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Abstract

Harbor microfouling ecology is a burgeoning focus in marine ecological research. This study utilized
a specially designed method to investigate microfouling organisms in harbor environments, conduct-
ing immersion experiments with glass slides from March to August 2016 and from December 2017
to March 2018 in Zhong-gang Harbor, Qingdao. Conventional marine diatom detection techniques
were employed. The results indicated that the species composition and dominance of diatom popu-
lations attached to the slides varied significantly from March to August. In winter, dominant diatom
species varied with immersion duration: after 30 days, Tabularia was dominant, while after 100
days, Licmorphora, Cocconeis and Navicula became predominant. The surface water layer was dom-
inated by Chaetoceros, whereas the bottom layer was dominated by Skeletonema. Analysis using
PRIMERG software revealed that the diversity of attached diatoms was higher than that of plank-
tonic diatoms. The primary factors influencing diatom population dynamics were environmental
temperature, substrate surface conditions, and the presence of large biofouling organisms. This
study provides valuable insights into diatom ecology and biofouling in harbor environments.
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1. 518

PR S B A RGNS TR T b M BATO A B AR Y, 8 R 25, AR
BN, R A R B2, RN R TR BRI, SR A R — AN SR AR, EARPER
BRI T TR PR R, 3G R R AR R —— AR5 9% AR T IA 200 1235 76 [1]-[3]-

FEFE R AL, 290 10 TR, AR SRR 60%LL I, TTER T 42BkY) 1/5 1l
PRI H[4] MIEAKTT A, L] LUy it i (Planktonic diatom) FHEC A 7 2 (Benthic dia-
tom) B R, B TR Ut T b PR R 88 8 BN G B 5 E . 7ERBL Y5 B s A v b, RE e B
Kz, FREE. BRENSR S, DONEASIRE LSS SRR, RS AR RS T 70%
VI A7 0 E DTk . REVRAT M LA RE AL AR, H 96%I1 SiOL M, K4 S DR g IS A
FERRUTRRY, Mg E A D b ER A P g PERE G IR 0 E M B . REEET I2 20 A0 T HhBR B, BT REAE IR
R WOKARD R AR, W] UMEAK BRI AR Yitabr, BERCGHBARZIN CKAEZLFERI) [5][6]. fEmEudEd
S NE, EESAEVR, EAREE IS EPS (Extracellular polymers substance), % %W 51
JE A B I S B AT I BB [7] [8]. REIRAEIEAT A VERNT, FFRIK T Fe? fEH . TESA MRS
o, RN AI Fe? AL T SR JFME T, ¥R Rema s gk it J iV Y, DL o Ao v 36 G ey 5 B 7
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fIFA S [9]-[11]

VT AR RS SR TR AR A T 52 NS B R A B ™ B DX 3. RN VS SR A S 2R S, SR S H
NI EHEPERNERE TR, AT E RIS, BRI 50 REK I R TR A AR i . 2003
B, WE T 14 ANEEARRG RS FEAER KRGS, 5 HRNNEE A KRS [12]. F5
AL T IR MIE AR R, M i 22 A5 A M 2 s i, Sk T 50 4F n] A5 A AE P AR
AB[1] [2] [13] [14]. SRT6 T A5 1 A MBI A 20 SERRPTER15]-[19]. MBS EmRTE, &
TEA RN SR EATH, BEASRMNSHSEHNMES RS, EZ2ERGENSGH, FERZH.
KIS A SR TR . 5 5 s e E BRI A RES, SZAMEYIR MR, R OE. A
PAT s ], FIFH PRIMERG A [20] St i A BRHI T, <3 SR B o5 1ok 8 5 i ek 38 (1) A DG 1
[FJ B Ay i 55 PR MV AR 2 R G L SR R A

2. MRIEE*E
2.1, ARSI RMHIE

BRI (2.5 x 7.5 cm), KSR TS IR ARG K LBEkRah, FESeT%. PR R I 1
P, AR BBR B HR S, IR LA X RO BT R RS B E . %

Figure 1. Optical photograph of the test plate after mounting
1 KERIYAFRA

Figure 2. Satellite map of Jiaozhou Bay and Zhong-gang Harbor in Qingdao
B2 BRMEMESPEIER
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Table 1. Basic physical and chemical environmental parameters of seawater in Zhong-gang harbor, Qingdao [8]
# 1. ERPESKIEBENFIMESH(S]

EGELIN Yo
SEHRRIC 12.3
% 71.0

S84 P B B /mm>a 643.0
SRR EIC 13.7

ST 35313 7K B %o 315
SR K A R SR Umg e L 8.4
5K pH {E 8.3

2.2, RARAYES [EW

T 2016 4 3~8 HLET & Ak R v A5 Sk BT O JLEAT HE SR IR (AR TE L IE] 2, PASEER AL A
T 1) AL BIE e E & B EER e s 1, AR A R N K 1 m
Fotio B A B FRBOTR AL RMR . G HE FEBENEKIRBIC, BONEES 40 mL KB KRS
OV o AR FOTR X AL 3R T PR B R R (ORI, (R I BRI R B V5 B A W onf B 6 R R IR S, B
KBRS IR EY B2, B 2017 4 12 A % 2018 4 3 Ai3t47 100 KHEF S48 22505048
AR AEEK L m ity JRESEERSAIREE SR 1 m /24 . 28 100 RECH IS, I FERKEE,
RERZFRZKES 1 L.

2.3 BiFEEAROEETE

IKATEIRDRE AR UTRE 48 h, W45 % 20 mL, A A0 oH b, (244 > T ) Nikon Eclipse
80i S fEE N HEAT ST 8. BEMRESTHEOR T 200 NEML, SRAFVIFPEBOAR N N E AR, ARG IR
RGBT SRR R AR -E L . X T AR MAAS R 200 MORE S SO A AR, SEitRh B =
FEJe, KA SR A

24. MEEENLEETH

WA R I P P R 1 T, A R ANVE XS B o6 7 R B I AT IR AL, DLEBR LA A L
. BALJE H7ERE5E 44 ) Mountmedia (Wako Pure Chemical Industries, Ltd., Osaka, Japan)#t473f i o il
ik Ads . A R T Nikon Eclipse 801 S AMBE AT W 4. 76 BMBE I A ik et AT
SR A, BN T4 200 MEEEESELL b, B N IREEEES AN A2 200 AT A4

2.5. BiEabE

fiEH] PRIMER 6 [20]%8 18R 2 1 LA LK AR O RESE AP EE A Shannon Z A1 1E%4[21], Pielou’s $ 5 4R
B[22 ATV . P RV R S AT B I A A (Y) T A R T

VARLLEY
fi
A N AETEER S | DRSS EE, NAESHESFIEYMSER, i DNMESHEE RS

T H LA
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3. &R

3.1. BIRREMEEROMASERR

FAMGRT 4 ke 57 B, MRBFI R 2, FOBSRTE NI 3. 7EATA R R T & ek s A,
¥ Hh 78 5% 7 i (Tabularia investiens). - JR i (Cocconeis stauroneiformis). % [ i —f (Prosch-
kinia cf. hyalosirella). 13 7% — 7 (Pseudo-nitzschia cf. cuspidata). 2 #% 7% i (Navicula ramossissima) /1
19 5 F4JE 3 (Navicula avium) (R34 EF > 5%, # 2).

1. ARFIBRE; 2. hERE;3. BETLRE;
B 5. TFIIfE; 6. EIKE.

Figure 3. Dominant species attached to test plate (bar = 10 pm)

E 3. MEERNR EARBEHER =10 um)

Table 2. Dominant diatom species attached to the surface of the test plate

2. IIRREMPE R 1R

TeEHER ) F T4 Y
BT Tabularia investiens 15.09%
T I Cocconeis stauroneiformis 13.43%
B PR — Tl Proschkinia cf. hyalosirella 7.17%

PHZE T B —Fh Pseudo-nitzschia cf. cuspidata 7.17%
EZ5 55 Navicula ramossissima 6.19%
55 R4 Navicula avium 5.06%
SR IRETiA Parlibellus berkeleyi 4.91%
rhb A R Skeletonema costatum 4.91%
INTYSE Tabularia parva 2.57%
iR (ERTVAR S Berkeleya rutilans 2.49%
ST Nitzschia pellucida 2.11%
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3.2.3~8 AR REAMEFEEREEMMATKL

3~8 H I REBEM AP BB, P 4. 3 H iR EEE T BNV Jy i )& (Tabularia),
O T A3 (73.46%): 4~5 H 4, FTEEE(Parlibellus). 4 (Navicula). i G (Haslea)
7 [ (Proschkinia) 125 T 35 (Nitzschia) 55 J& (1 fik i AR 0 32 B A 0055, Horp—Fhal (R o 4565 10 %5 (40.64%) s
6~7 Hr, BPJZi#E(Cocconeis) FlIXUJE % (Amphora) 55 B ik B AR £ 22 S 3%, K500 R e 6~7 H
13 BRI 3 THT £ 9 A 34 (53.50%, 43.45%) . X110, £ 8 A i, 4551425 % i (Pseudo-nitzschia cf. cuspidata)
b 1 2% 5 (Skeletonema costatum) P A2 Vi ek 5 2E A i b O B 1 L, AFDGE 3 B2 230 33.93% 11 23.21%.

3A LY 5H
M Tabularia investiens  m Others M Parlibellus berkeleyi ~ m Others M Proschkinia cf. hyalosirella ® Others
¥ Tabularia parva L1 i = Navicula r i ™ Navicula avium 1 Nitzschia pellucid ™ Hyalosynedra sp.
6.15% 13.36% 11.87%
13.08% 27.16%
13.36% 40.64%
7.31%

73.06% -
34.70%

46.12%

6A 7H 8H
M Cocconeis stauroneiformis M Others B Cocconeis stauroneiformis M Others M Pseudo-nitzschia cf. cuspid m Others
1 Amphora cf. costata ™ Nitzschia sp. 1 Navicula r issi = Amphora sp.  Skeletonema costatum ™ Amphora eunotia

5.10% 52
6.37% 9.52% 6.43%
14.29%
23.21% 33.93%
43.45%
53.50%
35.03%
32.74% 36.43%

Figure 4. Monthly variation in the relative abundance (%) of dominant attached diatom species

4. MIEREEMBFEOEXFE R EH(%)

3.3.3~8 AMMRAMEERN ST

PG T IR e 3 H i BedI&oh 12 Fh, Bl S ECE S T, 2 8 AtnEEih 24 M. 7 A
FHEEAS, Oy 19 M. Shannon ZAEMEFREI(H)AE 3 A4 & {K(1.05), 4 HHris3i m{H(2.0), BE/EEA
FagE (% 3). HSEQ) S ZrEIAR S DA FRES, B 3 A4 51K(0.5596), 4 H#m % 8 At
f11321£(0.6473~0.8174). LA Z RIS BRI SI LA .

Table 3. Changes in the biodiversity of diatoms attached to test plates

=3 MR EERNEM ST

AW 2 RETE TR HU [R) 3H 4 H 5 H 6 7H 8 H

YR EL(S) 12 17 18 21 19 24
ZFEEARE(HY) 1.051458 2.312677 2.085725 2.025302 2.150295 2.269714
BI5IE D) 0.4231379  0.8162736  0.7216112  0.6652282  0.7302901  0.7141837
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3.4. &% 100 RSLWHIMHE Rl BA R SAH /M

FEZ SN2 AR 3 1 48 FE 75 31 23 Mk i, 72 3R Z AR = Bk AR 2 v 8 5E 45 31 18 ek i . Forp,
2 AR JZ R0 L T B2 # (Licmorphora flabellate). 77 5 #2J% # (Licmorphora paradoxa), 79177
(Cocconeis stauroneiformis) 1% 415 # (Navicula perminuta) & A A FEXT FE LK T 10%). FEKME
L 221t # 7 5 (Chaetoceros cinctus) i b 5 i, i 81.28%, H: vk Ay 1B 4% 7% (Skeletonema costatum, 12.83%).
JESJZ KA DL rR T 4 3 7 Bl B 5 I 52.00%, [R] IR L5 VE 22 A, W13 BH 32 7388 (Nitzschia hyalina) ,
W40 7 3% (Navicula perminuta), 1 H 41k 7 (Cylindrotheca closterium)%%(#% 4, %5, K 5).

Table 4. Community structure of diatom species in test plates during the 100-day experiment on the Seagull from 2017 to 2018
= 4.2017~2018 FFiBRES 100 RLI R B INIRFERAH LN

RFE A IR RUEN T4 Y
FR TR Licmorphora flabellata 30.57%
Ao R TR icmorphora paradoxa .02%
T LY Li phora parad 29.02%
TGN Cocconeis stauroneiformis 15.03%
' HRAH AT Navicula perminuta 14.51%
R o P
AN Tabularia parva 3.11%
FHE Navicula sp. 2.07%
I Navicula avium 2.07%
FoAt Others 3.62%
T O Cocconeis stauroneiformis 24.44%
GRS Navicla perminuta 17.78%
& IR AUE Amphora graeffeana 14.07%
TR Licmorphora flabellata 11.85%
EE A Licmorphora paradoxa 11.85%
WREZ KUJE i —Fh Amphora sp. 4.44%
FHTE B — Tl Navicula sp. 2.96%
TR RUBE i Diploneis littoralis 2.22%
iERAR WAL Berkeleya rutilans 2.22%
IR Nitzschia hyalina 2.22%
HAh Others 5.95%

Table 5. The community structure of predominant diatom species in surface and bottom water columns during the 100-day
experiment on the Seagull from 2017 to 2018

%% 5.2017~2018 £F£38R8 S 100 KL FHR, KEKEETEEEMMNESEH

FERA (E VBN T 4 Y
SRS ER Chaetoceros cinctus 81.28%
b SR Skeletonema costatum 12.83%
RIZKME IR Hemiaulus hauckii 3.21%
B A gk Cylindrotheca closterium 2.14%
FHoAth Others 0.54%
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g
R Sk Skeletonema costatum 52.00%
R Nitzschia hyalina 8.00%
/N T Navicula perminuta 8.00%
FHEBE—Fl Navicula sp. 5.00%
B H A Cylindrotheca closterium 4.00%
ESia Nitzschia sp. 4.00%
- % ERBUE Amphora graeffeana 4.00%
K)Z 7]
= RIS HE Thalassiosira tenera 3.00%
Y — T Nitzschia sp. 3.00%
(53] i v — Coscinodiscus 2.00%
T LY Licmorphora paradoxa 2.00%
R R AR Tryblionella apiculata 2.00%
PELAA T ) Berkeleya rutilans 2.00%
HoAth Others 1.00%
RARE RARE
12%
B Licmorphora flabellata u Licmorphora paradoxa B Cocconeis stauroneiformis ® Navicla perminuta
1 Cocconeis stauroneiformis = Navicula perminuta = Amphora graeffeana Licmorphora flabellz
H Others H Licmorphora paradoxa = Amphora sp.
H Others
3% 3% 3%
3%
REBKE JRE KA
4%
4% /5
4%
5%
B Chaetoceros cinctus 1 Skeletonema costatum m Skeletonema costatum  m Nitzschia hyalina
= Hemiaulus hauckii Others m Navicula perminuta Navicula sp.

H Cylindrotheca closterium m Nitzschia sp.
B Amphora graeffeana H Thalassiosira tenera
H Nitzschia sp. H Others

Figure 5. The community structure of predominant diatom species during the 100-day experiment conducted from 2017 to 2018
5.2017~2018 £F 100 R 3L¥  F EREEYMAIREE A
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Table 6. Differences in diatom diversity indices between test plates and water columns (S: Number of species; J': Evenness
index; H': Diversity index)

# 6. WS KERRERSHEIERNERS: UME; I HSEREY; H: SHMHER)

Sample/Z FEMEFREL S ) H' (loge)
AR 23 0.6737 2.112
IKFE 18 0.587 1.697
JEE i 17 2.210 0.780
TR 10 1.655 0.719
JRJEK 13 1.768 0.689
LEK 6 0.723 0.404

35. FF 100 RIEEHELEMRAES

USRI K A4 1k BE R B A B B 22 5, T R E R 2 AR B A E B PR R B2 5= Sk FoRE,
JRJZARB AN K TE B P 2 TR 2K AR (R 4, 7 5)0 IR TH M & RS FIEL S (23 Fh vs
18 Fly. ZHREVESRS ) (2.112vs. 1.697). #4251 H' (0.6737 vs. 0.587) 14 T /KA (3 6). 18] 6 FIRK Sy
Wridzr, REMRZE R R M B R B S5 BN, HUCRRE KR IEEEE, 175 R Z Kk
¥ UK

JIREMR

IR

JEK

REK

[ | | | | |
1.0 0.8 0.6 0.4 0.2 0.0

Figure 6. Clustering analysis of diatom grades on the test plates and in the water columns

B 6. (T S KA R B SR BRI
4. ¥+1ig
4.1. WEEEMBEEHRNATLK

HISEIRSS R (K 2, 14 3)AT AN, 3~8 J3 4 A9 A AR T PR 5 ek O R S5 4 5 2E T IO R 284k 3 A
T WBCR S B 12 FhiEde, b REYRONE R LT ae s Frife. 4. 5 AMMIUIAEEE. HiF
B W RESEXGTEAI M N T ERRE. 6. 7 A/ N Se g MR i+ OB B A= FE o L 3
MI7E 8 I Ibh th 24 Mk, RHRRFMB AR A NZETEE . &R AR AT
AE R RS UK AR AR GRS . I AEPAR B S0 AR BEAS: (45 SR AT LA (18] 7), il AGR /£ 3
HI U A B A 2200838, M0 8 A A B AR T A iy RIS 45 26, SR 1 1A S5 ¥k St i 1Y
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PRI, B2 7R TS, et 1 ulCR M A MR VE S5 A A2 A0, B el Rl B A W e A2 D T 4L
TSR, SO T A AR [23]. WK IR L RE A R A AR AT T, KIER A RBUR I S 5. KR T
i IR ROR S SR . AR A B L E BB A, BREES RGO )
b, BGENR L SR ARG AR, SR SRR )T O O K R AR AL A, 1T
TR ERIPE A, BRI, IR TH & SRR A AR B 2 o A S RVE R [24] -

Figure 7. Optical photos of the test plates in different months
7. MIRERR BRI FERE

4.2. EFFRMBERSFHERMHSATER

HATIAE SR (G 4, 425, KEI5)ERM, REMEZEXBRILEN H 14 Fiakig, wMoKAE TR H 15 F,
PRI IR BOE ZE AR/ NP B S5 i A BOR 22 S . SRR IS Rk R, R R T 10%1 AR . 51
TEHER A EE, TR 2K Gl M BB AR AR (Y = 81.28%). LU AT %5, &Lt 12.8%.
JEZ AR R ) R AR B 52%, AR F AR LA 2 R R, WE WSS, RS, R
JE AR JE PG A B 2 M AR B, R BRI BA 5 DS, B SR DX 0l /KA o (2 i ek i 2R (1) 6) 0 X T
RE A H T RS B 5 1k S mTREJICSE 2 1) EPS, AR TRl R A BRI M B 5 B 71[25], ARG MELE
AR R R T

4.3. AR KBS E R R SRR

IS A 2R KA T 4CHIR KL 100 2K, 1% BEI A1 K oK 2 30 b T ORAR T, T& R 42
BRI REBE R RIS ATE 0 AT, AN AR ). ASZUG T R K AR H 0V O e v R B 6 ek v 25
RIS AR RS, (H A AR B 1 38 2 0 A o A K BB e T R I R, KR R LA
H, R R XTI B AR IR K B R AR K 30 KII(H B K R R RS N2 R, (HA)
PR MR R ZE 5 30 RIW AR b M6 17 3t & oA 73.46%, AR 3R, T7E4ZE H KRR
AP AL LG 3.11%, (i EE 10% LA BRI R N B TR IE BE(30.57%) . AT SR BLIE #E(29.02%), LK 4.
XRAETKBAY TN, MBS e R, o 2 70 B W AR ) = i KR B b i Ao 36
B, ORI 2 K. 5 K. 15 K. 30 K, PHAEREEMBES N 2 B 4R, 7 01 29 Fhs B 3 A Wk
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WK 16, 5 15 RAGRAT 3 IS R 4 152 2 [26]. BAREEERTAEN TR T, AR
N KIS T8 0 3G e A R G R R

WA, IR KR T A B P A e SR 2 A JR R 2 — o AR R (12 H~IREE 3 A)RIRARR 3 A 484K
REIDFNBZEFRAKRAO B0 ovs. 12 Fh), (HYFEBRAFER K ZE S 3 A LA -7 7 3 5 b
73.46%, 1M1 425 F R MRB_EF A 304 3.11%, (5 Eb 10% LA R4 A s AR 18 (30.57%) , A S 27
15:(29.02%), 7GR #(15.03%) AR A0 A+ T #5(14.51%) . 1X AT R 2 1 T 1 359 C B 5 10 H A A 07 1 i
[ B 7 A — S S A+

44. EFRRR. REAMRSKFEEMFUMSHELEER

HISEIR S5 R 6 o, R I A R A £, Shannon 2 FEVEFEE. H95) BESET7 T4 T KAk
TRIRERE, R SRS R K I RE B LR b s TR R sURAR R K iR . Xl TRIZK
PR rh Geft fiy BRI (Y = 81.28%), e AR BRI 40 i = B2 LR, BV LRI B — B,
Fi—OrE, HTRE KRS, R f IR TV R R, SRR L. 2R
oz, TR )R SR R R A B B R PR A, AL 2 R AR T2 Bl

5. &

Y EAT B AR TS 1R A ) A2 A T T 0 I P s B T D AR

1) 3~8 AW ABASINAR, FEERIFREREEE S A R R, R TKREA T VAT
MEAE BUBRRIE A AR T

2) AARRIAZFRMFGHRAEY AL TR, 17 R A T A I 25 R A SO, AR pi
BRI LA WA, TR AN RIZAKF OB, TRZ KPR h & &8, HEEEN
B EE . SN EEANRH R 8E, 1K = R I AR/, SRR 2 [0 2B A7 SE I 25 2R

3) AT RERMBZHEIRERTRZ MHEERK T,

EHEWmHE

[ 2% SR Rl 42(42076044, 59471054 11 59071040).

SE 3k
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