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Abstract

The genus Callophyllis, mainly distributed in temperature region, is the largest red algal genus
in the family Kallymeniaceae including 60 species in the world. Since species delimitation of
the genus Callophyllis has not been designated yet, there are the huge conflict of phylogenetic
relationships. In Korea, there are recorded six Callophyllis species, but it is very difficult to
identify species accurately because of the imprecise species boundary. The aim of the present
study is to resolve species diversity and phylogenetic relationships of the genus Callophyllis
from Korea. To perform morphological observations and molecular analyses, samplings were
carried out in the southern coastline of Korean peninsula including Jeju Island. In addition, we
carried out the collection of three species from type localities in Japan. As a result of molecular
analyses using nuclear SSU rDNA, plastid rbcL and mitochondrial COI-5P genes, eight
species of the genus Callophyllis were confirmed from Korea: C. adhaerens Yamada and C.
japonica Okamura, previously reported species in Korea; C. hayamensis Yamada as an
unrecorded species; C. cartilaginea sp. nov., C. mollitia sp. nov., C. repens sp. nov., C.
serratifolia sp. nov. and C. undualta sp. nov. as newly discovered cryptic ones. There are no
Korean specimens that matched C. adnata and C. crispata from Japan. C. adhaerens has
adherent and irregularlly subdichotomous thallus with slightly obtuse margin. C. japonica is
characterized by erect and subdichotomous thallus with sharp branchlets laterally, and form a
genetic group with the Japanese species with 0.3% and 1.0% intraspeciefic divergence in rbcL
and COI-5P analyses, respectively. C. hayamensis, having flattened and flabellate thallus with
short stipe arising from discoidal holdfast, was identified morphologically by comparing with
holotype specimen and literature. C. cartilaginea sp. nov. is erect, cartilaginous and di- or

trichotomously branched in a bushy clump with spinscent protuberances at smooth margin. C.



mollitia sp. nov. has flattened, fan-like and tenuously membranous thallus with roundish or
bluntly dissected apex. C. repens sp. nov. has flattened, slightly cartilaginous and creeping
thallus attached by a discoidal holdfast and minute radical discs. C. serratifolia sp. nov., known
as C. crispata in Korea, has dichotomously branched thallus with serrate margin. Procarp has
three-celled carpogonial branch borne on supporting cell connected subsidiary cells. C.
undulata sp. nov. has flattened and membranous thallus with pleated and crenulate margin. In
conclusions, we recognized that the species diversity of Callophyllis has been underestimated
from Korea, as well as the northwestern Pacific region. The species boundary of the genus
Callophyllis, which is revealed from Korean and Japanese speciemes, make us understand the
phylogenetic relationships of the genus Callophyllis distributed from northwestern Pacific
region. Further, it will provide the base of a critical resolution to revise the taxonomy of the
genus Callophyllis, and will be a cornerstone to revealing the phylogenetic affinity distributed

in both hemispheres.
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Fig. 1. Collection sites map of Callophyllis specimens from Korea and Japan. Collection sites
showed as the filled circles in the map. Arrow mark indicates the type locality of C. adnata,

C. crispata and C. japonica.



Table 1. Collection information and GenBank accession number of Callophyllis specimens analyzed in this study. Circles in SSU rDNA raw

represent the obtained sequences in this study, but have not summited in GenBank yet.

Taxa Collection information Habitat Voucher GenBank accession No.
(depth / substratum) SSU rDNA rbcL COI-5P
Callophyllis adhaerens Munseom, Jeju, Korea; 17 Jun. 2009 JN-CAQ9sp002 O KM675242 KM675335
Yamada Jungmun, Jeju, Korea; 16 Mar. 2010 JN-CA10ad002 KM675240 KM675340
Mara Is., Jeju, Korea; 17 Jul. 2010 JN-CA10ad004 o] KM675241 KM675336
Udo, Jeju, Korea; 12 Jun. 2011 JN-CA11ad003 (o] KM675239 KM675337
Biyangdo, Jeju, Korea; 30 Jul. 2011 JN-CA11ja001 (0] KM675339
Udo, Jeju, Korea; 11 Jun. 2011 JN-CA11sp012 KM675338
Biyangdo, Jeju, Korea; 7 Apr. 2012 12-15 m depth / rock JN-CA12sp006 KM675341
Jongdal, Jeju, Korea; 6 Jun. 2012 10-12 m depth / rock JN120606-05 KM675342
Jongdal, Jeju, Korea; 21 Jun. 2012 10-12 m depth / rock JN120621-01 KM675343
Callophyllis adnata Gochome, Shimoda, Japan; 26 Mar. 2014 8-10 m depth / rock JN140326-013 KM675243 KM675344
Okamura Gochome, Shimoda, Japan; 26 Mar. 2014 8-10 m depth / rock JN140326-014 KM675244 KM675345
Gochome, Shimoda, Japan; 26 Mar. 2014 8-10 m depth / rock JN140326-015 KM675245 KM675346
Enoshima, Fujisawa, Japan; 28 Mar. 2014 Intertidal drift JN140328-069 KM675246 KM675347
Enoshima, Fujisawa, Japan; 28 Mar. 2014 Intertidal drift JN140328-070 KM675247 KM675348
Callophyllis cartilaginea Sangmo, Jeju, Korea; 5 Apr. 2011 JN-CA11sp006 KM675295 KM675327
Sp. nov. Jongdal, Jeju, Korea; 6 Jun. 2012 5-10 m deep / rock JN120606-01 KM675296
Dueokdo, Wando, Korea; 27 Jul. 2012 10 m deep / rock JN120727-45 KM675329
Dueokdo, Wando, Korea; 27 Jul. 2012 10 m deep / rock JN120727-60 KM675328
Callophyllis crispata Onjuku, Isumi, Japan; 24 Mar. 2014 Intertidal drift JN140324-017 KM675349
Okamura Ohara, Isumi, Japan; 24 Mar. 2014 Intertidal drift JN140324-100 KM675350
Ohara, Isumi, Japan; 24 Mar. 2014 Intertidal drift JN140324-101 KM675351
Ohara, Isumi, Japan; 24 Mar. 2014 Intertidal drift JN140324-102 KM675352
Enoshima, Fujisawa, Japan; 28 Mar. 2014 Intertidal drift JN140328-071 KM675353
Enoshima, Fujisawa, Japan; 28 Mar. 2014 Intertidal drift JN140328-072 KM675354
Callophyllis hayamensis Jocheon, Jeju, Korea; 20 May 2011 25-30 m depth / rock JN-CA11an002 (0] KM675249 KM675355
Yamada Jocheon, Jeju, Korea; 20 May 2011 25-30 m depth / rock JN-CA11an003 o] KM675248 KM675356




Table 1. Continued

Taxa Collection information Habitat Voucher GenBank accession No.
(depth / substratum) SSU rDNA rbcL COI-5P
Callophyllis japonica Udo, Jeju, Korea; 23 Jul. 2009 JN-CA09ja003 0 KM675361
Okamura Udo, Jeju, Korea; 30 Jan. 2010 JN-CA10ja001 o] KM675366
Shinyang, Jeju, Korea; 14 Jun. 2010 JN-CA10ja003 (¢} KM675368
Udo, Jeju, Korea; 21 Feb. 2010 JN-CA10ja007 0 KM675370
Jongdal, Jeju, Korea; 6 Jan.2012 5-8 m deep / rock JN-CA12ja005 (0] KM675265
Jongdal, Jeju, Korea; 6 Jan. 2012 5-8 m deep / rock JN-CA12ja006 (0] KM675264
Jongdal, Jeju, Korea; 6 Jan. 2012 5-8 m deep / rock JN-CA12ja007 KM675263
Goseong, Jeju, Korea; 3 Mar. 2012 Intertidal / rock JN-CA12ja009 KM675261
Goseong, Jeju, Korea; 3 Mar. 2012 Intertidal / rock JN-CA12ja010 KM675254
Gimnyeong, Jeju, Korea; 10 Mar. 2012 Intertidal / rock JN-CA12ja011 KM675253
Hanlim, Jeju, Korea; 6 Apr. 2012 Intertidal / rock JN-CA12ja012 KM675252
Ganjeolgot, Ulsan, Korea; 19 Aug. 2011 Intertidal / rock IN-GJG-20 KM675280
Hanlim, Jeju, Korea; 22 April 2012 Intertidal / rock JN120422-02 KM675260
Hado, Jeju, Korea; 15 May 2012 Intertidal / rock JN120515-19 KM675259
Jongdal, Jeju, Korea; 6 Jun. 2012 5-8 m deep / rock JN120606-03 KM675258
Jongdal, Jeju, Korea; 6 Jun. 2012 5-8 m deep / rock JN120606-04 KM675257 KM675373
Jongdal, Jeju, Korea; 6 Jun. 2012 5-8 m deep / rock JN120606-19 KM675251 KM675374
Enoshima, Fujisawa, Japan; 28 Mar. 2014 Intertidal drift JN140328-075 KM675255
Enoshima, Fujisawa, Japan; 28 Mar. 2014 Intertidal drift JN140328-076 KM675256 KM675375
Callophyllis mollitia Pyoseon, Jeju, Korea; 4 Feb. 2010 JN-CA10an001 0 KM675301 KM675330
Sp. nowv. Udo, Jeju, Korea; 30 Jan. 2010 JN-CA10sp001 (0] KM675304 KM675331
Haengwon, Jeju, Korea; 15 Apr. 2010 JN-CA10sp006 KM675303
Chagwido, Jeju, Korea; 6 Jun. 2011 JN-CA10sp007 (0] KM675302
Jongdal, Jeju, Korea; 6 Jan. 2012 10 m deep / invertebrates JN-CA12sp001 KM675300
Jongdal, Jeju, Korea; 6 Jan. 2012 10 m deep / invertebrates JN-CA12sp002 KM675299
Jongdal, Jeju, Korea; 6 Jan. 2012 10 m deep / invertebrates JN-CA12sp003 o] KM675298
Jongdal, Jeju, Korea; 6 Jan. 2012 10 m deep / invertebrates JN-CA12sp004 KM675297 KM675332




Table 1. Continued

Taxa Collection information Habitat Voucher GenBank accession No.
(depth / substratum) SSU rDNA rbcL COI-5P
Callophyllis mollitia Daesambudo, Yeosu, Korea; 25 Jul. 2012 10-15 m deep / corallines JN120725-06 KM675333
Sp. nov. Daesambudo, Yeosu, Korea; 25 Jul. 2012 10-15 m deep / corallines JN120725-07 KM675334
Callophyllis repens Shinchang, Jeju, Korea; 17 Jul. 2012 25-30 m deep / rock, coralline  JN120717-20 KM675294
Sp. nov. Shinchang, Jeju, Korea; 17 Jul. 2012 25-30 m deep / rock, coralline  JN120717-21 KM675293
Callophyllis serratifolia Munseom, Jeju, Korea; 28 Mar. 2010 JN-CA10cr001 ] KM675290 KM675305
Sp. nov. Gwideok, Jeju, Korea; 31 May 2011 JN-CA11sp002 KM675306
Gwideok, Jeju, Korea; 31 May 2011 JN-CA11sp003 KM675307
Munseom, Jeju, Korea; 13 May 2012 8-12 m deep / rock JN120513-22 KM675287 KM675308
Munseom, Jeju, Korea; 13 May 2012 8-12 m deep / rock JN120513-24 KM675286 KM675309
Munseom, Jeju, Korea; 2 Jun. 2012 8-15 m deep / rock JN120602-04 KM675289
Munseom, Jeju, Korea; 2 Jun. 2012 8-15 m deep / rock JN120602-05 KM675288 KM675310
Munseom, Jeju, Korea; 2 Jun. 2012 8-15 m deep / rock JN120602-06 KM675283 KM675311
Geomundo, Yeosu, Korea; 25 Jul. 2012 10-15 m deep / rock JN120725-49 KM675312
Geomundo, Yeosu, Korea; 25 Jul. 2012 10-15 m deep / rock JN120725-51 KM675313
Geomundo, Yeosu, Korea; 25 Jul. 2012 10-15 m deep / rock JN120725-52 KM675314
Jakdo, Yeosu, Korea; 26 Jul. 2012 10-15 m deep / rock JN120726-08 KM675285
Jakdo, Yeosu, Korea; 26 Jul. 2012 10-15 m deep / rock JN120726-09 KM675284 KM675315
Jakdo, Yeosu, Korea; 26 Jul. 2012 10-15 m deep / rock JN120726-10 KM675282
Baekdo, Yeosu, Korea; 26 Jul. 2012 10-15 m deep / rock JN120726-45 KM675281 KM675316
Cheongsando, Wando, Korea; 27 Jul. 2012 10-15 m deep / rock JIN120727-42 KM675317
Cheongsando, Wando, Korea; 27 Jul. 2012 10-15 m deep / rock JN120727-43 KM675318
Gochome, Shimoda, Japan; 27 Mar. 2014 8-10 m deep / rock JIN140327-043 KM675319
Gochome, Shimoda, Japan; 27 Mar. 2014 8-10 m deep / rock JIN130427-044 KM675320
Callophyllis undulata Udo, Jeju, Korea; 11 Jun. 2011 25-30 m deep / rock JN-CA11sp008 O KM675324
Sp. nov. Udo, Jeju, Korea; 11 Jun. 2011 25-30 m deep / rock JN-CA11sp009 KM675326
Udo, Jeju, Korea; 11 Jun. 2011 25-30 m deep / rock JN-CA11lsp011 KM675325
Udo, Jeju, Korea; 12 Jun. 2011 25-30 m deep / rock JN-HU110612-01 0] KM675291 KM675321
Udo, Jeju, Korea; 12 Jun. 2011 25-30 m deep / rock JN-HU110612-02 0] KM675292 KM675322
Udo, Jeju, Korea; 12 Jun. 2011 25-30 m deep / rock JN-HU110612-03 (0] KM675323
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o
e
ol

BC, Canada)2 AMSl %3t &, 717t & So] Rpz £%)
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3.DNA @742 2 BxPE B4

Z 2 Y E DNeasy Plant Mini Kit (Qiagen, Hilden, Germany)<

Az 299 Al
AHE5to] genomic DNAES F&E56t1, 5% DNAES PCR (Polymerase Chain
of ZEs}9i}. & SSU rDNA, Q24| rbd. @ ojE2E
7+ 7}

Reaction) 7|®¥H& o] &35}
AR 730 5%0] A8E primer £ % PCR profile

2Jo} COI-5P &
Table 22} 30f 7]Ai5t99th. AccuPower PCR PreMix (Bioneer, Daejeon, Korea)o|

rlo

Z&35F genomic DNAQ}F primerES A7ish H, £ 20 pLES Peltier Thermal
Cycler, PTC-100 (Bio-Rad, CA, USA)S At8&ctoy PCRE 438519t PCR At=

ACCUPrep Purification Kit (Bioneer, Daejeon, Korea)s A&3sto] AA|5H 9,
sequencing& Macrogen (Seoul, Korea)o]| 2J2|5t9%9ch SSU rDNA, rbcl. @ COI-

5P sequencex Chromas (ver.1.45)2 HAIst ¥, BioEdit (Hall 1999) 2 78-S

N gdwS wotsp]

I

Arg3tof 7gEatert
Holstn A

FAA eodad ot 3o FAE
glsto] £ ApolA AYH $2U% §7|AL NCBI GenBanko] 559 ¥7]4
A stoich Bed4e] S U E3F oS =elsti, COI-5P {4
2a57] st

atetsts] 9l

ol



by

2] =4 B M (Maximum likelihood: ML)-& RAxML (Stamatakis 2006) =& 7308

AR&sto] 2edstRTt. GTR+T+I modelS A-&stal, Alsa &A1 TAS/dol oigh

Al e S mfelstr] s 1,0008]9]  bootstrap resamplingS 458519 .

Bayesian && #AEEAM(Bayesian inference; BI)-& MrBayes ver. 3.1.2 (Ronquist

and Huelsenbeck 2003)2 AF85to] GTR+I'+] modelS A L3111, Markov Chain

Monte Carlo ¥}¥-& o]&5}t9 four chain® & 2,000,000 generationS 4385153

c}. opx|gtoz ML 2 Bl AE8AE &5l dojAxl AE4E Figlreever. 1.4 T2

Jae Abgstel mAls st
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Table 2. Primer for DNA amplification and sequencing nuclear SSU rDNA, plastid rbcL and

mitochondrial COI-5P genes.

Gene Primer Sequence reference

SSU GO1 F CACCTGGTTGATCCTGCCAG Saunders & Moore (1994)
G04 F CAGAGGTGAAATTCTTGGAT Saunders & Moore (1994)
G07 R AGCTTGATCCTTCTGCAGGTTCACCTAC Saunders & Moore (1994)
G14 R CCTTGGCAGACGTTTCGCAG Saunders & Moore (1994)

rbcl, F145 F CAACCAGGWGTAGATCCAGTAGAAGC  Kim et al. (2012)

F762 F GTATGAAAGAGCTGAATTTGC Kim et al. (2012)

R898 R GACGAGAATAAGTTGARTTACC Kim et al. (2012)

R1442 R AAACATTAGCTGTTGGAGTTTCTAC Kim et al. (2012)

COI-5P  GazFl F TCAACAAATCATAAAGATATTGG Saunders (2008)

GazR4 R AAAATCAAAATAAATGCTG Saunders (2008)
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Table 3. Thermal cycling conditions of polymerase chain reaction for SSU rDNA, rbcL and

COI-5P genes.
Gene Step Temperature Time Cycles
SSU rDNA Initial denaturation 94°C 4 min 1
Denaturation 94°C 30 sec 38
Annealing 55°C 30 sec
Extension 72°C Imin 30sec
Final extension 72°C 7 min 1
rbcL. Initial denaturation 95°C 2 min 1
Denaturation 93°C 1 min 35
Annealing 47°C 1 min
Extension 72°C 2 min
Final extension 72°C 2 min 1
COI-5P Initial denaturation 94°C 2 min 1
Denaturation 94°C 30 sec 5
Annealing 45°C 30 sec
Extension 72°C 1 min
Denaturation 94°C 30 sec 35
Annealing 46.5°C 30 sec
Extension 72°C 1 min
Final extension 72°C 7 min
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L R4 $-2 A% (Callophyllisle] BAHYD B4 % ATAR SAWA
B AT AE oot U AIFE ool ARoA AUE FLA% 1,750bpo]

SSU rDNA 97]A<¥ 217}, 1290bp2]

EFce]o} COI-5P A7IA<E 59715 2

S NCBI GenBanko]] 523519 tHTable 1).

A2 metstr] 21sto] NCBI GenBankof]

COI-5P E71M < 3374&

g vl e

1.1. q]EZE2Jo} COI-5P {AA} A

(0] IEN

has

28" &2

ap
FPE

B

o]

o 59 2%

mat 9714 16745

5

ofjd A7IME Wol7b YEtGaL,
(Table 4). COI-5P Q.A&&} 27k0] 2

o

o

<

EE

o

= =X
3t &

rr
o

#ealol o

ER

B=EA] rocl. 714 <E 50712F 701bpe]

==

g 2

=
K

ke

oX

=

Rstela, o1& rbdl. 1 COI-5P @7]A Y

223 =4t &

9 F2UEY rbcl A7IAE 27712t

COI-5P 971494 59712t NCBI GenBank

S
i

Ay}, XA 701bp & 259bp

EStA A

o 17

211bp7t 7 qwe Alzstact

2t

3r2 X (Neighbor-joining analysis)

et 71E2 AlAsEAAL, o8 Sl

A

i
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=U 0]7|2%9 C hayvamensiss H|E5to, C. cartilaginea sp. nov., C. mollitia

sp. nov., C. serratifolia sp. nov. 12]11 C. undulata sp. nov. 5 4%9] A& &

w5y ict. C serratifolia sp. nov.®} C. undulata sp. nov.= & % Afo]o] &7t

T4 oA REIE 3 Y e 29

o

Hole2 2.8-3.3%= UEHH,

ol

AS FAsHFHFig. 2). C cartilaginea sp. nov..= C. hayamensis?t 4.4%°] %

1t HolgE YEHYHA 5.7-5.9%9] FIt Woleg ¥Oo|= C japonicadt C.

hayamensiso| ¢ I7Fe 2AHIAIS HIHFig. 2). C  hayamensis?t C.

cartilaginea sp. nov. = O &4 ¥o|&& UEIUYX] Aottt C japonica® 732

stil 250 7|2 AILER]QL A& EnoshimaoA AHYE B253 1% T4
ol &g UetYal 1, St=At C japonica ®235 AOlo|A 5bpe] F7|ME R}

ol Xt} C mollitia sp. nov.= LEAL C adnata?t AH| 158 JAdotF L

(Fig. 2), 7.7-7.9%%] &7t ¥Hol&& Hol]il o,

opi

W wole2 YEA] o4t

t}t. C serratifolia sp. nov.= st=2AF EEE0|A 0-0.3%2] £ ©#o]go] e

T, 4% Shimodadld AU BESW T4 8|2BS W 1.3-1.6%2) vlad %

< SU ¥ola& UEUL. C undulatasp. nov.2] FUY WHol&2 0-0.2%= L

o]

o

=

"

RO 9IRS AP sl DY BRAr

Me

SEX

)
5L
I
o

2

Flo
AP

=]
Eil

adnata 2252 0.5%9 F$4Y ¥Hol&Z UERIL, AdE2A C crispata®l 4%
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71&2AAAIQ] Enoshimao| Al A #2521 Chibadl Oharax| oA HHH
BEES APOJoflA 0.5%9] &Y ®o]&S UEHUWALH C adhaerens= 244 B2
= AbololA 2bpel A7IME WHol7b AR Y. MKz F2A&5 AEs9
COI-5P /AR @7IME BAM FF WHolg2 2.8%-3.1%= st=xit C
serratifolia sp. nov.2} C. undulata sp. nov.o|A 7P ZHA UERG AL, 7RUct Ej
HoF X|F9] C thompsonii (JX034425)F DEAY C adnatad|A 8.8-9.5%= 714t

A YERRT
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Table 4. Genetic information from nuclear SSU rDNA, plastidal rbcL and mitochondrial COI-

5P genes.

COI-5P rbcL. SSU rDNA

Nucleotide (bp) 701 1290 1750
Base frequency A 0.2381 0.2381 0.3053

TC 0.2116 0.2116 0.1547

TG 0.2985 0.2985 0.2065

7 0.2518 0.2518 0.3335
Constant site (%) 440 (62.8) 840 (41.9) 1461 (83.0)
Variable site (%) 259 (36.9) 450 (34.9) 288 (16.5)
Parsimony informative site 211 (30.1) 356 (27.6) 232 (13.6)
(%)
Intraspecific (%) 0-1.6 0-1.0 -
Interspecific Min. (%) 2.8-3.1 0.6 0
Interspecific Max. (%) 8.8-9.5 6.4 1.0
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KME675310 Callophyllis serratifolia Korea
16 C. Korea
KME676318 Callophyllis serratifolia Korea
KM6756312 Callophyllis serratifolia Korea
KME676308 Callophyllis serratifolia Korea
| KM675319 Callophyllis serratifolia Japan
KM675320 Callophyllis serratifolia Japan
KM675322 Callophyllis undulata Korea
KM676321 Callophyllis undulata Korea
KM675323 Callophyllis undulata Korea
KM675356 Callophyllis hayamensis Korea
KM8676356 Callophyllis hayamensis Korea
I KM676327 Callophyllis cartilaginea Korea
KM675328 car Korea
| KM6756329 Callophyllis cartilaginea Korea
KM675375 Callophyllis japonica Japan
KM675361 Callophyllis japonica Korea
KM675366 Callophyllis japonica Korea
KM676368 Callophyllis japonica Korea
KM676370 Callophyllis japonica Korea
KME675373 Callophyllis japonica Korea
KME675374 Callophyllis japonica Korea
[~ KM675344 Callophyllis adnata Japan
L kme75347 Callophyllis adnata Japan
JX034143 C: o] Canada
JX034443 C: violacea Canada
JX034309 Callophy Canada
JX034435 Callophyls variegata Canada
KF280914 Callophyllis variegata Canada

JX034425 Calk /il Canada
HQ545179 Callophyllis schneideri Canada
JX034189 C; d ta USA

KME675330 Callophyllis mollitia Korea
KM675331 Callophyllis mollitia Korea
KM675332 Callophyllis mollitia Korea
KM675333 Callophyllis mollitia Korea
KME675334 Callophyllis mollitia Korea

JX034356 C: linearis USA
L JX034279 C USA
B JX034391 C radula Canada
JX034353 Callophy USA
JX034379 Callophyllis pinnata Canada
JX034183 C @ Canada

KM676351 Callophyllis crispata Japan
KM676352 Callophyllis crispata Japan
KME676353 Callophyllis crispata Japan
KME75354 Callophyllis crispata Japan
KM675336 Callophyllis adhaerens Korea
KM675337 Callophyllis adhaerens Korea
KM675341 Callophyllis adhaerens Korea
KM675342 Callophyllis adhaerens Korea
KM675343 Callophyllis adhaerens Korea
HM917637 Callophyfiis lambertii Australia
JF903294 C; laciniata UK

0.01

Fig. 2. Unrooted phylogram generated using neighbor-joining (NJ) analysis from the
cytochrome oxidase | (COI) sequences of Callophyllis specimens collected in this study (taxa
in bold) and acquired from GenBank (taxa not bold). This figure is referred by Lee and Kim

(2014). Scale bar: substitutions/site.
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1.2. GSA| rbdl SRR B4 A ASAR QAW

=l F2dEo0 did FFA rocl fAA F7IME 24 2 0]

2]

o

Mo
e

o® B3 DY 6% & Callophyllis adhaerens, C. japonica 2%-0] 21L&}

K

COI-5P A A} ol n|7|E% C hayamensisit C. cartilaginea sp. nov., C.

mollitia sp. nov., C. serratifolia sp. nov. 12]11 C. undulata sp. nov. S 4%9]

A1%5-S H|Foto], 702 21591 C repens sp. nov.g QI £ Ao

AN ARE F2Y4 B39 ASA rbcl @714 <F 50712F NCBI GenBanko] 55

H F2E00e] 2170 G7IME A A At rbcl fARE I Bl =

AR 1290bp 3 34.9%9] A7IHE Wol7k ek, ABeAel AR A

o

st

rlr

7] do] 27.6% 2 FERICHTable 4). COI-5P A Aqlo|A] YA C adnata

e 7V e SAEAIE UEUHAY C moliitia sp. nov.«= rbcl. 34 Zioj|A|

T 0.1-0.3%9] $4Y ¥olaZ Hole 7|FEAAKRl U324t C adnata?t 3.1-3.2%

o]

o

7 volge UE)o Al1ES WAsIYTHFie. 3). C. hayamensis, C

serratifolia sp. nov. ¥ C. undualta sp. nov.= rbcl. S&AF E714Q B A o] A]

N2 77k SA8AIE Holt A 2ES J/dstAT (Fig. 3). C. hayamensise

C. serratifolia sp. nov.2t 0.9-1.0%, C. undulata sp. nov.2} 1.2-1.3%9] &7t &

ol &o] YERITE ZHZF 0.1%9] SUiWole3 2= C. serratifolia sp. nov.2t C.
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undulata sp. nov.= 0.6-0.8%2] &7t ¥Hol&& UetY, COI-5P A ZAute} ut

A2

ol

T4 geds HERS F UM Upre 29mAE R C

japonica= C. cartilaginea sp. nov.2} 1.4-1.5%9] £7F ¥o|&2 HOo|HA| X}uj

028 JA5IT} (Fig. 3). $t=2A C japonica= 71&R2AAK]Ql A2 Enoshima
oA AMAH E2uF 0.3%2] FU Wolg2 UEU=T, o] & X9 ZEEL

NCBI GenBanko] S&% AEAN C japonica?t 0.7-1.0%2] ¥Hol&& HIth C

adhaerens, C. hayvamensis, C. cartilaginea sp. nov., C. mollitia sp. nov. ¥ C

repens sp. nov.oAl= FU WHolgo| WAL X oottt MAAocz F2U45 AlE

=9 £7F Hol&& 0.6%=2 C serratifolia sp. nov.2t C. undulata sp. nov.oj|A]

o

7V AA UepGow, RASNEAN O Jaingiana (HM587176)°F ZAit C.

concepcionensis (HQ910497)o| Al 6.4%= 7174t A UERST}

G 22U ol BAS Bo) AT 85 27 94% ol¥e] &S ML
bootstrapgf o2 7rEsHA X A& 1L BAAME rbel 1.09] =2 BI posterior

probabilityZF o 2 xj=tolw] 9 tHFig. 3). C. havamensis, C. serratifolia sp. nov.2}

C. undulata sp. nov.2 JAE = GAIELE 100%2] ML bootstrap?fat 1.09] =

S Bl posterior probabilityzfo 2 7}stA X|X|&E1, 7)o C japonica?t C.

cartilaginea sp. nov.2t 74| vH|E X2 ML bootstrapdf(<70%)x}t Bl posterior
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KM675281 Callophyllis serratifolia Korea

99/%| K M675283 Callophyllis serratifolia Korea

o KM675287 Callophyllis serratifolia Korea
KM675284 Callophyllis serratifolia Korea
KM675292 Callophyllis undulata Korea
KM675291 Callophyllis undulata Korea
_/0.92 KM675249 Callophyllis hayamensis Korea
KM675248 Callophyllis hayamensis Korea
KM675294 Callophyliis repens Korea

KM675293 Callophyllis repens Korea

99/%| KM675259 Callophyllis japonica Korea

KM675260 Callophyllis japonica Korea
KM675255 Callophyllis japonica Japan
KM675256 Callophyillis japonica Japan

-/0.99
— HQ910507 Callophyllis japonica Japan

L= IKM675296 Callophyllis cartilaginea Korea
v

I KM675295 Callophyllis cartilaginea Korea

U04190 Callophylliis crispata Japan

/%

-/0.73 KM675240 Callophyllis adhaerens Korea

** | kme75241 catlophyilis adhaerens Korea

o3/% HQ910511 Callophyllis obtusifolia Mexico
—: HQO10497 Callophyllis concepcionensis Chile
HQ910505 Callophyllis edentata USA
Wi, U04191 C: UsA

78/%

HQ910498 Callophyllis pinnata USA

/% | KM675297 Callophyllis mollitia Korea

KM675298 Callophyllis mollitia Korea
KM675246 Callophyllis adnata Japan
ﬁ[[ KM675243 Callophyllis adnata Japan

KM675244 Callophyllis adnata Japan

82/%

T8/%

HQ910495 Callophyliis variegata Peru

S4/% HQO10494 Callophyliis variegata Chile

KC408803 Callophyliis coru-cervi Russia

HQO10509 Callophyilis lambertii Australia

GQ376536 Callophyllis decumbens New Zealand

HMS587176 Callophyiiis laingiana New Zealand

HMS87175 Callophyllis hombroniana New Zealand

/% | HQ910501 Callophyliis macrostiolata Chile

L HQ910504 Callophyllis atrosanguinea Chile

-/0.86

HQ910512 Callophyllis rangiferina Australia

-/0.74

HQ910506 Salishia firma USA

HQ910508 Callophyllis laciniata France

JX969789 Pugetia fragilissima Canada

KF280990 K: Ireland

Fig. 3. Phylogenetic tree of the genus Callophyllis species (bold is collected in this study and
normal is acquired from GenBank) based on rbcL sequences inferred from maximum
likelihood analysis. Bootstrap value are shown above the branches: maximum likelihood (left)
and Bayesian posterior probabilities (right). Branches marked with an asterisk received 100%
support in both analyses, whereas those lacking values received less than 70% support. This

figure is referred by Lee and Kim (2014). Scale bar: substitutions/site.
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1.3. 3 SSU rDNA A% &4 9 AF

IS

q gAm

B A7 2 2009 $eQ4 EEo| 8 SSU rDNA S84 A7lA g

NCBI GenBanko]] 525 =7 2]=E @ Q2 HASt= Peyssonneliales®] &7]

A8 3ME A 24t 2xt, A 1.750bp & 288bp2] F7|ME o7t L&

UL 3 % 232bpe] @710l ASHE AU E ABES FUatgcHTable 4).

3 SSU rDNAC| ot ML} BIZ ol 83t BAASEAA %294 Aol 43}
9= FEowm vHKallymeniaceae)= =7FA]E WojlA] o]ZE31HDumontiaceae)
o Fte AgetA 2ABAZ AAols Ao EOIE|QITHFIg. 4). SR BL

o
(=)
~
2
mjo
)
r|r
0
&
o
B
i
rlo
ES,
1
rlo
i
rlo
=)
A

(Kallvmenia)it 3.1-3.4%,

Erythrophyllumit 3.0-3.3%92] &7t ¥olg&(intergeneric divergence)S HQITh

EHL2829l(Callophyllis adhaerens)2 C. rangiferia?t 0.5%2] &7t ¥Hol&=& 7}

e FAHEAIS JAota, HL2E29(C adhaerens)?t C. moliitiasp. nov.= 1.0%

9] Ho|g& Holt}t ¥1E290l((C japonica)L C. hayvamensis, C. serratifolia sp.

nov. ¥ C undualtasp. nov. 153 0.01%2] £7F Holgz2 MZ 7Pt 2o

ADe BA XX UNFig. 4), C. hayamensis, C. serratifolia sp. nov.2t C. undulata

sp. nov.5 &0l &R ok IS HAoHFig. 4). 2] SSUrDNA @7|AX 2 &
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o},

S22y SSU rDNAE @74 %F 1750bp UlollA @714 % Hol7t Yeia] g 7
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12ja002_Callophyllis_japonica

09ja004_Callophyliis_japonica Callophyllis japonica
12ja004_Callophyliis_japonica
10cr001_Callophyllis_sp_1
r{|10s0004_Catlophyts_sp_1
11ha002_Callophyllis_sp_2
11ha001_Callophyllis_sp_2 Callophyllis sp. 2
11ha003_Callophyllis_sp_2

11an003_Callophyllis_hayamensis

11an002_Callophylis_t Callophyllis hay

L— 11an001_Callophyllis_hayamensis

U33123_Callophyllis_rangiferina
" 1] i 10ad004_Callophyliis_adhaerens

Callophyllis sp. 1

Callophyllis wy
997 11ad003_Callophylis_adhaerens  Callophyilis adhaerens
095p002_Callophyllis_adhaerens
125p003_Callophylis_sp_5
11sp001_Callophylis_sp_5

T

Kallymeniaceae sy
Callophyllis sp. 5
92

AF317105._ CA_US

AF317111_Kallymenia_tasmanica_AUS
AF317098_D: icomi

— AF317120_Weeksia_coccinea_WA_US

70/ — AF317104_Dumontia_simplex_AK_US

”‘Fﬂ 17101_Dumontia_alaskana_AK_US
AF317099_Dumontia_contorta_AK_US

7y AF317096_Dilsea_camosa_N_IRE

AF317109_Hyalosiphonia_caespitosa_JPN

AF317114_Neodilsea_yendoana_JPN

AF317094_Dilsea_califomica_OR_US

AF317113_Neodilsea_natashae_AK_US

AF317092_Constantinea_subulifera_AK_US

e AF317093_Cryptosiphonia_woodii_BC_CAN
AF317116_Pikea_californica_WA_US
AF317115_Orculifilum_denticulatum_AK_US

AF317107_Gainia_mollis_Antarctic
AF317110_Kraftia_dichotoma_AUS
AF317108_Gibsmithia_dotyi AUS

gg

AF317118_Portieria_hornemanii

AF317119_Rhodopeltis_borealis WA_AUS

AF317117_Polyides_rotundus_NS_CAN

- U25438 | _isiforme
U25437_Kappaphycus_alvarezii

.74 EU240855_Hypnea_charoides_AUS
rk EU240850_Hypnea_flexicaulis_KOR

L - EU240857_Hypnea_spinella_Viet_Nam

|EU24036 1_Hypnea_asiatica_KOR
AB231454_Polystrata_dura_JPN
AB231326_Polystrata_fosliei_JPN

AB231318_| ia_meridionalis_JPN
L|_|—AB231322_Peyssomelii_mbyi_FRA
AB231324 ia_cauiifera_JPN
002

Fig. 4. Maximum likelihood phylogenetic tree of the red algal genus Callophyllis species

Gigartinales

-

estimated using SSU rDNA gene sequences. Arrow marks indicate each monophyletic clades
of Gigartinales, Kallymeniaceae and Callophyllis. Numbers above each clade represent
maximum likelihood bootstrap values (left) and Bayesian posterior probabilities (right).
Branches marked with an asterisk received 100% support being shown in both analyses,

whereas those lacking values received less than 70% support. Scale bar: substitutions/site.
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% (Callophyllis)®] JEF

Callophyllis Kitzing 1843

Korean name:
Lectotype species: Callophyllis variegata (Bory de Saint-Vincent) Kutzing.

soft-membranous to slightly

Description: Thallus erect or flattened,
cartilaginous, usually flabellately, marginal portion of thallus smooth, slightly

serrate, ruffled pinnate or spiny protuberant, sub-dichotomously, di- or

trichotomously branched. Short stipe arising from a discal holdfast or absent.

Cortex isodiametric, usually 1-2 layered and covered epidermal layer. Medulla
of large and isodiametric cells. Three-celled carpogonial branches borne on a
supporting cell having 2-5 subsidiary cells. Fusion cell formed from subsidiary

cells, supporting cell and a cell of carpogonial branch after fertilization, and

gonimoblast filaments initiated from fusion cell. Cystocarp protuberant one-
Tetrasporophyte isomorphic.

side or both side, having ostioles.

Tetrasporangia cruciately divided and scattered in cortex.
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2.1. Callophyllis adhaerens Yamada 1932

[Text-Fig. 5]

Holotype: SAP 13043 (Yoshida 1998).

Type locality: Enoshima, Fujisawa, Kanagawa, Japan: Wagu, Shima, Mie,

Japan (Yamada 1932).

Distribution: China (Xia 2004): Japan (Yoshida 1998); Korea (Lee 2008).

Habitat: Subtidal zone, 10-15 m deep.

Specimens examined: Munseom, Seogwipo on June 2, 2012 (120602-01-02);

Seopseom, Seogwipo on April 5, 2013 (2013-v0286-8): Munseom, Seogwipo on

June 16, 2013 (130616-14): Munseom, Seogwipo on October 20, 2013 (2013-

v0565).

Morphology: Plants, coloring bright red, grows flattened and flabellate (Fig. 5A)

arising from a very short and cylindrical stipe, less than Imm, from a discodial
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holdfast (Fig. 5B). Thallus becomes 3-7 cm long, 1.8-2.3 mm wide in middle

and 0.6-0.8 mm wide in upper. The thickness of thallus is about 200 pm.

Thallus is subdichoitomous irregularly in a same plane, and each branches

are loosely entangled (Fig. 5C). One dorsal portion of branches are adherent

to another ventral surface (Fig. 5D). The margin of thallus is smooth (Fig. 5E)

with laterally and pinnately obtuse protuberances (Fig. 5F). The apex is obtuse

and roundish occurring small protuberances (Fig. 5G). Anatomically, medullar

consists of large isodiametric cells, 126-148 pm x 135-160 um, surrounded by

several small cells, 41-58 um x 62-66 pm (Fig. 5H). Cortex is usually one cell

layer, and each cortical cell is sub-isodiametric, 2.6-3.8 pm x 3.8-5.2 pm (Fig.

5H).
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Fig. 5. Callophyllis adhaerens Yamada. (A) Habit showing flattened membranous thallus. (B)

A cylindrical stipe arising from a discoidal holdfast. (C) Sub-dichothomously branching type
of frond. (D) A junctional point (arrow) at dorsal surface to ventral surface between
neighboring fronds. (E) Smooth margin of blade. (F) The laterally obtuse protuberances of
frond. (G) Obtuse and roundish apex of frond. (H) Cross section view of frond showing one
celled cortical layer and large isodiametric medullary cells surrounded by small cells. Scale
bars represent: A, 1 cm; B, 500 um; C & F, 1,000 um; D, 200 um; E. 50 um; G, 100 um; H,

25 pm.

-31-



2.2. Callophyllis cartilaginea H. W. Lee & M. S. Kim sp. nov.

[Text-Fig. 6; Lee and Kim 2014]

Diagnosis: Thallus cartilaginous, erect, narrowly flabellate, dark- to brown-

red in color, di- or trichotomously branched in a bushy clump, stipitate in

slightly compressed, 5-7 cm long, 1.1-1.7 mm wide in the middle, attached to

the substratum by a sub-discoidal holdfast; apex acute; margin usually

smooth with spinescent protuberances.

Holotype: IN120606-01 (Fig. 6A), vegetative plant, collected at 5-10 m in

depth of the subtidal zone on June 6, 2012, and deposited in the Herbarium of

Department of Biology, Jeju National University, Korea (JNUB).

Type locality: Jongdal, Jeju, Korea (33729°34.40” N, 126°5516.23" E)

Etymology: The specific epithet (cartilaginea) was chosen to represent this

species, as it has a cartilaginous thallus.

Distribution: Korea (this study).

Specimens examined: IN120606-01-2 (Jongdal, June 6, 2012, vegetative):
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120727-45, 60 (Dueokdo, July 27, 2012, vegetative); NIBRAL0000143264,

140423-s01-3 (Jongdal, April 23, 2014, vegetative).

Morphology: Plants are erect, flabellate, cartilaginous, and dark-red in color

(Fig. 6A). Thallus has a short sub-cylindrical stipe arising from a discoidal

holdfast, which gets more compressed (Fig. 6B). The thallus is di- or

trichotomously branched (Fig. 6C), and is irregularly sub-dichotomously

branched at the upper portion (Fig. 6D). The thallus is 5-7 c¢m long, 310-358

pm thick, and 1.1-1.7 mm wide, but 2.2-3.4 mm wide at the branching point.

The thallus margin is almost smooth, and often small spinescent

protuberances laterally (Fig. 6C-D). The apex is acute (Fig. 6D). The medulla

is made of a two- or three-celled layer: Two large isodiametric cells, 112-146

pm x 104-160 pm in size, and one small oblong cell, 49-61 pm x 58-72 pm in

size (Fig. 6E). Outer cortical cells are bead-like and 4.3-5.6 ym x 4.5-5.4 ym

in size, whereas inner cells are oblong and 4.1-5.7 ym x 6.4-8.5 pm in size.
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Fig. 6. Callophyllis cartilaginea H. W. Lee & M. S. Kim sp. nov. (A) Holotype specimen

(JN120606-01, vegetative plant, Jongdal, 6 June 2012). (B) Very short compressed stipe
arising from flattened holdfast. (C) Frond trichotomously branched at the middle portion
bearing short spinescent protuberances (arrowheads). (D) Frond sub-dichtomously branched
at the apical portion and having acute apex. (E) Cross section view showing three celled layer
of medulla consisting of isodiametric cells. This figure is referred by Lee and Kim (2014).

Scale bars represent: A, 2 cm; B, 500 um; C & D, 1,000 um; E, 50 pm.
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2.3. Callophyllis hayamensis Yamada 1941

[Text-Fig. 7; Lee and Kim 2014]

Holotype: TNS (Yoshida 1998).

Type locality: Hayama, Kanagawa, Japan.

Distribution: Korea (this study) and Japan (Yoshida 1998).

Specimens examined: JN2013-v0454 (Sasu-dong, July 7, 2013, ?): JN2013-

v0457-460 (Guideok 1-ri, July 10, 2013, vegetative); IN2013-s0222-4, JN2013-

v0494, NIBR0000143266 (Sasu-dong, July 12, 2013, ?).

Morphology: Plant is flattened, flabellate, scarlet to dark-red in color, 5-8 cm

long, and 190-206 pm thick (Fig. 7A-B). The thallus has a cylindrical stipe

arising from a discoidal holdfast, and is 3.9-7.3 mm long (Fig. 7C). The thallus

is dichotomously branched 2-4 times, and broadens upwardly (Fig. 7D). The

width of the thallus is ranged from 6.4-8.1 mm in the middle to 3.5-4.3 mm in

the upper. The margin is slightly crenulated (Fig. 7E). The apex of the thallus

is obtuse and roundish. The medulla consists of two isodiametric celled layer,
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that are 62-114 pm x 46-114 um in size (Fig. 7F). The outer cortex is

dorsiventral, consisting of a two- or three-celled layer in the dorsal cortex and

a one-celled layer in the ventral cortex (Fig. 7G-H). Cystocarps are scattered

over the upper blades (Fig. 71), and protude more dorsally with several one-

sided ostioles (Fig. 7]).
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Fig. 7. Callophyllis hayamensis Yamada. (A) JN2013-v0454, vegetative plant collected from

Sasu-dong on 7 July 2013, showing flattened membranous thallus. (B) JN2013-v0495, female
gametophyte collected from Sasu-dong on 12 July 2013. (C) Cylindrical and dichotomous
branched stipe arising from a discoidal holdfast. (D) Thallus dichotomously branched at the
basal part. (E) Slightly crenulation at the margin of frond. (F) Cross section of the frond
showing medulla and cortex. (G) Cross section of the dorsal cortex. (H) Cross section of the
ventral cortex. (1) Cystocarp borne at the upper part of thallus having ostioles (arrowheads).
(J) Cross section view of cystocarp protuberated dorsally with two ostioles (arrowheads). This
figure is referred by Lee and Kim (2014). Scale bars represent: A-B, 2 cm; C-D, 1,000 um; E

& 1, 200 um; F, 25 pm; G-H, 10 um; J, 100 pm.
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2.4. Callophyllis japonica Okamura 1894

[Text-Fig. 8]

Holotype: SAP herb. Okamura (Yoshida 1998).

Type locality: Enoshima, Kangawa, Japan (Yoshida 1988).

Distribution: Japan (Yoshida 1998), Korea (Kang 1968: Lee 2008).

Habitat: Intertidal and subtidal zone, 3-6 m deep.

Specimens examined: Hado-ri, Jeju on May 15, 2012 (120515-19); Jongdal-ri,

Jeju on June 6, 2012 (120606-03-04); Jongdal-ri, Jeju on April 23, 2014 (2014-

v0016): (2014-s0001, female gametophyte): Seongsan, Jeju on June 27, 2014

(2014-s0001-4, female gametophyte).

Morphology: Plants, coloring red to brown-red, grow erect and flabellate

(Fig. 8A) arising from a cylindrical stipe, and are generally found as single

blade from a discodial holdfast (Fig. 8I) or as several blades growing together
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in a small clump with stipe branched from a stem attached by finger-like and

creeping holdfast when mature (Fig. 8G-H). The length of thallus ranges from

7-10 cm in spring to more than 20 cm in summer. Thallus is

subdichoitomous or trichotomous irregularly in a same plane (Fig. 8D-F).

Blades is narrower afterward apex, 2.5-9.0 mm wide at middle and 1.3-2.5

mm at upper, and thinner, about 430 pm at basal, 330 pm at middle and 210

pm thick at upper. Many spiny protuberances are occurred along the margin

of blades, and some of them looks like branchlets (Fig. 8B-F). Medulla

consists of isodiametric cells, 59-119 ym x 101-140 pm, 3-4 celled layer at

basal and middle (Fig. 8]), while large sub-isodiametric cells surrounded by

several small isodiametric cells, 64-79 pm x 58-84 pm and 98-110 ym x 125-

130 um, at upper (Fig. 8K). Cortex two celled layer in basal and middle, one

celled in upper, 3.8-5.9 pm x 4.5-6.1 pm. Cystocarps are borne at the center

of spiny branchlets (Fig. 8L), and one-sided protuberant with several ostiloes

(Fig. 8M). The branchlets bearing cystocarps are crumbled or twisted (Fig.

8L). Carpospores are slightly ovoid to subisodiametric (Fig. 8N).
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Fig. 8. Callophyllis japonica Okamura. (A) Vegetative habit showing slightly cartilaginous
thallus. (B) Apex with much spiny protuberance laterally and apically. (C) Irregular branching
patterns at the upper portion. (D-F) thallus branching at the middle portions and much spiny
protuberance at the margin of frond. (G) Cylindrical stipe arising from finger-like holdfast. (H)
Stipe branching. (I) Cuneate base of frond expanding wider and more flattened from basal to
middle portion. (J) Cross section of medulla at the basal and middle portion of frond consisting
of four isodiametric cells. (K) Cross section of frond at the upper portion consisting of one
celled cortex, and large isodiametric cells of medulla surrounded by small cells (L) Cystocarps
borne at the marginal spiny branchlets. (M) One-sided protuberant cystocarp. (N) Carpospores
borne at gonimoblast filaments. Scale bars represent: A, 3cm; B-C & E, 500 ym; D & F & L,

1,000 pm; J & N, 50 um; K, 25 um; M, 100 um.
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2.5. Callophyllis mollitiaH. W. Lee & M. S. Kim sp. nov.

[Text-Fig. 9; Lee and Kim 2014]

Diagnosis: Thallus membranous, tender, flattened, palmate, bright brown-

red in color, sub-dichotomously branched, shortly stipitate, 3-5 cm long,

4.3-5.1 mm wide in the middle, attached to the substratum by a discoidal

holdfast with several minute radical discs arising from the thallus: Apex

roundish, margin smooth, cystocarps hemispherical scattered over the

entire blades with 2-3 one-sided ostioles; tetrasporangia cruciately divided,

scattered irregularly in the cortex.

Holotype: JN120725-07 (Fig. 9A), female gametophyte, collected at 12-15 m in

depth of the subtidal zone on July 25, 2012, and deposited in the Herbarium

of Department of Biology, Jeju National University, Korea (JNUB).

Isotype: NIBR (NIBRAL0000143265, vegetative) and JNUB (JN120725-08, Q).

Type locality: Daesambudo, Yeosu, Korea (34°03°07.17" N, 127°22°56.58” E).

Etymology: The specific epithet (imollitia) was chosen to represent the tender
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thallus of this species.

Distribution: Korea (this study)

Specimens examined: N12sp001-4 (Jongdal, January 6, 2012, ®);

NIBRAL0000143265 (Daesambudo, July 25, 2012, vegetative), 120725-07-8

(Daesambudo, July 25, 2012, ?); 120130-16-18 (Munseom, January 30, 2013,

vegetative).

Morphology: Plant is flattened, palmate, tender, membranous, and bright

brown-red in color (Fig. 9A). Its thallus is branched irregularly 2-3 times (Fig.

9A). Thallus has a very short stipe arising from a radical disc (Fig. 9B), and is

attached by several minute radical discs borne laterally or ventrally at the

basal portion (Fig. 9C). The thallus is 3-5 cm long, 279.8-315.7 pm thick, 1.9-

2.9 mm wide at the basal, 4.3-5.1 mm wide at the middle, and 2.3-2.9 mm at

the upper portion. The thallus margin is smooth all over (Fig. 9D). The apex is

roundish or bluntly dissected. The medulla is made up of irregular

isodiametric or sub-isodiametric cells (Fig. 9E), the smaller cells are 75-83

mx 80-110 ym in size, and the larger cells are 141-204 pm x 152-198 ym. The
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cortex is made up of bead-like cells, 5.3-5.9 ym x 4.9-6.1 pm in size (Fig. 9E).

Tetrasporangia are oblong and cruciately divided, and they are located in the

cortex, 31.1-34.5 pym x 13.0-15.6 pm in size (Fig. 9F). Cystocarps are scattered

over the entirety of the blades, more protuberant dorsally than ventrally, and

they have several ostioles opened dorsally (Fig. 9G). The cystocarps are 738.6-

784.6 ym x 795.3-818.7 pm.
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Fig. 9. Callophyllis mollitia H. W. Lee & M. S. Kim sp. nov. (A) Holotype specimen
(JN120727-07, @, Daesambudo, 7 July 2012). (B) The Main radical disc. (C) Minute radical
discs borne at the basal portion of frond grasping substratum (articulated coralline algae). (D)
Smooth margin of frond. (E) Cross section view showing medulla consisting of irregular size
of isodiametric cells. (F) Teterasporangia cruciately divided scattered in the cortical layer. (G)
Cross section view showing cystocarp with two ostioles (arrowheads). This figure is referred
by Lee and Kim (2014). Scale bars represent: A, 1 cm; B, 500 pm; C, 300 um; D & G, 100

um; E, 50 pm; F, 10 um.
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2.6. Callophyllis repens H. W. Lee & M. S. Kim sp. nov.

[Text-Fig. 10; Lee and Kim 2014]

Diagniosis: Thallus creeping, flattened, flabellate, slightly cartilaginous, dark

red in color, dichotomously branched, 2-5 cm long, 2.1-2.8 wide in the

middle, attached to the substratum by a discoidal holdfast with several

minute radical discs; apex is acute; margin minutely crenulated, a few

globular lateral protuberances, and adherent laterally to neighboring blade

margins.

Holotype: IN120717-20 (Fig. 10A), vegetative plant, collected at 25-30 m in

depth of the subtidal zone on July 17, 2012, and deposited in the Herbarium

of Department of Biology, Jeju National University, Korea (JNUB).

Isotype: NIBR (NIBR0O000143263, vegetative).

Type locality: Shinchang, Jeju, Korea (33°21°00.88” N, 126°09°51.26" E).

Etymology: The specific epithet (repens) was chosen to represent the

creeping thallus of this species.
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Distribution: Korea (this study).

Specimens examined: JN120717-20 (Shinchang, 17 July 2012, vegetative):

NIBR0000143263 (Shinchang, 17 July 2012, vegetative).

Morphology: Plants are flattened, slightly cartilaginous, and dark-red in color

(Fig. 10A). The thallus is dichotomously branched in the same plane (Fig. 10A).

The thallus arises from a main discoidal holdfast (Fig. 10B), and bears several

minute radical discs at the basal portion (Fig. 10C). The thallus is 2-5 cm long,

200-220 pm thick, and 2.1-2.8 mm wide at the middle portion, getting

narrower to the upper portion, 0.9-1.7 mm wide. The apex is acute. The thallus

margin is minutely crenulated (Fig.10D). One blade of the thallus is adhered to

another blade at the margin by the lateral protuberances of both blades (Fig.

10E). The medulla is made up of irregular isodiametric or sub-isodiametric

cells, 61.8-90.1 ym x 58.6-84.9 um in size (Fig. 10F). Cortex is a one- or two-

celled layer, 5.3-6.7 pm x 5.2-6.9 um in size (Fig. 10F).
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Fig. 10. Callophyllis repens H. W. Lee & M. S. Kim sp. nov. (A) Holotype specimen

(JN120717-20, vegetative plant, Shinchang, 17 July 2012). (B) Main holdfast of the frond. (C)
Minute radical disc borne at the basal portion of frond. (D) Globular protuberances borne from
minutely crenulate margin of thallus. (E) The adhering point (arrowhead) of frond attached at
the margin. (F) Cross section view showing one celled cortical layer and large isodiametric
medullary cells surrounded by small cells. This figure is referred by Lee and Kim (2014). Scale

bars represent: A, 2 cm; B & E, 500 um; C-D, 200 um; F, 25 pm.
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2.7. Callophyllis serratifoliaH. W. Lee & M. S. Kim sp. nov.

[Text-Fig. 11; Lee and Kim 2014]

Diagnosis: Thallus flattened, flabellate, slightly cartilaginous, dark red in

color, dichotomously branched in a bushy clump, shortly stipitate, 5-7 cm

long, 2.3-4.9 mm wide in the middle, attached to the substratum by a

discoidal holdfast; apex narrowly blunt; margins serrated. procarps consist

of a supporting cell, 2-4 subsidiary cells, three-celled carpogonial branch:;

cystocarps spherical and scattered over the upper blades with 2-6 both-

sided ostioles; tetrasporangia cruciately divided and scattered irregularly in

the cortex.

Holotype: IN120602-04 (Fig. 11A), vegetative plant, collected at 8-15 m in

depth of the subtidal zone on June 2, 2012, and deposited in the Herbarium of

Department of Biology, Jeju National University, Korea (JNUB).

Isotype: JNUB (JN120602-5, @) and NIBR (NIBR0000143261, vegetative).

Type locality. Munseom, Seogwipo, Korea (33°1340.25” N, 126°34°01.05" E).
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Etymology: The specific epithet (serratifolia) was chosen to represent the fact

that the marginal outline of this species has serrated edges.

Distribution: Korea (Lee 2008, this study) and Japan (this study).

Specimens examined: JN120513-22, 24 (Munseom, May 13, 2012, vegetative);

JN120602-04, NIBR0000143261 (Munseom, June 2, 2012, vegetative);

JN120602-05 (Munseom, June 2, 2012, Q): JN120725-49-52 (Geomundo, July

28, 2012, vegetative); IN120727-43 (Dueokdo, July 27, 2012, ®); 120727-44

(Dueokdo, July 27, 2012, Q); IN2013-v0285 (Seopseom, April 5, 2013, ®):

130616-25 (Munseom, July 16, 2013, @).

Morphology: Plants are flattened, flabellate, slightly cartilaginous, and dark-

red in color (Fig. 11A), arising from a short cylindrical stipe. The thallus grows

as a single blade or a small clump with several blades from a discodial holdfast

(Fig. 11B). The thallus is usually 5-7 c¢m long, occasionally up to 10 cm long,

2.3-4.9 mm wide at the middle branches, 1.2-2.1 mm wide at the upper part,

320-395 pm thick at the basal, and 193-212 um thick at the middle. The

thallus is dichotomously branched in the same plane (Fig. 11C), and serrated

- 49 -



at the margins (Fig. 11D). The apex is narrowly blunt (Fig. 11E). The medullar

consists of large sub-isodiametric central cells, 97-102 pm x 101-127 pm in

diameter, surrounded by several small cells, 54-71 pm x 55-82 pm in

diameter (Fig. 11F). The cortex is usually a two-cell layer consisting of cortical

cells, 4.6-6.7 ym x 5.2-7.8 ym in diameter (Fig. 11F). Tetrasporangia are

irregularly scattered on the thallus surface (Fig. 11G), and are cruciately

divided in the cortical layer, 2.0-2.3 pm x 9.5-10.9 pym in diameter (Fig. 11H).

The procarp consists of three-celled carpogonial branches arising from a

supporting cell with two subsidiary cells (Fig. 111). Cystocarps are located on

the surface of the upper branches, are 890.4-842.4 ym x 870.6-920.9 pm, and

protude toward both sides with both-sided ostioles (Fig. 11]).
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Fig. 11. Callophyllis serratifolia H. W. Lee & M. S. Kim sp. nov. (A) Holotype specimen

(JN120602-04, vegetative plant, Munseom, 2 June 2012). (B) A discoidal holdfast bearing
several fronds. (C) Thallus dichotomously branched. (D) The serration at the margin of frond.
(E) Frond having narrowly blunt apex (F) Cross section of frond showing two celled layer of
cortex, and large isodiametric cells of central medulla surrounded by small cells. (G) Surface
view showing scattered tetrasporangia (arrowheads). (H) Tetraspoarangia cruciately divided
in the cortical layer. (I) Three celled carpogonial branch and carpogonium (arrowhead) borne
supporting cell with subsidiary cells. (J) Cross section of cystocarp with two ostioles
(arrowheads). This figure is referred by Lee and Kim (2014). Scale bars represent: A, 1 cm; B,

C & E, 1,000 um; D & J, 100 pm; F, 20 pm; G-1, 10 pm.
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2.8. Callophyllis undulata H. W. Lee & M. S. Kim sp. nov.

[Text-Fig. 12; Lee and Kim 2014]

Diagnosis: Thallus flattened, flabellate, membranous, erect, stipitate, light

scarlet to bright red in color, dichotomously branched in a bushy clump, 3-8

cm long, 2.8-9.9 mm wide in the middle, attached to the substratum by a

discoidal holdfast; apex roundish; margin pleated.

Holotype: IJNHU110612-01 (Fig. 12A), vegetative plant, collected at 25-30 m in

depth of the subtidal zone on June 12, 2011, and deposited in the Herbarium

of Department of Biology, Jeju National University, Korea (JNUB).

Isotype: JNUB (JNHU110612-2, vegetative) and NIBR (NIBR0000143262,

vegetative).

Type locality: Udo Channel, Jeju, Korea (33"29'55.19” N, 126°56°02.53" E).

Etymology: The specific epithet (undulata) was chosen to represent the

pleated edge of the marginal outline of this species.

Distribution: Korea (this study).

Specimens examined: ]NHU110612-01 & 03, NIBR0000143262 (Udo Channel,

June 12, 2011, vegetative).
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Morphology: Plants are erect, flabellate, scarlet to bright-red in color (Fig 12A),

and have a cylindrical stipe that arises from a discoidal holdfast (Fig. 12B). The

thallus is 3-8 cm long, 2.8-9.9 mm wide, and 99.1-190.5 pm thick. The thallus

is dichotomously branched (Fig. 12C), pleated, and bluntly serrated at the

margin (Fig. 12D). The apex is roundish (Fig. 12E). The medulla is almost

entirely a two-celled layer of large sub-diametric cells, 42.2-85.4 pm x 39.6—

86.6 yum in size (Fig. 12F). The cortex is one or two layered: The outer cortical

cells are bead-like, 3.5-5.2 pm x 3.3-5.0 ym in size, and the inner cortical

cells are oblong, 2.5-5.2 ym x 6.4-8.6 um in size (Fig. 12F).
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Fig. 12. Callophyllis undulata H. W. Lee & M. S. Kim sp. nov. (A) Holotype specimen
(JNHU110612-01, vegetative plant, Udo Channel, 2 June 2011). (B) Two stipes arising from
a discoidal holdfast. (C) Thallus having pleated margin and dichotomously branched frond.
(D) Thallus margin pleated and bluntly serrate. (E) Frond having roundish apex. (F) Cross
section showing two celled layers of the cortex consisting of isodiametric cells at the outer
layer and oblong cells at the inner, and two or three layered isodiametric medullary cells.
This figure is referred by Lee and Kim (2014). Scale bars;A, 1 cm; B-C & E, 1,000 um; D,

100 pm; F, 10 pm.
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C. undualta sp. nov.= shtQ] HAM| S 71X 11 Aldsh gy o 2 BE JASH] 7]

Ao HasH] +¢ Atete EAS 7HA| oW, C mollitia sp. nov.?t C

repens sp. nov.= o2] 7§19 BA|o] o5l 7Aoo 7|ofAete A AUl 9l

ot et=gAb F2d4 850 SAIRRE ATEW, A-Fste FENS] C japonica?t
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SHA Y Aleke B539 4L C adhaerens®t C. serratifolia sp. nov.= 4]
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(Fig. 7; Yamada 1941), C. undulata sp. nov.~= dj#Hy} 2HO] m]=1Lx7} A5}t

N ]\;—(ﬂ 7]~K]'K]>aoﬂ 7} x} HEH:EJ'EH 9\)1% i]—O]% E?_D]'(Flg ].2) C.

adhaerens?} C. repens= QA =0] AASIHA M2 ARSH=s S-S Eol=t,

C. adhaerensz= FAIN =49 =710l AL M2 o] Rst= A/dAIY Hid

(dorsal portion)¥t EWH(ventral portion)o] AlZ Srdop HZMSHK|oHFig. b5

Yamada 1932) C. repens sp. nov.= A3 BX|1fH & Ho|o] EX|50] &H

7Y AR o A A2 A-SHcHFig. 10). C. mollitia sp. nov.=
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AA|Q] Zo0]| 10-20 mm= C mollitia sp. nov.oj| 3-58]  WOHA Ax|Q] 75+

ARjoll ARIE EEoHA| 94al fE2% C mollitia sp. nov.?t 2] £d FY=Z
& F27F YEf= Aol S HEQIti(Table 5). C. japonicaw SXE|E Yol x5t
+ 08 $5¢ 29 S5s 7PgAE el RS 717 7P A I st A

HArtele wet grte e 98k Aletks 542 xIUrk(Fig. 8: Okamura 1936)

C. serratifolia sp. nov. 3t GAQ] 714X S we} G728 EY Lol AX|7}f

LF5tAI(Fig. 11), C Jjaponicaxld 7V3ArelE met 2722 RetAlE WAY
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rlr
>
R
Sl
He
>
a)
ofL
tlo
ok
rO
ol
o
8,
o
&3
0
c
=
0}
©
T
[e)]
S
Q.
—
—
=
u)
ol
)
re
rO
=2
Mo
H
ol
o
rlr
in

A5 F& AR ZAPS YHtetrasporangial sori)?] 74 #-7ol ot F&sh=H

- 58 -



(Dawson 1954; Norris 1957; Abbott and Norris 1966), & & LofA] &+QIst

rOll
H

A Beals 250 ARIANGEL mFo] ARRIC

F2U&59] dujAoA FiKcystocarp)= FBAIS] BH, E= AAQ] 7R

wolY 9Al sHez dgste faAd Fd=m(Norris 1957), o] w5

(ostiole)o] =0 BBl 7|49t HEAIGo] RFo 02t Yo} BFe W

ke =of mzt xpo]E HeltiDawson 1954; Norris 1957; Abbott and Norris

1966). ¥ ALo|N C hayamensis (Fig. 7), C. japonica (Fig. 8), C. mollitia sp.

nov. (Fig. 9)*t C serratifolia sp. nov. (Fig. 11)o|A = Q151 o] C

)

japonicaito]l FA|9] 7HFAr| S wetA UEeh J{etAlo] bt 49 E A,

hayamensis, C. mollitia sp. nov.2} C. serratifoliasp. nov.2] Gil= GAA] ArE

oA oiAZe=z  FARt AA mHO A AtAistd ¥4 C

hayamensis?t C. moliitia sp. nov. 3% vjH(dorsal) ¥3Fo 20t Gultrp HE0of

e2n g w5020t JAdHT. o|o §tel|, C. serratifolia sp. nov.«= ‘a7t

H 5(dorsal)¥} EZ&(ventral) YFo s BE0] =1 Iy Eoh FYIo=

ogd

JE= Aol Eoh d2inz gutef g4 AR, I Jiaet 92 52

He,
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(procarp)ollA] Al 7lje] M= o]FojX WSt (Arakaki et al. 2011). & H5Lo]]

A= C serratifolia sp. nov.o|AXQF SRIE| AT C serratifolia sp. nov.9|A 34|

‘do] gl &o] stte] XXM Z(supporting cell)ollA] F/JE T, 271 o] Thzrg <
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4 U A5e 2RO 383 540l @ 4 AL AU, she] U
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o]Zg &Qlstgict B ALoA =&3SH COI-5P AlE45 AHEH, SAEIHE Yo
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Table 5. A comparison of taxonomic characteristics among the species of Callophyllis including five new species. This table is referred by Lee and

Kim (2014).
C. cartialginea C. mollitia C. repens C. serratifolia C. undulata
Sp. Nov. Sp. nov. Sp. nov. Sp. nov. Sp. nov.
Habitat On rocks On corallines or On rocks or corallines On rocks On rocks
(depth) (5-10 m deep) invertebrates (25-30 m deep) (8-15 m deep) (25-30 m deep)
(10-15 m deep)
Thallus Erect, cartilaginous, in a Flattened, palmate, Flattened, slightly Flattened, slightly Flattened, membranous, in
bushy clump membranous in tender cartilaginous, creeping cartilaginous, in a bushy a bushy clump
clump
Branching Di- or trichotomous Sub-dichotomous Dichotomous Dichotomous Dichotomous
Color Dark- to brown-red Bright brown-red Dark red Dark red Light scarlet to bright red
Length 5-7 cm long 3-5cmlong 2-5 cm long 5-7 cm long 3-8 cm long
(up to 15 cm long) (up to 8 cm long) (up to 10 cm long)
Width 1.1-1.7 mm wide 4.3-5.1 mm wide 2.1-2.8 mm wide 2.3-3.2 mm wide 7.6-9.9 mm wide
(in middle)
Apex Acute Roundish or bluntly Acute Narrowly blunt Roundish
dissected
Margin Smooth and spinescent Smooth slightly crenulate Serrate Pleated and crenulate
protuberances
Adherence None None lateral margin to margin None None
Attachment  Asub-discoid holdfast Minute radical discs Adiscoid holdfast and Adiscoid holdfast Adiscoid holdfast
minute radical discs
Cystocarp - Over the entire blades - Over the upper blades -
scatteredly scatteredly
Ostiole - 2-3 one-sided - 2-6 one or both-sided -
Reference This study This study This study This study This study
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Table 5. Continued.

C. adhaerens C. adnata C. crispata C. hayamensis C. japonica
Yamada Okamura Okamura Yamada Okamura
Habitat On rocks or other algae Not detemined On rocks in subtidal On rocks or invertebrates ~ On rocks
(depth) (10-15 m deep) (20-25 m deep) (3-6 m deep)
Thallus Flattened, membranous Flattened, softly Erect, membranous Stipe erect and blade Erect, membranous, in a
membranous flattened, membranous bushy clump
Branching Pinnately dichotomous Dichotomous in short Di- or polychotomous Dichotomous Irregularly di- to
interval subdichotomous
Color Bright red Red and often fading Blooded or rosy Scarlet to dark red Dark- to brown-red
ferruginous
Length 3-7cmlong 6-10 cm long 10-20 cm long 4-7 cm long 7-10 cm long
(up to 20cm long)
Width 1.8-2.3 mm wide 10-20 mm wide 20-30 mm wide 6.4-8.1 mm wide 2.5-9.0 mm wide
(in middle)
Apex Obtuse Obtuse and expanded Roundish Roundish obtuse Acute
Margin Smooth and small Entirely or more/less Naked in sterile, minutely  Slightly crenulate Spinescent protuberance
protuberance crenulate curled in fertile and some branchlets
Adherence To each other or to other None None None None
things
Attachment  Adiscoid holdfast Minute radical discs A discoid holdfast A discoid holdfast A discoid holdfast
Cystocarp Along the margin Over the upper blades At the margin or on the Over the upper blades On center of branchlets
scatteredly surface scatteredly along the margin
Ostiole - 1-2 ostioles 1 ostiole 2-6 one-sided ostioles 2-4 one-sided ostioles
Reference Yamada (1932) Okamura (1932) Okamura (1896, 1916) Yamada (1941) Okamura (1936)
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