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TR A PR E AR AL T ARSI,

KEEIR LEWB ; B W PRV = A

F—EE  ERDE, L0, 1984 4F A 1 R, DO 3ot
FESES:P343.5 Q911

0 55

BACTIRE ALE YRR A7 DA SR ) = F A
VI (WA, 20125 TR IR 4F,2019) o JBrist
WA S o WS IR AR ) ) 3 3R 0 3 T i T B
R R R A AN AT R AR A (WA, 20125 E AR 1%
4%, 2019, 2024; Nascimento et al., 2021; F #2 &5 |
2023) , R TORE AT AE 72 DL R e AT TRy A 1% A5
SAFZ A R B R AL T HEYE (Wang et al., 2019b) .
3 0 B AE W ast il PRI SY , FT DL SE S b T
PARH AT R 7 OB 5 AE AT R Z H 1 K &
(Counts and Hasiotis, 2009) , X {75 i A o+
W BA — E e &1 (Brake et al., 2002;
Hasiotis, 2004 ; Hembree and Hasiotis, 2006 ; Kraus and
Hasiotis, 20063 2009;
Abdel-Fattah,2019; Toniolo et al. ,2021) .
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VTR Sy i Bl ot Y0 0 R T, LR SR 2 Y
WIRAAE T EE SRR A5 . Z H R
IRIF9E K 22 Jay BR T BRUTRVRRAIE , rvhr B 43t (X if
545, 1985) (W 8l ) GEACEEFIZE A JE , 2000) (3T
PR (AR FIZE S L 1995) ()2 BURFAE (Miller
and Eriksson, 1997) 4% . Fifi 35 #r 5t i 2= 0V & i, [
A Ah 2 2 R PP A v i A R A st il AT 14
SRARIWTIE o 1000 AT ARl JH v 2 1) — 2 Ay
HORFNSCHE W 73 T-BOshie 17 B i) = Y FEER B
A Yt S R A SR R TR A e 0 G R (B
I 4 ) 2019; Wang et al., 2019a, 2019b; T A2 &
2023) . Swinbanks & FFWFFE TSR T =
F U300 S B A ) 35 308 04) 3 A L KA [R]85 v
MR B A M1 TR 4544 (Swinbanks and Murray, 1981;
Swinbanks and Luternauer, 1987) o Lee and Koh
(1994) F| FHR g 08 TE VA S5, BIFFE 1 e [ P4 v 2 e
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F BN S Wyt i S AT & . SR, T
HEIY DU R AT 1 AR D0 sl A A AT AR i 3R
gt HA DB E IR R st
#3 (Mangano and Buatois , 2004 ; Mcllroy, 2004 ) , 1A
AT et AR A ARL T2 K PR A gt 35 A5 5 R
Cruziana 5t 305 FHAS RN Skolithos 5t 70 AH A5 X 5 # J&
Cruziana—Skolithos 1R & FH L=, T 78 rh A AR A&
A BACH AR B b 2 445 3 T AR 4F 19 39 1k
(Pemberton et al., 1982; MacEachern et al., 1999;
Gingras et al.,2007) o {H 2% "TEF X % DA 72
rp I A ) B3 AT D T T BIF SR D A A RE
TR BIIA] 3 EAE TE Y B AR AR Y
WY T L2 3 LHE JE AT R 55 (Taylor et al. ,
2003 ; Bann et al., 2004; Dashtgard et al., 2008) .
I, WF S B BRI v AR A 38 300 X 9% — st e 2
TR (1) S 7 AT RN A 355 i B A 4 2 22 7 3L (Taylor
et al. ,2003 ; Bann et al. ,2004 ; Kumar,2017; Lan et al. ,
2021).

AR YHIFFEXS BRVL = A P PP A8 h AR 10
TR K AT Sy 2T PRI AE ) 3 )3t A T 1 TR Y
TR AT AN RS rh AR AR W35t 8 118 2H ) AN
A AN T BRI B h i A 2 E 5 B
LSS v ) PO TR PR 58 K ) st A A 7 26 e it

@ \\”\ 4

ER7] y

BATURR
1 WF5E XA

F5E X T 2R VT = M N B e PP (L 1) 6
BRYT = AN v 28— RIIR = AU (Chan et al. ,
2021) , FH ARV P VT AL V145 22 45 Tl i 26 BR VT3 11
T PN HE BT B (5 R R S EE OB, 20185 9K 4 HF AR
2020 ; AR S5, 2022) , X8 P 7K 302 SRR VTAR I AR
TR A AR R 5200 (Chan et al. ,2021) .

ARAL VEYE AL BRI = AN = 4 £ 8
i (Zhang et al.,2008; Li et al.,2016) , = 257 i o7 Bk
VLR 19 89.6% , VU VLARAR i i i BR VL B i E 1Y)
70.8%(Geng et al.,2015) . FRITAFARFEEL 2N 3 360%
10° m®, & i 0] (4—9 H ) A2 i 8 % 7 AR AR I
1 809% (Geng et al.,2015) . —ff Ml J& AT Z= XU
i AR50 21 C~23 C L AR K & 1 600~
2 600 mm (Zhang et al.,2008; Li et al.,2016; Zhang et
al.,2019) ,4 7 29 H B 222y 7 24 B 1 80%
(Chan et al.,2021) . FEEACHRREL 22 RIS HL A9 2 H
W25 0 2~4 m(Li et al.,2016) . 7E RV HE
R, 20% GURAE = f1i, 80% HE AT, 1T 8
BRVT 1 M X DL A A 40 m [ 3 B 1] g 42E i (Weng,
2007)

Bl ARE X A A
(a)F5E XA 7 (o e e PR 1 AafE b P I 55 2 B8 hutp://bzdt.ch.mnr.gov.cen/index.html) 5 (b)WFFE X X A3 €] ( Google Earth Pro) 5 (¢)ERVT. = £ (Google Earth Pro)
Fig.1 Location map of the study area

(a) location of the study area, http://bzdt.ch.mnr.gov.cn/index.html from standard map service system of China; (b) study area bitmap (Google Earth Pro); (c) Pearl River

Delta (Google Earth Pro)
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Earth Pro #5105 231 (1 2) o XF £ A0 1Y i
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VLR E L Ia gl 2R PVC & (H RN
7.5 cm, = BE A 15 em) TEFR ST A B S ORAE 56 4 H
ARERMER YW 7 THLG o REBGG JE #Y PVC
(S22 1] N o = = W N O 3 A w1 N
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[ 4, B2 O PVC A AL T 7 B iy BT AR
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Fig.2  Distribution map of sampling points in tidal flats

of the four major estuaries
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3 AW EAE

ERVL = AN PP A A Py st il 2L v 7
b N s 51 A B 7 B L BB 54
B o WL RAE R HA SR 1 FRAE AT 14-
15, W [A) 7 AR HAS [ A DRI B ) 43 A e B CR
FE 1-2,6,8,13,21-22,27,29-33,36-38,40-41) iR
A PE(3-5,7,10-11, 17,23-26, 28,34, 39) FIVHEE (9,
12,14-16,18-20,35).
3.1 AR

A AL TP i 4 UL L, AR B R
TR KR T R R A S i, xIX
S OB JC JU 5 J [)  FI T ol A, 32 B A
Wy 45 v AR M AT R 5 DG AR )
B S OB — A S YU R 0L 55, 5]
(]2l 1 & BT A5 1 v () 9 0 I 300 478 i 0 1) 35 0 A
BL, AR ) A= st il 48— A
3.2 HEEE R

T ) b 11 247 e 0 e A A I e 2 1]
T K A 55, IR R ER o 2% XS DURRUIR BT
— AN, BT o YRR TR A PERIVD R, A
YRR IR 2 2548 B RN 1R
T SR ) S R 2 R W i 0 55 BE A AT O
DX PN T P st i SR, e AL S L S0 360 8 oy £
TR o BEAh , 3B — S At T 243 fr 0 8 R XL 7
UhAE TR BRSPS A
3.2.1 RIFAERT

1) I EE Uca arcuata 858 1588

IR EE Uca arcuata VP ERHFNE S, =
B AR L DL R A e FE AR A 5. YRR
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AR A MG G i 2 Bt s 5 . il
AR B T ) A SR TR R T |
SRR AN N R AT 7 IR T )35 2 B B
T T T AR, BT RV 7 SRR, 1R T A
B iE S A . IR E LR A ALY
R, IR ASREFI H B 5% v T R TR R ) 5 (&
3a) , HAEWIEE L6 Sk BN AR ny e fo (1A
3b,c). PFHIEE T S OEEE 2 JZ TR
552 T BRI, 2 AT SRR (K 3e) ,
IR A R (BT 3d) FE EPIR (] 3e) 3G/ CH o
Fro PR R A8 9 5 T g 2 MERE R AR 4 A O Bl
TERE TR AN . WSS CT A =2 F ), R
TGO EE R E N 3D OB OB I
DAL (B 3f) .

K13 R4
Fig.3 Trace produced by Uca arcuata

2) THs AR Periophthalmus cantonensis (=g 0pc e

SVR A1 Periophthalmus cantonensis R j& R} 5
W, FEES TR A A R IR TEIR A PP
VPRl B, RIEV I E SR R
T A B0 BOR AT A S AR5 SR £ IR AR
L ORI B IR BRI VD RO MEVR | IR
ZAMIB SR, Kb A s A s . R
1 BELEREYR Pz sl I 2 T HOR Ik 0 i i | i 6 11 fS
F iz sl , #sh SR ai . sshd frb, ik o ig
4 IR B T W] R Y SO (] 4a) , BHAARH SN 25 B R
BUVRPIR AR , AL IE P02 ) R 1 i i R (51 4b) o
ANTRIGTRRER 5t P €A T 38 PR A7 A DX, T4 T3 7 I8
FrUCAR Y R T AR RS BT ITCAR ) 2 T ST M, B A
Gy RAT- (Kl 4b, o) o SR 7 O IL T & JE A ™

S RibpuiSU
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B4 gk 8 i Y sl
Fig.4 Trace produced by Periophthalmus cantonensis

1B 3 i, 52 3 45T B 2 U 36 (8] o R HEAR
2019), WA —ZE AT, BUTF I AER S
IR R o Wl A ATl (B 4c) , 355
WA A RE(E4d) o #R a0 H R E N T
— MR YIE (Kl 4e) 5L UJE , BAIF OB R DE, XA S
JE TR}

3) 15 & J7 fH F % Orisarma dehaani 5 & 19

(e
&

Tt AR I AT Orisarma dehaani 17 S FHH
FHEJE , T B AR AE O BRI R0 HS ( JR PR IR BT, 46
JEBAR, SRV L DX BT A & IR 15 R
W8 o TG R R T st R Ay A R R R
B o TCA 2R 7 AH TR ) 8 A 3 R N R B U S v
iR (] 5a) , WU A0 ORLTE RN Wi () A 1
JE R BT (&1 5h) sl e T A m] (Kl 4e) . TR AR TT
FHTFEE 8 7 B , 5000 7 OF IR ) R e
i (] 5d) s 3 BiE A8 7 TR . o g+ 2
T, BT AT VALY ARG (18] Se) o TCRAR A8
T YJE N R, LA T B RS U2 Y
DB LR A WA 8 Y TEH (R 56) .

322 RANAMTE

1) XA FIVP 2R Perinereis aibuhitensis 51 B35 75

KU FEl VD 4% Perinereis aibuhitensis A5 # 8} FEl V>
A g, FE AT IR A PEARES TR TR FERR B
LA B XU YD i 4y o LR AR ) O,
ML FE A o WA YD 7 3 stk 322k fe
A3 FNHE S | R e AR J2 T i IR . Vb e
WA — IR RY , BAR 2 mm A2 4 VO A S HR L
JE T A EEZE A HLST, 78 )2 AL B 23 HE S Al 2%
ARAHRM ) (] 6a) , 2045 TR . B s s
O ETH (L 6b, ) LA K CT 45 0 = 2 d 44 A5 1 v
RN R =R A (E 6d), n] LUE H Vb A )2 i
NDEIR EEEERNE UMY, AR
WL BN VD o R e e LG 3O PR VD AR R N
T E IR A LB T BE 2 1R A BBV O, TD
e S SRS LAY .

2) WIS Ligia oceanica 15 A5 300

W5 W Ligia oceanica A 15 W5 W) VA W8 WG )i, 2
SO AT AT AT BR & PR bl PR Vg —
PRI Bl , R R, A TG, S e et , 2 DL
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Fig.6  Trace produced by Perinereis aibuhitensis
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JAETE B HE — P A Y T v [B) o B b R
AR A A 4E T, g HUE SR R 2 TR
JE MG X B AR (K 7a) . ENIEOES
oy 2R, G A YR UJE AR B T2
DB 7B Th)

3) &S HENE Vittina coromandeliana Y F 15300

1% 55 B 12 Vittina coromandeliana 5 %5 W& B} 1M £
BIRJE TR R P PP AR A PR h A
i SR BRIR S A e e R EUKTRIE  RIHDEH . 2%
BRNRE i st 32 O AT IR , HOE AR TR R
AT TR T A A7 B 2212 e AT , JE AN BE D) ) e 47 8
(B 7e)s

4) B [1HEYR Neritina pulligera 5 B9 5308

T 11 BB W Neritina pulligera &R RHIFIZ)E , 7
AR B IR G PR EE . v 1 BRIRTE IR W 5 1Y )2 1
AT H D R R AT, RS
B B R IR TR IUNE 1.5 em 2247, B Bl IR
JE T S LE R CATIE . TEATHETEZ) 1 em, KEA
T, NCA T A W22 IR SR (- 7d) .
323 AR T

HABVLE Ocypode cordimand Ry V> BER VD &
SIATTERIRNF VD FERREE AR B R S st 42 %
SRR HEWME PR AR AR rh AR Vb R A
JEATCARY) b A ALy B, O e o F
BRI JE R AR e v i A SR T (A
8a) o V0 HE A Y 4DL S BRORE TC I ) by 4 A5 7 H R 7T

3e

B 7 i 4%

BRIR B AR IR I 0 15

JEIF, 2 2 SRR (& 8a) L & B2 R (&1 8b) FLER I (1] 8¢)
G HGE R S Ak K AR . VDR R SRR L XS
KA VP WESEA TRl (1 8d) , 3 Il HOH W . VD (1)
TR Z A AV L, AT R, AR/, A
T 5~15 mm, HJZ WX E 8 8 BTV 1B
(K 8e).
33 ETEHENET

T N VA o A E2 ) O SO M7 S| @ R
ILFEVEA , KB ek . Iz A sl b R
L, LA AVEREIE (E9) .

4 e

TEER VT = A U PR RS v 2 I T 22 b 3 A
Wy AN [ 14 2B 5 308 20 45 33X S DR Ry 3 35 £ ) B
180308 A4 3 A1 5 EE R B P B O B DA OG o )
FROURR ) v = 0 B R PT BE 2 o BE SRR AR a5t 30 R
A PO o IR L BE S PR b s TR ) IS 2 26
5 (4N Planolites F1 Thalassinoides) , 8% 2 M UL A
Y—oK ST b AR UG IR L AT Sy (AN Skolithos |
Arenicolites F1 X572 25 7= A= (1) Cylindrichnus ) i 15 5
SES I e 245 UORAF TR SF U 2 v, O3 B
VORI 352 378 7 7% (Gingras et al.,1999) o AN, TEAS
[6] B TEAR BRI v DLAR )RR AIE 8 3R ) B R R K
SRR 2 S, W P BOE I AR ) S g5 5
TEFFE M 5 BE EAT FIEASIR], m] 43k AR W it 32
Har,

Fig.7 Traces produced by Ligia oceanica, Vittina coromandeliana, Neritina pulligera
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Fig.9 Composition and distribution mode of modern biological traces in tidal flat environment of the Pearl River Delta
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HF BB AR L& B 7K H B FN T ] (Drolet et al.
2012), 520 1 R R W A i A A R e AT
B4 HLBE /7 (Talke and Stacey,2003) , fff H A b4y
WA,

T[] 2y A TV 1 5 il b 2 [ ) ok 9 b, B0
FRIEZHE U & A Ve BT b5t LA R e iR A i 46
Z RN, X A5 9 (R) 4 R AN W] B A= d ik &2
FEAR I S RN TG s 18] o 7K B ) AH HUi b Ao
47 FREIR W B0 0 MOR 3t 0 AE Hid oR 1 78 R IS AR
Wi, AP A AR5 (Carter and Heath, 1975)
T AE ) R LTS ) = BE RN o S B R o AR IR]
T A P stilh B GO RS Uca arcuata W92 TH
R AR R R RN DE GIUE R
bl Periophthalmus cantonensis )2 1 €A 730 F1Z N
Y2 \UIE (DB Ja A0 s Tothi 2R 75 A T2 Orisarma
dehaani JZ T R HGEANZE N DE Y I Js AR 17 WA
FEIVD 4T Perinereis aibuhitensis |2 1 HEM T F1ZE N DE |
UJE Y JEFE A 08 75 MR WS Ligia oceanica |2 N Y IE |
UJE (DB JE AR 7 1% 25 B8 1R Vittina coromandeliana
8T 1 5E MR Neritina pulligera W) €473 5 Hh 4670 &
Ocypode cordimand JZTHHE 3 HEMEFIZE N DE &
AR o HE A £ RTBUIAT P 2o 7 ) ) 114 U8 A
IRGPFIAA K, 33X 2 R A [l v i P PR AR &
P AR B AN B B e B s B AU BT, BEfS ik
SR 0 TG Ml ek v O, O ELYN IR) A 4 08 SRR B
JUE 5 5 A B T AT ALY JE R B G L
o) s U £ i 5 L0 8 FR R R (kR HK 4§, 2006) .
LAY > g -2 AR X v ) DX g ] DX ) A
S A1 A BORAYIE Y BE T (RIS, 2020)

5 &g

BRUL = AR P PP 2R b A QA s v e ) by
A )7 70 A7 & 22 W IR 8 A R EE . A=
Yy 35t 30 32 B4 J2 100 3550 2 N 5, AR WA
W SR RIS VDA RIRSS  Hoh LA AR R
TR oA o 2 TR e 4 A A
B HEHETE RO ; )2 A s AR AR O B
LR A UL UMY .

I Ah A5 DX P B BRAR AR st 36 = B A O3 S JBE
KB IFHIE RLEERFAE YRR AT 2R R R 5
Wil o TRL A R I o £ 5, HoKsh g 2k,
FEIN R A L RVE R AR YR T 2R

A A ], DRI A5G v AR st 300 3= B N3 5 8 v
e s I O S A e VAR RA U7/ DO R LB 7 8
PR I o

Fit P EAF R H T LA R TR R AT
A SR AR A 09 XA TSP B AR AR R B 04 A
B, PEHFREHRHRFEEDFRITEZEXIT
Fe R EFEZI TG, BT
RIAB g B30 2 0T 2 R LA 5 £ 0 RER
B FOVER B, R BT S i R
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Composition and Distribution of Modern Biological Traces in the Tidal
Flat Environments of the Pearl River Delta

WANG YuanYuan, WANG XiaoBo, GOU SongLin

Institute of Resource and Environment, Henan Polytechnic University, Jiaozuo, Henan 454003, China

Abstract: [Objective] Organisms are extremely responsive to the environments in which they live, and the traces
they create are the result of interactions between organisms and their environment. To a certain extent, the traces re-
flect the properties of the depositional environment. Biological sedimentary structures are a powerful tool in under-
standing the ecology and depositional processes of modern coastal sedimentary environments.[ Methods ] The compo-
sition and distribution of modern biological traces in the tidal flat environments of the Pearl River Delta were studied
by field observations and 3D reconstruction.[ Results ] The key understanding obtained by the study was that the dis-
tribution of organisms in the supratidal , intertidal and subtidal varies greatly, and the biological traces are mainly dis-
tributed in the intertidal zone. In the supratidal zone, mainly Ligia oceanica and Uca arcuata are present. The main
traces are Uca arcuata level feeding traces, excretion traces, trackways, and intra-layer I-shaped dwelling burrows.
Biological traces in the intertidal mud flat environment mainly include feeding, excretion, trackways and I-shaped
dwelling burrows of Uca arcuata, crawling traces and Y-, U- and I-shaped dwelling burrows of Periophthalmus canto-
nensis, and trackways and I- and Y-shaped dwelling burrows of Orisarma dehaani. Biological traces in the mixed in-
tertidal flat environment mainly include excretion traces and intra-layer I-, U-, and Y-shaped dwelling burrows of
Perinereis aibuhitensis, Y-, U- and I-shaped dwelling burrows of Ligia oceanica, and crawling traces of Vittina coro-
mandeliana and Neritina pulligera. Biological traces in the sandy intertidal environment include feeding and excretion
traces of Ocypode cordimand and intra-layer I-shaped dwelling traces. The subtidal environment was not accessible for
observation and no biological traces were found. [ Conclusions ] The study of modern intertidal biological traces in the
Pearl River Delta supplements modern sedimentological data on tidal flat environments in the Pearl River Delta, and
provides modern empirical evidence for palaeoichnology and palaeoenvironmental reconstruction.
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