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123 = 3 1,2 2, =3 — 223 2= g 12%
AR, BRA, FANY, ARE, LT, Fo4
(I B f rTEE R R B SR R (P ERERD), FET 2100085 2 HERIERE K., LT 100049; 3 MTAEIRACKT=WIZEHT, MET 210017)

W OE. AR TILE S X 5 BT IR0 ~ 5 cn) FIVRZ(5 ~ 10 cm) WJEETR , 2007 T A [RS8 i e 1 il A=
FEVRAFE AN F B A 1, S50, BURARIER pH(7.77) A4 (1.78 g/ke) i I TaERLH(7.91 A1 1.95 g/kg), T/KEPEER B
(1.50 g/kg) B35 1= THHERRZ(1.05 ghkg)o £ 0~ 10 em BETERHIRETRH, (RRHFEZHE Y ZHE: (Shannon) .35 15 T3 2 (P<0.05),
MR Y2 U 90 4 5 E(ACE FT Chao) . ZHEM:(Shannon) 4 i35 T T2 (P<0.05) . PRtV B LY TP AU A B #EY s
J 1# 1 ] (Proteobacteria) . £%Z5 &[] (Chloroflexi)FNBERFT 14| ] (Acidobacteriota), PR A TE AR FHUAT 8 (Bacillus)TEN I 2 Fp £ 57
W, RDA T4 RaRN, 2EUEZ 0 M e A MR 09 E BRI . I6Ah, P bR e i E eI A BE R
T KA R | BRIERESFIAEE, MPE Bt R S L R M R BRI - A LR pH. DRI, IR P ZEAFF R8T AN pH %5 7] B
SV AR M ] B S ) DGR DR 3 . ASTIFSR 4 SR v Sy S AR sy i ) SR SR I 25
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Study on Microbial Community Structure Differences Between Sediments in Healthy and

Diseased Crab Ponds

CHEN Youming"*?, GE Jiachun®, LI Jiangang' 2, XIA Aijun’, MA Xingkong®>, DONG Yuanhua' **

(1 Key Laboratory of Soil & Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 210008, China; 2 University of
Chinese Academy of Sciences, Beijing 100049, China; 3 Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing
210017, China)

Abstract: In this paper, the upper (0-5 cm ) and bottom ( 5-10 c¢m ) sediments were collected from healthy and diseased crab
ponds in Yangzhong area of Jiangsu Province, and microbial community structures and main affecting factors of the sediments
were determined and compared. The results showed that pH (7.77) and total potassium (1.78 g/kg) in diseased sediment were
significantly lower than those in the healthy one (7.91, 1.95 g/kg), while total water-soluble salt (1.50 g/kg) was significantly
higher than that in the healthy one (1.05 g/kg). Microbial diversity (Shannon index) was significantly higher in 5-10 cm than that
in 0-5 cm of healthy sediment (P<0.05), while microbial richness (ACE and Chao indexes) and diversity (Shannon index) were
significantly higher in 5-10 cm than in 0—5 cm of diseased sediment (P<0.05). The dominant bacteria in the sediments of the two
groups were Proteobacteria, Chloroflexi and Acidobacteriota. There were many different bacteria including Bacillus in healthy
and diseased pond sediments. The correlation analysis showed that total nitrogen was the main environmental factor affecting
microbial community of crab pond sediment. In addition, water-soluble salts, calcium carbonate and total sulfur were the
environmental factors determining microbial community in healthy pond sediment, while organic matter and pH were the
environmental factors for the diseased one. The results of this study can provide a theoretical reference for the microecological
regulation of crab ponds farming.

Key words: Crab; Pond sediment; Physicochemical properties: Microbial community; Correlation analysis
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R AT WA« (B SO T B Yt R Ve TR W R v AR i 22 S 359

T8 2 22 Th AR G B (Eriocheir sinesis), XOFR1%
B RmEE, RIREEENRFOIROKIENFZ —
H 20 tHad 80 4EAANTF UG AT N TFRFE IR , FRFE A
BORWY o HET, TR i X2 T B SR
FEmIX, Hrp Lo i e ELE R 12
DA el S el 1 & R, e R LR &
YBR[, Ayl TSR, AN g i 7
TR A RER T . SEESEA LY, LRy | KA R
F AR SR SR 5 XIS R ORI A 2k
PIRETE T A R B AR A R 3R A 1 i
AU T FRFEMIENCHR , 25 5 1 Tl R o S e B
I 65 ARV S RRAE SO TR VE MR E Y, K
WA TR, YA KRR E SOl BIIRN, 55
SRR FR K, WK LETEIUL . IR AU
B R B S E SRR, R R A
Y. SR SRR ) 04 A A2 3 B T R A RV AR
NFRFEA S RGN EE o), AMGETH TR
BRI 0y E A 2526 b, T H AR 2 R e A L 73
fif B FRERRECR PR3 R AR BT 45 7 T BAT 2 0
SO R T S A B 5T R B T TR
Fr AR ORI IR )y QA X 7K IR B 14 5 i 12

A6 LAV 7548 BEL VLTI 47 v b DX 8 5 5l
IBIFFERT G | SR A M R AR DX I b 3 IV U R AT
FEAS W HAIAE W R VR R AR N 2 R Bl R 3R A T 40
BT, BRFE I 38 7 U S S AE ) RN PR R - 5 Y 88 fedt B
TR Z AR 2R, Ry Tl At I A A R0 L 9 Bl
PRSP T ok B AR S

1 #RE7EZE

1.1 HESRSHERRE

HHE R UEFE SR A VLI IR AKOK =058 BT 4 v
FM(119.80° E, 32.31° N), iEEK FE(52 m x
38.3m), MFLZ 2000 m?, /KIEZ 1 m, MWIHRIERE
FEZ) 30 ~ 40 cm. FRFH /KA R IR, 2
T UETTTE I R S5 5 | A TR EE M 1 o b 3l 5 A el B 4
HCERE R 18 000 H/hm?, SEIRFRFCA DR, i
BCA 9K AL A T o 5 G T D 45 R T) 88 i 5 1)
B, 9 AIRLUGHECvK e, 5—9 H, &k 15~20d
il H— UK IARRR e R 7. T 2021 4% 9 H 43 5I7E
4 ASMIERAERES , A5G 2 DB HIE (disease, D)
2 AMEREHIE (control, C). FRHHIEAE RALRT
S 15 d LI BB, RAER G Wik fF7Est
TEPNG, Al 7R SRR R A A B4 R
BT S URE 20 R4 0 ~ 5 cm Al 5 ~ 10 cm IR EE )

JEURHFE i, SR K [F]— DR BE R 5 IS T 78 /i 5 Je 15
B VAR, B MIETEAR IR 4 AR E 3N EHE
I 24 AFET . FTAREREATCIR A HAR)E E T Tk
AN ARSI g, B R 2 0,
Hop— {2 0T J5 F TR IR AL B & |, 55 — 17 B
fERERE A 50 mL KR &0 IRE T 80 Cukaah,
Tk Je DNA 3 BORUG S230 A= 9537 -

1.2 thyEREE B4R E

b 38R YR 25 T A2 o P28 100 em?® 134 J] i
0~5cmHl5~10 cm FERRIFES, 75 105°C T
P ZAEE, TS B T R
JEEUE pH A R FHHLAIE s BRERES(CaCOs)l e
RRAARIEN, AKIEEER B ECR KRR 50 1
il B AR, AR T vk I 52 s A HLJS (OM)
SR FH BB R A A AL B RR A Akl sz ), St i
PR B .24 HHEAWUR; SE(TNR AL E !,
S (TP SR 241 (TKO)M 2 R AH I [ 5 b o 20 450
S5 ABR(TS) R RIS 25 7 (i ik i 2 )

1.3 DNA f2EX. PCR # 1§

BEAFESLFREL 0.3 g, R E.ZN.A. soil {7 &
(Omega Bio-tek, Norcross, GA, U.S)FJ Ui BT 5
DNA #2£1, DNA Ak B Fi 4l F| H NanoDrop 2000
HEATRIN, DNA $2HUA BT 1% RIBEAEEEER f
W HEAT R E . ] 338F (5-ACTCCTACGGGAGG
CAGCAG-3") Hil 806R (5’- GGACTACHVGGGTWT
CTAAT-3") 5I¥%F 40 16S rRNA LK) V3 ~ V4
A[AR X #EFF PCR ¥7H4, PCR ¥ IR % (20 uL) M.
4 uL 1Y 5xFastPfu Buffer, 2 pL A9 2.5 mmol/L dNTPs,
IEMB14 (5 pmol/L) 0.8 pL, KIA514 (5 umol/L)
0.8 uL,0.4 pL [ FastPfu Polymerase,0.2 uL [ BSA,
10 ng ) DNA #i7, F ddH,O #ME % 20 uL. PCR
FiTE ABI GeneAmp 9700 PCR X 347, [ 444
i 95 °C FARYE 3 ming 95 °C ZEPE 30, 55°C iHk
30s, 72 ‘CHE(f145s, 27 MEH; 72 CEIEf 10 min,
&G 10 CLRAFE. ¥ HigE S EYE
BHECA RS W 1E Miseq PE300 V- & [ #E47 i il &
T
14 SEEHEIN

SR LRI 8 4 Trimmomatic #44Bids , 4
FLASH $UE#EATHHERY, H UPARSE HRIFHRE
97% WY AHBLEE X 5 4 # 47 OTU R, Ffii
UCHIME 45184 A 1K, I RDP classifier Il
MR 97% AHUKF-BY OTU 445753114
FhoP2IERE, XTI B85 P2 Silva 138/16s
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bacteria (https://www.arb-silva.de/). FTA LY B2
S M FH 25 5 42 W) == F 5 (www.majorbio.com) ) 2R
BEi A W) 2 FE VRS A T AR 2R 28 53T
1.5 HBiELAESSF

R SPSS 26.0 F A3 IR S0 Kt AT B 3R 5 22
SHr (one-way ANOVA), ZEEXHE ZEAK (P<
0.05). TESATEHRAL I ATES, P~ BT 0 ~
5 cm Fl 5~ 10 cm VB Ve B EE 5315 FF 4 Dos Al
Ds.jo4l; KA EHEBYE 0 ~ 5 cm M1 5 ~ 10 em R
JEVERI B 73 3G I Cos Fl Cspo 4o BESL, XHE
JRAUFIMERRZL 0 ~ 10 cm (D Al C) TREE IR I 19 &5t iff
TTPRSTREAS ¢ K o DAL g B B 4R P25l +
FRifE2E R o

2 HBR5HH

2.1 tyERIREEER
HIEE 1 AT, B4 0~ S em JETR (Do) FUZSTE
pH 1 CaCO; 43414 1.20 g/em®, 7.69 F140.10 g/kg,

5 E AT AR AL FIREE IR (Cos) (P<0.05), /K
P (1.58 g/kg) FMIAHLE (23.43 gke) WE T
Cos4 (P<0.05); SR 5 ~ 10 em JEJE (Ds.i0) B pH
FITK 43500 7.86 1 1.82 g/kg, S F MR TAEREL (Cs.10)
(P<0.05), T/KEPEER B (1.43 ghkg) W T Csao
41 (P<0.05). TENCIEM—IREE, BmAlFERRL1N) TN
TP FI TS WA BEZES . WRAXIRRIHITIZE, N
WIEIEIe AR 7, B4 (D) JIKJERY pH F TK 435l
N 777 F1.78 gkg, WEMTAERA (C), mKEME
R (1.50 g/kg) T i 25 vy THEERR 4L

22 MERBRREMEESSHMY

221 AFRJERMAEMZENE  WRIEE L
24 ANFEAS, 2 W i 40 o i B4 S ARAR AR 7 )
1297 003 4%, “FHFHIKE R 419 bp, 45%E] OTU
SPEIATE 13 189 A4, W 70 AN, 210 49, 491
AHL 770 AR 1395 Mg MEEFEAREREE £,
Pan/Core 7T IR BRI T2 (K 1), BEHIARK
N7 R B2 % 2 et 318 I V0 P ) Bl 2 A R

F1 tERIRRIIELIER

Table I Physiochemical properties of pond sediments
FEA A (glem?) pH CaCOs(g/kg) /KiETEER(e/kg) AHLF(g/kg)  TN(g/kg) TP(g/kg) TK(g/kg) TS(g/kg)
Dps  1.20+£0.08b  7.69£0.07c¢ 40.10£1.76b 1.58+029a 23.43+243a 1.10£0.13a 0.074+0.005a 1.76+0.11b 0.084 = 0.002 ab
Dsyo 128+0.08ab 7.86+0.07b 37.55+1.63c¢ 143+0.16a 18.83+1.76b 0.80+0.10b 0.067=0.004b 1.82+0.12b 0.084 £ 0.004 ab
Cos 1.31+0.06a 7.88+0.03ab 4230+1.66a 1.11+£0.10b 2028=1.63b 0.99=0.09a 0.071+0.005ab 1.89+0.14ab 0.081+0.002 b
Csqo  1.29+0.06ab 7.94+0.05a 38.72+1.00bc 098+025b 19.62+3.85b 0.82+0.07b 0.069 +0.006ab 2.01+0.10a 0.089 + 0.008 a
D 1.24 +0.09 7.77£0.11 38.83+2.09 1.50+0.23"" 21.13+3.14  0.95+0.19  0.071£0.006  1.78=0.11  0.084 + 0.003
C 130£0.06  7.91£0.05"  40.51=2.28 1.05+£0.19  19.95+2.84  098+0.12  0.070+0.005  1.95+0.13"  0.085 +0.007

T FFEER /NG F A [ 78 FEAR (8] 1 35 22 53 (P<0.05)5 %%,

Fs TR
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Fig. 1

Curves of Pan/Core analysis
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F 2 2 ATLAE Y, At I S U A A i 2 R
Coverage f88UIATE 96% LA L, FBIRES P45 R G
B, AR Ds.yo W44 Sobs. Shannon, ACE FlI
Chao 883 .3 55 T Do.s (P<0.05), RUIBEE R
i, BRIV A M s B 2R T (g
B Csio B4 Shannon F8EL W E = T Cos
(P<0.05), RWIMERRLA Cs.io IVETHA VIR 5 B —

M, (HZREVER . 16 0~ 5 cm IR T, R4
U o ZFEEIR IS TR E 2255765 ~ 10 cm
R Terh, Bopkdl b A Y1 ACE $5%54H1 Chao
FeB 2 e TR (P<0.05). HHE AT, 7E 0 ~ 10 cm
R S T DA, R b 3 1 B D I < 8 R
P IR B AN ] I A A k35 2 5, Tt B b 9% BB R A
[FUAFTERE VR 2RI 22 57

F2 HEREREYR o SR

Table 2 o diversity index of microbial communities in pond sediments

A Sobs Shannon ACE Chao Coverage (%)
Dos 4 634.67 £ 548.98 b 6.76 £0.22b 6387.17+872.12b 6199.67 £833.20 b 96.91 £ 0.01
Ds.10 5225.84+£309.18 a 7.18+0.14 a 7217.70 £462.73 a 7 025.15+456.88 a 96.03 +0.01
Co-s 4 838.17 = 403.75 ab 6.93+0.25b 6 681.80 £ 517.25 ab 6513.61 £504.37 ab 96.68 +0.01
Cs.10 5125.83 £219.50 ab 7.38+0.09a 6420.87 £207.16 b 6319.62+£219.58 b 97.05 +0.01
D 4930.25 £ 525.12 6.97 £0.28 6 802.43 + 794.46 6612.41 +772.19 96.47 £ 0.01
C 4982.01 +344.33 7.16 £0.30 6551.33 £399.61 6416.61 =384.46 96.87 +0.01
222 RIRWIRIRHCE DRSS PCA 457 . o en,
SRR &M, RIISAUR M RS P E . en,
0-5 5-10 >

N2 5(P=0.001), Hdr, PCI Fl PC2 %h/ywfi e
T 13.97% #19.12% MR AR 78 PC1 #lirh, Cs.yp
HRIEM A, Bl —4dl, S5HA 3 A ER
FES . WNBHREEOTEN KR, Dos fl Dsyg A
WESE, HMES Cos BFEERLE,
100 -
sl R*=0.5175, P=0.001
60+
40+

PC2 (9.12%)

s 8
’@
@E/
n | >

20} -

a0}

60}

80} oD,
100} . g;’f(,
~120} ! ¢ Cs

60 <40 —20 0 20 40 60 80 100 120

PC1 (13.97%)
B2 ARSEEEMEINOERSPCATHT

Fig. 2 PCA plot of bacterial communities in pond sediments at
OTU level

23 AMHEREREVEEEHNEARSER
2.3.1  Venn [ ME 3 FLIEH, 70~ 5 em K
BV, R AR A A YR OTU £ H 4351
59673 19206 4,34 OTU 7 657 446 5 ~ 10 cm
WREEJRUeH, A MR Al A Y e OTU £ H 4
54 9935 A1 10 102 4, A OTU 7926 4~

5-10

= 15000

3100001 9206 9673 10 102 9935
& 5000
]

DO—S C&S DS—IO CS—I()

Z%N
B3 iEEEMEYNET OTU KFEH Venn E

Fig. 3 Venn plot of bacterial communities in pond sediments at
OTU level

232 BEEAR VKT L& 4A), @R
FEJ ZH Tt 3 IS U8 B W v T R B Y A T O I
] (Proteobacteria) . £¢Z5 B | ] (Chloroflexi) MR FT
I"J(Acidobacteriota), HFIXF = EEMKIUCH Do.s (24.27%.
14.93% #l1 12.32%), Ds.io (20.14% . 18.01% Hi
11.80%), Cos (23.06% . 14.84% FI 10.27%), Cs.io
(12.86%. 21.45% #F1112.23%),

TEJE KV (B 4B), B 2H R8s 20 5 ik g
AEY A RERTBERIWEF, 1HZEH others, Utk
A, ZEE AT 5 & (norank J_Steroidobacteraceae)ﬂ\j
Dy.s Fll Co.s FIPESGHE, “FBE 735100 4.35% F13.53%;
K 4 %5 7 J& (norank_f _Anaerolineaceae)™ Ds.y Fl
Cs.ao MOLEBIFH, FHEIM1 3.65% FI 3.78%.
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(A)1001 M Proteobacteria
M Chloroflexi
= — M Acidobacteriota
S 80f I ] . M Desulfobacterota
= Il Actinobacteriota
ﬁ M Firmicutes
i 60 Bacteroidota
T B Myxococcota
#‘&1 M Sva0485
}é 40+ Nitrospirota
4 M others
g
= 20f
0
D(J-S CO-S DS-I(J C5-10

(B)100

W norank_f _Anaerolineaceae
e [ norank_f Steroidobacteraceae
» 80F W norank_f norank o Vicinamibacterales
ﬁ W rorank [ norank_o__Aminicenantales
# 60k W norank_f norank o __norank_c__norank_p__Sva0485
g W norank f _norank o__Subgroup 17
% 40k norank f norank o SBRI1031
4 W norank [ norank o Gaiellales
i W rorank_f _norank_o__norank_c__KD4-96
I]Ei ] . norank f norank o norank _c__Thermodesulfovibrionia

[ others

0
D(J-S C()—S DS-I(J CS-IO
FEA

B 4 thyEREMEEIA)FIEMB)K T Y FhE R

Fig. 4 Structures of bacterial communities at phylum (A) and genus (B) levels in pond sediments

233 ZHFY XA AR AT 24 REVEESHEREFHHEXME

Wilcoxon FRFIAGE:, ik ) 4= B2 AF7E 1 35 22 = 0k
Y 5). SRR, TEITKRF L, BwAmEIE
A1 1 (Proteobacteria) . JEH I ](Verrucomicrobiota) .
Caldisericota . Deinococcota . Fermentibacterota , WPS-2
il Caldatribacteriota [ 3 £ {2 5 T 52 4H.(P<0.05),
TMEEEE [ ](Firmicutes) | A 3£ 12 HE {4 ] (Nitrospirota) |
ZF i FF B 1] (Gemmatimonadota) . %€ H B[]
(Armatimonadota) A1l 7 2 4[] (Schekmanbacteria) 3=
JE W AR T e 2H (P<0.05). TEJB/KF B, Humdrh
norank fSteroidobacteraceae. Vicinamibacterales .
o AT B JE (Geothermobacter) . TR & K #T B )8
(Anaeromyxobacter)F-& AT 1 J& (Syntrophobacter) i
F R THE R (P<0.05), 1 norank f _norank_
o__norank _c__Thermodesulfovibrionia . norank f
Gemmatimonadaceae . H-HAT & (Bacillus) i) FJi i
FAR TR 41(P<0.05).

RDA 53 Hr (& 6)#8 7 T A [ 9 vh A 4
PR DR TR e, SR envfit pRECHE 3645 SRS [H]
TR B EE . MEREMIER RDA 04, 55—k bri
FEE Ak b b 2 O3 R A RE £ 40 R 30.96% I
21.85%(&l 6A), Hirft, TN(P=0.007) .CaCO5(P=0.008),
TR EAPEER B (P=0.003)H1 TS(P=0.010)X] 4 B #f 7% 25
P HAT B &5 (& 6B). A RDA 4347 e
— AR BRI AL AR AL TTER AR RS S R 45.63%
1 21.86% (1% 6C), Hrf, TN(P=0.002), OM(P=0.001)
il pH(P=0.005) %} 4 P 7% 4544 B W 252 (15] 6D).

AN TR B 358 [R5 kS R 6005 %) Tt 39 o o 1 40 7
BER AL R BN — B8, A PR3 IR 75 (R R A8
I (R LB IC e Hh o3 A R T 84.5% 11 88.8% AN TR
&S5 6B 6D), fRFEEMBIET, TN, KEEPEER
SR CaC O 2 52 M 4H PR FVR 25 44 1) T2 ZE A BE I 7
SR T AR R AR IR T 2 TN, OM
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AT . #ﬁﬁﬂl
(A) TR R BURTE 524k (Wilcoxon) BR AN 5 AR}
95% A X [i] L faRexriad
Proteobacteria — — o © 004639

Firmicutes L =O= 00179
Nitrospirota O #x0.007 26
Verrucomicrobiota .i #%0.005 108
Gemmatimonadota E’O‘ # 0.01106
Armatimonadota 5 (:) 001202 g
Caldisericota ¢ 0 0.04272 =
Deinococcota ‘: #%(0.002 902
Fermentibacterota .‘ % 0.001 328
WPS-2 .: #x% (0,000 702 6
Caldatribacteriota , *0.027 61
Schekmanbacteria I 1 1 1 N T T Y Y ¢ Ly 0003642
0 5 10 15 20 25-9-8-7-6-5-4-3-2-10 1 2 3
R A EE (%) PIRIE 43 FL2Z 6] A 22 AR 35 (%)
(B) Ik F RIS A 4% (Wilcoxon) BRI W il
95% i fw X i) [ iRt iRl

norank_f _Steroidobacteraceae

— £ 002258

norank_f_norank_o__Vicinamibacterales % 0.03509

norank [ norank_o__Subgroup 17

norank_f_norank_o__norank_c__Thermodesulfovibrionia O« 001414

—
——
norank_f _norank_o__SZB30 ’_._;‘ *0.03509
Geothermobacter ".“; *0.046 39
norank_f Gemmatimonadaceae 3"0" % 0.004 66
Anaeromyxobacter .: 0 0.024 28
Syntrophobacter .: #*0.019 35
norank_f_norank_o__S085 % O~ *0.020 89
Sva0081 _sediment group .3 #%0.005 563
Bacillus O #5% 0,000 380 8
norank fLentimicrobiaceae .: *0.043 26
Ellin6067 ) #0.046 39
norank fnorank_o __ADurb.Binl80 1 1 1 L ) % 0.001 221
0 1 2 3

| L 1 L1 1
4 9.9 5905 O 50 5
/ﬁ". ’1:3\//\-/\-/%- QNN

s

IRE T C4) IR M2 I SRR (%)

i ol #0001 106

Pl

0@ @

(A: TR B: BT, * | * #0505 R 2% 535 P<0.05. P<0.01. P<0.001 3 /KF)
E s @R EMEYERDIHS R

Fig. 5 Differential species analysis of bacterial communities at phylum (A) and genus (B) levels between the two groups

M pHe Horf, TN SRS R EwER T EMR . BB AR E B IR, 2Em S EUK R

ROl EP S Ak, BTSRRI, YRR K A P TR B R

re (9 F2 ORI, HRJZ R VA I ] P S K PR I58 A A%
3 iTie O DI, X ALIERE T o A B T I R R Ve R Wk
3.1 StERREACEFTHK HHREES TRZIRE. TERERGT, SR

JEVRHAL N T RO SR R R I i T B b, FROE L SRANRISE T AR i DR 0 i e A R AT AL
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Fig. 6 RDA analysis of bacterial communities and environmental factors of healthy (A, B) and diseased (C, D) pond sediments
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