Kanagawa Prefecture, Japan (14 Jun. 1998; SAP095074) AB097662
Ulva fasciata #1 Usa, Kochi Prefecture, Japan (11 May 1999; SAP095075) AB097663
Ulva fasciata free-floating #11 Miyajima, Hiroshima Prefecture, Japan (1 Jul. 1999; SAP095076) AB097664
Ulva reticulata #17 Cebu Island, Philippines (16 Apr. 1998; SAP095077) AB097665
Ulva spinulosa #54 Fubenhama, Kochi, Japan (29 Apr. 1999; SAP095078) AB097666
Ulva sp. #21 Naha, Okinawa Prefecture, Japan (10 Dec. 1998) not applicable
Ulva sp. free-loating #22 Usa, Kochi Prefecture, Japan (19 Sep. 1997) not applicable
Ulva sp. free-floating #23 Hakata, Fukuoka Prefecture, Japan (14 Sep. 1999) not applicable
Ulva sp. free-floating #C178 Yokohama, Kawagawa Prefecture, Japan (18 Nov. 2001) not_applicable
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Fig. 1. Strict consensus tree of 12 most parsimonious trees constructed from an analysis of ITS sequences
(including the 5.8S gene) from Ulva (U) and Enteromorpha (E). The tree was rooted with Percursaria percursa.
The numbers under the branches represent full heuristic bootstrap values (1000 replicates) greater than 50%.

The sample numbers correspond to those in Table 1.

for tree searching. Bootstrap analysis based on
1000 re-samplings (simple addition) of the data
set (Felsenstein, 1985) was calculated to evalu-
ate statistical reliability.

Results and Discussion

Phylogeny of the Ulva and Enteromorpha
The strict consensus tree of ITS sequences is
presented in Fig. 1 (12 equally parsimonious
trees, 531 steps, CI = 0.659, RI = 0.783, RC =
0.516, HI = 0.341). All species of Ulva and En-
teromorpha examined were shown to constitute
a large monophyletic clade with 100% bootstrap
value in Mp analysis (Fig. 1). However, the

genera Ulva and Enteromorpha did not con-
stitute respective monophyletic clades. The
generitype of Ulva, U. lactuca, was clustered
with U. arasakii Chihara, U. californica Wille
and U. pertusa with 99% bootstrap value (U. lac-
tuca clade). The generitype of Enteromorpha, E.
intestinalis (Linnaeus) Nees, was clustered with
E. compressa (Linnaeus) Nees and U. pseudocur-
vata Koeman et van den Hoek with 56% boot-
strap value, and these two species were
clustered with U. lactuca clade with 77% boot-
strap value in MP analysis. Five other species
of Enteromorpha, E. cylindracea [provisional
name given by Blomster (2000)], E. flexuosa, E.

60 —
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linza (Linnaeus) J. Agardh, E. procera Ahlner
and E. prolifera (Miiller) J. Agardh were shown
to be monophyletic with 71% bootstrap value
(Fig. 1). Enteromorpha muscoides Dangeard was
clustered with several Ulva species, U. ar-
moricana Dion et al., U. fasciata, U. fenestrata
Postels et Ruprecht, U. reticulata, U. vigida C.
Agardh, U. scandinavica Bliding, U. spinulosa
Okamura et Segawa, U. taeniata (Setchell)
Setchell et Gardner and Ulva sp. with 100%
bootstrap value in MP analysis.

Only a single morphological feature has dis-
tinguished Ulva and Enteromorpha: Ulva has a
distromatic flat blade, whereas Enteromorpha
has a monostromatic tubular thallus (van den
Hoek et al. 1995). However, previous molecular
studies using ITS sequences indicate that the
distinction between these two genera is no lon-
ger valid (Tan ef al., 1999; Malta et al., 1999:
Blomster, 2000). Our phylogenetic tree of ITS
sequences including Japanese species shows
that Ulva and Enteromorpha are not monoph-
yletic, respectively, within a large monophyletic
Ulva-Enteromorpha clade. Although the generi-
types of Ulva and Enteromorpha belong to sepa-
rate clades within the large Ulva-Enteromorpha
complex clade, the majority of these subclades are
a mixture of both genera (Fig. 1). This result in-
dicates that all species of the Ulva-Enteromorpha
complex clade should be assigned to a single ge-
nus. This view is also supported by the presence
of some species with intermediate morphology,
such as U. curvata (Kitzing) De Toni having a
central cavity in the basal region (Koeman and
van den Hoek, 1981) and E. linza having a dis-
tromatic flat blade except for marginal and
basal regions which show a monostromatic
tubular structure (Bliding, 1963). Furthermore,
Gayral (1959) notes that U. linearis Dangeard
produces tubular thalli in one generation and
distromatic in another. As the genus Ulva (Lin-
naeus, 1753) has nomenclatural priority over
Enteromorpha (Link in Nees, 1820), the species
of Enteromorpha should be transferred to Ulva.

The genus Umbraulva, although closely relat-
ed to Ulva and Enteromorpha, can be distin-
guished by the possession of the photosynthetic
pigments siphonaxanthin, which is absent in
Ulva and Enteromorpha (Bae and Lee, 2001).
The pattern of thallus development distinguish-
es Ulvaria and Chloropelta Tanner (thallus split
in early development) from Ulva and Enteromor-

bha (thallus not split) (Tanner, 1980). The pat-
tern of germination of the erect thallus can be
used to distinguish Kornmannia Bliding and
Blidingia Kylin (developed from discoid
growth) and Ulva and Enteromorpha (directly
developed) (Hori, 1994). The fact that Ulva and
Enteromorpha share these characters also pro-
vide further support that they are congeneric.

We referred to the Enteromorpha species in
Algal database (Guiry and Dhonncha, 2002) and
the private taxonomic cards made by Dr. T.
Yoshida, Emeritus Professor of Hokkaido
University. Of the 136 species to have been
described as Enteromorpha to date, 53 species
have been transferred to Ulva, Capsosiphon, Ul-
vopsis, Blidingia or reduced to synonyms of
other species of Enteromorpha, and thus 83 spe-
cies remain in Enteromorpha. We included only
eight Enteromorpha species in this molecular
phylogenetic analysis. There is a strong pos-
sibility that hitherto circumscribed Enteromor-
pha may include some species that should be
transferred to other genera, not only the genus
Ulva but also Capsosiphon or Blidingia. Thus,
we have transferred Enteromorpha species to
Ulva for which phylogenetic positions have al-
ready been determined by molecular phyloge-
netic analyses. Enteromorpha compressa (Lin-
naeus) Nees [basionym: Ulva compressa Lin-
naeus (1753)], Enteromorpha flexuosa (Wulfen)
J. Agardh [basionym: Ulva flexuosa Wulfen
(1803)], Enteromorpha intestinalis (Linnaeus)
Nees [basionym: Ulva intestinalis Linnaeus
(1753)], Enteromorpha linza (Linnaeus) J.
Agardh [basionym: Ulva linza Linnaeus (1753)],
Enteromorpha muscoides (Clemente) Cremades
[basionym: Ulva muscoides Clemente (1807)]
and Enteromorpha prolifera (Miller) J. Agardh
[basionym: Ulva prolifera Miller (1778)] were
originally described as species of Ulva so that
no proposals are necessary. We have left E.
procera and E. cylindracea in the genus En-
teromorpha: E. procera is probably a synonym of
E. prolifera and E. cylindracea is a provisional
name by Blomster (2000).

Free-floating Ulva

The strict consensus tree of ITS sequences
including the samples of free-floating Ulva is
presented in Fig. 2 (105 equally parsimonious
trees, 609 steps, CI = 0.677, RI = 0.817, RC =
0.553, HI = 0.323). The eleven samples of free-
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Fig. 2. Strict consensus tree of 105 most parsimonious trees constructed from an analysis of ITS sequences
(including the 5.8S gene) from Ulva (U) and Enteromorpha (E), including free-floating Ulva. The tree was rooted
with Percursaria percursa. The numbers under the branches represent full heuristic bootstrap values (1000
replicates) greater than 50%. The sample numbers correspond to those in Table 1. Boldfaces of the species and

sample number indicate free-floating Ulva.

floating Ulva collected from six localities, were
divided into five phylogenetic lineages. They
were clustered with attached samples of an
Ulva lactuca-californica complex, U. pertusa, U.
armoricana, U. fasciata and Ulva sp., respective-
ly (Fig. 2).

Our attached and free-floating materials

clustered with the U. lactuca-californica com-
plex are more than 50 cm in length and 30 cm in
width, and possess morphological similarities
with previous reports of U. lactuca (Bliding,
1968; Koeman and van den Hoek, 1981), i.e. in
having regularly arranged rectangular small
cells with one to two pyrenoids (Fig. 3). In con-
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Fig. 3—7. Surface views of 2-week-old cultured thalli of five types of free-floating Ulva grown under the same
condition: in PES medium (Provasoli, 1968) at 20C, 16 : 8 h L : D (light : dark) on a rotary shaker at 40 rpm
(Taiyo R-II, Taiyo Corp., Tokyo) with the photon flux of 15-25 uEm®s"' for 2 weeks.

Fig. 3. Ulva lactuca (#207). Fig. 4. Ulva pertusa (#35). Fig. 5. Ulva armoricana (#33). Fig. 6. Ulva fasciata (#11).
Fig. 7. Ulva sp. (#22).

trast, blades of U. californica are small, mostly
less than 2 cm (Abbott and Hollenberg, 1976).
Thus, we identified this Ulva as U. lactuca. As
Bliding (1968) mentioned that U. lactuca had a
northerly distribution in Europe, this species
grows in a northern, cold region (Nemuro) in
Japan.

Ulva pertusa is the most common species in

Japan, and can be characterized by possessing
larger and rounded cells and restricted chlo-
roplasts to one side of each cell (Fig. 4) (Yoshi-
da, 1998). Free-floating U. pertusa is also widely
distributed around Japan (Fukuoka Pref.,
Hiroshima Pref., Aichi Pref. and Kanagawa
Pref.).

Ulva armoricana, Ulva fasciata and Ulva sp.



S.Shimada, M.Hiraoka & M.Notoya

were closely related in the phylogenetic tree
(Fig. 2). The cell morphologies were also simi-
lar to each other (Figs 5-7). They were irregu-
larly arranged and were polygonal without
rounded corners. The cells of U. armoricana
were smaller than others and possessed one to
three pyrenoids (Fig. 5). This species was re-
cently described as a new species from France
(Dion et al., 1998). 1t is also free-floating Ulva in
France. Attached thalli have not found in Japan
yet. This species might be transported from
another country, as Arasaki (1984) commented.

The cells of U. fasciata were large and pos-
sessed two to five pyrenoids (Fig. 6). Ulva fas-
ciata is a large lanceolate species and is dis-
tributed in middle and southern Japan (Migita
and Fujita, 1987). The free-floating thallus of
this species was also found in middle Japan
(Hiroshima Pref.). The specimen examined (#
11) is similar in gross morphology to U. pertusa.
The gross morphology of U. fasciata may be ea-
sily changed depending on environmental con-
ditions (Mshigeni and Kajumulo, 1979).

The cells of Ulva sp. were medium to light
yellow green in color (Fig.7). Ulva sp. was col-
lected from Naha, Okinawa Pref., the Ura-
nouchi Bay, Kochi Pref., Hakata Bay, Fukuoka
Pref. and the Kanazawa Bay, Kanagawa Pref.
Thalli of Ulva sp. were variable in shape,
fragile, easily torn, 30-55 g m thick in middle
and apical regions, and often have microscopic
protuberances. The thallus tissue is morpholog-
ically similar to that of U. fasciata, U. reticulata
and U. spinulosa, which are the only three Ulva
species having microscopic protuberances repo-
rted from Japan.

The five Japanese species with free-floating
thalli are distinguished by morphological fea-
tures including the arrangement of cells, the
shape and size of the cells and the position of
chloroplast (Figs 3-7), features which are con-
gruent with previous observations of their at-
tached thalli (Bliding, 1968; Koeman and van
den Hoek, 1981; Coat et al., 1998; Yoshida,
1998). This result indicates that each species
might possess characteristic morphological fea-
tures. However, as many researchers have com-
mented (Bliding, 1968; Kapraun, 1970; Mshige-
ni and Kajumulo, 1979; Tanner, 1980; Koeman
and van den Hoek, 1981; Phillips, 1988; Coat et
al., 1998; Blomster et al., 1999; Malta et al.,
1999), almost all morphological features may

vary depending on different environmental con-
ditions in respective localities, so that it is not
always possible to identify field specimens pre-
cisely. It is desirable to analyze the range of
variation for each morphological feature in
response to varying environmental factors such
as light intensity, seawater temperature, salini-
ty and nutrient levels by laboratory-culture ex-
periments.

According to Malta ef al. (1999), the three
morphologically distinct types of free-floating
Ulva growing in the southwestern Netherlands,
which have been identified as U. lactuca, U. rigi-
da and U. scandinavica based on morphology,
are referred to a single species, U. scandinavica,
by their molecular phylogenetic analysis using
the ITS2 sequences. On the other hand, at least
five different species with free-floating thalli of
Ulva exist in Japanese waters, which may
reflect long, diverse coastlines extending north
and south, under the influence of various cur-
rents, two warm currents (the Kuroshio and the
Tsushima Current including its terminal bran-
ches) and two cold currents (the Oyashio and
the East Sakhalin Current). Three climatic
(tropical, warm temperate and cold temperate)
regions are recognized in Japanese waters,
whereas the southwestern Netherlands belongs
exclusively to the cold temperate region
(Michanek, 1979).
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