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Abstract: In this paper, we study in Rhizocarpon Ramond ex DC. species by the method of combining phenotypic

characteristics ( morphology, anatomy and chemistry) with genotypic characteristics (ITS sequence ). The aims of this
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present paper are to clarify the status of some species and explore the relationship between phenotype and genotype in
Rhizocarpon. During the study on Rhizocarpon species from southwest China, R. sichuanense Y. M. Zhang, L. Hu &
W. C. Wang sp. nov. is described as a new species in this genus. The new species is morphologically similar to R.
cinereonigrum Vain and R. sinense Zahlbr., which also produces brown thallus, medulla I-, 8-spored ascus and brown
ascospores with 1-septa. But it can be distinguished by the scattered, areolate to subsquamulose thallus, a distinct black
prothallus , large ascospores are [ (27-)32-42.5] pm x [ 12.5-17.5(-20) ] pm and the presence of barbatic acid is in
the thallus. In phylogenetic trees, it is also similar to R. badioatrum ( Florke ex Spreng. ) Th. Fr. which can be
distinguished by the more continuous thallus with diffractaic acid or without secondary products, and the smaller spores
[(23-36) pm x (13-16) pm] than this new species. The phylogenic results are as follows: (1) The new species
R. sichuanense belongs to badioatrum group which belongs to Rhizocarpon subg. Phaeothallus; (2) It is unsuitable to
classify some groups only based on anatomical characteristics ( spore size and separation type) in Rhizocarpon, the
chemical characteristics should also be considered. In this paper, the achievement of ITS sequences provide the basic
data for an establishment of a more reasonable and natural classification system. In addition, we provide high resolution
pictures of morphological, anatomical and chemical characteristics as well as detailed descriptions of the new

species. The key to the species of Rhizocarpon subg. Phaeothallus with 1-septa brown spore ( Badioairum group) in the

44 ¥

world is also provided, which will provide basic data for the further studies in this group.
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Rhizocarpon sichuanense Y.M. Zhang, L. Hu &
W. C. Wang sp. nov. &2 (A-J)

FN571638

Diagnosis; This species is similar to Rhizocarpon
cinereonigrum Vain. but differs by the large brown
ascospores, areolate to subsquamulose thallus, grey-
brown areolae, and the presence of barbatic acid.

Etymology: The epithet ° sichuanense’ refers to
Sichuan Province, where this species was found.

Typus: China,Sichuan, Garze Tibetan Autonomous
Prefecture, Kangding City, Ertaizi  Zhongqiao,
30°02'34.24" N, 101°49'53.27" E, 3752 m alt., on
rock, 29 April 2021, Ling Hu, et al., 20210551
(SDNU~-holotypus) .

Description ;

Thallus

subsquamulose , generally up to 5 ¢m diam, sometimes

crustose , areolate  to
larger, areoles brown to grey-brown, flat to slightly

convex, matt, scattered on prothallus, round or
angular, up to 0.75 mm diam, 0.1-0.5 mm thick,
cracks usually present on the areolae, epruinose to
faintly pruinose. Upper cortex brown, dull, smooth,
without an epinecral layer, 12-20 pm high, containing
crystals. Lower cortex black brown, without crystals.
65 — 95 pm high;
photobiont chlorococcoid, algal cells 10 — 15 um
Prothallus black. Prothallus  well

developed, black, distinct between the areolae and

Photobiont layer continuous,

diam. distinct,
along the margin.

Apothecia black, lecideine, 0.2-0.9 mm diam,
round or angular between the areoles, sessile on the
black prothallus; disc flat to concave, scabrid,
epruinose ; proper margin 50—100 pwm thick, persistent,
above or the same level as the disc, concolourous with
the disc, epruinose to faintly pruinose, sparingly shiny;
exciple 50—100 pwm thick, deep brown to black at the
rim; inner part red-brown, containing crystals dissolved
in K, the radiating hyphae 4—6 pm wide; hymenium
colorless, 80 — 135 pm tall, paraphyses septate,

branched and anastomosing ca. 2.5 pm thick in mid-

hymenium and 3 = 4 (= 5) wm thick apically;
epihymenium pale brown to deep brown, K+ pale violet-
red, to 25 pm thick, K —;
hypothecium black brown, without crystals, K—; asci

without ecrystals,
clavate, Rhizocarpon-type, 8-spored; ascospores soon
becoming dark brown, 1-septate, ellipsoid or oblong,
halonate, [ (27-)32-42.5] pm X [12.5-17.5(-20) ]
pm, length/width ratio (1.4-)1.7-2.1(-2.2).

Chemistry; Medulla I-, K-, C-, KC—-, P—;
barbatic acid (TLC).

Distribution and habitat; The new species is known
from Sichuan Province, on huge granite stones, between
2731 m and 3752 m

Rhizocarpon  geographicum,

altitude, growing with
Dermatocarpon  sp. and
Aspicilia sp. It is only known in China up to now.
Additional specimens examined; China, Sichuan
Province, Garze Tibetan Autonomous Prefecture, Luding
County, Mt. Yajiageng, on the rock, 29°54'10.19" N,
101°59'59.64" E, alt. 3 946 m, 27 April 2021, Ling Hu
et al., 20210102 (SDNU) ; China, Sichuan Province,

Liangshan Yi Autonomous Prefecture, Huili County, on

the rock, 26°47'22.89" N, 102°12'18.58" E, alt. 3 648
, 23 April 2021, Ling Hu et al., 20210837
(SDNU ). China, Sichuan Province, Liangshan Yi
Autonomous Prefecture, Puge County, on the rock,
27°35'5.63" N, 102°22'47.40" E, alt. 3622 m, 13
September 2021, X.Y. Wang et al., XY21-418 (KUN
80845)

Remarks: Rhizocarpon sichuanense is characterized

m

by its saxicolous, scattered grey-brown and areolate to
subsquamulose thallus, a distinct black prothallus,
large 1-septate brown ascospores and the presence of
barbatic acid. R. cinereonigrum is similar to this new
species but the fomer has smaller ascospores (25-36
pm long ) and produces stictic acid in thallus
(Thomson, 1967). Phylogenetic trees (Fig. 2) indicate
that the new species is close to R. badioatrum
(Spreng.) Th. Fr., also has brown epihymenium K+
violet and 1-septate brown ascospores, but R.
badioatrum has a dark brown and more continuous
thallus with diffractaic acid or without secondary

products (Timdal & Holtan-Hartwig, 1988). Among all

of the non-yellow Rhizocarpon species with 1-septate
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NEMEAK R. copelandii KU687447
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(-0, M-, - B

A BERBUZRL: 0=TC 0], 1="8; B. T 1J2 K N 0=T0IRN, 1="B5206, 2=H %4 6, C. TRNETHH . 1=811,
22270, 3= 140 D AUTHM, 1=F0, 2= L 1 B B ALTHI6, 1= 6, 2= /56, 3= 5N 66 IRIAIN B 6 A;
F. Rhizocarpic acid; 0=7C, 1=4, 2=HHJC; G. Psoromic acid;: 0=TC, 1=4, 2=H1JC; H. Barbartic acid: 0=TC, 1=/, 2=H I L;
1. Diffractic acid: 0=7C, 1=4, 2=FHu; J. Gyrophoric acid: 0=7G, 1=A, 2=A8J; K. Norstictic acid; 0=TG, 1=F, 2=HEJ;
L. Stictic acid: 0=7&, 1=47, 2=F 8T, HM3XMAEMEBIEZRR ARE(BS) , A AR DR IR (PP) ARG R
HIRERT 75 BURKHRRT 0.95 MBUE, ARG ERPRSMEREIRBH R AR R . 81 (0 5O IR IR Rl 18 (7
FOAE AL R LD OBRC R RS AR A, R 0.05,

A. Medulla I+ or I-; O=none, 1=I+ blue; B. Epihymenium K+ or K-: O=none, 1=K+ violet, 2=none or K+ violet; C. Spore number; 1=8
per ascus, 2=2 per ascus, 3=1 per ascus; D. Spore type: 1 =mudiform, 2=1-septa; E. Spore colour; 1= colourless, 2= brown or green, 3=
colourless when young and dark when mature; F. Rhizocarpic acid; O=none, 1=presence, 2=none or presence; G. Psoromic acid; O=none,
1 =presence, 2=none or presence; H. Barbartic acid: O=none, 1=presence, 2=none or presence; I. Diffractic acid: 0=none, 1=presence,
2=none or presence; J. Gyrophoric acid: O=none, 1=presence, 2=none or presence; K. Norstictic acid; 0=none, 1=presence, 2=none or
presence; L. Stictic acid: 0=none, 1 =presence, 2 =none or presence. The number in each node represents bootstrap support ( BS) and
posterior probability (PP) values. BS values=75 (left) and PP values=0.95 (right) are plotted on the branches. The phylogenetic tree is
rooted to Catolechia of Rhizocarpaceae. The sequences in yellow background shows the species belong Rhizocarpon subg. Rhizocarpon, the orange
background shows the species belong to Rhizocarpon subg. Phaeothallus, the sequences of taxa in red color are newly generated for this

study. The nucleotide scale in 0.05 substitution per site.

B 1 ETITS FIHENMEREREREH

Fig. 1 Phylogenetic tree of Rhizocarpon based on ITS sequences
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A BRI BEE T A F P, AT 318 EIE WML i A L B AR OB RO 4B, B EEOR CoF R
WU A D RS EA RS B RSN BIET Kk ; F. 79, G FRIEUN ; H. M8 HRA; I TRATE
@ 1%, B2 5 J. TLC AR IS I B R (A M BRARLE HOE PRI &5 OB ANTE 365 nm Dt FHRAR I (45 A B 7E H O T i
BREM), K. B = 0.5 mm; C-E = 100 pm; F-I = 20 pum,

A. Type locality, Ertaizizhonggiao County, Kangding City, typical habitat is distributed on stones in the hills off Highway 318; B. Grey-brown
thallus with scattered areoles, apothecia and subsquamulose areoles; C. Vertical sections of apothecia in water; D. Showing crystals in
excipulum refracting polarized light; E. Showing crystals dissolved in K; F. Ascus; G. Amyloid reaction of ascus; H. Showing branched and
anastomosing paraphyses; L. 1-septate brown ascospores with haloe; J. Barbatic aicd detected by TLC ( On the left, the standard sample is
sulfuric acid color under sunlight; in the middle, the new species is sulfuric acid color under 365 nm light; on the right, the new species is

sulfuric acid color under sunlight ). Scales; B = 0.5 mm; C-E = 100 pm; F-I = 20 wm.

B 2 )il E % (SDNU 20210551)
Fig. 2 Holotype of Rhizocarpon sichuanense sp. nov. (SDNU 20210551)
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brown ascospores, R. sichuanense has the largest
ascospores (32-42.5 pm long) , R. badioatrum and
R. cinereonigrum have smaller ascospores (25-36 pm
long) ; the second is R. sinense (30-40 pwm long) ,
and other species are even smaller (less than 30 pm

long) ( Fletcher et al., 2009). Therefore, combined
with the above-mentioned morphological
characteristics, we identified R. sichuanense as a new
species.

FEREAE, % P 5 Rhizocarpon cinereonigrum
Vain AL, {H A2 DX FE T2 A 198 55K, H A IR
R B IR R T AR 0, DR )
R,

TR AN BRI © sichuanense” 48P
KRIEH E N A

FRE A I OB F IR M R E
i, & F 1 HF,30°02'34.24” N, 101°49'53.27"
E,3 752 m, f1/£,2021-04-29 , #% 45, 20210551
( SDNU-holotypus)

TEZS 24 R M A AR SR, 3R fa 2 = e
R, HAREH ATIE 5 em, HIA AR R AR 0 SRS
0, P RE i WA R TR AR B BRI
REDE s A M, B ATIA 0.75 mm, JEEE R 0.1~
0.5 mm, 2 7 TR | 38 H A A0 R 48 o0 A,
By A B AT RO FR A . B RRRR A BIR P
B TR o3 A, W EE N 12~ 20 wm, A R A 43
fii, FEJZBAR O, TR, WRESE, S E
N 65~95 wm; IEAE WM ERIE 2R 0, A0 M AR
10~15 wm, FIHARR (0, & F R4, 50 A 78 H
AR ) B i %%

FRGEA AR HHE K 0.2~0.9 mm,
B Bl 2% #4304 78 A IR R R 2 ), il 2R T
R BRI AR Z [ 85 175 2 IR W R
Tok AR 2R e BR, W AT L JRE BE A 50 ~ 100
o, L 28 TR R B 28 T [R]85 Ak T A
[, X5 0 A0 TE B A W R o0 A, B0 A O
RIFHNGE OB, WIRF OB O, RN
ECRR S EC T EAR N N AT B W TR N
i ROTN BB TR 22 ARSI, SEE N 4~6 pm; T
SC)EEE IO, m R 80~ 135 wm; 2253 Fa , Kl
B HAaR, M 22 iR 22 MM 29 2.5 wm 5 ]
2T EZ M 3~4(~5) um J&; F5E 2B
GERRO K R EREY 26, Ak 25

wm , JC AR AT A, K- 5 28 )2 B AR 0, T b R 0 A
K—; 7 4 B R, 7 28 0 4% 28 B O i &1 4K Y
( Rhizocarpon-type ) , T %W & 8 M+ ; F #E 1f1
T P AR R AR 6, B 1 R B R AL
WA G 4, WG 1R AR B Rat [ (27 ~)
32~42.5] wmx[12.5~17.5(~20)] pm, K/%
F(1.4~)1.7~2.1(~2.2),

P E AL 8)Z 1- K- C- KC— P—;TLC %
62 3] B B 152 ( barbatic acid) .

SyATAAESE GZ AR A A 8 AR B
REGAER A b R F AE2 731~3 752 m Z[H],
5 Rhizocarpon geographicum . Dermatocarpon sp. Fl
Aspicilia sp. SF AP TP A KTIE—E, HETHN I,
WAL T

HAWGIERRAS . op B pU )14 B OO A R
M E B MER AL, 3 946 m, £1 74,2021 -04 -
27, FAFS4E 20210102 ( SDNU) 5 [, U145, il
AR, ST 3 648 m, £i4:,2021-04-23,
BHES % 20210837 (SDNU) 5 H [, DU 148, ¢ 1L 5%
EEM, HRE 3622 m, £14:,2021-09-13, F
SR T4, XY21-418 (KUN 80845) .

THE ZHF E AR R AR A 4 i E
SRR, BRSO A, R K AR T H AR
B I RO, B 1 B AR A R )
A= o BB R Rhizocarpon cinereonigrum 5
OB AN AR L, (H 2 A B A 00 R BN (K
25~36 wm) , I H A g U A ™ 4 0 B
MR (stictic acid) ( Thomson, 1967) . RHE KB 4
Brai RFEMWIZH A5 R badioatrum ( Spreng.)
Th. Fr.iEfLBE B0, 58 W R AR O 75 |k
=i = W FAIA S FA R (R (AR S =N
b (EJE R. badioatrum (AR 24 Fr 3l W 4 22457
A, I HOH A B, S R I A 1A
WO AR AR D S, T8/, (23~36) pm X
(13 ~16) pm, K Z AR = 9 R o 36 K R
( diffractaic acid ) ( Timdal & Holtan-Hartwig,
1988), It AN, R. sinense Zahlbr. B fil T 1 & K
[ (30~40) umx(10~15) wm) | HE 1 #Fg, HE
P A A R AR, S TR, R HOLEE A
JBE I 2 3 A, AR 7 ) o = 1R ( gyrophoric
acid) (C+ZLE) , T2 5 AR | A7 S MOHE At €
( Zahlbruckner, 1930) ,

I, 2648 AR T i Fhifa H I 1
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b i) 9 Bl ( Badioatrum group ) 7, 1 F i K Ay &
R. sichuanense ( K E N 32~42.5 pm) HxH
R. sinense (K &£}y 30 ~40 wm) , R. badioatrum F
R. cinereonigrum A 7L+ #H Xﬁi&i/]\({éfﬁj@ 25 ~36
m ), 17 AB ) Bl i 4 5 B/ (K /N T 30 pum)
(Fletcher et al., 2009) . i, B8 DA FWIE S
o EE A Uy AR e A R AT
R AT

WEAN AW 538 3 45 5 2 B0 5 ik P R KR A E
1303 M R B A& 7K S B9 R 3 b 1 1 AT i A+
o M A A S 1) 4 i O AN BB R Y 3 Ak o)
B, MRS Tl s 2, Bk n] W, Thomson
(1997) AL AR #H Hb A< 4K B9 B €5 DL J 02 5 77 A
rhizocarpic acid X i & A& #4740 73 IF A & B, (7]
FE R 5T 25 R 7E McCune 25 (2016) il Davydov 55
(2017) 3545 e B, A6 Ff ) Bk 4 S BF (group ) 7K

R A b FATT A B Hh A Y B R R R
BER BRI BE AT & BRI 76 7 1) KN 20 B 26
LN = 1 A A I £ Superﬁcmle group .

Viridiatrum group 1 Geographicum group iX 3 /|~
FERYYI D 2% A B R 1 Bt i Ak o A, SR, AR
T‘%H{},Kﬁi]ﬁ}%*‘ St H R Badioatrum group SEZELE
A RERN —E, M & R sichuanense 5 R.
badioatrum ,R. copelandii 5 R. Jemilandicum % H B
J— AL BL, R, ritiokense BAMUIE il — >4

ST IR 2 (R N A ey S
group MR 43, ANREAUHK HE 16 5 1% 23 €2 F1 4 B 28 78U
BEATR 0, 38 B 25 5 A S R A A 552 B R K BONE
HATER G . T — 20 IV 4 25 3 0 1l 1 A T 0 b
FPoI, 255 R 5 5L N BUARAE | i — D4R LR 1
J& ] A S AR A LT ST B B AR
ERG

Badioatrum

5 Badioatrum group YIFhIE R R

LA AR (0, SRR 2 i 1M1 I

SR A R A, B8 )= -, i (20~24) pm x (10~15) pm, &2

R T T P P P R. rittokense ( Hellb.) Th. Fr.
1 HB AR B R AR IR FR T B B A SR BRI oo 2
2 MU TAT B (P b A SELE ) IR BRI IR) oeevvesooeernonooons R. hensseniae Brodo
IR L AT T 7 (T 3
3%%@%@7%@4\’{(§j{, 12~22 PLIIL ##ose s es s s st e e et et e sttt et e st st e sttt s 4
3%%}@%@j¢,ﬁgﬁ 22~ 42 T R TLRTETEPEPRRP 8
SRR T HIRIARTR  cvveeverreeee R. flavomedullosum Flix & P. M. McCarthy

‘E)a o eI N L A P PP PRSP 5

BEJZ -, 755 F R0, K-, 1 T58Uh,

S%E} I+E@ ............................................................................................................ 6
6. AN T A A /REJE IR, LT IE N 15~24 pum -ooeeeeeenneee R. vigilans P. M. McCarthy & Elix
6. AN BT =B AHR, L TH/N, KB 12~ 16 pm ceeeeererreeseeeiiii 7

THARMKERR B E T AR, 7L LRRRA, 726, flFHE6, (12.5~20) pm x (5~7.5)

pm , A AL S )

------------------------ R. umense ( H. Mdgn. ) A. Nordln

THARME R THALF, T LR O, TRIZLE, BT MBS SR @, (12.5~16) pm x (6.5~

7.5) pm, BRI S LI ceoeerereeeenenenens

8. F 5L I R MM bR o = A g fn K-

............................... R. simillimum (AHZI) Lettau

VAT T KRB B «oeeeerereeemees 9

R Wl B =AW R R R N - S AR I 1 o TR PP PP 10
9. M AR K 10 TR SRR 0, R HARZY | mm , R IEICKN AR , A 800, PR sl 2 B

P BE)E K+, K206 (5 A BERTR , M5 AR )

--------- R. copelandii ( Korb.) Th. Fr.

9. M AR TGAR (@, 27 AR ATIL 1.5 mm , R E WA K OBFR , JOLE PRl A o, 225y

%ﬁ HLF K+El\:@ /\E'IBEI'»J—:T\E& ..............

..................................... R. jemtlandicum Malme
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10862 K+ 0, LS BEER, 81 (28~38) wm x (12~18) wm ------ R. cinereonigrum Vain.
LOB)E K= A BRI IR < v vvreerneee e 11
VAR RS A =5 R, TR, (35~40) wm x (10~15) wm -+ R. sinense Zahlbr
L1 HUAR RIS B G B fBTIR o evevemememem e e et et ettt ettt ettt et 12
12. A AR 7 34 22 431 Tl M AU SE B 40 AT TE b AR 2% f8 0N, (23~36) pum x (13~
16) wm, & A MBI AR FBR TG oo R. badioatrum ( Florke ex Spreng.) Th. Fr.
12 M AR R S 3 B0 03 A, T b ACHR I 3 73 A 7E R Z 8], 40K, [ (27 ~)32~42.5] um
[12.5~17.5(~20) ] pm, S ELELR «oeeerrvrmmreee et
............................................. R‘ sichuanense Y M Zhang’ L. Hu & W C Wang

Key to species of Badioatrum group in the world

1.Thallus brown, composed of umbilicate areolaes with epinecral layer, medulla I-, ascospores (20-24) pm X

(10=15) pm, containing barbatic acid ««-«erereeeeerereeriiiia R. rittokense (Hellb.) Th. Fr.
1. Thallus composed of plane or convex areolaes, never umbilicate «+eeeereeeeereeieaiiiiiiii 2
2. Thallus cephalodiate ( which composed of second photosynthetic symbiont and symbiotic fungus) ««----+e----

......................................................................................................... R. hensseniae Brodo
2. Thallus not cephalodiate =« +sssseerereeerernerttitiiiiii i 3
3. Ascospores small, 12=22 m Long ««««eeeeeereeeeeesmmmmmiiiiii 4
3. Ascospores large, 22—42 pum long ««eeeeeeeerereeeeeti 8
4. Medulla yellow above, containing rhizocarpic acid ~ «-+-+---- R. flavomedullosum Elix & P. M. McCarthy
4. Medulla white, not containing rhizocarpic acid ««««««ssssssssmrsmiiiniiiiiniii 5
5. Medulla I-, epihymenium black-blue, K-, ascospores (12=15) pmX (7=7.5) pmm  ceoeeeeeeeececen.
................................................................................................ R. alaxense J. W. Thomson
5. MedUlla THDIUE -« cererernrnenenrnentnmnenenaneeneneneneneneneneneeeneaanenaeeaaeataaaeeaaaeaeeaaeearaeaeneaen 6
6. Containing bourgeanic acid, ascospores 15-24 pum long -----+------ R. vigilans P. M. McCarthy & Elix
6. Containing xgyrophoric acid, ascospores small, 12—16 pm long «oeeeeeeeeeeeeaeiiiii.. 7

7. Thallus reduced, epihymenium black brown, hymenium pale red, ascospores brown, (12.5-20) pm x
(5-7.5) pm, containing no substance «+««+««seeeeeeriiiiiiii, R. umense (H. Magn.) A. Nordin

7. Thallus well developed, epihymenium brown, hymenium hyaline, ascospores olive-green or brown,
(12.5-16) pm x (6.5-7.5) wm, containing + gyrophoric acid --- R. simillimum ( Anzi) Lettau

8. Epihymenium olive-brown to green-black, K-, containing crystals dissolving in K «coeceeeeeeeeeeees 9
8. Epihymenium red-brown to dark brown, K+ red, not containing crystals «+-«+-eeeeeeeeeeeeeeieiananne. 10
9. Thallus pale grey to dark grey or dark brown, areolaes up to 1 mm diam, without pruina, dull or

shiny, plane to bullate; medulla K+ yellow, K+ red, containing stictic acid and xnorstictic acid

........................................................................... R. copelandii (Korb.) Th. Fr.

9. Thallus dark brown, areolae up to 1.5 mm diam, with faintly grey pruinose, dull, plane to weakly

convex; medulla K+ yellow, containing stictic acid only = «eeceeeeeeeeeeen. R. jemtlandicum Malme
10. Medulla K+ yellow, containing stictic acid only, ascospores (28-38) pwm X (12-18) pm ------

....................................................................................... R. cinereonigrum Vain.

10. Medulla K—, not containing stictic acid — «+--+sseeeeeseemmmmmrenniiiii s 11
11. Thallus containing gyrophoric acid, spore olive-brown, (35-40) pm x (10-15) pm  ------

............................................................................................. R- sinense Zahlbr
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11. Thallus not containing gyrophoric acid

12. Areoles continuous, prothallus present along the margin, ascospores smaller (23-36) pm X

(13-16) pm, containing diffractaic acid or no substances

--------- R. badioatrum ( Florke ex Spreng.) Th. Fr.

12. Areoles more or less scattered, prolthallus present between the areoles, ascospores [ (27-)32-

42.5] pm x [12.5-17.5(=20) ] wm, containing barbatic acid
R. sichuanense Y. M. Zhang, L. Hu & W. C. Wang
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