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Abstract

Project Code: MRG45080017

Project Title: Lichens Diversity and Indicator Species for Monitoring of Anthropogenic Impacts in

Disturbed Lowland Area of Upper Northern Thailand
Investigator: Wanaruk Saipunkaew
E-Mail Address: wanaruk@chiangmai.ac.th
Project Period: 22 months

Lichen investigation was performed in lowland areas of seven provinces in upper northern
Thailand. The objectives of the study were to study lichen diversity in urban and rural areas where
high and low air pollution occurs, respectively, and to select indicator species which can be used
for monitoring of human impacts. The total number of study areas was 32; 7 sites in cities and 25
sites in rural areas. Ten mango trees (Mangifera indica Linn.) were selected for lichen investigation
in each site. Lichen species and their frequencies were recorded using a grid-frame size of 20x50
cm2 with 10 small units size of 10x10 cm2 according to a method which is adapted from VDI
(Verein Deutscher Ingenieure) Guideline 3799 part 1. The result showed that few lichen species
and frequencies were found in city sites, whereas more lichens were found in rural areas. The
sites were statistically distinguished into five groups by contribution of distribution and frequencies
of lichen in families Physciaceae and Parmeliaceae. Distribution and frequencies of lichens was
depended on population number which reflects pollution level, rainfall and geographical ranges.
Particulate matters also effect on lichen distribution rather than sulfurdioxide. Four new species of

lichens found in study areas were described.

Keywords: Lichen diversity, Biomonitoring, Northern Thailand, Urban areas
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Wadlow LL@i"L;iwumjwaLLmQIaa LLa:ﬂE\j&W\lgmﬂa "Lamuﬂﬁjwla'éiaaﬁéﬁnwuﬁ 24 e
Tno ana ﬁ’]ﬂ’ﬁ%l,ﬂi’lzﬁﬁa%lﬂi@ﬂ%% cluster analysis laglfrfiauazanudvadssiwiulaau
mjuwa?ﬂaaﬁwuuuﬁﬂﬁudazﬁﬂuﬁuﬁ?lm:n UTOULINWNANB L6 5 nga leun cluster
A, B, C, D uaz E (MW 6) lauf cluster A SIuARNAN I IIInIaBasnaiauninae sntin

o A \ A A= A e £ A o A o o A I e & A=
luwadiiies duiundnsnduiunluvadudedmiadodnd dwu uaziundnmlu
ﬁﬂ@zfuaanmaﬁ\mfﬂému %aé’aagjislﬂﬁmﬁﬂuq@m%mmmﬂmﬁa TIUNINWNANE LA e

o o v A @ ' ° o Y & A= ~
AZIUANVDITINIALT LI ﬁmaglu cluster B &1%3U cluster C 1UsznauaiaNwn@n s
asagluiunrususmadn lasunansznuanfanssnede 9 vasuysdliunais sunud
ﬁﬂ‘mﬁagﬂu’%ﬁui’@LLﬁéaaaauLLa:ﬁuﬁﬁﬂmﬁﬁaa;Jilm;mumm@Lﬁﬂlu%'awi'@szﬂﬂLLazuﬁu

f{'f@a%isl,u cluster E

a & o L . i , & A= o \
ﬁ]’]ﬂﬂ’]i’JLﬂi’lelJaa;JlaImJ Multidimensional scaling fINTaULIRUNANE 16 5 naal
LU Immq'u B LﬂuﬂﬁjuﬁvL@T%'uNaﬂszﬂm'muwﬁmmﬁqﬂ mmzﬁﬂq’w E lasunanszny
MnuReilaeNga @UNGU A LENBaNNNINNFNEY 9 B819TALAU A1 stress 0 (0.12)

LLEW]G’J"]EI’]JJ’]?E]LLﬁGﬂE\jN“ﬁ'a%JavL@q‘f“ﬁ'@L'i]u (AW 7)
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@139 2 Aunnvnsdnmaiiawszanutzasiwanlaiau Aansanwedauias (Dir.) AN§IN
TAUIINLLA (Alt) duniatasfuh wandsesnsg (Pop.) 1928415237103 (Pop.Range) anatdunsa-
snsvaadfenldndnm uazUSunasihdudellasade ()

Prov. Site Name Dir. Alt. XLong. XLlat. Pop. Pop. Range Bark Rainfall
(m) °E °N pH (mm)
MH Mae Hong Son City C 240 97.99 19.31 6,861 4 4.97 1,409.36
MH  Fish cave N 250 97.99 19.43 <100 1 5.30 -
MH Mae Hong Son East E 260 98.01 19.30 <100 1 4.92 -
MH Royal Project S 170 97.96 19.28 <100 1 474 -
MH  Sop Soi w 200 97.96 19.33 <100 1 5.05 -

LH Lamphun city C 300 99.04 18.60 15,277 5 4.96 1,062.24
LH Umong N 290 99.03 18.66 1830 4 4.89 -

LH Ban Pa Pi E 315 99.14 18.64 419 2 5.09 -

LH Ban Don S 300 98.92 18.49 810 3 4.88 -

LH Ban Pa Kham W 290 99.00 18.63 1567 4 4.85 -

PY Phayao city Cc 400 99.94 19.14 19,663 5 5.35 1,285.92
PY Ban Huay Khian N 400 99.88 19.24 748 3 5.03 -

PY Ban Chiang Tong E 390 100.06 19.16 849 3 5.07 -
PY Ban Cham Pa Vai S 390 99.97 19.01 787 3 5.28 -

PY Ban San Pa Thon W 400 99.86 19.14 780 3 5.17 -

N  Nan City C 200 100.80 18.80 21,831 5 - 1,441.44

N  Ban Mai Suk San N 300 100.71 18.80 367 2 - -

N  Ban Tung Noi E 240 100.83 18.79 888 3 - -

N  Ban Num Paur S 200 100.78 18.68 649 3 - -

N  Ban Hauy Som Poy w 300 100.76 18.82 507 3 - -
CR Chiang Rai city C 400 99.85 19.90 71,328 5 5.3 1,716.04
CR Ban Plu Thong N 390 99.86 19.96 542 3 5.3 -
CR Ban Pho Chai E 420 99.91 19.90 469 2 - -
CR Ban Huao Doi S 410 99.87 19.84 631 3 5.18 -
CR Ban Nong Mor W 410 99.77 19.86 813 3 5.24 -

LP  Lampang City C 231 99.48 18.26 146,729 6 5.14 1,069.78
LP  Ban Hong Kok N 220 99.47 18.31 612 3 5.07 -

LP  Ban Fai Noi E 240 99.55 18.33 1,037 4 - -

LP Ban Ton Ka W 220 99.41 18.23 491 2 - -
CM  Chiang Mai city C 320 98.99 18.78 167,616 6 5.46 1,198.66
CM Ban Mae Jo N 320 99.01 18.90 4,258 4 4.79 -
CM Ban Thon Kaew W 280 98.96 18.63 279 2 4.86 -
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00 08553 ga-i5 575870152520 as5s5%2
Lo~ L &8 | c (o] £ |

NN 6 dendrogram 31N cluster analysis VBINUNANENNINNG LasnTiTaRaLaz
d' o d' d%’ d'd 1 ] [ ] a [
ﬂ’J’mﬂTa\‘lﬁnu’JWUadeaLﬂuI(ﬂﬂLﬁ)oaﬂluwu‘ﬂﬂm&’]LL@]&zLL%&I%ﬂ’]‘S’%@ﬂQN (A9WIA:  CM=
Fealvy, CR=1 T893y, LH=ﬁmﬂu, LP=81119, MH=uNgdaI8a1k, N=#11, PY=NzL; NENI9
NNAINe: C=lwaaltiiad, E=Naaziuaan, N=Aeunile, S=Adld, W=Aaaziuan)

Stress: 0.12
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X

¥

NN 7 MiTanguuasiunannivualasis Multidimensional Scaling (MDS)
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Wadnwudasidudniswy (percentage contribution) "Lamumm@lmy’ (macrolichen)
awuiisslataulunguwadles waliwulaeulungunzdlasludundnm wodnisdsng
A o s A . o , A da o v A o , A A=
289 AU IR NAR1DARINTaLANA N L ULARZ AN umawﬂvxm@miﬁmn@'uwuwmm
& ' A o a & =2 o A o = . .
paniiu 5 ngu Warmsiensdnanmsansasnnan ludr lasdl percentage contribution
a9 lalanlaasTha LN UALARZ LAY 9071779 3
NANIIAINANIWLIN laLan Hyperphyscia adglutinata Waz Pyxine cocoes WUNTN
UAALN B ﬁﬂﬁuyﬂmjuLwﬁal,ﬁaoaaﬂmﬂmjw%u 9 waztiasan lataunsgasoialdnule
dly n‘d a A % [ ] o wd‘f dl s ] & ] o s 1
Auwnanu luieritasaIanIauin wn1%wumanmaLwﬂaammﬂuﬂgm D &wmiungu A
wae E wudflﬁﬁ‘im’m‘*ﬁﬁﬂvlaLﬂumﬂﬂ’hmju B w8z D I@mﬁnq’u A W8z E gNUunaanynaim
oA A . . a A A | & a A
nqudn 9 133N percentage contribution vasziialaauiiny lasfidulnaidulaiausiiadn
L _ 4 o o L . o
wun lduaz latanlulsd Parmeliaceae  GTaWUNIN IR AL THITN LA LA TAIROUAINEIA L
[ a A {dy a % %% o {dq/ a 3
TuamaduITowy latnwluiidn 5 The wazludsndaulsasaauwny latnwlnlids 2 Tia a9
1 a Qa ;ﬂl d' o =S
Tiwuludsniaduinyinmsane (@139 4)
& . o \ & A= i
latauluaad Physciaceae  wunizatwdagluuadundns laswulaiau Pyxine
coralligera NAIWIALNTDIROU WAz P. retirugella NAIWIALTo958 wal ldwu lataunssasziia
1 c§ dq/ 1:1';‘2 1 1 il a A a d' o
lundu B uaz C mwuwﬂﬂmafmlmyazaglummmmmLLazluusnmﬂmuwamzwumn

ugwﬂﬁauﬁwmﬂ
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¢ = & . . o A & A
M358 3 LU TUANIINY (percentage COI’\tI"IbUtIOI"\) vLaLﬂuTu’]@lﬁtyLL@]Nz"ﬁu@luﬂ@NW%'ﬂ

=2 A A o '
ﬂﬂ‘lsl"]ﬂ’]ﬂLVI%E]@]Q%U%‘IJQG?J?H‘H?IVL'Y]FJ ‘Y]’i]@]ﬂi‘i&l([@]{l cluster

("'=larauluasd

analysis
. 2 4 .
Physciaceae L2 =laanlured Parmeliaceae)
Group
Species
A B C D E
Dirinaria aegialitaw +
*1
Dirinaria applanata 7.26 0.36 26.62 58.33 91.76
*1
Dirinaria consimilis 833 4+
*1
Dirinaria picta 50.67 0.26 291 0.33
*1
Hyperphyscia adglutinata 7.12 49.26 4.68 +
*1
Hyperphyscia cochlearis 5.72
*1
Hyperphyscia pandani 0.19
*1
Physcia crispa +
*1
Physcia poncinsii & P. krogiae 21.58 0.39 19.17 *
*1
Physcia sp. C 0.22
Pyxine cocoes 4.08 50.12 64.91 3.96
*1
Pyxine consocians 0.03 *
Bulbothrix bulbochaeta * *
Parmotrema cooperi *
Parmotrema gardneri *
*2
Parmotrema incrassatum *
2
Parmotrema platyphyllinum 0.17
Parmotrema praesorediosum 2.11 0.45 6.67 3.78
*2
Parmotrema rampoddense 1.67 +
- "2 + +
Parmotrema saccatilobum
* +
Parmotrema sp. B
Parmotrema tinctorum - 1.06 0.83 *
Candelaria cf. concolor + *
+

Collema sp.A
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@1319 4 1WasTuANIINL (percentage contribution) latauamnalngudazsialuudasainia

N _
lunmawmilananuuvesdszinalng ( =latauluiad Physciaceae

Parmeliaceae)

uae =lataulwaed

Site
Species
Mae Hong

Nan Lampang PaYao Son Lamphun Chiang Mai Chiang Rai
Dirinaria aegialitaw + +
Dirinaria applanata ' 45.97 1055 6148  97.76 1515  + 8.33
Dirinaria consimilis* +
Difinaria picta 12.27 + 41+ 42.96
Hyperphyscia adglutinata 2.74 4.72 541 o+ 22.91 30.45 13.57
Hyperphyscia cochlearis*1 6.76
Hyperphyscia pandani*1 0.23
Physcia crispa*1 +
Physcia poncinsii & P. krogiae*1 8.21 + + 19.47
Physcia sp. C*1 0.26
Pyxine cocoes ' 30.53 8473 2912  + 57.65 69.55 4.71
Pyxine consocians*1 + 0.19
Bulbothrix bulbochaeta - N
Parmotrema cooperi*2 +
Parmotrema gardneri* +
Parmotrema incrassatum +
Parmotrema platyphyllinum*2 0.52
Parmotrema praesorediosum*2 0.29 + 3.78 1.72 + + 246
Parmotrema rampoddense*2 +
Parmotrema saccatilobum*2 + +
Parmotrema sp. B*2 +
Parmotrema tinctorum - + 1.26
Candelaria cf. concolor 0.2

Collema sp.A
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PMNMIANVINLINANUARRINTRAD aavlamumjuw aﬁiaa Junn q@luu‘%nmﬁagsau

waniwadudadludaniaBesng (Mw 8) duadulasaiiiwiaBsinugnianduagiu

. ' - , . . 4 .
Ny C vasannwu latausiie Hyperphyscia adglutinata \WRs Pyxine cocoes TNNWNIUGD

VANBAINA ANWU LWL UAALT D9 8819 IIAMINIUAAILTAITINIALTHITNHTANNRIINTHA

maa"lamumjuﬂaaiaa geﬁqmﬁam%ﬂmﬁﬂuﬁ'um@ﬁaLi‘lawaa%'mi'ﬂﬁu

Species No.

14

12

10

1

PY N

MH_S

MH_W

PY s
MH_E

PY E 1
MH N ]

MH_C

m

nw 8 wausilevaslaiausmialng (macrolichen) Mwuluiun@nsinga A, B, C, D

ez E mumsé'u,l,uﬂm\jﬂ@ﬂ cluster analysis
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nmaerzinamsanslagld Principal Co-ordinate Analysis (PCA) tiafinun
ANuFIRUEszn s nunanTiiauaziwinseslaleuiulesuFuIadouan (1w 9) WU
$nlszmnidanusuwusaniwtuanunansiauaziwnveslann Taoluusrmiug
anunfiduwaaandosfidswindszmnsnwiuin 1w wadfassimiadoslng aznuaina
wanThauazimnadlalananad lwnsiusnaiuiansnlusmiawisasaan J51mu
Usernsdnin wuanunansiavaslanminin o luiimiauddossanazwylainn
lundunedloadounitludswionFoiny i uinfifinldsunansznuanuaRweanna
HOHLTUNY Lﬁaamnwu"lamuﬂéjuﬁwummiauaﬁwmmﬁgaagﬁﬁmuﬁaﬂ wazwu latamli
ﬂ&jwﬂ%'aimaImaﬁﬁm"%ﬁaamwﬂ']%u |1 Thelotremataceae W& Trichotheliaceae 1wl

= A [l e A
ﬂﬂmmgsauuamﬂn@mmaa

2—
LP E
N_C LHTN mPY_E
1+ - —“PY N
a LH s® EvlP_ W
LH_ W @ aN_W
MH_Ce CR_W
Lp C PY_C ¢ crex RMmw e
oLH_C N _Sa XCR N *
O LHENE N _NSPN
CcMm_C el + - CRS MiLS
+ CM_N
MH_W
L 4
PY_S
[ |
Pop. range PY W 4 Nan
[
¥ Lampang
Population ® Phayao
* Mae Hong Son
@® | amphun
MIi_N + Chiang Mai
X Chiang Rai
| ] | ] |
T i T i 1
-1 0 1 2 3

NN 9 Principal Components Analysis (PCA) maomwvxmﬂ‘vﬁmUmadeaLﬂuluﬁuﬁﬁﬂmnﬂ
I LA WIBUTZTINT AN LAAZUAY  T9VITWIBUIZTINT WA LEUTAUIIVD IR bl
Avimyane lata
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A o o a & ' o [ =2 ' a 4 VA A
mammayaﬂimmmﬂmaaLmazfﬂammmﬂﬂm wudUsunindudatlasiafuuas

ANMNAIINHA VDI LA ANNFUANUTAY (r=0.84, p = 0.1) lasawzludsniadosneng

Ysinaindudetlasiasosign wuaunainnatsvadlataulundunealoaasisuny
L] 9q 9 U

(MW 10)

2.0

15

1.0

0.5

PC2

-0.5

-1.0

-1.5

Chiang Mai

Phayao

Chiang Rai
Population
Pop.Range -
p.Rang Rainfall Mae Hong Son
Diversity
Lampang Nan
Lamphun

i j i 1 j j '. '. % |

15 1.0 -0.5 0 0.5 0 15 2.0 25 3.0

NN 10 Principal Components Analysis (PCA) 28IANNURAINAALVDI LaLAK WA UNAN TN

LENATNIIRIALAL I1WINVBIUTZTINT BI9VI3NWIBU 23105 USuamsinduseiiadouas

v v Wd‘ o =S
LRWIBDUIID E]G@]HVLNYWﬂﬂ’ﬁﬂﬂB’]vLﬂLﬂu
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ﬂ']i]JiiEl'lElVLaLﬂ%ﬁﬁﬂiﬁ&jﬂaﬂ‘[aﬂ

nmigenssinulseusfialniaastan 4 v8a leud

- Bactrospora perspiralis Saparrius, Saipunkaew & Wolseley sp. nov.

- Bactrospora subdryina Saparrius, Saipunkaew & Wolseley sp. nov.

- Enterographa mesomela Saparrius, Saipunkaew & Wolseley sp. nov.

- Lecanographa atropunctata Saparrius, Saipunkaew & Wolseley sp. nov.

nsusstnesnumeveslalauiodsiials  Sparius, LB. Saipunkaew, W.,
Wolseley, P.A. & Aptroot (2006) New species of Bactrospora, Enterographa, Graphidastra
and Lecanographa from northern Thailand and Vietnam. The Lichenologist. 38 (1):27-36. a4
Noazdualwanasiunianwin



andsrgranIs@n®n

=2 & A ' A & M v a
msﬁﬂmmwv\mﬂ'ﬂmwaa"l,aLﬂﬂ%W%ﬂiﬂUQanaamﬂmuamauuulumauvlmaan
anwmlaleuniaigeguudunzaag fuddlaeumunsnaigeguwiogldnaooiia winsld
o \ o Ao A ' o , Y oA A < A A
duuzalunIsaITInTadnaulIznT LT mummaLﬂu@luvl,uﬂuwﬂgﬂiﬂzlmvl,ﬂluwuw
= = A 1 & =} 1 a =3 1 a A o (%
Anwn & pH vasdfenldldidunseniadrsunaninlidananzuinsaiyveslaen S8ew
AOUTIIAINTIANIZUANITININTEL &I TG lataunaaulasnianitansves VDI (1995)
LNTIZAINAA LAY A nUBUBIANGUNLD B laTuuazurInInnItewan vinlwwu latanln
ANUAINFIININNIIIUDUALITALIN DI MRNIZUAMTANEY  IINNITAITIAWL LI LaLan
lungulaiauamalng (macrolichen) Awuludundrmaldun lawnulundunadlos azliany
wanuanetaoninlatauuuialdn (microlichen) laun mjm‘faima WAL KA
= ) ) a A a o A
msﬂﬂmwummmsnl‘*ﬁ”’l,amuﬂqmAIaaTaalumsmwaaumuﬂaﬂmtﬂawammmaawmﬂu
NamammimzﬁwaamgwﬁﬁLﬂmnm‘hmuﬂs:“mm FINNINAINTITUNIINMLNINDY ) LT
amwnuﬁﬂizmﬂ amw.@uﬁmmﬁ
(% % = & s s n;d a :/ 1A d' dly d'd
m‘mmLmasnEJLﬂuﬁmmamﬂsmmmﬁumaﬂiﬂmaamgaq@luwuﬂﬂﬂm RS GIGH
] a { A ' . ' a
ngunadloaluana Parmotrema  unfiga Tatiluded Parmeliaceae (11319 4)  drulunTiom
> Qs A 1 6 . a A [} A A s :,
JInIaLT e ndazny latawluied Parmeliaceae mniumnmwga Vi QL0 ST ine
LLa:mw%ﬂummﬁgaﬂdﬁiﬁ?nmﬁmm (Saipunkaew et al., 2005)  AINNIIFITIINHIWUN
o i & A | AdAa a 4 A
wu"lamuluaqa Parmotrema £nvi% P. prasorediosum mww:‘luwummqmuﬂsmmmNuga GR
1_iauaﬂﬁa'é“n%wamﬂmm%uﬁﬁmmmsm:mﬂéf’madvl,aLﬂuiuaqaﬁaﬂéﬂaluﬁuﬁ'swuq’&lﬁﬁ
TR R g T e e PG R swﬁ'&ﬁqm%gﬁga FIFOANRAINUNITANBINIINITZINUAIVDI bRLA
Iuaqa Parmotrema luiyzinadans (Giordani, 2004; Loppi et al., 1997)
A o . ' (% % [ A £
MIANIWINV a9 laranlulIf Physciaceae Iuwmuaquﬁmmauwufﬂum‘nwmumaa

Aa

DIMNTUAZE1TIMT (Aptroot, 2004; Van Herk, 1999; Van Herk et al., 2002) laiauluiadidl
nmydiudrlinunmudagungiigeluvaieulasmsfiviaasndauuuldiviaghinnzey 1Weaa
¥ z N , A ad X . -
MIFQLFDIN TIWNINNTAIN pruina LazaNTUIznaun@uniion 9 Juan 1Tu lichexanthone NWL
a I . ¥ . N . . ‘é . s .
luwlataunanoadia 1o Pyxine cocoes %38N1I8319 divaricatic acid mwulu"[amuaqa Dirinaria
fauaud@lunitloaiuduaieaniad UV uasusduaafiyuuss (Wolseley, 1997)  9Inm3
o & . A A= . A ¢ = &
#1929 nu'laanlulsd Physciaceae luiundnwinuis wdiiiwasidudniany (percent
. . ] > g oA 1 dly AR A
contribution) uan@snuaan lusudsiauadlaian 11w D. applanata zWUINAlUARNANENNA
auanaaiiasnfdmindszsnslinuwiuduain uazlfianssuds g Adeldifiauafsly
amaldunnin luume Pyxine cocoes azwuINnluwLII MU LB ILAZIUATOUMENGA LI BIN

S wudszaninwiudunin latauunsafia wiw Hyperphyscia adglutinata NN RANANY
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wal o o A A a ~ \ a ~ A
mmﬂ"l,@@LLa:wummumﬂLawwﬂmwmLuaasﬁaLﬂumnmwwuvlamulun@'uwaaIaaLwmvl,sm
a =1 1 1 . < a A =3
aha ﬁnﬂmmﬂwﬂum@auquwmﬂamu H. adglutinata  Julaiausfiefusvaniieaniig
81381%1384 (eutrophication) (Purvis et al, 1992) agndlsfianuannsnwylaiaurfiafiduan
s A 1 U 6V s 6 ll [ a d' I [ d' 1
Inlulaaiastsvanlainmasaasiaaan e Laloasuafsainianiiuna ANANNEINS
mmmiaﬂ@;waavlaLﬂuluu‘%mmﬁuﬁimajuslumﬂmﬁamauuumaaﬂi:mﬂ"lmﬂ e RRRISIE
{ { a a 1 a L= & v %
ama:ﬁﬁmimmigaﬁﬁEmﬁwa@ammmyLLazmsmz'«nwmmaﬂamu TIRAAARDINUNAINN
o A va o A = oA ' A oA &
MIIAFN pH maaLﬂaaﬂvl,um%lmﬂlum@mmm TIwuINNe pH ggaﬂ’nl,ﬂaaﬂ"l,mmﬂummﬂuaﬂ
lwaGIied NaNIANEN leRaAAABINUNNIANEN LAY Stapper and Kricke (2004) 1957330 pH
mauﬂﬁaﬂvl,ﬁ'l,uw@lq@ammsuLLa:wudﬁﬁ@hg\i Saipunkaew et al. (2005) s18wIwUlaau

0@ Hyperphyscia adglutinata luuaailasdsniaigoslniiduasousn adelsianulaiausiia

2
a A

uwmimzmﬂﬁaagiumqmuﬁ"ﬂaﬂ umdszmalundiodoaziuoanidosld  Ussine
tﬁﬂqu (Kashiwadani, 1985) \nz&84nd (Aptroot and Seaward, 1999) waziszinelanin (Aptroot
et al., 2002) E?'(’Julu‘ﬂfjﬂqiiﬂﬁﬂﬁiﬁuﬁﬂﬂ%\iLLiﬂl%quIiﬂI@EJ Kalb (1982) uazludszinanmaaniile
Tay Kantvilas (1989) #9193 lataunfiafifiminszanadanirseanldnion 5 AUNNIVIYA
Postadaiios F9danmermeaiutiudsnasiouninudnmsaunandiiios unediwin
YIzNIR UL domaeiagmmwmmalmwé’aLﬁaa
5&LL;J"dfwzvl,&immmmni‘@m“ﬁﬁ@LLaziJ'%mrwnaamsuaﬁﬂumsmmﬂ"l,éilunﬂﬁyuﬁ
dnm1 wdanAsAnEIAIINIEINsaTeINan BN alulszinalnelasltuuudiaainig
AMAF&A3 LAY Siniarovina and Engardt (pers. commun.) adEnEININTEaee ez S e
fatanadlasenlod  (S0,) luussenmalussauainaiui 50x50 Alaiuas Tuszninangiu
N9RUN UATDQIa% WUINIERUANATATMR SiRpssInsauldesgoui S mmataes
lasanlosluussonmeansaansilan luamsisiniadeslng fu uazd1the Jazdu SO, g9

lumm@%m's dmiwﬁaaqgﬁ"au%’mi'@wzl,mazﬁﬂ%w’]m SO, lumsmmﬂga (@134 5)

@919 5 USnmaay SO, Indiadun lasadsdaidon lwdsuningieuuazsunay lagnisls

WULINRDINIATAFRAS (ﬁ’agaﬁnﬂ Siniarovina and Engardt pers. comm.)

Province July ppb(v) SO, Dec. ppb(v) SO,
Mae Hong Son 0.1-0.2 0.2-1
Chiang Rai 2-5 2-5
Phayao 10-15 1-2
Chiang Mai 2-5 15-30
Lamphun 1-2 8-10
Lampang 0.2-1 10-15

Nan 0.2-1 0.2-1
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ATNTEANLAIVDS RLARNNUN UG BN N BAINALREN LNUN U aNaN wa MalunIy
; 1 { 1 v v 1 ol a
sﬂiﬂﬁ]wuaQﬂﬂﬂﬁmﬁwuﬂmm pH vaatfenlyd 1Waenldazlidn pH dasmnddSunmuas
. o
SO, luuvsenmegs wazdien pH iRnTumIndnIazanvauanlaily (Sutton et al, 2004; Van
X, N S - .
Herk, 2001) annmifinmeaisiwudnd pH vseafenldiidninzuluiunnsnagluiuad
[ [ ' a 4 o o ' ~ & ' a 4
WosdswiaiBaslnal weien uazuSnodiidan dandauddessen Tagainudiadnsluuiiimm
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Epiphytic lichens in urban and rural areas of northern Thailand can be used as indicators of the levels of pollution
associated with increasing population.

Abstract

Epiphytic lichens were sampled on mango trees (Mangifera spp.) in 32 sites in urban centres and surrounding rural areas in seven provinces
of upper northern Thailand. Species were recorded on each tree and frequency estimated in a grid of ten 100-cm? units. Analysis of macrolichen
data showed that lichen diversity was inversely correlated with human population, and that lichen diversity was lowest in the cities with the
highest population. The distribution and frequencies of species belonging to families Physciaceae and Parmeliaceae contributed to the groups
identified by cluster analysis that corresponded to gradients in rainfall and population density. Comparison with modelled pollution data and
local pollution records showed greater correspondence of lichen data with the effects of PM10 than with anthropogenic sulphur.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Epiphytic lichens have been widely used as bioindicators of
the effects of atmospheric pollutants and for changes in envi-
ronmental conditions in temperate regions (Nimis et al., 2002;
Will-Wolf et al., 2002). Their use in tropical zones has been
hampered by the lack of taxonomic knowledge of tropical
lichens and the absence of data on environmental and pollution
conditions. It is now becoming apparent that the fate of atmo-
spheric pollutants in tropical monsoon climates with high rain-
fall in strongly contrasting seasons may be rather different to
that in temperate climates (Hien et al., 2004). In Europe two
types of biomonitoring methods using lichens have been

* Corresponding author. Tel.: +44 20 7942 5617; fax: +44 20 7942 5529.
E-mail address: p.wolseley @nhm.ac.uk (P.A. Wolseley).

0269-7491/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
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widely applied to assess atmospheric pollutant levels in and
around urban sites. VDI (1995) uses lichen frequency from
one aspect of each tree, whereas Asta et al. (2002) calculate
lichen diversity values (LDV) from frequency data from five
consecutive 10-cm square quadrats placed on 4 aspects of
each tree sampled. Both methods have shown good correla-
tions with deposition of atmospheric pollutants in urban and
surrounding areas (Kirschbaum and Hanewald, 1998; Larsen
et al., 2007). However, in tropical conditions the VDI method
allows the selection of the lichen-rich aspect of the trunk and
avoids aspects often dominated by sterile crustose species that
are difficult to identify. Saipunkaew (2000) used the VDI to
demonstrate that epiphytic lichen communities in the Chiang
Mai region of northern Thailand were affected by conditions
in Chiang Mai city. A more recent analysis of the same lichen
data has shown the effects of altitude on both macrolichen and
crustose lichen floras (Saipunkaew et al., 2005). Results
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showed that in upland areas above 600 m tree trunks were
dominated by foliose species and in lowland areas from
250—400 m trunks were frequently dominated by crusts. An
analysis of the lowland data based on genera only failed to dis-
tinguish urban from agricultural areas. However, analysis of
macrolichen species distinguished rural and agricultural sites
from urban sites and identified associations of species (Saipun-
kaew et al., 2005).

In the present paper, lichen data collected on mango trees in
urban and rural areas of lowland parts of northern Thailand are
tentatively correlated with climatic and population data to
identify lichen taxa responding to climatic and geographical
gradients and select taxa that could be used as bioindicators
of environmental alteration.

2. Study area

Upper northern Thailand comprises 8 provinces of a rather
mountainous nature. Each province is geographically sepa-
rated by mountain ranges and the capital cities are separated
in different alluvial plains except the provinces of Chiang
Mai and Lamphun, which are located in the Mae Ping river
plain. The main rivers and their tributaries rise in the mountain
ranges and extend from north to south through the river valleys
to the central plain of Thailand (Ogawa et al., 1961; Santisuk,
1988) (Fig. 1).

A strongly alternating climate affects the distribution of
pollutants in northern Thailand where a consistent pattern of

cool and hot dry seasons alternates with warm rainy seasons.
The cool dry season lasts from October to February, when
the northeast monsoon brings cool and dry air masses from
China, followed by hot dry season with relatively high daily
time temperature. The wet season occurs from May to Septem-
ber with the southwesterly monsoon. Annual rainfall in low-
land areas with elevation below 500 m ranges between 600
and 1000 mm but becomes more than 1000 mm in mountain
areas.

Northern Thailand was formerly densely forested, so that in
1982 56% of the forested area in the country was in northern
Thailand (Royal Forestry Department of Thailand http://
www.forest.go.th/stat/stat40/CONTENTS.pdf). Above 1000 m
forests are mainly evergreen and below 900 m mainly decidu-
ous, the latter comprising mixed deciduous forest on the alluvial
lowland plains and deciduous dipterocarp forest on the drier
slopes (Santisuk, 1988). The lowland forests on alluvial plains
were formerly dominated by teak and large leguminous trees,
but extensive logging and the expansion of agricultural land
with rapidly growing settlements has removed all natural forest
vegetation except in a few protected areas (Santisuk, 1988). The
widespread use of fire in the dry season contributes to the de-
grading of hill forests and to an increase in atmospheric parti-
cles. These fires strongly affect epiphytic lichen communities
(Wolseley, 1997). Lowland areas are now extensively managed
for agriculture, with rice dominating on irrigated land, and veg-
etables and fruit trees in the vicinity of rural settlements. Mango
(Mangifera indica L.) trees are widely cultivated in rural and

Fig. 1. Map of upper northern Thailand showing urban sampled sites (@) and adjacent rural sites (A ) in seven provinces: Nan, Phayao, Lampang, Lamphun
Chiang Rai, Chiang Mai and Mae Hong Son. Mountain regions are indicated by darker grey shading and main river valleys as pale shading.
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urban areas where fire is excluded, providing an ideal substrate
for investigating climatic and anthropogenic factors influencing
the distribution of lichens in urban and rural areas of lowland
parts of northern Thailand.

3. Materials and methods

Thirty-two sites were selected in cities of lowland areas of seven provinces
of upper northern Thailand below 500 m asl, in order to avoid altitudinal ef-
fects (Saipunkaew et al., 2005). Site selection was dependent upon the avail-
ability of accessible mango trees and this involved searching in gardens, parks
and plantations where ten trees could be found in the same site. The site in the
city was as near as possible to the city centre and accessible trees were often in
school compounds or gardens. Rural sites were selected on a map in four com-
pass directions (NSEW) from the city centre and appropriate sites searched for
in each location so that distances and direction from the centre vary with avail-
ability of mango trees (Table 1). At each site, ten trees were selected that were
above 60 cm girth, with relatively straight trunks in well-lit situations.

Lichen sampling took place between October 2002 and November 2004.
A 20 x 50-cm grid divided into ten sampling units of 10 x 10 cm was fixed
by rubber bands to each trunk at 1.50 m above ground on the side where the
lichen community was best developed (VDI, 1995). All lichen species in the
grid squares were recorded, the results being expressed as a frequency of
1—10 for each species. Tree girth and quadrat aspect were also recorded.

Table 1

Bark samples were collected to determine surface bark pH (Staxing,
1969). Thin layers of bark were collected at 1—1.5 m above ground in the
four compass directions on the tree and oven dried. After cleaning, 2 g of
oven-dried bark were ground and samples soaked in 10 ml distilled water
for 24 h. pH of the supernatant liquid was measured using an electrode and
pH meter.

Data on rainfall, relative humidity and temperature were obtained from
each province from the Thai Meteorological Department. Limited measure-
ments of air pollution data were available e.g. from Chiang Mai city, and pop-
ulation data for all sites was obtained from the Department of Provincial
Administration. Population size per settlement varied from agricultural areas
where villages were small to Chiang Mai city with a population of 167,616.
In order to best represent the variation in the data set an exponential scale
was used from 1 = <100; 2 = 100—500; 3 = 501—1000; 4 = 1001—10,000;
5 =10,001—100,000; 6 = >100,000 (Table 1).

Where possible, lichen species were identified in the field. Samples of all
taxa were collected and identification undertaken at Department of Biology,
Chiang Mai University and the Natural History Museum (NHM) London. Mac-
rolichens were identified at the species level using a stereomicroscope, spot
tests and a UV lamp, and if necessary HPTLC identification of lichen sub-
stances. Crustose material was sectioned and sorted to genus using light micros-
copy and further identified using available keys and literature at the NHM,
where possible. Crustose taxa are not included in this paper and will be dealt
with in later publications. New species are described in a separate paper (Spar-
rius et al., 2006). Specimens were deposited at the NHM and the Herbarium of
Department of Biology, Chiang Mai University (CMU), Thailand.

Data for sites in upper northern Thailand including province, location and direction from city (C = city sites), population and population range, bark pH and mean

annual rainfall of each province

Prov. Site name Dir. Alt. X Long. °E X Lat. °N Pop. Pop. range Bark pH Rainfall (mm)
MH Mae Hong C 240 97.99 19.31 6861 4 4.97 1409.36
Son City
MH Fish cave N 250 97.99 19.43 <100 1 5.30 -
MH Mae Hong E 260 98.01 19.30 <100 1 4.92 -
Son East
MH Royal Project S 170 97.96 19.28 <100 1 4.74 -
MH Sop Soi N 200 97.96 19.33 <100 1 5.05 -
LH Lamphun city C 300 99.04 18.60 15277 5 4.96 1062.24
LH Umong N 290 99.03 18.66 1830 4 4.89 -
LH Ban Pa Pi E 315 99.14 18.64 419 2 5.09 -
LH Ban Don S 300 98.92 18.49 810 3 4.88 -
LH Pa Kham w 290 99.00 18.63 1567 4 4.85 -
PY Phayao city C 400 99.94 19.14 19663 5 5.35 1285.92
PY Ban Huay Khian N 400 99.88 19.24 748 3 5.03 -
PY Ban Chiang Tong E 390 100.06 19.16 849 3 5.07 -
PY Ban Cham S 390 99.97 19.01 787 3 5.28 -
Pa Vai
PY Ban San Pa Thon w 400 99.86 19.14 780 3 5.17 -
N Nan City C 200 100.80 18.80 21831 5 - 1441.44
N Mai Suk San N 300 100.71 18.80 367 2 - -
N Tung Noi E 240 100.83 18.79 888 3 - -
N Num Paur S 200 100.78 18.68 649 3 - -
N Hauy Som Poy w 300 100.76 18.82 507 3 - -
CR Chiang Rai city C 400 99.85 19.90 71328 5 53 1716.04
CR Ban Plu Thong N 390 99.86 19.96 542 3 53 -
CR Ban Pho Chai E 420 99.91 19.90 469 2 - -
CR Ban Huao Doi S 410 99.87 19.84 631 3 5.18 -
CR Ban Nong Mor w 410 99.77 19.86 813 3 5.24 -
LP Lampang City C 231 99.48 18.26 146729 6 5.14 1069.78
LP Hong Kok N 220 99.47 18.31 612 3 5.07 -
LP Fai Noi E 240 99.55 18.33 1037 4 - -
LP Ton Ka w 220 99.41 18.23 491 2 - -
CM Chiang Mai city C 320 98.99 18.78 167616 6 5.46 1198.66
CM Mae Jo N 320 99.01 18.90 4258 4 4.79 -
CM Ban Thon Kaew w 280 98.96 18.63 279 2 4.86 -
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Multivariate analysis of macrolichen species and environmental data was
carried out using PRIMER 6. Principal Component Analysis (PCA), Non-Met-
ric Multi Dimensional Scaling (MDS), and Cluster Analysis (CA) were used to
establish similarities and differences between lichen components and sites.
Site similarity was estimated using average frequency of all species on all trees
in each site in MDS and Cluster Analysis using the Bray—Curtis coefficient.
Species compositions within sites were elucidated using the SIMPER (SIMi-
larity PERcentage contribution) routine in PRIMER 6. Factors used in the
analysis were altitude, rainfall (province), population range of city or village,
lichen diversity, girth and bark pH of trees.

4. Results

Sampling sites with sufficient mango trees are shown in
Fig. 1 and site data showing location, direction and distance
from city, altitude, population and population scale together
with average rainfall over 5 years for the province are shown
in Table 1.

Bark pH ranges from 4.85 to 5.46, the lower end being the
natural bark pH of mango trees, while values above 5.1 sug-
gest that there is an alteration of the bark pH with increased
nutrients, this coinciding with trees in urban environments
with a high population (Table 1).

Twenty-four macrolichen species belonging to nine genera
were identified and frequencies recorded on each tree. Cluster
analysis of this data showed a regional bias with sites in the
north-east (cluster A, Fig. 2) including Chiang Rai (except
the city) being distinguished from all other sites. Sites in major
cities of Chiang Mai and Lamphun, polluted areas to east and
south of Lamphun and Chiang Mai West (in an area strongly
affected by industrial development in Lamphun), all occur in
Group B. Sites in smaller cities or with moderate environmen-
tal alteration are found in Group C. Sites in Mae Hong Son (in-
cluding the city), rural sites in Phayao (except the western
site), and Nan West are clustered in Group E. Multidimen-
sional scaling is used to illustrate site similarity (Fig. 3) and
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shows cluster A on the second axis and the distribution of
the other sites along the first axis, from the most polluted sites
in cluster B to the least polluted sites in cluster E. The low
stress value indicates that there is a good resolution of the
data in the ordination.

Distribution of macrolichens amongst these clusters is
shown in Table 2, where Hyperphyscia adglutinata and Pyxine
cocoes distinguish the main urban areas and their absence de-
termines the segregation of Nan North in group D. Clusters A
and E both include more species than in groups B and D, but
are separated at both the percent contribution of common spe-
cies and by the presence of species of Parmeliaceae in groups
A and E found mainly in Chiang Rai and Mae Hong Son,
respectively. Chiang Rai has five species of Parmeliaceae
and Mae Hong Son two, which are not found in other prov-
inces (Table 3). The Physciaceae also show a regional bias
in species distribution, with Pyxine coralligera in Mae Hong
Son and P. retirugella in Chiang Rai. These species are absent
from groups B and C, which comprise the city centres and the
most disturbed sites.

Species diversity is highest for rural sites in Chiang Rai
Province (Fig. 4). Chiang Rai city itself is clustered in group
C owing to the presence of indicator species such as H. adglu-
tinata and Pyxine cocoes, but with the highest diversity of any
other city centre.

A principal co-ordinate analysis (PCA) of site data and en-
vironmental factors (Fig. 5) shows that increasing population
is inversely correlated with lichen diversity, city sites being
found on the negative section of axis 1 (except Mae Hong
Son city) and sites in Mae Hong Son (the smallest city) being
found on the highest positive scale of axis 1. Mae Hong Son
does not show such high diversity of macrolichens as Chiang
Rai, but the low frequency of pollution indicators, combined
with the high number of crustose species of moist forest of
Thelotremataceae and Trichotheliaceae (data not shown)
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Fig. 2. Dendrogram from cluster analysis using PRIMER based on average frequency of all macrolichen species per site.



370 W. Saipunkaew et al. | Environmental Pollution 146 (2007) 366—374

Stress: 0.12

A Nan

\/ Lampang

m Phayao

<> Mae Hong Son
® Lamphun

+ Chiang Mai

x Chiang Rai

Fig. 3. MDS ordination showing site similarity based on data for Fig. 2 with sites coded by province.

suggests that rural sites in this area are less affected by envi-
ronmental alteration. When data were averaged to provincial
level and rainfall included in the environmental factors, the
analyses showed a high correlation of rainfall and diversity
(r=0.84, p =0.01, Fig. 6), e.g. Chiang Rai contributes the
highest diversity of macrolichens (Fig. 4) and has the highest
rainfall (Table 1).

5. Discussion

The alluvial plains of northern Thailand were the main set-
tlement areas from prehistoric times onwards, providing ex-
tensive forest cover of valuable teak, leading to early
deforestation that was continued by the Burma Teak Company
in the 19th century. This has been controlled since 1874, but
by this time the natural vegetation of mixed deciduous species
dominated by teak only remained in a few sites, that are now
protected in reserves. The choice of mango as the tree to be
sampled allowed us to eliminate fire damage from the analysis
of the results. Although macrolichen diversity of mango trees
in lowland areas is low compared to crustose diversity
(Saipunkaew et al., 2005), the present analysis of macrolichen
data showed that site clusters correlated with both geographic
variation and anthropogenic effects associated with increasing
population.

Chiang Rai has the highest rainfall and also the highest
number of Parmotrema species (Table 3). In the Chiang Mai
region, Parmeliaceae were associated with upland sites, where
rainfall and relative humidity were also higher than in lowland
areas (Saipunkaew et al., 2005). During the present survey,
Parmotrema species (except for P. praesorediosum) were
only found in lowland areas where rainfall is higher, suggest-
ing that there is a moisture gradient preventing the establish-
ment of these species in lowland areas with lower rainfall
and humidity combined with higher daytime temperatures.
This is also suggested by the distribution of Parmotrema in
Italy (Giordani, 2004; Loppi et al., 1997).

The increase in Physciaceae in temperate regions has been
associated with both increasing temperatures and increasing
availability of nutrients (Aptroot, 2004; Van Herk, 1999; Van
Herk et al., 2002). Their tolerance to high temperatures in trop-
ical climates is associated with a closely appressed habit that
reduces evapo-transpiration, the presence of pruina and/or sec-
ondary compounds such as lichexanthone in P. cocoes or divar-
icatic acid in species of Dirinaria, that protect against UV
radiation and direct sunlight (Wolseley, 1997). Physciaceae

Table 2

Percentage contribution of lichen species to each group evidenced by cluster
analysis in upper northern Thailand, showing Physciaceae distinguished by
*!and Parmeliaceae by **

Species Group

A B C D E
Dirinaria aegialita*' +
Dirinaria applanata*! 7.26 0.36  26.62 5833 91.76
Dirinaria consimilis*" 833 +
Dirinaria picta*! 50.67 0.26 291 0.33
Hyperphyscia adglutinata*" 7.12  49.26 4.68 +
Hyperphyscia cochlearis*' 5.72
Hyperphyscia pandani*' 0.19
Physcia crispa*' +
Physcia poncinsii & P. krogiae*'  21.58 039 19.17 +
Physcia sp. C*! 0.22
Pyxine cocoes*' 4.08 50.12 6491 3.96
Pyxine consocians*' 0.03 +
Bulbothrix bulbochaeta** +
Parmotrema cooperi*2 +
Parmotrema gardneri** +
Parmotrema incrassatum*> +
Parmotrema platyphyllinum*> 0.17
Parmotrema praesorediosum*> 2.11 0.45 6.67 3.78
Parmotrema rampoddense*2 1.67 +
Parmotrema saccatilobum™*> + +
Parmotrema sp. B** +
Parmotrema tinctorum*> 1.06 0.83 +
Candelaria cf. concolor + +
Collema sp. A +
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Table 3
Percent contribution of lichen species to each province in upper northern Thailand, showing Physciaceae distinguished by *' and Parmeliaceae by **
Species Site

Nan Lampang Phayao Mae Hong Son Lamphun Chiang Mai Chiang Rai
Dirinaria aegialita*' + +
Dirinaria applanata*" 45.97 10.55 61.48 97.76 15.15 + 8.33
Dirinaria consimilis*' +
Dirinaria picta*' 12.27 + 4.1 + 42.96
Hyperphyscia adglutinata*" 2.74 4.72 5.41 + 2291 30.45 13.57
Hyperphyscia cochlearis*' 6.76
Hyperphyscia pandani*' 0.23
Physcia crispa*' +
Physcia poncinsii & P. krogiae*! 8.21 + + 19.47
Physcia sp. C*! 0.26
Pyxine cocoes*! 30.53 84.73 29.12 + 57.65 69.55 4.71
Pyxine consocians*' + 0.19
Bulbothrix bulbochaeta** +
Parmotrema cooperi*2 +
Parmotrema gardneri*> +
Parmotrema incrassatum*> +
Parmotrema platyphyllinum** 0.52
Parmotrema praesorediosum*> 0.29 + 3.78 1.72 + + 2.46
Parmotrema rampoddense*> +
Parmotrema saccatilobum*> + +
Parmotrema sp. B** +
Parmotrema tinctorum*> + 1.26
Candelaria cf. concolor 0.2
Collema sp. A +

are widespread in all sites, but their percent contribution varies
according to the species. For example, Dirinaria applanata con-
tributes most in the rural and less polluted areas, while P. cocoes
contributes most in the urban and highly populated sites, sug-
gesting that there is a continuous gradient between polluted
and disturbed conditions in lowland regions of northern
Thailand that have been deforested for a long time. Species
like H. adglutinata, that are restricted to urban areas are tolerant
of conditions where few other macrolichens occur. This species
is usually associated with nutrient-enriched substrata (Purvis
et al., 1992), suggesting that acidification from SO, is not the

major factor affecting lichen communities in lowlands of north-
ern Thailand and that eutrophication is influencing urban lichen
communities. This is also suggested by the higher bark pH asso-
ciated with city sites which has also been observed in industrial
areas of Germany (Stapper and Kricke, 2004). H. adglutinata
has been recently recorded for the first time in Thailand (Saipun-
kaew et al., 2005) but it is now appearing in many urban areas
across the world, including SE Asia, Japan (Kashiwadani,
1985), Hong Kong (Aptroot and Seaward, 1999) and Taiwan
(Aptrootetal., 2002). It was recorded as a new species to Europe
by Kalb (1982) and as new to Tasmania by Kantvilas (1989),
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Fig. 4. Total macrolichen diversity for all sites, arranged according to the results of cluster analysis (Fig. 2).
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Fig. 5. PCA of lichen site data with environmental factors (vectors offset).

suggesting that it is a rapidly expanding species associated with
increasing urbanisation where urban climates are increasingly
warm and dry.

Although information on atmospheric pollutants is not
available for large areas of northern Thailand, the results of
a recent attempt to model the distribution of SO, at a 50-km
scale during wet and dry seasons of the year (Siniarovina
and Engardt, pers. commun.) is shown in Table 4. At this
scale, the only province where low SO, levels persist through-
out the year is Mae Hong Son, whereas Chiang Mai, Lamphun

Chiang Mai

Population

1.5+
1.0 +

Pop.Range
05+ p-Rang

PC2

-0.5 4

Lampang

1.0+

Lamphun

-1.5 T | | |

and Lampang fall within high winter levels and Phayao into
high summer levels.

In Europe, the distribution of pollution-tolerant and pollu-
tion-sensitive lichens has been associated with changes in
bark pH, in the case of acidification from SO, and other indus-
trial pollutants lowering bark pH, and in the case of increased
nitrogen deposition from NHj rising bark pH (Sutton et al.,
2004; Van Herk, 2001). The limited results from northern
Thailand suggest that there is an increase in bark pH in the ur-
ban areas of Chiang Mai and Phayao and at fish cave in Mai

Girth
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Chiang Rai

Diversity
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Fig. 6. PCA of lichen data averaged by province.
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Table 4
Modelled monthly-mean near-surface SO, mixing ratio in ppb (v) during July
and December (data from Siniarovina and Engardt, pers. commun.)

Province July December
Mae Hong Son 0.1-0.2 0.2—1
Chiang Rai 2—5 2-5
Phayao 10—15 1-2
Chiang Mai 2—5 15—30
Lamphun 1-2 8—10
Lampang 0.2—1 10—15
Nan 0.2—1 0.2—1

Hong Son, the last site being situated in the vicinity of a picnic
ground and permanent camp fire site. A similar effect of in-
creasing bark pH has been noted on Quercus species in the
centre of London (Larsen et al., this volume), and in Germany
(Stapper and Kricke, 2004).

In 2003, mean SO, annual concentrations were 1.4 ppb in
Chiang Mai city and 1.0 ppb outside the city. Engardt and
Leong (2001) report that in a tropical environment SO, is rap-
idly converted to SOF~ and in this form it is deposited as par-
ticulate matter (Hien et al., 2004). Mean annual concentration
of PMI10 in Chiang Mai city in the same year was
48.4 pg m >, with peaks above 140 pg m—> (National Statisti-
cal Office of Thailand, http://www.nso.go.th/nso/data/data23/
data23_22.html), often exceeding the threshold limit of
120 pg m—>. PM10 in Hanoi, Vietnam, has high contributions
of Ca®", NHJ, and SO~ (Hien et al., 2004). This would ac-
count for the higher bark pH in the highly populated cities
of northern Thailand, especially those undergoing rapid devel-
opment using concrete as the main building source. The asso-
ciation of H. adglutinata with increased nutrients (Purvis et al.,
1992; Saipunkaew et al., 2005) also suggests that city areas in
the monsoon tropics may be more influenced by particulate
matter than by acidification determined by anthropogenic
SO, In Lampang, PM10 showed a range of 11—300 pg m >
in 2002, owing to the adjacent lignite-fuelled plant at Mae
Moh. Where rainfall is high the particulate matter may have
less effect on bark pH as in Chiang Rai, where lichen commu-
nities on mango trees in rural areas close to the city are highly
diverse and support a range of macrolichen species including
Parmeliaceae. A similar effect has recently been shown for
oak trees across a climatic gradient in Britain where acidophy-
tes—nitrogen sensitive species—have continued to occur on
trunks in the vicinity of high ammonia emissions in regions
of high rainfall (Wolseley et al., 2004).

At all sites, the inverse correlation of population with lower
epiphytic lichen diversity confirms the adverse affect of urban-
isation on lichen community composition and diversity.

6. Conclusions

Northern Thailand has been settled for a long period of
time so that in lowland areas there are few remnants of natural
forest. In this region, epiphytic macrolichen diversity is in-
versely correlated with population density, and in sites with
population above 100,000 inhabitants it is associated with

the appearance of H. adglutinata and a general increase in
the frequency of species of Physciaceae. Species of Physcia-
ceae are elsewhere associated with disturbance, increased nu-
trients and a warmer, drier climate, whereas species of
Parmeliaceae in northern Thailand are restricted to sites
with higher rainfall and atmospheric humidity.

Despite high levels of modelled SO, in the region of
Chiang Mai and Lampang cities, there is no evidence of acid-
ification in bark pH or epiphytic lichen species composition.
The results suggest that high levels of particulate matter
may be more important in affecting lichen distribution in
and around urban areas, and that sites to the north and east
of highly populated and industrial areas are affected, coincid-
ing with wet deposition from the south-westerly monsoon.

There is a rainfall gradient across the northern provinces
combined with a gradient from areas of geographic isolation
to more populated lowland areas along the major river valleys
in a north—south direction. In the lowland valleys the gradient
in environmental conditions from rural sites to urban sites co-
incides with changes in the frequency of widespread species of
Physciaceae and in macrolichen diversity and species compo-
sition. The rapid increase in diversity in some rural areas out-
side cities and the absence of H. adglutinata suggest that in
these areas urban pollutants remain a rather local problem
that is not reflected in modelling of air pollution on a 50-km
or wider scale. However, the absence of species of Parmelia-
ceae in most lowland sites suggests that there is considerable
alteration of climate brought about by loss of forest cover
and associated decrease in relative humidity during the dry
season in Thailand.

Many crustose species of highly disturbed lowland areas of
tropical conditions are difficult to identify or still undescribed.
The use of LDV allows the selection of the aspects on the tree
trunk dominated by macrolichens, and avoids aspects domi-
nated by sterile and other crusts that are not readily identified.
Results presented here have shown that macrolichens can be
used to distinguish geographical variation in species distribu-
tion from anthropgenic alteration of environmental conditions.
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