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ABSTRACT

The study and estimation of macrolichen litterfall can be used to estimate the loss of lichens
in natural ecosystems. Thus, this study aimed to assess the amount of macrolichen litterfall and to
analyze the environmental factors that could influence the variability of litterfall in a secondary
forest at Khao Yai national park. A total of 75 circular plots of 2-m radius were constructed in the
study area. Macrolichen litterfall was collected 4 times a year, including the hot season (February to
April), early rainy season (May to July), late rainy season (August to October), and the dry season
(November to January), between July 2018 and October 2019. We observed 15 species, 8 genera,
and 3 families in the macrolichen litterfalls. Species found at a relatively higher frequency were
Bulbothrix tabacina, Parmotrema tinctorum, P. praesorediosum, P. sancti-angelii, and Dirinaria picta.
The average amount of lichen litterfalls was estimated at 338 g ha™ yr'. Most of the litterfall was
collected during the hot season, followed by the early rainy season, the late rainy season, and the
dry season, respectively. The amount of litterfall was influenced more by the air temperature and
wind speed than rainfall and air humidity. This study indicates that the amount of macrolichen
litterfall varies with seasons and study location. This information can be important for the management

and utilization of macrolichens growing in natural habitats.
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Figure 1 Climates fluctuation of the study sites a) average total rainfall (plotted in Bars) and
temperature (plotted in Lines) for 21 years (1994-2014) for data obtained from the Khao
Yai meteorological station, b) average relative humidity (plotted in Dot line) and wind
speed (plotted in Solid line) in each season during the study period for data obtained from

the Khao Kheow weather observing station.
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Figure 2 a) The study area in the Khao Yai national park, b) Sampling locations in the secondary forest,

including Mo Singto (1), Tung Phong Kwang (2) Nhong Khing (3), Khao Yai meteorological

station (4), ¢) Schematic of the sampling plots, d) Sampling plots.
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Figure 3 a) Overview of the secondary forest in Khao Yai national park, b) Center of the sampling

plot marked by a PVC pipe and plot number, c) Lichens on fallen twigs in the plot,

d) Lichens sorted in the laboratory.
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Table 1 Number of plots in which macrolichens were found during each season, and their

frequency during all seasons.

Lichen sp. Number and (Frequency, %) of plots
Seasons Dry Hot Early rainy Laterainy  Total
Bulbothrix tabacina (FL) 13(4.5) 32(11.1) 30(10.4) 22 (7.6) 97 (34)
Parmotrema tinctorum (FL) 9(3.1) 22 (7.6) 15 (5.2) 17 (5.9) 63 (22)
Parmotrema praesorediosum (FL) 2(0.7) 14 (4.8) 12(4.2) 6(2.1) 34 (12)
Parmotrema sancti-angelii (FL) 4(1.4) 12 (4.2) 10 (3.5) 724 33 (11)
Dirinaria picta (FL) 6(2.1) 4(1.4) 10 (3.5) 10 (3.5) 30 (10)
Pyxine asiatica (FL) 3(1.0) 4(1.4) 5(1.7) - 12 (4)
Bulbothrix isidiza (FL) - 6 (2.1) 3(1.0) - 9 (3)
Usnea sp. (FT) - - 1(0.3) 1(0.3) 2(0.7)
Parmotrema saccatilobum (FL) . - 2(0.7) - 2(0.7)
Pyxine coralligera (FL) - 1(0.3) 1(0.3) - 2(0.7)
Bulbothrix goebelii (FL) - - 1(0.3) - 1(0.3)
Heterodermia lepidota (FL) - 1(0.3) - - 1(0.3)
Heterodermia sp. (FL) - - - 1(0.3) 1(0.3)
Physcia sp. (FL) - 1(0.3) - - 1(0.3)
Relicina abstrusa (FL) 1(0.3) - - - 1(0.3)
Total 38 (13) 97 (34) 90 (31) 64 (22) 289 (100)

Remark: Foliose (FL) and Fruticose (FT)
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U 69, 62 Lay 44 Aq mudeu (Table 2) Tng
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Table 2 Number of fallen branches and macrolichens thalli at each sample plot location and

respective season.

Seasons Number of fallen branches Number of thallus
Location I Il 1l Total | Il 1] Total
Hot (Feb-April) 20 26 16 62 137 153 89 379
Early rainy (May-July) 36 61 23 120 91 205 79 375
Late rainy (Aug-Oct) 17 a6 6 69 a2 197 13 252
Dry (Nov-Jan) 10 27 7 aq 23 75 10 108
Total 83 160 52 295 293 630 191 1,114
Table 3 Average fallen branch diameter at each location and season.
Seasons Average fallen branch diameter£SD (cm)
Location I Il 1] Average
Hot (Feb-April) 1.93+0.35 0.9+£0.53 1.56+0.39 1.46+0.52
Early rainy (May-July) 1.55+1.09 0.9+£0.70 1.16+0.80 1.20+0.33
Late rainy (Aug-Oct) 1.74+1.42 1.12+0.31 1.92+1.08 1.59+0.42
Dry (Nov-Jan) 0.94+1.27 0.98+0.82 1.05+0.35 0.99+0.06
Average 1.54+0.43 0.98+0.10 1.42+0.40 1.31+0.30
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Figure 4 Top five most frequently observed macrolichens collected from the secondary forest in

Khao Yai national park. Scales a-e = 1 cm.
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Table 4 Litterfall biomass of macrolichens in the secondary forest at the Khao Yai national park.

Seasons Lichen litterfall biomass£SD (g ha™ yr™)
Location I Il 1] Average
Hot (Feb-April) 1,223 357 219 600+545
Early rainy (May-July) 489 538 200 409+183
Late rainy (Aug-Oct) 319 362 31 237+180
Dry (Nov-Jan) 52 170 93 105+60
Average 521 357 136 338+214
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Tusou 1 U wiriu 338 nJusislenmsnet (Table 4)
wsaUszana 0.34 Alansudewenasned Fadeudn
sdloSoudisutunisfinudus Tusmauszme
wu msdnwilutlsfanadeiogludisnismauny
mMafnmneluUsemedu (L et al, 2017) way
AsEnwluauniu1l (Dettki and Esseen,
1998; Lehmkuhl, 2004; Caldiz and Brunet, 2006)
Sauamslu Table 5 vl enaifosnanemuuansis
vesriauazanugauanysaiveslatnuidaim
wansneiy Tnennsdneluiufiviauennung
lawuiinusrovaudiulng dulaelungunsilea
LU dna Alectoria sp. Wae Bryoria sp. ﬂgdaadaqa
Huvadavuinlng waznuunlussuuidinefinann
ilesnifuuvasemsiiddaludisgguunives
dndfuiiy WU N19AsY uagnIeya (Ward and
Marcum, 2005; McMullin et al., 2011) uaﬂmmi
Tialealanudnlngnuaglunguleelulaiau 1y
laLﬂuaqa Lobaria sp. Wag Pseudocyphellaria sp.
Fefluvadavunalvguasdsiuumnlusssuefiy
fu shsmnmsaneiluadiiualaslanudanlngi
wuildulndlealanuiidunadavuindn wu 8.
tabacina v3e D. picta wagnulnidleavsevsalaa
laweuiiflvwalngluviinates waniesannly
Uszinalneegluundouiidaningiionnia 1wy
qmmﬁLLazﬂ%mwfmuﬁmm:ﬁm%’uﬁumﬂaﬂm

vedadiTindue Snvaneviin Swililawudaiing
Wuladh Uszuna 0.5-4 lsulunssiaU (Fuangkeaw,
2018) fnnsudsduiuindulddosnin Tuvaed
lalAuaI IO NUABAIINTULTIVBIEN TN
Tuwanualed Fadudunidn (pioneer species)
waziHugnannatinmiddglussuvinaiinun
Soduthudauvunuanviedounasuiuduuy
nian1e (Seaward, 2008) uszuuiliammaniieg
dulianunsadss¥inegldl udlawuiinisiAulalad
desnldihanussemelunsdaasiesiues uaz

v o v A

wnsuloan mwIneexlluugay WeusiAan

Autslanuisfiinatanmunaquitufidudanlng)
19U reindeer moss (Cladonia rangiferina) wdu
amsneTuRgluanuAs) (Macander et al.,
2020) 1Hudu FadumamadivinlymuyIunasna
Frnmveslaipuiisrmaulunfiniawedoutiuiin
msﬁﬂwﬂuﬁuﬁ'qﬁmﬂé“u dwiudiinaumssimay
vosuslaslanlussuuiinmaniouty daqtud
msfnwreudiedes ogrslsinnu wunsseanu
Tuefin lawn n1sfnw1ves Yamada (1976) U3kan
peTunnvesmzy Usemadulailide uae Veneklaas
(1991) Tutsmelaaosnde Tnatis 2 fufl wurina
natnmithmauvesuslaslauganinnsfing
adstl Uszanm 30 uag 50 Alandusaienmivied
(Table 5) i 2 ﬁuﬁlﬂuszwﬁmﬂﬁumﬁmm@a
Mnsumeiadaud 1,500 f1 3,370 s Tuitui
ANIRINEENTTIBNUANIAIN YA LAEAIY
auysaivowuleslaeuiiuansannnisinuasl
(mmqqmnizﬁuﬁmma 700 f4 800 L) lag
usilaslaluinuuinasnneglunguuedloely
lawau uaznsAladlaiauiitunadawunelng) (Budel
et al., 2000: Kusmoro et al., 2018) @aviluil
Uhnasnadinwiisimaugandi assiulédn Ui
watinmifmauvesunlaslawnuiinuduivs

vrliauazanugavauysaiveslaslamuluusias

¥ '
=

Wuf Feenadudnuilaladefifinudrdgyse
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mMsfnwnatinmithmauvelaslawudely
Tusunan
Joyanissrmauvewlaslamuluseuy
annsadnUssdiuuiinannatinmiisisauny
sssumawarnsiivtanlduselevdls wu nns
Anw1wes Boonpeng et al. (2018) Aldlawaulunis
A5V INAMNINEINIAUTLINGAAMNTTUNIUATNA
Tngldualaslanuainiiufidnwiiesfulssana
200 ndusieiananined dafeuiuuinanisss
vauveauslaslanulunisinuadedl Ussanal 338

nsusaenaninel Jworaifissnanenisiilulaly
msfnfena nensiunalaslawuiisiman
wumsiulawruanduliflnenss ileannsgayde
walaslawrulusssuwd drunisurlulduselov
Fudy 1y nsuanddon waznsuananseiudanis
\W3gvesgaun3d dsindudeddinatininves
TapuLiiusndy 019153 sUTRTAUBIAINY
Foamsild S dudemiinsau 1wy msmnzides
lavau dielifinatnnveslawuiisamasonisi
W lguselovy

Table 5 Annual lichen litterfall in different forest types and regions.

Average lichen

litterfall
Country Location Forest type Source
biomass
45D (kg ha™ yr'")
China Yunnan Middle age oak secondary  31.02+4.57  Liet al., 2017
forest
Populus bonatii secondary  21.60+4.05
forest
Old-age oak secondary 11.18+1.18
forest
Argentina Patagonia Nothofagus forest <1-21 Caldiz and Brunet,
2006
USA Washington Coniferous forests 3.42 -8.55 Lehmkuhl, 2004
Sweden  Norrbotten county Coniferous forests 2.7-5.6 Dettki and Esseen,
1998
Thailand  Khao Yai National Park Secondary forest 0.34 This study

Indonesia Java island, Pangrango Montane forest

ca. 30 Yamada, 1976

Mountain
Colombia Colombian Cordillera  Montane tropical rain ca. 50 Veneklaas, 1991
Central forests

dvdwavasiianIARaNITIImaUYaslaAY
Usnannatinmveslaiaudisisvaud]
ANNduRuSivgungiionreg1aiiud Ay

a0A (r = 0.974, p = 0.02) taziiuliulaniAu

fuiusidauanduanusias (r = 0.602, p = 0.39)
(Table 6) Aatiu N551vauveskalaslaimulussuy
TnalmAsgiidenuduiusivgamaiionna uay

ASERERNUINANIUSHNUNEULAL ANUTUALNNG
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Tuenm egnslsfin gaumniionirenslsiifedes
Tnensanan1ssaviauveslasiany widmania
Sou Wy dwarensiiriaiuasnisuaniinvesisls
vsodmanaUTUIUNANENUTUNH (net primary
production) FediusiuUsunasnatanmiisimay
vaslaau (Bonan, 2002) agnslsinu n3s1eviau
vaslaiaueainndadesugiienniavaiuedi
ity 1y Tutagquisifigaungll Usunaniiny
LarAasTudInSluusse mesdaraliinany
Wi ilievaneedaiienamietusume e
iihgaangusan (qefeu-qouw) Tunandaun Fudy
Pafifinszuaansuusilrdudomevesiulsl

Tugaudsgniininuazsisaan Flloaduamgi

vilvisggioudadudissessossninsgquiuas
ousauiiRinunshwvauvesslaslainuiiganin
fgnaduY aenadostuntsnwinountiinut
Uhinunssmduvesiivluliundoutuiviina
unlutiagguds druusznevvesiivisiamay
dulvgpdunsiisludledigaguds Tumanduriu
Usnumshimauvesidldiintunnlutisgusan
(WeudiuAudaneuiueey) (Proctor et al., 1983;
Hermansah et al., 2002; Glumphabutr and
Kaitpraneet, 2007) F33UanegruusiaziiuTunn
hrlugaufinnudaniioraiililanuiing
a1AelasudnEnateuniviiugaNuLasgaTauds

AgNabiinIsUsuIaINISIIvauaalaLAusINIn

Table 6 Pearson’s Correlation coefficient between the macrolichen litterfall biomass and climatic

factors including windspeed, rainfall, relative humidity, and air temperature.

Litterfall biomass

Windspeed
Rainfall
Relative humidity

Temperature

0.602
-0.201
0.0832
0.974*

Remark: significant at p<0.05

d3d

9

USunaunnssravauvasealasiawaului

a a '

Augigneuuvisnanlvglanviiiu 338 niu

W )
AaLanasRel 3o 0.34 Alansusatenmsrad uay
fn1sudsdumungnia laggaseununssivau
sumlamuumﬁqm 38989178 FugHU Uatenguu
wagshanlugguds dautiadgiionnafisiaaduius
somssrmauvasuslasiainy laun gaumaiionne
wazaaan wulaslawuiisimaulusssund
ofumadendmsunmadufelanulivselen
Wenaununslfuslaslanuiiiulslusssuwd 39

919annsgaydeusznnsuslasianuld agrals
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