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Abstract

The pollen and diatom preserved in lacustrine sediment are the good indicators
for reconstructing the paleo-environment. The successions of pollen and diatom
assemblages respectively infer to the vegetation history and aquatic condition as well
as elaborate the climate changes. In order to reconstruct the nature history of East
Taiwan, the sediments from tree lakes were used namely Liyu Lake of Hualien

County, Tsuifong Lake of Ilan County and Dahu Lake of Ilan County.

Liyu Lake is a lowland lake situated in Hualien valley, from which a 658
sediment core (LYHL-B) was taken. The sediments €overed the record form 7020 cal
BP to present. However, the lacustring sedimer’ltl appeared after 2480 cal BP. Over
2480-2090 cal BP, a consideraplc amount of the'aquatic plants pollen was found,
suggesting an expansion of the swam T"l'_r;n, ddrlmg 2090-1500 cal BP, it was
exhibited by stable occurrenecs of \l er pnmt Myrlophllum spicatum and fluviatile

5
diatoms, Fragillaria construens ani q:ymbella sﬁp suggestlng a persistant occurance
of the shallow water env1r0nment Durlng 1500=330 cal BP, a significant destitution
of shallow water habitat indicator pollen, i association with lowering in fluviatile
diatoms and increase in planktonic species, suggested the possible formation of inland
lake condition. After 850 years BP, the co-occurrence of the cultivated Poacese and
the charcoal suggest increased agriculture activity. Over last 330 years, increased

frequencies of fern spore and euplanktonic diatom, Discostela stelligera, suggested

the elevated monsoon precipitation.

Tsuifong Lake is a subalpine lake, from which a 55.5-cm sediment core (TF-2)
was taken. It covered a time period of recent 1460 years. Over the early period, the

vi



climate was warm and dry and the lake was acidic and oligotrophic and remained
little changes. A remarkable change to cooler climate was traced back to 630 cal BP
(AD 1320), which was corresponding to the time of the Little Ice Age (LIA). It was
indicated by the slight increase of Tsuga and changes in pollen assemblages. The
climate remained dry in early Little Ice Age. However, the increases of alkaliphilous
diatom assemblage, soil input and the erosions after ca. 470 cal BP (AD 1480) was
possibly a result of elevated rainfall caused by the intense East Asia monsoon. Over
last century, a decline in pollen influx was attributed to deforestation. This was
associated with increases dominance of acidophilous diatoms, possibly as a

consequence of acid rain.

A 3486 cm sediment core df Dahu Lake, a'lowland lake, covered a time period
of recent 7750 years. Qver7550-530 c'arl-‘BP, ;hé'higher pereentages of pollen or
diatoms in the sediments indicated § tra;:,%_}:é.dr_oh ght events, occurred at 7300-7280,
6630-6590, 4940, 4790~ 4770, 414?\4690,%040-“20 10, 10002950, 530 cal BP. In ca.
2000 cal BP, the increase of lb‘WI“anH iplant pollen"r eisr. }yell as the appearance of wetland
arboreal pollen, Barringtonia, iﬁdicated thespossible Beginning of the formation of the
recent floodplain. Over ca. 310-130 cal BP an increase of euplanktonic diatoms
indicated the elevated precipitation event related to East Asia monsoon. Moreover,
increases in the amount of cultivated Poaceae pollen and open land pollen in recent

200 year were the indication of agricultural activity over that time.

Finally, we synthesized the fossil pollen data from 11 lakes and 2 land cores to
integrate the alteration of forest covered areas in northern Taiwan with special respect
to changes in humidity and temperature over the last two millennia. Our results

suggested that the climate in northern Taiwan was stably cool and dry during

vii



1500-1000 cal BP, but changed to wet and warm during 1000-500 cal BP, which
corresponded to the Medieval Warm Period (MWP). In addition, an increased density
and dispersal of Tsuga pollen corresponding to 500-200 cal BP was observed, which
corresponded to the LIA. In recent decades, a decline in Tsuga pollen density and
increased fern spore density indicated an elevation in temperature associated with
increased precipitation. The results revealed that the temporal and spatial climate
changes could be inferred from the palynological GIS mapping method, and that the
fluctuations in temperature over time matched well with the global climate events,

including MWP, LIA and recent warming.

Keywords: pollen, diatotn, Hologene, paleo-climate, paleo-environment, East Taiwan,

Liyu Lake, Tsuifong Lake, Dahu Lake,',(.}_vLS. | “
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al.,2010) - # 2% kg7 A is/kEH (% 20000 # % - Last Glacial Maximum,
LGM) 27k 8748 (% 19000-17000 cal BP » Early Deglacial Period ) - /% & 2%

JF llfﬁ'&p %/—» oM TiE N DFTHE | s » 7 8200-4200 cal BP E]J 32‘”"@ [EE L

SRy
=

>ATH ¢ P et ¥ i (Holocene Thermal Optimum, HTO) 7 B > p ot 2 {8

5 7 2 3 5] 2100 cal BP < 4T 2000 cal BP-17 Kéng & 514 5 8 % £ % -
“ F I-

BEAR D RTH LR KH ? T X Ewgﬁ’ TR m;!* s 0 iR ARG AP IR
PR pE o T Mp& (M‘ 2&90 z\ )“ H %#ﬂ gusish (Tsuga) =4

|
5 6 3700-2400al b ﬁ"’% A 5 2400 cal BP 12 %4545 B 145
" | F

SR B F R F iF iR B 1 ,EFP(’L ew and Huh]bg, 1994) ol i 3t A F 1670

#
=
”*“T

|
i ﬁ?,’&?% # 2 4000 cal BP T4 j\mfh—*w SR :}. %2;1—5‘ %1 (Chen and Wu, 1999) -
T HRPE A S AT R w##;%% F&’%’L° AP LG g e
# #7 7 (Huang and Chen, 1987; Chen et al., 2009) » Rl d A & 45 &2 3 & 45 e

L‘ #. 7”‘

lm’n

e ) o J&IRIRT 1500 cal BP 12k E R 22 AR R B et T i 5;°1‘“'*%'

BRI ARR > TP BRI 2 R e kP EE

BT R R A v g e s A 47 0 @ 4200 cal BP 1k 0w T R
LA A TR > TR AR R R R S F S PR (Lin

etal., 2004; +kik %=, 2004; Lin et al., 2007) o % 33 L o b i crin g 4 087 7 R A

77 & 2650-1690 cal BP Ftk o B % Fofd 5 4 ¥ XA e B 0 BEon F iR 5



R 28 ANF F G R RIPIR o @ & 1260-630 cal BP chiefy g ei 2 ¥

RHETIY L e aidp o @ {8 630cal BP 1 kR L R G R RICEDF F o PR
FI ok e oo BARTOR SR Y YR > BB 22000 cal BP 2% 0 hi 2

WA BT Tl e F AR EES GEAIE, 2006) o

(=) ~# %k

# % (diatoms) 758 % 5 H - fwre S EUR E S B i e iR Gk
BEREEY R IDER AP0 T TR g s é’r_ﬁ(Stoermer and Smol, 2001) -
FREFHRTYEEMBARIEZRN T A RATBIE R p R KBARF RS
FF Ao R REEHEI A G P P AREALR TP REESEL T
ME AR e o d SR «#;? 324 J\Wiﬁ ‘;{%g B ERAH s F)pp
R v B sb#ﬁﬂ‘i Z) m&m}\%#ﬁ%ut s hed T S Fhak 8 KGR e
:z% (Chen and Wu, 1999 Chen et"’“l"*;n 200§D FWang and Wang, 2008) g\ -k g e5g

l,w”h.-_- I,;*;

BREE EKS 4% ek £(Cattan O'@rﬁ#d& Weilhoefer et al., 2008)
1 mn | I
ES IR b W o Wf F'“%E ﬁmﬁimdff g R R R R
pH &£ % 7 £ 4 Sl (i31rks ct al 1990 Ba’ctarﬁee et al., 2008; Chen et al.,
2008b) - Bb ko ¢ Ry lﬁ]r;;ﬁd A\v}fm\ s 43 Bp o E 2 7 L

AN 2

B oge s g gt 7§ oo e Sofie(Yang et al., 2008) © @ 5 & @ Ff R 17
36‘}#?\2 S 54 B /B S )4 ﬁ’- o T ‘5‘;4'47\*’?4' ‘,‘3}}3—"7 :ﬁ&i{? —?S;;'E F B
mﬁﬁﬁﬁﬁiﬁﬂi’igﬁéiﬁﬁvﬁﬁﬁmmhﬁﬁﬁm%iﬁﬁ

(Shinneman et al., 2009) o #* #t » fo e enPojhe » 3T * A % & 69 B p ik & > B

iF 2 MR R ER A 7 o RE S 4% 5 Bc(Shinneman et al., 2010) o

e AP TR RSFETRS BRAH N TR RO

FORFA AP 2 i m g 8 (Wu and Wang, 2002; Wang and Wu, 2005; Wu and



Wang, 2009; Wang et al., 2010) e @ % * it 7@ FfpH L& Pip KR &

FRESALP-FHHEES FWERR S SvEE (Wuetal, 1997 a; Chen and
Wu, 1999; &k, 2006; Chen et al., 2009) o i 3% 2 S 7 7157 R L R %
it 3% B 13600 cal BP~ 12000- 10000 cal BP~ 8800 cal BP ~8000- 6000 cal BP -
4200- 2400 cal BP ~ 2000- 1600 cal BP -7 1200 cal BP e # &4 2 4 ¥ ¢ & 4%
TERMROE R R FHBAE A E T MEEY P REE T P

pH E %1 Fok > X B p 20 2 e v kel a &2 2zkag it hE & o
(2) ~ Fdpthatrang®

Jow i W A 4 3 5 R F AL AT KT & T AT o 2 AT Sl
ﬁg@%goﬁﬁﬁzp;’%aAﬁﬁﬁmﬁ%ﬂﬁﬁ%ﬁﬁ#&ﬁ’%ié

PP T L E LR m%'“ ° B il "?@ i LSRR 0 su—.ffmf TR A RE

.m»‘

B Ao FITR S R

Kf AR R TS 28 2 R P

/% Vel s fRE R E A 7%{?5
A NBEL L ERS };m (e (M@nn, 2002) % B S BRIty
THEGOEE S G EE N LT MR o TE RIS S BB T
2o ST St 2 DR Y ¢ & 0 pkini Bobt SR TR RGh i

FRlo kg 2 e Y SR N R EE N RED 2a e RERE -

Bk ¢ ®em {aw 7 Bk (Zong et al., 2007) » %ﬁd ¥ E LT R
ﬁ%ﬁmwéﬁg(WmeOmHW)mﬁ%msﬁ%aﬁﬁ\vﬁﬁﬂwﬁ
it Benmdr o S e w45 fFokfe TRt RRREH P ITH
R AL ARILT FORTE BERFR AN E A2 ARD R kg e

FONRGD NRGETE M THE T A RS EFEL DRSS LAY Ris A



EE s T 2 BR EZ A o ¥ - Y R R 7 B (Shen et al., 2006;
Dearing et al., 2008)R| £ Z s /B3 A p o6 ~ 3 P B R BR T AT T
feg R e EE 2 FEhe F kB aE L 842~ 2 5 Y BHEH T
B AR ERS AMBR kL G473 7500 cal BP0 #4300 cal BP
Rl P AR eridd e fh e > ¥ i X DI A S 7 R FIEEATRE 2 R e p 2200
calBP A A TR AT ATERBER T3 A R EEMHE 23y Fo Lt pd

Wb S

RenE & i 8 > A2y & 2 RBFpen? oo gt Banh AT
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PR g 7 g E 0 2 FRINE 3R (AD738-902) £ < LR (937-1253)
ﬁﬁ&%oi%ﬂ%ﬁﬁ%ﬂmﬂﬂ%“&J%&&N%%iﬁiﬁﬁéwﬁj

T FREALER U GG A A N P FRE T AFERLF

-

ﬁﬁ%°ﬁéﬁﬁpf@%rW§“?%ﬁ%”*‘*WﬁMﬁ#ﬂw%‘F&
B TR ke ﬁ;"év\ 1 i Tl Q__i ﬁmfﬁmsﬁ iz %8 F 4L (Chen and

Wu, 1999; Chen et al., 2009) - %gq'@ flu BB PEL T 0 & 4000 &

"$—f~1v=~
| ?ﬁ

VL B e gk AR S0 \ﬁ'ﬂﬁvﬁ]& }rsu o *Fx fdp tiE 4000 # 4mfE

'F_

T *%?,’é?%/pﬂmm #%}P\ R : [fk*}if‘ ﬁiﬁh% I‘ ﬁil" mIE“?(om Ii—r'/?
favemgs B T 13000F H LU f?l?ﬁ* CES AR A

o FH Y iRty LEaERE, B v EE e o B R B RE R

(m) ~ FHREER TR AT

i

CR AN S SU S S S T R T SR
LEESFEAETTR AR TR AEE FE IR BB RS TRE (Sugita,
1993; Sugita et al., 1999; Sugita et al., 2006; Sugita, 2007) o F]* A 47 A f 4 P 1=

BRI L LR LR S B F e AR TR



ho Y TR R R R TR ST LB A i M i A

TG EREEE AR T ERA AT -

Ao TRAET Y S0 REBEF > £ F - 23 % (Huang and

Chung, 1973; Chen and Huang, 1980; Chen, 1984, 1988; Peng and Chen, 1996, 1997;

Yang and Chen, 1998; Chen and Huang, 2000; Yang et al., 2003; Huang et al.,

d/

2008) o A7 P ke A TR 2 @ik & (pollen calendar) # # A% F ¢

#u

THETZFEOTR ¢ 7 AT P EFF T AR EE > B F F TS

By

S
K
&
4
.
]
3
)
-

S T R AT RA R S fok s Rt £
Lo BV REIFP BT (Bilisiketal, 2008) o d v EFE g ¢ T T g "

%mﬁﬁﬁ%% B L TEE S UL B S S
<

Biomization 3 & ,%*fw}niﬂ ¥ @,}gﬂk;léf :E; HAr Vo H pae 2 A
AR B gaE o R e fEs T’Ta n;%ﬂyd, sy Pﬁfg*_;f%xé i ¥ (Plant
functional Types » PFTs) ' > F :4!%? ke L fi: ‘%1 2 )“ 44~ 4p (Biome) > I
Bt BAELEEL 0 A A :ié;'{:f;ﬁ:}fﬁ 2 AT AR chiige (Prentice and
Parsons, 1983) o d *t & i & %ﬁtg_s\'ﬁ ~Lr£§i U IR - B N I E S TREIVA
FREATEE - HEP B G HE A P BBl o 50 8 WGEL B A7

Fidtiend 2 ) R ES 0 B RHE A ~ Bk HBiome 3 A2 0 d TR R 4

R AR 2 i £ A AT IR B ETOH 21 A iRp e AE ' (Yuetal,
2003) ¢ BT 0 @ Z L p AE Y R S RS # biomization ik fFiE *

hF ¥ & T B R guE > (Tarasov et al., 1998; Chen, 2001; Yu et al., 2003; % 5

%,2004; Liew et al., 2006 b; Lee and Liew, 2010; Lee et al., 2010) °



BRI T BRI R AR R R B R kR

AR SERNARETER AT A R LB RS AR S A

BT ioh o HR S LR FEEL A G ;ﬁt“ﬁ peodl B pE R
Z B ¥ %2 (Nielsen and Sugita, 2005; Soepboer et al., 2007; Sugita, 2007;
Hellman et al., 2008; Sugita et al., 2010) o #§ 3 2. » f]*u{;fa.% IE fafE e hio st
i# & (PAR - pollen-accumulation rates ) » £ #- 5 B @ /p i 4 p ehiods & &
R RE N S Bl A Gl R 4 FS iR
JEAR X APALE i € R B T RGR BRSO AR A o] i ip RIELR R

g f R AR o A E Ty BRI EE Y 7 A 478508 ArcGIS (Johnston et al.,

2007; Goring et al., 2009) &7

Ur"“ﬂ—nl(

E#5iﬁm4%aw%p'Xigﬁ#%ﬁaW@ﬁ%%W’é*‘ﬁ%
TEREAETRTEEAETE S T{&éopo l!nmap) AR BRREE AR S
B BEFRF TR (Ande s<l)n etk 19‘51 Ren and Beug, 1999; Brubaker et
al, 2005) - 27 g g8 o4 i e BEnR PR AR 4 it d o Wi A
7§ f s LR 4 47 30 (Geographic information systems » GIS) & * & 5 %
Bk ER At TN E 2 B A E Y844 (Flantua et al., 2007,

Gaudin et al., 2008; Fyfe et al., 2010; Wang et al., 2011) -

c BTN EL A BREMAITENRILN A FFTALT IR FEBEE o B
(Liew et al., 2006 c; Lee and Liew, 2010) o }* * 2 & #4 Rt esd v § Feaipl 3
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Fig. 4. The hand-drilled core from Tsuifong Lake. We kept them upright after drilling
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B 70Pb ARG B IRE AR A BH AR ¥2Y AFY
Bop s AL F A1 in% 8 Langd kA 5 % 1 a i 3% & (Alpha Spectrometer ) iE {7 4
7 (Flynn, 1968) » % "C % # # Skt > R L At (7 2 gy b 2 B2 ® >
st L TR R A R B B 0 o S g B R A & B B 4 400 it
B33 Sml 33 Fg > ¥ T % & fF Rafter Radiocarbon Laboratory ( GNS Science °
http: //'www.gns.crinz/) &7 A 45 o #7174 'C & L 12 Calib 5.1 #he
IntCal04 gt & 47 > & {7 & %5 (Reimer et al., 2004; Stuiver et al., 2005) -
o 4 20Pb g MC rE TR BEAIFER Y E SRS GF o AL i

B o BB RR PR BN SR R PRt S e U B T o

ER ARG TS
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Y—"'

o e

|
P etk (#75 LYHL-BESH TF-0) 7 ;I’*g—gﬁﬂmvu”,mw 1

Pz B g s (E9 DH-7B) ) L%ﬁ_;&%:{%%&gﬁi&ﬁﬁo [ER o

Je F enfE s #-T 2 & %5 Pollen Flora of Taiwan (Huang, 1972) ~ Spore Flora of
Taiwan (Huang, 1981) ~ Pollen Flora of Seed Plants (Wei et al., 2003) ~ Leitfaden der
Pollenbestimmung (Beug, 2004) ~ sizk 71 § & 7= B & (F A 12 & FHp4,

2007)8 AT FHcL E R AT B S BIA TTHEA o
1~ & & f&i% (Chen, 1986)
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(2) & > 3500 4 5 ~ 48 > 4
(3) & > 3500 4 5 ~ 45 > ﬁ%‘ﬁi

(4) 40 » FAg-k > #w > 3500 8

(5) #4e A# » #3F > 4e » 10ml10% & § “4h o 24 ffrse 0 3

(6) 17 250pum 35 enéi §e i & o

(7) de ~ g;»ﬁél’v}{ ’ %’g’_:\‘; ’3500‘ﬁ

uf_p
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._"é:]jl °

Sk EAS o
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A~ 15ml ¥
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EY BT IR TR+ LR

(8) #c » Sml /kpspe > # 3% 5448
,w!ffﬁf
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= —
- ey I~
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e
REAFETETEG > TGP
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2.

;%7 (Nakagawa et al., 1998)
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3 48
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=73 b 2
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(4) 4o Fdgok > d > 2200 4 3 248 B4 L K £4F 63120 > E 3]

BRI BRI (A hIET M TRl R )

(5) 4~ 10ml £ 1.88 chf it 4 % o
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(7) dex etk > #3500 9 5 248> B5 R > 485 % -
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A =
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,!r"':ﬁ'

s

. |
(12) # » 15mlm§8ﬂ?' 5}
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R et
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T (%) =

~ e A
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(3) ¥ z & (pollen concentration ) 72+ 8 = f7;¢ :
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fe st
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Lange-Bertalot, 1986)~ ;% -k 3% &4 ﬁ:. LE - (1— /p))iﬁi 2005)~ ] R4 32 BB FE ()

’H‘? i 2006)‘*’13” .1,:3 mr'/? J\]_g_ < / % ARy /ﬂ R ;gf_ﬁ;ﬂx °
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g
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2. 4 /&I % (Wang et al., 2010)
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(1) Bt i geets et A 2 > 4~ Sml10%Bp: » FEIER o

(2) fr ke Fbgk o g (55004965 2 4) o B Kk > £4F 6 -

(3) & 30 40°C 4097 o JoF 1 A IR TGRSR FT B o R3S ml BIg Y o
() g rngge k-

(5) 2 Thermo DELTAS #£Z F 2 A7 REFHRZIE ~F 7 & LTk =3
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Table 1. The results of *'°Pb datlng and.. C datlng of LYHL B.

Depth Methods Hibno. > 1C age Calibrated age*
(cm) (%0) (BP) (cal BP)
0-1 “1%ph LYHL-B-1 - _ 46210
5-6 210py, LYHL-B-4 - - 59+10
85-86 e NZA 29605 -30.0 422420 490424
109-110 e NZA 26309 -28.8 632430 583430
155-156 “c NZA 29606 -24.0 1858420 178070
242-243 4c NZA 26389 229.6 2078430 2060+70
655-656 4c NZA 27222 -26.6 584630 6670+70

*derived from Reimer et al. (2004). 0 cal BP = 1950 AD.
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Fig. 9. The results of *'°Pb dating of LYHL-B. The two diagrams present the amount

of measure 2'’Pb (A) and the sedimentation rate (SR) in recent 100 years (B).
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VoA g
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2 54 (Urticaceae) R4 4 4c crdB%t o gt b » £ A4 (Poaceac) fApFfy
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W eh s T e R 2.96~21.51 0 T35 5 1071 0 & F 10 C/N v i & RiE
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granulata (i##3]) o d * A granulata - 4 £ 1% 5 @ -k F R AR T adp R

FLE R H AR TSR RER R gk o

Table 2. Scores of principal component analysis for pollen species appeared in the

sediments of Liyu Lake, Hualien County.

PC1 PC2 PC3 PC4
Variable (%) 54 18 7 6
Poaceae 3.52 0.89 -0.81 -0.27
Urticaceae 0.29 -0.18 0.82 2.06
Cultivated Poaceae 0.17 -0.41 0.29 0.41
Compositae 0.11 0.21 0.14 0.36
Artemisia 0.03 -0.46 0.21 0.43
Daemonorops -0.06 0.04 0.26 -0.36
Myrica -0.06 -0.13 0.09 -0.27
Dodonaea viscosa -0.10 -0:18 0.20 -0.50
Mallotus -0.12 032 1.25 1.04
Tsuga -0.27 -0.22 0.63 -1.64
Alnus -0.31 -0.62 0.14 0.17
Quercus /Cyclobalanopsis ; 0%, +0.63 <"1 120.28 -0.15
Castanopsis/ Passania 10 #7008 e w i, | 4.52 -3.08 -0.07
Pinus Jols = | 124 0.50 2.16
Lagerstroemia lips M 1293 -1.26 1.12

Table 3. Scores of principal cbfnpoﬁe‘nt andlysis for diatom species appeared in the

sediments of Liyu Lake, Hualien County.

PC1 PC2 PC3 PC4
Variable (%) 47 38 8 4
Discostella stelligera 3.18 0.15 1.35 0.25
Achnanthes microcephala 0.31 -0.19 -1.47 2.18
Fragilaria capucina var. vaucheriae 0.05 -0.19 -0.39 -0.04
Eunotia pirla -0.02 -0.01 0.01 0.02
Achnanthes minutissima -0.03 -0.35 -1.43 1.21
Fragilariatenera -0.04 -0.1 -0.11 -0.27
Navicula radiosa -0.09 -0.16 -0.03 -0.57
Achnanthes rupestoides -0.12 -0.05 0.08 0.17
Cymbella microcephala -0.12 -0.25 -0.36 -0.95
Cymbella leptoceros -0.26 -0.36 -0.16 -1.19
Epithemia adnata -0.3 -0.41 -0.18 -1.36
Aulacoseira granulata -0.62 3.39 0.33 0.25
Saurosira construens -1.49 -0.95 2.55 1.44
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Planktonic Epiphytic Benthic
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Fig. 11. Diatom diagram of Liyu Lake, Hualien (LYHL-B). The zonation is the same as pollen zone (PZ).
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Fig. 13. The summary of pollen and diatom principle component analysis, cultivated
Poaceae, weed and charcoal. Pollen-PC1 (pollen principle component 1) correlated to
the deforestation. Diatom-PC1 (diatom principle componet 1) correlated to the change
of lake level, while Diatom-PC2 (diatom principle componet 2) correlated to the
trophic condition of lake. Weed assemblage includes Artemisia, Urticaceae,
Composeae and Chenopodium. The zonation is the same with pollen zone.
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Fig. 14. The comparisons of lake development, paleo-climate, human activity, ruins
and archeological data in Liyu Lake, Hualein County. *: the ruins numbers in Hualien

County (Taiwan Archeologe Site Data Base, http://webgis.sinica.edu.tw/).
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Fig. 15. The location, topography and surrounding vegetation of Tsuifong Lake, [lan
County. The vegetation map is after ¥%47 % % (2009).
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Fig. 16. The lithological map of the vicinity of Tsuifong Lake, Ilan County (Central
Geological Survey, MOEA).
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Fig. 17. The position of core TF-2, lake topography and the littoral vegetation in dry
and wet seasons of Tsuifong Lake, Ilan (£ & # > 2006).
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BISTF2 8 E 555 204 » B USRI PRESEM  F 242 d HE -
3ORB ECHE NRIT R > FIU 02 0.5 28 nfEdT R e T FE R o AT
PESIR PR B R AR ERRTT HEEF T iR

0.5 = & enfddr R B (7 A 47 o

210pp g2 4C % i thik % 4o Table 4 £ Fig. 18 #757  2Pb % # gL s % 87 7
£ kb & 50,65 mm/yr (Fig. 19) - C 2 BlF 46 ARSI REE
Ak mHEE R A (Fig 18) o & S f-dlmim R (4> % p B fodh s 3t
B

EARRITA R E N o 15hE Nk 28 £ 1460 cal BP 11 k ik b o AR

F R FFE 5 0.65-049 mm/yr’ SERE T SUR R R R

oo i 8 23-6 24 g ARA $ TENF EE A 060 mm/yr T T 0.48
82—t
mm/yr = ||

Table 4. The results of '°Pb dating and e dating of core TF-2 of Tsuifong Lake,

Ilan.

Depth Methods Lab 0. 8"°C C age Calibrated age*
(cm) (%0) (BP) (cal BP)
0.0-0.5 *1%b TF-2-01 - _ _56+4
5.5-6.0 *1%b TF-2-12 - ] 2944
22.5-23 e NZA 32825 -28.0 323420 308-460
34.5-35.0 4c NZA 33630 -26.8 495+35 555-611
43.5-44.0 C NZA 33600 -27.5 973425 795-875
53.5-54.0 e NZA 32827 -25.5 1502420 1335-1413

*derived from Reimer et al. (2004). 0 cal BP = 1950 AD
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Fig. 18. The age model and_igﬂihi’ent%}‘tﬁn rat_@'é;_"-f cor'e%2 of Tsuifong Lake, Ilan.
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Fig. 19. The results of *'°Pb dating of core TF-2 of Tsuifong Lake, Ilan. The two
diagrams present the amount of measure 219pp (A) and the sedimentation rate (SR) in

recent 100 years (B).
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Table 5. Scores of principal component analysis and favorite habitat for diatom

species appeared in Tsuifong Lake, [lan (TF-Z).."-

PO PC2 Habitat
Variable (%) ! ; 94~ 4 pH Trophic
Eunotia praerupta X0 4] -0.09 circ. oligo.
Gomphonema grunowii | | <==em9 -0.02 circ.  eu.
Navicula lanceolata il Mo 0:01 circ.  broad
Aulacoseira distans ‘ | -4.71 | -0.05 acid.  oligo.
Eunotia bilunaris var. mucophila: . 0.38 ... 007  acid.  eu
Eunotia paludosa N 045 © .-0.07  acid. -
Frustulia rhomboides var. crassinervia 0.08 0.20 acid. oligo.
Nedium ampliatum 0.44 -0.08 acid. -
Neidium alpinum 0.51 -0.18 acid. -
Pinnularia gibba 0.30 -0.12 acid. broad
Pinnularia microstauron 0.23 -0.05 acid. oligo.
Surirellalinearis 0.50 -0.19 acid. broad
Achnanthidium minutissimum 0.33 -0.18 alka. broad
Encyonopsis minuta 0.23 0.98 alka. oligo.
Saurosira elliptica 0.50 -0.09 alka. eu.

circ.=circumneutral; acid.=acidophilous; alka.= alkaliphilous; oligo.=oligotrophic;

eu.= eutrophic, -=no data.
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Table 6. The selected transfer functions models for Diatom inferred pH, TP and

conductivity and their correlation analysis with principle component 1 (PC1).

Variables Methods Dataset samples RMSE r ( with PC1)
DI-pH WA Comb-pH 622 0.51 0.78
DI-pH WA SWAP 174 0.34 0.91
DI-pH WA ALPE 118 0.37 0.85
DI-TP WA Comb-TP 477 0.39 -0.36
DI-TP WA NE European 163 0.29 -0.44

The selected transfer functions and calculated software (ERNIE) were adopted from European
Diatom Database (EDDI). The statistics method of transfer function was weighted averaging
(WA). The lower value of root mean squared error (RMSE) indicated more reliable
estimation. Based on this principle, the transfer function of Dataset SWAP and NE European
were selected. The correlation analysis between predicted variables and PC1 was Pearson

it

correlation. .

,-l“_" ; #" -"‘-.

Table 7. The comparison between niod““r@bsér}/ tion value and transfer function
prediction values of sutface sample 14 pmnld conduct1v1ty

Variables Time | ' entl Diatom inferred
(AD) I ~ 7 values

pH' 2008:2010-1 [ 442-(5 B&) 0. 67 5.23-(5.59)-5.95

TP? (ug/l) 2004:20057 6=(15)=27 12-(14)-16

'Kao (communicated data), * < i ik €2006). Minimum-(mean)-maximum.
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Fig. 20. Pollen diagram of Tsuifong Lake, Ilan (TF-2) . AP: arboreal pollen; NAP: non-arboreal pollen. Taxa (%) =taxa/ (AP+NAP). The

magnification of every taxa (with slash pattern) is 5 times. Black circles infer presence. PZ: pollen zone.
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Fig. 21. Diatom diagram of Tsuifong Lake, Ilan (TF-2). DZ: diatom zone.
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Fig. 23. The 8"*C-8'""N plot of sediment samples of Tsuifong Lake, Ilan (TF-2). The
013C-615N ranges of C3, C4, rock and soil were followed Kao and Lie (2000).
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multi-proxies data.
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Fig. 27. The location and surrounding vegetation of Dahu Lake, Ilan County. The
vegetation map is after ¥R 47 % % (2009).
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Fig. 28. The lithological map and topography of the vicinity of Dahu Lake, Ilan
County (revised from Central Geological Survey, MOEA and google map).
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Fig. 29. The climate diagram of Ilan City. The black circles are monthly mean
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precipitation are marked on left-upper portion of diagram. The climate of Hualien is
warm and humid throughout the year. The rainy season is May to November and the
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typhoon events and winter monsoon (Central Weather Bureau).
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Table 8. The dating results of *'°Pb and '*C of core DH-7B of Dahu Lake, Ilan
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Fig. 30. The age model of core DH-7B of Dahu Lake, Ilan County.
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Fig. 31. The lithology and pollen diagram of Dahu Lake, Ilan County (DH-7B). NAP: non-arboreal pollen. Taxa (%)= Taxa/ all pollen.
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Fig. 33. The paleoenvironment and drough events of Dahu Lake, Ilan County since
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columns infer to dry events.
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Table 9. Site-specific data of the pollen records used in this study.

No Locality Coordinates Elevation Age No. of References
(mas.l)  (cal BP) e

1 Chiamin Lake 23°17'N,121°2'E 3310 0-4400 3 (Liew et al., 1995)
2 Chitsai Lake 23°46'N,121°14'E 2890 0-6300 4 (Liew and Huang, 1994)
3 Tian Pond 24°16'N,121°1'E 2600 0-5500 3 (Wang et al, 2011)
4 Tsuifong Lake 24°30'N,121°36'E 1840 0-1455 4 This study
5 Yuenyang Lake  24°34'N,121°24'E 1670 0-4200 4 (Chen and Wu, 1999)
6 Mystery Lake 24°26'N,121°43'E 1100 0-1700 3 (Wang et al, 2011)
7 Duck Pond 25°10'N,121°33'E 760 0-1300 5 (Chen et al., 2009)
8 Sun-Moon Lake  23°50'N,120°54'E 726 250-20000 4 (Hdt? > 1996)
9 Liyu Lake, Puli ~ 23°57'N,120°59'E 550 0-2600 7 (3& A3 > 2006)
10 Liyu Lake 23°55'N,121°30'E 110 0-2300 4 This study
11 Dahu Lake 24°44'N,121°41'E 6 0-7553 11 This study
12 Kiwulan 24°48'N,121°46'E 4.5 0-2750 4 (Lin et al., 2007)
13 Wuyuan 24°39'N, 121°|47'b' ! HI3{ — 0:4200 5 (Linetal, 2007)

Outlier points = -.1'- ' R

NE corner 25°18'N,1 o

NW corner 5918'N, 1202 —

SE corner 23.?17'N"12[ ) <o), e
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Fig. 36. Map of sampling localities. The information for each sample number is given

in Table 9. The vegetation type at each sampling locality (labeled by a number) was

indicated by the corresponding altitude given in the Table.
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Fig. 37. GIS mapping of changes in AP (A), fern spore (B), Tsuga (C) over time

inferred in the studied areas. The four time series correlate to present (200~ cal BP),
Little Ice Age (500-200 cal BP), Medieval Warm Period ( 1000-500 cal BP) and
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Plate 1 1,2. Abies (LYHL-B-110, DH-7B-20); 3-5. Pinus (DH-7B-585, LYHL-B-55);
6. Podocapus (DH-7B-585); 7,8. Tsuga (LYHL-B-170, LYHL-B-55); 9.
Cryptomeria, (DH-7B-10);10-12. Chamaecyparis (TF-2-5, TF-2-20, TF-2-39).

113



Plate 2 1-4. Alnus (TF-2-48.5, TF-2-20); 5-7. llex (TF-2-0.5, TF-2-20); 8-10. Salix
(TF-2-39, DH-7B-585) ; 11, 12. Symplocus (DH-7B-585); 13-15. Rododendra
(TF-2-19, TF-2-39, TF-2-48.5).
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Plate 3 1-11. Quercus /Cyclobalanopsis (DH-7B-455, LYLH-B-190, LYHL-B-55,
Tf-2-20, TF-2-39); 12. Carpinus (TF-2-48.5); 13,14. Acer (TF-2-48.5); 15.
Ligquidambar, (LYHL-B-150) ; 16-20. Castanopsis/ Passania (TF-2-3.5, TF-2-20,
TF-2-39).
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Plate 4 1,2. Syzgium (LYHL-B-235); 3. Elaeagnus (DH-7B-455); 4,5. Myrica,
(LYHL-B-130, TF-2-39); 6, 7. Ardisia (LYHL-B-110); 8, 9. Dodonaea (DH-7B-20)
10, 11. Bischofia (LYHL-B-55, LYHL-B-170); 12, 13. Mallotus (DH-7B-15); 14.
Lagerstroemia (LYHL-B-30); 15. Morus (LYHL-B-30); 16. Loranthaceae (

DH-7B-255) ; 17-19. Rhus (LYHL-B-190, DH-7B-10).
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Plate 5 1-5. Rutaceae (DH-7B-585); 6. Barringtonia (DH-7B-10); 7,8. Alisma
(TF-2-52.5, TF-2-39); 9. Polygonum (DH-7B-75); 10, 11. Umbelliferae (TF-B-9);
12-14. Haloragis ( TF-2-48.5, TF-2-39); 15-18. Myriophyllum
(LYHL-B-55,LYHL-B-210, LYHL-B-150).
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Plate 6 1-7. Asteraceae (DH-7B-10, LYHL-B-110, TF-2-0.5); 8-11. Artemisia
(TF-2-39, LYHL-B-55); 12,13. Chenopodium (DH-7B-5, LYHL-B-150); 14-20.
Poaceae (LTHL-B-170, LYHL-B-55, TF-2-48.5, DH-7B-10).
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Plate 7 1, 2. Cyperaceae (LYHL-B-150); 3. Nymphoides (DH-7B-05); 4, 5. Typha
(LYHL-B-250); 6-13. Monolete spore (TF-2-3.5, TF-2-20. LYHL-B-55).
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Plate 8 1, 2. Tree fern (LYHL-B-5, DH-7B-5); 3-5. Trilete spore (TF-2-3.5,
LYHL-B-190, LYHL-B-150); 6-8. Preris (LYHL-B-31, TF-2-39, DH-7B-10); 9,10.
Concentricystes ( LYHL-B-190, TF-2-3.5, TF-2-20).
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Plate 9 1, 2. Scenedesmus (LYHL-B-55, TF-2-0, DH-7B-5); 3. Botryococcus
(LYHL-B-55); 4-6. Pediastrum (LYHL-B-55, DH-7B-8, DH-7B-585).
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Plate 10 1, 2. Abies (TF-14.5, TF-2-35); 3, 4. Pinus (TF-2-6, TF-2-18.5); 5. T'suga
(TF-2-13.5); 6. Chamaecyparis (TF-2-13.5).
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Plate 11 1. Capinus (TF-14.5); 2. Alnus (TF-2-13.5); 3. Ilex (TF-2-33);
4. Liquidambar (TF-2-32); 5. Juglans (TF-2-13.5); 6. Salix (TF-2-30.5).
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Plate 12 1. Rhododendran (TF-23.5); 2. Symplocos (TF-2-18.5); 3. Ulmus
(LYHL-B-60); 4. Quercus /Cyclobalanopsis (TF-2-18.5, LYHL-B-251);
5. Castanopsis/ Passania (TF-2-32); 6. Dodonaea (LYHL-B-131).
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Plate 13 1. Myrica (TF-50.5); 2. Lagerstroemia (TF-2-6); 3. Chenopodium
(TF-2-40): 4. Asteraceae (TF-2-18.5); 5, 6. Artemisia (TF-2-40.5, TF-2-32).
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Plate 14 1. Poaceae (LYHL-B-100); 2. Cyperaceae (LYHL-B-251); 3. Polygonum
(LYHL-B-251); 4. Myriophyllum (LYHL-B-251); 5. Haloragis (TF-2-35);
6. Chenopodium (TF-2-40.5).
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Plate 15 1. Monolete spore (TF-2-18.5); 2. Tree fern (LYHL-B-180); 3. Trilete
spore (LYHL-B-60); 4. Preris (LYHL-B-251); 5. Concentricystes (LYHL-B-190);
6. Botryococcus (LYHL-B-55).
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