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Abstract : This study reports on a palynology-based multi-proxy analysis of a 360 cm sediment core retrieved
from a freshwater marsh near Lake Pontchartrain in southern Louisiana, U.S.A. The site has experienced
significant geological and eco-logical alterations during the late Holocene. Palynological and geochemical data
suggest that four stages of ecological succession occurred during the last 5,000 years. The site changed from
an oyster reef in the back-barrier system (5.0-4.0 cal yr BP) with elevated marine elemental concentration of
Ca to a transitional stage (4.0-3.5 cal yr BP) with high Zr/Br ratio, and then to a lake stage (3.5-2.0 cal yr BP)
during the St. Bernard delta complex with increasing terrestrial elemental concentration of Zr. It finally changed
to a Sagittaria-Typha freshwater marsh (2.0 cal yr BP to present) with elevated Br concentration. The high
charcoal concentration suggests an intense fire event that occurred prior to the establishment of the Sagittaria-
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Typha freshwater marsh around 2.0 cal yr BP. These findings suggest that our multi-proxy data are useful for
identifying the origin of sediments and reconstructing the paleoenvironment in coastal wetlands.
Key Words : Wetland, Delta, Louisiana, Pollen, Loss-on-ignition, X-ray fluorescence

L A&

aj= ol xofjul gito] IA|RE XA SH=
CHRE AT SRS BESE A9eg, wid 59 &
7Vero] E|lAES 7} sk UK K Couvillion er al,
2011), oA xR EFEL A 63 | 59t F 320kn”
o] BTt SitEAAN S WA =t 53,
o= AR} 4= ol 3L 35m o3| Al47]
AF ol s, dome Tet si4=2] Hol At
£ w2} 7159 SAZE EE1A ok WA =Rk A
o Q= SiehEAl A Hell= siotilE wet s Ert
A gl (Alleman and Hester, 2011), SFA|9E o]&
S, ATl 12 72 uslel sl Ao
2 Qlak A2k Ael] ol 2131 Qe Couvilion er al,
2010, A ORI B 77 A=} oK pubmiano,
Jr., 1970; Sklar and Browder, 1998; Kulp et al, 2005;
Doyle et al,, 2010; Day et al,, 2012), AJefsHA | x5}k
A, At 2ol TR A48T Al B o
o B ok AEke FHoE N AT e
AGL7)7r0] A 0] FoJHTtHCowardin and Golet, 1995;
Mitsch et al., 2009; Cronk and Fennessy, 2016), ©]2}
TE ZAlE SAATl QlotAl, mlstet chARet
off thgt @e] AokS ZbASITkjustic e al, 2016)

B A, WElES A, XA WA,
ZAISY, SEEADE Bl TlAIATI ol Al
A R, A, A%, 227 o] 12 e W

o
off MRz FHAAE SR ol= 7IEFAAT

Fohe H Eee A,
Aed Aoz 7distal ek

At 308 @A, =i AYejAle} dRisto], ek
off et Z=A] 7]Eo] EE oA SitkKang and

-418 -

Lee, 2000; Liu et al,, 2004; F572 5, 2005; Jun e al,,
2010). 53] 7|& AA8H(Kim, 1988; 2F8<H 1995;
Kim er al,, 1999), A@HH (YT 5, 2003; 274
2003; o]FE - WAl 2006, S3H 5, 2007) B
do, Aeiska(o]d<4 5, 2009; 72 5, 2011 &
A 5, 2013) BAS e RM, SAEEY A
Wb a0l A goh 2 g Aol H8-EaL
£ A3teha B4 Ejd ol gt 719 el

S'lﬂ )

1
[o

b
O of &2 30 i oF

S~

o
e
MT
2
rlo |
2
™o
ol
O:
off
et
e
01N
filo
3
_0|L
=
pac)

ol
[\
S
[
S
ol
1
et
ofrt
(3]
[«
[«
LD
g
T
N
o
M po
ol
ot

]
2009; ¥4, 2013). SEARE SHEREAS 7%
e B4 E 7R 24 P
O|tHFaegri, 1966; HIA|&, 2008). THEEA
FAEEY A7 H4E 4o 1 e
T, El&Eo] Aol I WollA L
T8h4 df7|8h4] Wgrt I Ad el Sigt
72|71 % $FHHartman, 1968; Davis and Brubaker,
1973; Janssen, 1973), 015 Hkstalat, Z s @]ofAf=
e ZZA 7|9 £ A7F Edstthliu e al,
2015; McCloskey et al, 2018; Ryu et al., 2018), °|& <
T AR 719S 98, 71 A} 3Est
7|%3t A5 HATo 2 A uSHEUS S oA i
A7) o ekl itk £ AT 71E8Te] A9
< st AT RN BEE AtAWt £ =

Yol A8 4 QA AEshict

ol
R

|
452 ol

o
IF
po)
o
S~

©
Rl oo
=

4>
o %o

y e
of o

]

o

I, A3AS 2 o ek
1. OAAERY 2788 At

oAU = mAA e ARk oy

TABLeNA A 77 @ 53F F 30,000km” o]0] 4tz



3 4 5 [ 3 9 10

1 2 2 7
Figure modified from Kulp 2005 & Frazier 1967

s

\
\

-

24 27|, 20|XofLt F OAIALZ

EEEEN

rhor
oY
J

Y

90° 23'40.74"W

*

Lake
~ Maurepas

29°59'2.236"N
Lake Pontchartrain
New Orleans

Lake Salvador

15 30 60 Kilometers

JOYCE SITE

L3P o RS peinBeD EOLAESY of e COaSTS PrOtecon SN FESOTatan AUty of
Louisiana's Coastal Informason Management System (CIMS) Map Viewer ntertace nEps.ficms. CoRstal 13 GouM spHome 33g)

a3 1. AKX AGA

* A FolAolt mlAAT SR A B
A et dEEE AeEe] 9le:

3 219k Gulf of Mexico?] $1718 AIIAE Hojzn, tiofe Mos way Bat

= B AR FHO R Faxlake Maurepas®} lake Pontchartrain), TIAJA|TE, EA(FEE]AN) 9] XEF] $2]5 vehd.

= C @AY Yol Holdle = (canals) 9 ZA19] =25

F5 AHAAYTHKup er al,, 2005). °1& A= A
Al 6719 EahAkZ(Maringouin, Teche, St. Bernard,

=2 gl
= =22

A|A $EO M (Frazier, 1967), AIF-A o2 167]2] 242 4F
ZrE Sdsligie(2E .

9 6719 B ol & dA 92 7]
2A]| E2QF Teche, St. Bernard, Lafoucha 421529 2] - 7+
RS- WrolIthKulp er af, 2005). Frazier(1967)

Lafourche, Plaquemine/Balize, and Atchafalaya)

o

=

Zlo
I =Y
[e)

]

I

Lrehd,

-419-

"l EALE| A A|(crevasse deposits)S 2 5FA]
Az o]F 4 | ARE St Bernard AFZ)
HE Tech AFZ5= Aol B2 ] HE 5
7120l Bl At ZA |(Interdistributary
channe) 2 W95 443 71tk ol s x@Ae] 5
FEAE| AlEAR Hsk= AkAlH A Fining-upward

ok

sequence) 2 WAA AL} 21} sjES HHEShe 3
Holat QA WA vlAIA T AR 3

¥ AHNE AR Lafourche AHZ1520] B0 74} 5
5o FAES Halste] Fol Aol Hero 27y
o2 Al o) B AAkEe] A ZhuA
IR FHESI] FAstT 7]
e E S 17, 1847100 A2 o)Fule] 27}

2~
T
%

o

=
9]



(e}
7, B0 W BES W, 54 5, 9, A 2
2 3z A5=9] FHA S7HE ThAgken, B3],
¥a) 242 s, st
= S AOHTKRyu er al,
2018). E3h @YU HA7RA AT, Bt SR L3
A S FlEshet 83 F3E vHth

2. THXIH

QA Zol oLt ol e o E el
A H(Joyce Wildlife Management Area) 2 &, Pontchartrain

A Well f1AI8) ek F&3 %oz F S4x(Pon-
tchartrain, Maurepas)7}F AF2|RFaL §lo], QA G2 o]
5 540] W2t JRL 1 Yok 1), Ao
= ol YO o321 Bald cypress?} Water tupelo
(Taxodium distichunrNyssa aquatica)7} 9 A& =
skl o, & WO ¥} 2EF(Eleocharis,
Sagittaria, Typha, Polygonum, lpomoea, Vigna luteola,
Altemanthera, Gypresus, Kosteletzkya, Quercus, Zanthoxylum,
Wax myrtle, Acer rubrum 57} B-S A2 oA A]4]
S QUKL 2, ZAAIoIA] S ki BHOR T4
A= (Hammond) 2 HZ-0. 2 F7-82] 12 (New Orleans)
7 SR8 QUK 1), B o] Ajego] 0l £

Herbaceous Marsh Vegetation Data
Site CRMS0034 - All Plots

Sample Date 08/30/2018

Eleocharis macrostachya Britton
Sagittaria lancifolia L.
Polygonum punctatum Elliott
Ipomoea sagittata Poir. —

Typha latifolia L. -

Vigna luteola (Jacq.) Benth. -

Alternanthera philoxeroides (Mart.) Griseb. 6.0
Echinochloa walteri (Pursh) A. Heller 22
Symphyotrichum divaricatum (Mutt.) G.L. Nesom 1.8
Eleocharis cellulosa Torr. 1.8
1

Taxa

Cyperus haspan L. 7
Sacciolepis stiata (L) Nash— 1.0
Amaranthus australis (A. Gray) Sauer— 0.9
Ludwigia peploides (Kunth) P.H. Raven — 0.3
Kosteletzkya virginica (L.) C. Presl ex A. Gray - 0.2
Cyperus odoratus L. - 0.2

Bolboschoenus rebustus (Pursh) Sejak - 0.2

7

Scirp

Typha & Sagittaria

Quercus

us & Kosteletzkya

40% 60% 80%

Percent Cover Wekans

AT

Zanthoxylum Aéer & Myrica

33 2. AKX AlY 222018 63)

23] © CRMS(ZZI); CWPPRARIR)),

-420 -



E2M 27|, FO[X[ofLt & DIAIATIZ

ol

rior
o
s

Y

Salinity Water Level
14 2, .
| LTI N
1.2 2 ) .y i T
| 2 sl \K 1 [ "I “\» ) }‘."
1 \ s o . ']}“ I N ] T \Y\J“'
g oat : A (VY A A BT
- [ g WY (T Ailli n‘l- Tr
% 06 il § 05 i J‘{ #}., APy
1l H Ly
04 5 o
I omr — T g T
Thow id o 1 . \
1T — '
0 -1
Mar182018  Mar312018  An 152019 Ap302019  May 152019  May 302010 Mar182010 Mar312010 Apri52010 Apr302018  May 152010 May 302010
March 14 2019 - June 11 2019 March 14 2019 - June 11 2019
Data Source: Continuous Hourly Observations Data Source: Continuous Hourly QObservations
3% 3. S7XY H S
£2] © CRMS.
(U. s. Highway 513} I-10)E &3f o] A|9& 23l 19 &t 717 HESA|, HARMZF A= ST BE%Y
A|715E] 2041710 AR e AFYGal HEARYG Q] 93 TE, T, T, AR A f1el AEs
o AIGAE AR 9 El Wy Hoickre A% 340) ) lamnich 3 360709) AEel4 A
et al, 2018), o}, AMZL 7} Ao vt @ E(Thermolyne D1 Large
Coastwide Reference Monitoring System(CRMS)o]| 4] Tabletop Muffle Furnace) Qtof|A] ARl A|7F} 2o
275 0 87 RS 0-ppiE AT Bag wfeh AR eKDean, I, 1974, EHAE ZHE
SEHIR 3). SRS ALH GFS Worl 15-0m ) 5 AR 105CoIA oF dsAIzk Bk SR THE
ol X&HE FAISHL UTHLH 3). ARoH, ggto] 8] AAE MEE 550°CollA] oF
AT ERE 1% 2 919 TS Bl
3 o Ab gF B e 9fs) MES oF 5AI7E 541 1,000°C
A BER e, 7F dAmct BEe] FA= sk

AJ-, A, A|geto] dhgh A7E TRt 24
EAEE XA SHTEA SEEA SAEM) S E5 o]
oREt. 20179 119 3¢ Fo|A|oluf FHrtiL )
¥} A~2x(Global Change and Coastal Paleoecology)
T4 B ol Aoft o] g1 T Aol
Al AEA =AY 73 S]2|AIQ] Bs] 2ARE AAIS)H
Stk w9 S W A At A8 ZAE 9
3, mOpAlR} ket Wl o ® e Baa A
@ F715 4 938l Russian Peat Borer7} AR&-5]
Aok Ao A3 23HE B4 F ARE XollA
88101, % 710] 360me] A|=T0}Z 3
Z8h9Ir}, 53] Vibrcorer 0|83 EOF AlFo &
do] omoll o= AFulE vto|2r} ARE I oot
A g} vteelo} | 18, A" sole
4ColH BT,
BE AgL shy 4

s
2l

AR

3

e

O_1m

re

Zlo

Ol

VibracorerS 0]

4 Uy

Al(Global Change and Coastal

Paleoecology) oA AlE|gict EJHE B4 98] o}

-421-

(Analytical balance)ol|A] Tfo|ZZ2 I (ug) = =4
sk

Asfat a2 9lo) x4 HIEAo] ALE
0]5 $J3ll Delta Premium DP-4000 X-ray fluorescence

analyser7} AFEE]Q1 M, 360cme] B AlFE+= 2em7t
Aoz AN, 7F 39| 38t F/4d R 4= Parts per
million(ppm) T= &4 =Sich o] WS Xray7} Al
29 Wz AR HEAE o, SEE A AEE
971 Slsf o2 ARpFAN A AR} ol Fsh W
= YRS SAshe dElE, EGUH €29 S o
4 9ot
e

PRl ISP R L RERCERE 2
o, 433

dhahaE o] AagEigict. e B e
B2 W gl AlBolut 2715 BHHS o) 5-10cmnt
o sk 7| S5 sl W AR )
she ol el 5 Azol] $744 Al Bae A}
SEIgch mlake £42 918 Soemmhch EQAIEo] A

ol
=



oa

258 22 Zue
FHElom, 252 Aol Aefrl & vhil dAlof 2
A TS AL er al, 2008). 2 AA
£ 918l 10% Fakgoo] AR T AL AIAY 3
WAGE 918l 10%6] Al golS Wl B Bl
A 2~587E F7 AR &, Aell(125~15um) Ae{A 1]
SHAlE EeRct. AR AIAE Sl B3R890
ARGEIQlOH, O EARGOHE HGa AIAE flel A
SEE AR EEEES 7Rl v e RS
AAsIE dnld EAole A 1948 =ol7]
f1al 3007H oo} S 10um 7] oo & 27}o]
AU

HaEHLSA S el MES vw E2d 7

International Chemical Analysis(ICA) 4= HUjFch

TEEAC) ZSPHEE Zonel(360-335cm)= ZHA

ElXEa = o] 4Rl siig-S T oA 5

YA} F o= oF 53004 Aol El&E Aow
1=}

S HTKTY 4. AASNF B Ak SR G

o
ofi

o]
0
18~40%, +71&3F 0~5%, BFAFY SH-3F 0~7%, TF
o 89502 TR TAte e vy

HEH = ZAo] tiitolH, jAre] s =7} st
A FUTHH ). ZA FAR sjAfe] FFo et

we o

ofr

= Water
=1 Organic Lithology
B Carbonate
D - T T T
Age ;] @ | ‘ |
cal yr BP ] A
30} K‘\
s I
50 S
60
70 ]
o ‘g ‘ | Peat
90
100 hd
110
1349246 = 120
130 &
1404 |
150 | &
160
- : Sommsspemem
208378 = 1 Wood debris [T —
1801 HERRL 00000000 ===
150 =
2004 @G- e
2101 ||
2926+74= 220
240 Clay
250 |l
280 | Oyster shells
270
2801 ||
290
300
310
320 § Sandy clay
330 |3
340] I
350 S|
53052120 = 360 '

cm 30 &0 90

Peat Clay SandClay  Sand  Unconformity

mt O e -

Leaves Roots Plantstems Oyster Wood fragment

€ @ &

-422-



|_ Lol —I— XRF
= Water

3 Organic
3 Carbonate

E2M 27|, RO[X[oHLt F= OIAAIIY F+&X 2 53
Microfossils

Zonatiot

Age
cal yr BP

1349246 = :

206378 =

2026174 =

T
m 30 60 90 1000 10000

2

1

No pollen

T
20 200000 500000

grains/fem3  fragments/cm3

7 5. BAMY, XN FYEA, RN Ha}
BN A3, ) B FO2 TREYS.

L I AHE EEo] EgE o]
Tt Zone 2(335~305cm)+= AHAS R &
26~490)3}F 718 2~7%) THFE HojFEr)
2 A AT A00-970 0] APETE ISk ut

Fo) A2 9 HEe 7= S14E9)
3] Hhashe ko] ot ddiE o Srkeke

EXER

i)
7
r o

i)
ol ©

fo dr of
» o

Al wAe] kel Holgg FASACE Zone 3305~
168m)& YRS B]j0] MY B HaRe] F0 7

AT} B 34~520%, 97]
SR (-390 2 AT A o2

(o]
A2 ope

= 3%, 181t

ER3020-230emolA] FEE HEY| HABIIAL
=% 230004 Aol HAE A0 W A
3 Bo}4So] AR

, B

E&30] Zone 33} A

o o 2 weisin
AR 100, TS HA 66 Holn] o HAR

A A8l €71, fehE FHdskaL ek

~

423 -

B(zr, BT} SR
o et wisks Belsieltt

B ol
Tt AE

A Hols v Br sk HAb
RHok Zr FE= Zone 2004 7 &
5 Kol Zone 3004 &Z A, o] HF] =
& FAISHARE, Zone 404 FA3] A4k Ca
Ze= Aol 7P =A e, o]l Hlegt
5 FABIL Zone 4914 F48] AP, Zone
29] Br 5 A S718IC7t Zone 35 ) 7hAe)
1, o] ThA] Zone 40l|4] F7IokH AlRO] AHE 71
A 7V A ERT Zy/Br SEgHlE AR ShgRo
A 71 A et o, 230cm B4 85X @
& Bt

rlo

e off



225 BpAL ksl F7)0) 2 B4, U 27 A
= &7|9 e, Sk BH, = 5 ofF SR= AlEst
=3I}, Zone 104 AEE 271(1~3em) €] & F}40]
A EACHTH 4). kA, AR gk E
Bl E|AHE EXA) SR W Ex) S0 Uk ] okf
t}. Zone 29} 30 A= TR 2] Abeo] o}z AL
¥ A E719F o7t HESOIA Aol T
t}, uhHo|, Zone 4= TJEE 243} Al o] A& £
o} ma) AejE HESK QIQIch YRR 2 e
oF 6em®] 273 AHe] UExZto] 155em oA
HPAEACH Y 4). A7 Alehilo] 9)2]%t E.Z-_jq_ 87
Zo| A= FR AREHE HE ALxTle} ZAE0] £
oF 7t =lE ek

=
=

4, s SAtza

SR 2H, &= 24EY F

WEERS ASE olFL

Y] He] Yefehy Wbt
Q= Zone 19A+= 72

0|5t u|shAo] BEAE|R] 9kQFOLL Zone 20| A= Pinus

2} Glomus®) HAAQ Z7171 TaE]QIT) Zone 3904
L Pinus?t AR} Aashs B4 Hol= Hhg)
9} Typha= AL oFo g Z7lsl= AR Uehfgich
ST Zone 45 &l HA} %7]—0]—‘— &S B
o}, FET} 200~220emo A & HE 0] $o] P
ek, §71% 202 olol2l Zone 4t Q0T
2 SHEE ot T W O] Sagittariat TyphaZHe-o]
A ) SEAIRT, 20em F2ollA] e 2E79} Glonws
e S P
7 sheisigiet

Sagiftaria

5. E9|

-

A7) Aol QJat, ZAAAE 5
41:]—75“ 4 g}zﬂx% 7\]1151—24 J\HEH 1—34' /\5] 753]
S 27 A 94 el sleks

Zone 12 5~4 | A Al 27 | (back barrier) ol &
4 2UE AR AA ﬂl*lAMﬂOM =
e ardit ko] EAR} HhE whbrA o] 7k
o, o= A ciero s 21 el A 7

F_d

4 7

s
A

ol

-

-424 -

NS okt ojt), AokRS} whEo| JaFo R Al
F, ol & e AT 2 A2k v
s 2ol AA "ok Al 23k E Ao
choz sfulnt S Wt SRS oz 4
5, B, UEA 5 BN, o Ao
SHIIRARE Sl o] A1 W s AW (Ravinement) 2F
2 gjol @4HOR AefE AR IS H3A P
gHol5k tiKindinger et al, 1997), =2 Zr/Br SFH|
& o 710 29 BRI 2O i
A8 sjatollA frolE Aoz Heltk
(Ryu et zz],, 2018; Yao et al, 2018), W2 oF0] o A&
2B Z A A28 gA] o] Fo| AAs] &
Feje) AR e ane A1 g
2 Ko
Zone 2+= 350001 { A, nA|A|T]7}o] o
o2 wrou| 27k WA iz 20 29| W
olsu] S5t H THolA] TSl Holzo.z o
*“5]11]- Pinus SHE-S- L3S AN AR EQ} A E9)
==o] Al ffoll HHs] Arojn] FE oz Kol
o] 72k Uolhe WAl A3 HskE e Ao W

“

L
L

8

o

lo

[e]
T

l

$AE AL

39S 14

oIk, B3] ujskde B whale] TS 2 Adeked)
Glomus®] Z7F= PA] EAgA4 o], th7] F9] Aliet

o] ARk e, & 2ol "okl FR=0] wol 4o
Qe A E A3k Tacon er al, 1983; Stenlund and
Charvat, 1994), =2 7r HT+= nAA| 972} 3 s1d
o] hilsl EE-2 2 AYsict A nAAg 7] AlY

2 et GAFon st Tt gl ok BEALE
ol W AZ7HA] o] FAIFS Ao 2 HIltHAlfonso er
al , 20006).

Zone 32 st, Bemard A7}70] Wets 3] vickeh

o8] Bl SaXFE A ke A7IR sjHEr
(Kindinger er al, 1997). Zone 39|14 Z7+81= 7t/Br &
2= St Bernard AFEZFR9) Ajglo] 34 W A &2 7}

7 R AR oA oje} 7 HA8 Yol
FAT A W} 0S| e, ol o

3, Il ozt ko] W Ao=m dA qirk
(Liu er al., 2008), 200~220cmo|A] 23] 271861 &
T FHAA TS A YA Aot 1o &
3y WSk ARt g4 3] S 29 & Zone
40 olgo] st BG5S Hert o|¢} R, 3t

2o) bt 323 Z7pshay] ol Aojd sheu



HEIZEA|

=0 f71EAEY] STt Qg A o® At At
Ay FHoz PPH Al el 3 | Ao
TS ARBle] 23 | A & AR  dFE
1] Lafourche AZH57F 7|12 AHAE 8= ] S8
TS 3 AORE Ht 34 Ee= ATF R A
7 S FAR L ZollA = WS o) EAL
£ A& 07 EHsto] 2 AMo] AT 4= Q=
S AlTIcHEwel, 1995). SR Q3| 71E 44o]
AR Ao SO RRE SUH BAL s,
Typha7} 237817] ot &2 U g Aed&
AFs Aog Bl

23 @ o]F, Zone 1914 A7), A, S
EFRE F71E A E] 60% o R Br w7t
AAAR o7 Z7Voh= ALR KoL, Sagittaria, Typha?t

2571 A 1%, § ol 9F= HH

AU (E Aoz siAEn 3715
£ olsdhe, Pinus 3t RS AL A
2]& o]&8l= Polypodiaceaes=, o150 81 #|
715 B B | A QoflA] F7|H o AR
Ao 02 315 202 Bt} 20amolA 2o
A, F7V8l= Glomus®t B4 Z579] S74= 2041719]
o|Folxl Ay, k& Hw 7Mu Ik Qi S5
of 7Ho] AR Aoz SRy ol 7]EeTe}
TEHoR WA FEo= o]
W ot wsle) Ptol
(Ryu et al, 2018).

2 A= Bl AdEAY

= [e]
320

B

1

L

N

(e}
RS

N
)
»
f

of

. 9

-

ofl of Nt
B
4 X o

i ™

32
2

>
1)

>x s
N

=3
3

)
o
lo o
N

®

o
1=
2
3

Ju
pac)
pacd
o
=

TN

2
LN
9

rr

o M &
o,
off
[0
ok
&
R}
12
o =

2

[
).
P

%
i
A
T
T

>
i)
ok

X

e
N

fr 4

>
_1\1
1
lo

skoen, Al
AP, S 7E AR A e o)
s AAlS] Bl Sk Sk AT %, 9
v} Beistel, TRA| B sluo] AFauA
A

)

O

HE-S Bl drfjel 22 B0 2 Helte= (o,
1980; Y - =5, 2011; Y 5, 2016)7, o]<}

£ 0l

425 -

et 22 M =7|, FO0|X[oHLt

=
e

O Al

2 g2
w2 2587 2497] olF FEstal v
SHd =0l 50009 7 T £ WAL, o] 2.4m
7FeF A3 A58t rR=(Bloom and Park, 1985) & 7}
A =o)7F AR AL ik o2t Abols, F= ATy
HARE= AR Zpo]) €] pole] 71915 Aoz Bs
HeHEEY 5, 2010). 4FH2H59] 8P, alH¥lE &
AR Aol QlojAl, HAF YL B o8
© ARSI} B 50, dickel 7i7heaS Tk,
Y, = 9 8] Faks ol SAHe] gt =

©lo] AlshA WA 4 9L, S M

=

o

of

o) A=
2 34E

B 215}

oAl HAE7] % st ofe] 74 S
ok ek, we giglolA] ANl w3
oA, E|H %] 7|9 ¥8|w
L Jlo] Boiue Fashcka & 4 itk
LEA) H2E B, 1
HA% QU ERAAS T2 A
shero A, wE AEE
re Gk, B AR, o
S wejsfofels oot
oA ofe] Z=0] B3 &

ZE on}k

qul

N

)
ol

A A

=lg=3
feite] =

=

R A It I O il

o 1o

1S

(e}
ZEE st. Bernard

SpAfe}

ARzee) o

s219]

Sagittaria, Typha?}t
th. 204]710] o]
A HAEAE Heti7l= )
o8 Holth & oA ARgH
71E ARe Skl Helshs FElE, £
A AbEA|et T Aol IA =FS E
Q.

i3
&

=

ol
o
<t



2532/ 2L
Hmes
AT P 01595 2003, 57 517 AT 2
Yol T AT AFHGBE AL, 603)
26-36.

UG PR TN LR ol g
“oabg she] A7) 7] A
2], 36, 545-556.

RE- 7k AR, 2005, “F57 AR ARAle] A
47) 7] 087 WY QAR 26(5), 43458

SRk A A, 2011, A7) $7] S
ol SRk S At Be] 3iaky wap 2|t

3]7), 47(3), 213-233.

o 33

2P ofsiu]- 1A%, 2005, “H S8 419 AR
Apehd, 5841 26, 73-91.

uRe HLkiol 2009, XRE A& A7UES o] 43t Al AR
9
77-83.

HEGLE 1995, “Rh= 3fiA] (A1) sfieele] ofAlel 245" Ocean
and Polar Research, 17(2), 79-90.

=AY, 2013, 5 2| o] ZRA| T3] 7T 7|
AL 8(2), 127-142.

©
Ek

sl S A, AEateiA), 45(1),

H

HPE, 2008, “BHELEALS o} 83t 3715 S40) Bl K
TERARS] A7) 7] L2 FHOR 7|5
3(1), 1-16.

W2 2393, 2009, A ARME AR TRgAREL] SR
A aAESES|A|, 25(2), 207-221.
AAE7]-28 Aelkss 2013, “HeF PSR Wi &
1 AEAY] 7 A9 E )R], 19(1), 1-13.
A Y AR TR, 2007, “Hed st A
o] IR 24 2z 7 elesislA), 21(2),
22-34.
opPgE- 1134l 2006,

} 23

A<
£

=2

“FgRt drf sere] E
FHAY RISk, 41(3), 346-360.
3-8 718k 2009, “FHE A]-
MR A ES st B

sl AEEE] 7], 22(1), 102-110.

2011, “XRE AJR 270115 o] g3k e
AFAE A|sjeE B AAlR BEEA e
28> W3R, 47(5), 471-484.

= Aol - AEL, 2012, “ITRAXSQ} Avaatech XRF

j8s [elelaF]

A= 54

‘do =

-426 -

Core-scanner2| A|RE|XE X|3}8} A4 BA A
], chgkedsts] shathsabaAl, 304-304.
A ET Y- 0|5, 2004, “AlEE AFEA|S Al47|
Aol AEE ZA, BHE0| 17154 oul) B
Fps}s]R], 25(5), 377-385.

S 1998, “FAEEAR 1 24 S Ews)
88-97.

PdY &8s 2011, S HEoE E e =24
(Holocene) 7153E” S=A[%8}3]4], 18(4), 235-246.

PFY- 4 TE-8S; 2016, “UY Al A Holocene
7] sHHE” =R, 23(4), 1-15.

Alfonso, J., Martinez, M., Flores, S., and Benzo, Z., 2006,
Distribution of trace elements in off shore sediments

73,

of the Orinoco Delta, Journal of Coastal Research,
22(3), 502-510.

Alleman, L. and Hester, M., 2011, Refinement of the
fundamental niche of black mangrove (Avicennia
germinans) seedlings in Louisiana: Applications for
restoration, Wetlands Ecology and Management,
19(1), 47-60.

Bloom, A.L. and Park, Y.A., 1985, Holocene sea-level
history and tectonic movements, Republic of Korea,
The Quaternary Research (Daiyonki-Kenkyu), 24(2),
77-84.

Brooks, R.A. and Ferrell, Jr, RE, 1970, The lateral
distribution of clay minerals in Lakes Pontchartrain
and Maurepas, Louisiana, Journal of Sedimentary
Research, 40(3), 855-863.

Couvillion, BR,, Barras, J.A., Steyer, GD., Sleavin, W,
Fischer, M, Beck, H., and Heckman, D, 2011, Land
area change in coastal Louisiana from 1932 to 2010
(https://tamug-ir.tdl.org/bitstream/handle/1969.3/2
9288/SIM3164_Pamphlet.pdf?sequence=1).

Couvillion, B.R. and Beck, H., 2013, Marsh collapse
thresholds for coastal Louisiana estimated using
elevation and vegetation index data, Journal of
Coastal Research, 63(spl), 58-67.

Cowardin, LM. and Golet, EC, 1995, US Fish and
Wildlife Service 1979 wetland dlassification: A review;
in Finlayson, CM. and van der Valk, A, eds.,
Classification and Inventory of the Worlds Wetlands,



Dordrecht, Netherlands: Springer, 139-152.

Cronk, JK. and Fennessy, MS., 2001, Wetland Plants: Biology
and Ecology, Boca Raton, FL: Lewis Publishers.

Davis, M.B. and Brubaker, L.B., 1973, Differential Sedi-
mentation of pollen grains in lakes 1, Limnology
and Oceanography, 18(4), 635-646.

Day, J., Hunter, R,, Keim, RE, DeLaune, R., Shaffer, G,
Evers, E., and Day, ., 2012, Ecological response of
forested wetlands with and without large-scale
Mississippi River input: Implications for management,
Ecological Engineering, 46, 57-67.

Dean, Jr, WE,, 1974, Determination of carbonate and
organic matter in calcareous sediments and sedimentary
rocks by loss on ignition: Comparison with other
methods, Journal of Sedimentary Research, 44(1),
242-248.

Doyle, TW, Krauss, KW, Conner, WH,, and From, A.S,,
2010, Predicting the retreat and migration of tidal
forests along the northern Gulf of Mexico under
sea-level rise, Forest Ecology and Management, 259(4),
770-777.

Ewel, KC, 1995, Fire in cypress swanps in the Southeastern
United States, in Cerulean, S.I, and Engstrom, R'T,
eds., Proceedings of 19th Tall Timbers Fire Ecology
Conference: Fire in Wetlands: A Management
Perspective, Tallahassee, FL: Tall Timbers Research
Station, 111-116.

Faegri, K, 1966, Some problems of representivity in
pollen analysis, Palaeobotanist, 15(1,2), 135-140.

Frazier, D.E., 1967, Recent deltaic deposits of the Mis-
sissippi River: Their development and chronology,
Gulf Coast Association of Geological Societies
Transactions, 17, 287-315.

Hartman, A.A., 1968, A study on pollen dispersal and
sedimentation in the western part of the Netherlands,
Acta Botanica Neerlandica, 17(6), 506-549.

Janssen, C.R., 1973, Local and Regional Pollen Deposition,
New York: Halsted Press.

Jo, W, 1980, Holocene sea-level changes on the east coast
of Korea Peninsula, Geographical Review of Japan,
53(5), 317-328.

-427 -

fob

E2M 27|, ROIXoiLt = DINALIE BrEX| & =

=}

i
Y

Jun, CP, Yi, S, and Lee, SJ, 2010, Palynological
implication of Holocene vegetation and environment
in Pyeongtaek wetland, Korea, Quaternary International,
227(1), 68-74.

Justic, D., Duke-Sylvesterx, S., Visserx, J., Xue, Z., and
Liang, J., 2016, Coastal ecosystem modeling in the
context of climate change: An overview with case
studies, Developments in Environmental Modelling,
28, 227-260.

Kang, S. and Lee, Y.G,, 2000, The Holocene environmental
change of the estuary of Nagdong River, southern
Korea, Laguna, 7, 15-21.

Kim, H.-M,, 1988, Assessment of tectonic and depositional
environments of Naktong Delta, Korea, Journal of
the Korean Earth Science Society, 9(1), 45-69.

Kim, Y, Lee, H, Chun, S., Han, S,, and Chough, S., 1999,
Holocene transgressive stratigraphy of a macrotidal
flat in the southeastern Yellow Sea; Gomso Bay,
Korea, Journal of Sedimentary Research, 69(2),
328-337.

Kindinger, J.L., Williams, S.J., Penland, S., Flocks, J.G.,
and Connor, P, 1997, Holocene geologic framework
of Lake Pontchartrain Basin and lakes of southeastern
Louisiana, Gulf Coast Association of Geological Societies
Transactions, 47, 635-638.

Kulp, M., Penland, S., Williams, S.J., Jenkins, C., Flocks,
J, and Kindinger, J., 2005, Geologic framework,
evolution, and sediment resources for restoration of
the Louisiana coastal zone, Journal of Coastal Research,
44, 56-71.

Liu, J, Zhu, R, Roberts, A.P, Li, S, and Chang, JH,
2004, Highresolution analysis of early diagenetic
effects on magnetic minerals in post-middle-Holocene
continental shelf sediments from the Korea Strait,
Journal of Geophysical Research: Solid Earth, 109(B3)
(https://doi.org/10.1029/2003]B002813).

Liu, K, Lu, H.,, and Shen, C, 2008, A 1200-year proxy
record of hurricanes and fires from the Gulf of
Mexico coast: Testing the hypothesis of hurricane-
fire interactions, Quaternary Research, 69(1), 29-41.

Liu, K, McCloskey, T., Ortego, S., and Maiti, K., 2015,



ET

(=]

oa

Fad e guR
Sedimentary signature of Hurricane Isaac in a
Taxodium swamp on the western margin of Lake
Pontchartrain, Louisiana, USA, Proceedings of the
International Association of Hydrological Sciences,
Proc. TAHS, 367, 421-428.

McCloskey, TA., Smith, C.G., Liu, K, Marot, M,, and
Haller, C.,, 2018, How could a freshwater swamp
produce a chemical signature characteristic of a
saltmarsh? ACS Earth and Space Chemistry, 2018-2,
9-20 (doi: 10.1021/acsearthspacechem.7b00098).

Mitsch, WJ., Gosselink, J.G., Zhang, L., and Anderson,
ClJ., 2009, Wetland Ecosystems, New Jersey: John
Wiley & Sons.

Palmisano, Jr, AW, 1970, Plant Community -Soil
Relationships in Louisiana Coastal Marshes, Unpub-
lished Ph.D. Dissertation, Department of Botany
and Plant Pathology, Louisiana State University.

Ryu, J., Bianchette, TA., Liu, K, Yao, Q, and Maiti, KD,
2018, Palynological and geochemical records of
environmental changes in a Taxodium swamp near
Lake Pontchartrain in southern Louisiana (USA)
during the last 150 years, Journal of Coastal Research,
85(sp1), 381-385.

Sklar, EH. and Browder, J.A., 1998, Coastal environmental
impacts brought about by alterations to freshwater
flow in the Gulf of Mexico, Environmental Man-
agement, 22(4), 547-562.

Stenlund, DL. and Charvat, LD, 1994, Vesicular arbuscular
mycorrhizae in floating wetland mat communities
dominated by Typha, Mycorrhiza, 4(3), 131-137.

Tacon, EL., Skinner, E, and Mosse, B., 1983, Spore ger-

-428 -

mination and hyphal growth of a vesicular-arbuscular
mycorrhizal fungus, Glomus mosseae (Gerdemann
and Trappe), under decreased oxygen and increased
carbon dioxide concentrations, Canadian Journal of
Microbiology, 29(10), 1280-1285.

Yao, Q, Liu, K, and Ryu, J., 2018, Multi-proxy char-
acterization of Hurricanes Rita and Tke Storm deposits
in the Rockefeller Wildlife Refuge, Southwestern
Louisiana, Journal of Coastal Research, 85, 841-845.

CRMS (Coastwide Reference Monitoring System), https://
lacoast.gov/crms

CWPPRA (Coastal Wetlands Planning, Protection and

Restoration Act), https://wwwlacoast.gov

WA ¢

o

254, 70803, vl RolXofi}  wiERA)
1002, U7 - aoF - $4E, Folxlofut 23]
ok sleledoiet szl o e jyulals, ed)

Correspondence @ Junghyung Ryu, 70803, 1002-Y,
Energy, Coast & Environment Building, Baton
Rouge, Louisiana State, USA, Department of
Oceanography and Coastal Sciences, College of
the Coast and Environment, Louisiana State

University (Email: jryul@lsu.edu)

£ 1 U 2019¢ 8% 18Y
Anjetagl 20194 9% 242

Foskgel 20194 108 102



