Mangrove Science Vol.16 3-31, 2025

gas

<7 a—T DRI EZ DA K
-7 a—=7 AT DI A -
"

The origin of mangroves and expansion of the distribution: A trial for the mangrove

paleology study.

Kogo Motohiko"

Abstract: This paper is made by paleo-botanical studies since 2009 and my experiences on mangroves since
1978. The objective for the study is to explore for unknown history of mangroves from the time of appearance to
present. Mangrove Associates are not inclusive in this study. Following findings or confirmations were obtained
as below; (1) Paleo-botanical study on mangroves is very few, (2) Their records of fossil are also very few and
almost all of them are pollen, (3) It was gotten by analysis of molecular phylogenetics classification that mangrove
species belong to angiosperm except Acrostichum, (4) First mangroves appear in both regions of Eastern and
Western Tethys Sea, about 100 million years ago, late Cretaceous, (5) At present time they are Eastern/ Western
Mangroves, (6) It is interested that there are Rhizophora and Avicennia exist both regions, but the species consisted
are totally different, (7) A getting a salt tolerance ability of them may be keeping since geological time, because
of all lives on land come from sea, (8) The appearance of mangroves may happen in each species and at deferent
geological times, (9) Mangrove fossils, but pollen, found in Japanese Archipelago at only the time of Miocene.
However, it may be possible to find them before Miocene, (10) There are many Dinosaur lovers and scientists
in Japan. Last dinosaurs live at the late Cretaceous as same as at the time of mangroves birth, (11) It is expected
that Dinosaur lovers and mangrove scientists shake hands for searching mangrove fossil in Japan, and (12) The
important Keywards for researching are three; late Cretaceous, herbivorous dinosaur and sea coast.
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Fig. 2 Satellite images of Wadi al Hitan by Google Earth. A:
location (Shooting date: December 31, 2006) and B: Enlarged view
(Shooting date: November 22, 2005).
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Fig. 3 Kiyomi and | spent an over-night in the desert (May 2009). A: Camp site at Wadi al Hitan and B: Fennec the animal well known in
Antoine de Saint-Exupéry’s “The Little Prince”.

B4 U=T4— TN ey = TALNDLIEHMOE (200945 H)o At L bET Lvy 7 u—7HRAMUA, B 7Y 708ILA
Fig. 4 Eocene fossils found at Wadi al Hitan (May 2009). A: The fossil of mangrove root system fallen from the upper and B: The fossil of
ancient whale skeleton.
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Fig. 5 The layer with mangrove root system fossils at Wadi al Hitan (May 2009). A: A mangrove fossil outcrop and B: Possibly above-ground

roots of Avicennia.
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Fig. 6 Fossilized trees and animal bone fossils found at Quatarani, near Wadi al Hitan (May 2009). A and B: Fossilized trees and C: An unknown
animal bone fossil.

2. WIEOHME )

21 ®mMY Wl &, sH

<~ U= 7T A0 ELL EICR Y (ER1T,MT),
J—=F 4 = T = FT L T TRER#EILIC
BT & L E e o 720 RHEARFEIT O B % % NGO
HEICEE 2 & o, EPICHZIMT A 8B0 05
72HTh b,

WY 7o zoid, HBIZoWT W, YT,
r—— FLCHAEICE > 2l W, FANCHM 2% 5
MI7205, GO TATRELRRETH L Z Ebroi,
EhEL R HIFEREVHERNATH Lo RV THETE
D% &, N Y ¥ (Tomlinson, 1986) (&~ >~ 71—
T 2212 KH L7z ¥ ¥ 7 0 —7 mangroves (16 %}
20 )& b4 fE) L #E~ >~ 0 — 7 mangrove associates (28
Bl 46 J8 60 fl), SbE5E 100 MITE IR b, HE%E
O RE & v, B A TR I o 5 R DU,
B misi e~ v ra— 713 2 Sz L7z,

22 FHE1 :EXF—&LT

W, EALYE R SR 1ELEPSDAY — P TH
Lo IMHRNT EFE01T, PR AR S A (1903-1989)
DEENRBNWIZEND [ L2, RoTHARIE
Nl RV FHBHATEORHFE—BIMULZ &%
Tiolc—— [RoTHALEAT, ADXHLDL ], 1D
HEEFE [ROBFFIERICH5] 72, FFTREVD
W/eZ ¥k, TELIENLIED S,

MR R [T72] Lh3hk [N 2572 [
7211, B AHA, KMo [#EL] Tldhv, 2
UL TIGE] ZIFECE v, EXFF—IZRS T,
eI IE T Tl VB TH L.

RNDLZE, RN HnWI EEEZ I, 0HEBRET,
AR S BNz, FEICAER DNA AT ) 72 <
THMI, HELHE Lol hHEE2 045

1)

2)

3)

4)

N AW

KEFGT  EMNOSERBE <, BRI IEER
B Do 10ERIZTHAE L TLH) R HFETE
2R v, Ny EROL, KW 14T
BEDPN D> TL B,

ODPFIEAROHAKZ, 2RI KL ECFEF
WA & 5. BAEWFICLEEDLDNLTH S ILEL
WY AW b, BRE SSITH
METHMbo7ze WEOBRFIZEL, ARidEH
ETRAT S, HODxUM» 2, boT,
EEOMM L 2y MERD L b BRIZTE—
Brb, INLFEFLWRELDOICRY [E72] 28
EEINL,

k&4 HBROLE (MEYE) Lot
FOBIETH Bo & <12 2009 4E LI L A 22 0
BRI B (R7)e Bit7zoid Y 7 M lid
oW FY T IAN, TFFET T FF N,
FIR= W HVH Y FF P —A T T, ) —
e avrsrs - 70 nnk, HEOLA
B B o7,

FAR S i RO TR 9 FAR RS % S B o
Bz Cowsipihid it BT ARILAE
BHEE GEFREE), BRI batmas, BT EAD
e & BEES LMo~y 7u—7
IbA% 80T PR TENEZ 720 <
yru—7CAD B o 7o DI A O S R
REDLTI4EIZTIZo7,

HERH 52 - B L) - ARMD 258 L
WIE L, S RWwAERETONEFE, KA
FAEIEBE, BV LAHERFEDITE A
FRHAEOTETH L, LEEFLLTHEEE
L72\y Dr. P. Kenrick (T > F > HR S E),
BERFANZA(HY) T VT RFN—Z7 L—F).
Dr. Gaurav Srivastava (E)L/¥)b - — =5 EY
EEWFZERT), AU &S A (BB KFEEHIR),



March 2025 < a— T ORER & F DS ARIEK

X7 AR 720 OFRHE (2009 ~ 2020 4F)
Fig. 7 Travels of Paleology, 2009-2020.
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Table 1 Activities of Al Gurm Research Centre / Action for Mangrove Reforestation, 1978-2020.
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Fig. 8 Our activities on mangroves, 1978-2020.
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Fig. 9 At Gebel el Disto in March 2010, where the Paralytian fossil was found. A: Paralititan stromeri in image from Wikipedi (https://
en.wikipedia.org/wiki/Paralititan), B: The fossils of Paralititan found in the area, C: Possible Avicennia aerial root, and D: The camel feeding
leaves of Avicennia, Qatar (@ S. Suda).
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Fig. 10 At the southern Baharia in March 2010. A: The desert exploring by 4WD cars, B: Fossil of water lily leaf, C: Fossil of unknown fruit,
and D: Possible the fossil of Avicennia roots.
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Fig. 11 Travel in Peru (Huascaran National Park, March 2010) A: Huascaran 6,768m, the highest mountain in Paru, B: Foot print of dinosaur on
the rock wall, and C: The site of Dinosaurs fossils discovered.



March 2025

2o &FE33~41 A— M, KET5~9 br, EE

LT 7z Al g i~ 210 (1 4,500 77~ 6,600
TIER) 7280V, EIHWLRTHo727%6, Bl
Yy U—=T R ERTWEERE, TIET7Tlde ¥
T BRDL T 7T EMEILATWDL, Fziddh
OERBFBEDOE > 7-~ v 7 u— 781, g T
SRV EILRIZ S 72ITE NN,

OV — TILEE (BRKEMEO%E) OMETIZ% -
770 IEFERAT v FRAOELY LTI OERRIC
AY, FOHBToEHEATYS, EOWMTEET, H#
B o S L EHttoE 2o 2 ¢Hbiins
CENTE, 2 EADNERBLARELVE S~
VIEOWER L ZLAB RO D KE L h FRAbA
BIZIP T YD 7V T7D0H/IDENEZSL DT, TH,
ZZETH [HAEWFE1FEA] ORREZo 72,

o
&
=
]
=
<
=
w
a
1)
4
Q
@
)
&
=

e

1% 12

A e g, : R aies
23 BER AR (2017 42 8 H)o AT HAEE AL, B: =v 3 RFELH

<y 7u—T7OREE ZFOSAER

3.4 HFEA~N: BRALIEYE

bhrolDld, 7 a—7BARETIEZVnE W
I ETHbH, ETIWHBREDORRIIH 57205, v
TU—=TEDTPAEIDH 7212 T E v, N5,
8 HART A D = v 8y Vg HRE (K 12), 1 ~ K-
T ) ZdH N - — I SR O = v
Ny B RE (X13), 7 A oEFEWEEO e )L ¥
< VIEOEHNRALA (K14), v ¥ N2 HKRBEY
fii (X 15) TH-o7z.

SEYEZE 5 72D, UL - B — S SRR SE T
DOFERIIEZE, 7y LM TRIBL= v SV VG
BEAGENT T 7 0BEOENRILAERETH S -
Too O ¥ Ry BEAREEYAETIE, RAEORD I
B EREL 2, —fRANZANZWERET, oy F
YLV AMTOae VFERAEETERETL S 27
(4 15) 6

Fig. 12 Visit the natural history museum in Paris (August 2017) A: at the entrance. B: fossil of Nypa fruit.
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Fig. 13 Visit the Birbal Sahni Institute of Paleobotany in India (February 2019). A: A BSIP logo, B: fossil of Nypa fruit in Miocene, and C: Fossil

of Sonneratia leave.
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Fig. 14 Visit the Geological Museum in Cairo, Egypt (March 2010). A: Staff of the museum, B: fossils of dinosaur (Paralititan stromeri), and C:
Fossil of Avicennia leave.
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Fig. 15 Visit the Natural History Museum in London (March 2010). A: Dr. Kenrick was guided us and B: Ceriops hypocotyls were kept in the
bottle.
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Table 2 Classification of mangroves based on molecular genealogy.
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Fig. 16 Phylogenetic tree, from Polypodiopsida to Angiosperms (Modified from the figure on the web page of the
National Institute for Basic Biology).
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#3 HEARN2»STHE T HRAOIFIERGMTHRM SN2~ I u—T LA DR
Table 3 Record of mangrove fossil found in the different sites of the world, from the late Cretaceous to Miocene.
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O :ftaREDY X 7L, EH :Rollet (1981) , Tsuda et al (1986) , Saenger and Luker (1997) ,
Darwish and Attia (2007) , (%3 (2011), Srivastava and Prasad (2019) .

EAE o ey i = Fa. - / S [
17 2 - #EGTORMAARKE, A 2% 35292 a7y (Taxodium mucronatum) CNAIEYE, 20174E 4 H), B: A v F*%
ST ATV OBGHERA ($5AR 1997)

Fig. 17 Swamp forest vegetations in tropics and subtropics. A: Bald cypress (Taxodium mucronatum) (The Koishikawa Botanical Garden,

April 2017) B: Tropical peat swamp forest in Kalimantan, Indonesia (from Suzuki 1997).
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£4 WBHhOEN, FLTEERSHEA
Table 4 The steps, from sea to land and again from land to sea.
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YU —=TIEW R (K 18A) . HERZ=DWE L2
Z 2 — X =7 DE K Sonneratia b TG EMT B WIS
VoTrbEPELICLTRERSNZL (K18B), W
ITNLEROHEREEZ L, L=V T - <2F 0D
Avicennia & Rhizophora D3 (K 18C). 5L bN 7
VI EREV, REOSME, THEND o 7 EiRICE
Wi\, 0L RERbIET Y S a— T oAt
OEROPTLRENS, Ceriops DIGEMTALA (0
YRV LA &, BUEREIC S TR IS
A AH5ED (K19),

EXRALICH LTEMED D S, A=A T Tk
HoOFy—2 4 120% ABTHELKRKE S 29® (2
INEL ooy rua—70H5 (K20 2%~
~ =0 4 < ¥ Win Maung i1¥ " BONSAI
Mangrove  EFRL 720 W — 3 U772

52 (b :F 8,5

L 5 Ai D3k

1LY v RED LI ICZERIRAY, BBk
EN72DIE L% ve WRIA 1T THh Do ZIILIER)
DR LEDLS B NIEAH I,

WS X AR HOR I, HER L~V oA RIC S

18 EXALDH. A: Rhizophora harrisoni (L7 7 Kb, TAA GV A, 1994 4E 12 H), B : Sonneratia (=2 —F=7, i

SAEAAH, MEA=ERY) , C:EXELZEANeVF () LerFy~r o] () o (xL—-7, ¥v% ¥, 2010

#5H)

Fig.18 Examples of gigantism. A: Taller Rhizophora harrisonii (Esmeraldas, Ecuador, December 1994) B: Taller Sonneratia (New Guinea, date
taken unknown, taken by K. 1zumo), and C: Enlarged leaves of Rhizophora mucronata (right) and Avicennia alba (left) (Matang, Malaysia, May
2010).
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u F.)
BI19 ISR~ L, AMEFHTEOOY R -2 LARSM L7 Ceriops OIGEREY (02 ¥ HRLEYAE, 2010 423 H), B
HAAE Ceriops tagal DIEFET (v ~—, 200747 H)
Fig. 19 Evolution from “small” to “large”. A: A propagule from the Eocene London Clay of Ceriops (London Natural History Museum, March
2010) and B: Propagules of the extant species Ceriops tagal (Myanmar, July 2007).

L

B20 #BAMEDBl, AEBECTEOBMELIYY 7 u—T (A =AMFY 7T, F—v4v, 2015410 ), B: A OLKRGH
Fig.20 Examples of Dwarfism. A: Dwarfed mangroves growing on bedrock (Darwin, Australia, October 2015), B: Close-up view of A.
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21 WS o CTHAR & IAVT A Bruguiera gymnorrhiza OREMT- (74—, 19854 4 )
Fig.21 Propagules of Bruguiera gymnorrhiza spreading distribution on ocean currents (Fiji, April 1985).

X122 FEF-OUHFREARIZ L oTC, v 7 a—7 13 M RIZIEA - 72 (https://eoimages.gsfc.nasa.gov/images/imagerecords
/47000/47427/global_tm5_mangroves_lrg.png £ V5[, JiX : Spalding et al., 1997)

Fig. 22 The world distribution of mangroves carried out by sea currents (https://eoimages.gsfc.nasa.gov/images/
imagerecords/47000/47427/global_tm5_mangroves_Irg.png, original drawing from Spalding et al., 1997)
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A (7Y TARR) BEREEIGH T OO X v )V FEEE, BRI AE - v/ A TH (2022

X 23 ~rru—745 A OALR &R,
E12H), B :(FK - KFERERERE) ~V—ItiBr s 7 FIVESE D Avicennia germinans - Laguncularia racemosa 1% (2016
H£6H), C:HT77U% A FEEME) E7EAEOA—A Y ROV F5 < (2005 412 H)

Fig. 23 The limit of world distribution of mangroves. A: (northern limit of Asia) Kandelia ovobata community at the mouth of the Oura River,
Kagoshima (December 2022), B: (southern limit of South America) Avicennia germinans and Laguncularia racemosa community near the
Ecuadorian border in northern Peru (June 2016), and C: (southern limit of Indian Ocean coast) A. marina in East London, Republic of South

Africa (December 2005).

#5 T rO#wY IAEK (Port Klang, <L —3FkkE) (Watson, 1929)
Table 5 Watson's inundation class in Port Klang, Maley Archipelago (from Watson 1929).

Height above Times flooded per
datum line (feet) month

Inundation

class Flooded by From To From To

1 All high tides 0 8 56 62

2 Medium high tides 8 11 45 59

3 Normal high tides 11 13 20 45

4 Spring high tides 13 15 2 20

5 Abnormal (equinoctial tides) 15 - — 2
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A

B N »

24 SFEFRM M, A CUFIYIORM (FF—N, 199342 ), B:AuUFORM (FEE, 19884 5H), C: ¥
FI ALY XFOMMR (WFRE, 1988 4£5 H), D: Rhizophora harrisonii D5 (T2 7 R, 1994 4£ 12 A), E: R. harrisonii ®
SRR (227 RV, 2002 45 12 H)

Fig. 24 Various type of aboveground root system. A: Pneumatophores of Avicennia marina in Qatar (February 1993), B: Knee Roots of
Bruguiera gymnorrhiza in Iriomote Island, Okinawa (May 1988), C: Buttress root of Heritiera littoralis in Iriomote Island, Okinawa (May
1988), D: Aerial roots of R. harrisonii in Ecuador (December 1994), and E: Prop roots of R. harrisonii in Ecuador (December 2002).

kilometers

K25 W{OrOvrra—7HIIEES CEOMMEEE L. A TIET (N T) BiEOWSIEES M, B milisTED
fEAi (O:A. marina, @ : K. stylosa) (Kogo and Tsuruda, 1996) .

Fig. 25 Some mangroves obtain tolerance to high salinity. A: Salinity distribution of the Arabian Gulf, B: Species distribution growing in high
salinity (o : A. marina,e: R. stylosa) (Kogo and Tsuruda, 1996).
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¥ § =o'k -+ SETRE i . .-_\-.;...na.'ii.i'_.'-'.._"}.L.‘..: A
26 IR A% THEONY Y Y U—"T7y A: Avicennia marina (% —)v, 197941 B), B: A. marina Rhizophora stylosa,
Ceriops tagal (VS%F A% >+ 37 =shk—)b, 198147 )
Fig.26 The species grow in the area 4 % salinity. A: Avicennia marina (Qatar, January 1979), B: A. marina, Rhizophora stylosa, and Ceriops

e

tagal (Miani Hor, Pakistan, July 1981).
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Av: B/LF &< V& (Avicennia spp.), Ac: X X ET
v % J& (Acrostichum spp.), Bg: A4 t /L ¥ &
(Bruguiera spp.), Cn: == / #1/)L " XJ& (Conocarpus
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(Laguncularia spp.), Ka: A B /L& (Kandelia spp.),
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(Rhizophora spp.), So: /~~# 27 1 J& (Sonneratia
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Bll~mrt) ofLAFCE (E# : Rollet, 1981)

Fig. 28 The fossil records of mangroves in geological time (data source: Rollet, 1981)
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Pelliciera

;
|

-present

* ~fossil pollen

X129 1t A EEEkB L OB A& D Pelliciera rhizophoreae 43 4
(Tomlinson, 1986)

Fig. 29 Distribution of Pelliciera rhizophoreae in fossil pollen and
present (from Tomlinson, 1986)

i /1
' } O #2E : OFES — HEL— b
//

30 Saenger and Luter i@ (v> 7 0—7DILHIV—1) 2HETH
Fig. 30 Negative opinion to Saenger and Luter’s hypothesis.
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Fig.31 Distribution areas of Rhizophora samoensis (A O) and Rhizophora mangle (B O).There is a very wide

ocean between the areas.

R. samoensis

<
o]
?,@', RPN

=~ b

Xl 32 Rhizophora samoensis DAL (Tomlinson, 1986)
Fig.32 Hypothesis for origin of Rhizophora samoensis (from Tomlinson, 1986).
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Fig. 33 North Pacific Ocean Currents (from the web page of Japan Meteorological Agency) and the Hawaiian Islands.
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Fig. 34 Distribution of number of mangrove species in the South-
Western Pacific Ocean, the number of species less and less apart
from New Guinea (Nakanishi 2008)

TT7A)HANIZE o THZ ONZDOTIE WD, T
PERERD LN HNOE 4 (VU EVFHEE, 74
V= N ma—=H VL F=T) EF TN -T2 =2 —
Fo7ed—A T TIHEITESL LD o720,
OV I a—THH D057,

R mangle # WA 72 OIS IXmMEL L TH, UE
WHR S NTZZE RS B & L v 7205, BIfEL K9,

35 wr= A GRigfb At eE, 20134 5H).
OFSRTHEHE, BARVIBIZR Y 7 O—T RS o722 N0 Ho
7z

Fig. 35 Fossil of Telescopium sp. (Fossil Museum of Mizunami,
May 2013). The discovery revealed the existence of mangroves in
the Japanese Islands during the Miocene.
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0 Sonneratia

o Geloina spp.
(compiled by Matsubara et al,, 2004)
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~& Morthern limit of Arcid-Potamid fauna
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36 HHCBULARSEO~yru—T e e VE Y Y UARE (LI,

2011)

Fig. 36 Fossil records of mangrove pollen and Geloina spp.fossiles, Miocene in the Japanese

Islands (from Yamanoi, 2011).
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Table 7 Mangroves in the Japanese Islands during the Miocene (from
Tsuda et al., 1986) .
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Fig. 37 Distribution of dinosaur fossil in Japan (from website of the Fukui Prefecture Dinosaur Museum)
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Fig. 38 Dinosaur footprint fossils in Sebayashi, Kannuru Town, Gunma

Prefecture (April 2013)
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Appendix: Characteristics of climatology, events, fauna & flora, etc. in geological time.
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