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Fig. 1 Location of sampling stations in Dashentang waters
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TEA UG R ZH 10 LKEE, LA 20 um A5 45
i B AR B2 150 mL AKAE, 37 B A R e,
LR E N 1%, RIRECIRTE . 7E Olympus 1X71
BHRAMEE T 100 58 400 F5HERE, MR 4R SCHk % 2 F
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W5t B MR W Z PR Shannon 4544
(H) 1) YA EER I Pielou 85!, HAR 0
e

S 1%
H :_g Ylog, B, leong

L, S R FIEL P oA | RS AES S
B A

K H Surfer 13 FAF2 MR Pre AR
K, RH SPSS 19 #fFi1T ANOVA KN ZE Jr 247
M FHICHES3 M, SR F PRIMER 6 #4:0E4 T 2041,
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KRR 2 R W3 (P<0.05)(E 2).
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Fig. 2 Seasonal variation of surface water temperature, salinity and Chl a concentration in Dashentang waters
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Tab. 1

WERAERME. RBERERKFEC/L)

List of tintinnid species, dominance index and maximum abundance (ind/L) in Dashentang waters

(S

RIKIEE R (Amphorellopsis acuta)

PG IE e W 248 L (Codonellopsis lusitanica) <0.01
BB H(C

mobilis)

5T B4R U (Eutintinnus tenuis)

EIREAY R (E.

tubulosus)

BRI S (Favella campanula)
M WL (F. panamensis)

KIEWE I W (Helicostomella longa)

Wi KT8 U (Leprotintinnus nordqvisti)
A BAHE44 HU(L. simplex)

JK 2B HE 1 (Metacylis jorgensenii)

SR AR HL (M. oviformis)

= ZEHRH (M. sanyahensis)
/NSRLANFE B (Stenosemella parvicollis)
ZhoRG 5 72 MU (Tintinnidium mucicola)
JEIR T 5 HU(T. primitivum)

JE 1448 U (Tintinnopsis amoyensis)
I LS B(T. baltica)

AR (T
EL PG DL (T
A [ B (T
LA (T
5% FA (T
%G4S HU(T.
W /NS (T
AR A4S (T
(] $UL 8 HL (T
i FCALE (T

beroidea)
brasiliensis)
butschlii)
chinglanensis)
kofoidi)
lohmanni)
nana)

radix)

rapa)

schotti)

T8 TR H(T. tocantinensis)

BRI (T
fR RIS (T

tubulosa)

tubulosoides)

el S KA E (L)
% HFE MFE ,ﬁé .Eé ,Mé
AR XX Mg XX X XX
<0.01 5 2
<0.01 1 5
<0.01 30
<0.01 <0.01 7 7 2
0.05  0.69 49 41 75
0.01 18 7
<0.01 10 12
<0.01 3 17
<0.01 <0.01 <0.01 44 5
<0.01 <0.01 <0.01 2 8
0.38 953 237
0.04 17 62
0.13 <0.01 79 199 5
0.11 69 40
<0.01 2 4
0.01 <o0.01 12 3 7
<0.01
<0.01 3
<0.01 <0.01 2 4 8 7
0.61 897 37
0.15 <0.01 82 243 3
0.01 67
<0.01 1
<0.01 23 16
<0.01 <0.01 7 3
<0.01 <0.01 1 5 18
0.08 212
<0.01 1
<0.01 <0.01 1 4 6
<0.01 <0.01 2 22
<0.01 <0.01 7

Rl A
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Whrc el AL A=A B, FRILHEF
S LV $8L 48 B (Tintinnopsis brasiliensis) 1[5 HE 401 4%
W (Tintinnopsis rapa); X Z5 0 Fh Sk JE QAR B
(Metacylis jorgensenii) . i K $l 2 M (Tintinnopsis
butschlii). =W JSHH (Metacylis sanyahensis) . IR
H 4 W (Eutintinnus  tubulosus) F1 99 & 25 # &
(Metacylis oviformis); Kk 754 3 Fh Ry 4R H 2 i
(Eutintinnus tubulosus)FI/INIZH7E H

£ il DX XS I XD 52 £F B L R R 22N ],
BT 3 A T PLRAF R
FE 24 X BRI M 755 (3% 2).

23 HRHLRFE. AHEROE

Whre e B | YR ATE R D AR E ] 2
MZ=T 225, Woed BACFE RN YR R F iR

*2 BHEXEWRBXMEMILE
Tab. 2 Comparison between the dominant species in the
artificial fish reef area and in the adjacent area

A X Xif BRIX
Hery
TR R [ L
# 1 EWEHSE 094  FEMERELHR 078
F O FEAESESR 003 EEERESH 0.07
[ JRIREMAE 071 MERPELHR 021
i I R ER 009 =M A 0.20
N M =WEAE 006  JKIEHHE  0.10
B 1 BRESHR o080 BRELHR 043
F O MEMER 013 SRR 013

L, KSR, WA B RN O R E FB R K,
ESTUNEIR)E

500 e B AMEEIX 4r 60 -
B fakEx - o
400 - JHRLX {o '.
O X ;K sl 2N
A — — o
— 1 = 40 [ .
< 300} ] © E /
<_ - % 3‘ .8 .
= R R = 2r & R 5
= 00} |7 B p O S :
fue - B 3\:1‘ 20 i
o - 1+ o
O .:. . 0 : .:.‘ :.. 0 :.: .: A .:.
b= & )= 78 g J7] 78

K3 3 AF N KM e B I R AR AR R AR e

Fig. 3 Seasonal variation of abundance, biomass and lorica oral diameter of tintinnids in Dashentang waters in three seasons

3 AT E X AP A B AR Y L B IX
ANOVA HLR F 7 25 53 H1 2% WH A6 2 FIRK 2 £ il DX DGt
HRIX 22 57 1 25(P<0.05), H 22558 2 (P>0.05); 3 1
FeT faffE XD FE LT T U W B Hoe IR X, Hoh
Z IRk 2 £ il DX RN | X 2 53 B 3 (P<0.05), H 2222
FAREP>0.05), F. EEMAMEXIPTAEROBER
FXIRIX, H225 8% (P<0.05), FkBMFEXITFLT T
HORNFEXRIX, HZESAREP>0.05) (K 3).
24 HEGELRBELEMN

BKTRY, B 10-DZ4 —ANuhifidh, ibser
TR ET N34, 4 1 SRS A, 4
A5 Ak 9 s, 2H 445 B 2= T A i oz (1 4).
BAFEN T B RBEIE N RELE i, %
FERBEESNER BN EN A, HERE
25 B OBE VR (2 T ) W] I 43 Sk 0 Al DRG] R DX 2K,

FI ] R XS AR AL AR R R e A B R R
TEVEAT R0 O S A X IR AR AR (A 4).

e £F & MR Z R MR HE BRI I B i 2=y
Ak WS LT B VS Shannon ZREMEIEBUE B iR 5,
B AL, Pielou ¥ IR B E iR &, HERK.

3 ZEFT A X Shannon Z2 MR8 B 9K T %) 1R
X, H ANOVA FLINZFR J5 2240 B3R W] 3 4 Z 45 fa ik IX.
XS BRIX 22 5 BOR 8 35 (P>0.05); 3 AF4Y il X
Piclou ¥J25) G HUIIME T X B IX, AL HEF MM
Tl X AT B (X 22 5 B 35 (P<0.05), HE 2R AR FH
(P>0.05, & 5).

2.5 AERHESH

b 58 21 B B A Fh——JK B2 b = B 559
8B EAIEA(P<0.05), RTEZSARH . =W Z8AR U
A LS = B ) 5 1R S A B 3 9 1TE A 5 (P<0.01);
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Fig. 4 Hierarchical cluster analysis of tintinnid community structures in Dashentang waters in three seasons
YJ. AREX S DZ. X R X 0
Y. stations in the artificial fish reef area; DZ. stations in the adjacent area

Z‘S'Eﬁﬁ*g'z_ Lor - [ 7 3 E | 2 7 N1 B BN 1 SR S S R
200 OAHKEK ) 0.8 5L 2 A A 56 (P<0.05), ELPE LIS T 5
% st : %= 06f B FEIEARP<0.05); FMAFMEES Chl a ik
§ 10k Tj 04| Eﬁ/&ﬁﬁ%ﬂg*ﬁi'@(% 3)s
< =}
7 o5k oal ot B A FE 5IRE R B E I IEAM X P<
oLE : . 0.05), H5iLEEM Chl a WREHEA B E 09 H S,
. L S S R R B AR R 3 I IE A DG (P<0.01), 5k
B 5 3 AFF A E B LR se sy FEA Chl a WS W38 AR DG, Fh2RE S i
254k, JIF B Y TE A D6 (P<0.01), 5 3h B b W E
Fig. 5 Seasonal variation of Shannon index and Pielou A& (P<0.01), 5 Chl a W JEEA &EMAHEME
index of the tintinnid community in Dashentang
waters (%% 3)0
R3 WEAERFE. £Y=ESHRERTFHEXESHR
Tab.3 Relationships between tintinnid abundance and biomass and environmental factors
PRIAFI=E /(A1) . e
— BHEE mpye MU
Bk JRER IME =W M B Ik B4 ALY Jugcly A
HA R O H R SR disedl AR B Bl R
R/ C —0.028  0.445" 0.540"" 0.548™ —0.144 -0.189 0.507"" -0.283 0.381° 0.522"  0.729"
Iz —0.149 —0.340 —0.416" —0.447" —0.122 0.444" —0.401° 0.209 —0.207 -0.314 -0.543""
Chla ¥ /(ug'L™") 0.050 0230 0.183 -0.015 0.258 -0.243 0.186 -0.238 0.057  0.135 0.016

TR (P<0.05), . 2 5 (P<0.01)
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ke, Bt RARMRGE, 00T 20110 RN
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FE . AR AR SR A . 5 2R
AR, ASSCHE s N T fa ik X b 17 )8 A, F % il
XA S R G b e o B BRI T ARk
3 FH R4

—JBeE LT, AT 7 X A0 Hiroshima Bay!™ |
Nervion River Estuary?” | ZigyPles abfzof £t
e E R E R EE R, kgD 5
Z AL, ASHFR TR b ST LR B T R AR R 5 R
IR W E W IEA DG, B R 7E 4 B R A R 25

x4 PEEBHFEFREBERMEAERFENTTEL

BRI B2 m

53 B . LR IR O R A TR T
TS LR 4), AR T Te B R FEEAEY R
PIECHGE TSR Z N, FhRERE 2 o 5 i v T
WM e, AP Rb e B AR E R, AP
(BRSNS 02 TR h b 52 4 & fU i
ERIURR, SEEY R, 5 RS 2
L, SRS Lr B HST R ORI R, X IEH
TR S R EERAFICCIA R A IR
o WA BT AR, R 80h 54.3,
79.4 Fl 43.0 pm, X A]HE 5L B R R —F
ViE R 0 R T R G 4 A DY, EAR SO SR
Chl a WREEHWE, TR —HEM, E45 5 ar5E
N IZIE N 7 T AT -

Tab. 4 Seasonal variation of tintinnid communities in temperate coastal areas of China

i FE/(/L) AW (ug C-L7Y FEY A 42 /um Fh A~
WFIX. 3CHR
FE HE ME KFE HE HKE KR HE ME FFE HE HE

Wi 264 725 278 0.39 1.59  0.53 31,5 359 348 6 20 8 [18]
ST 48 63 6 — — — — — — 5 18 6 [25]
BFE 248 194 32 1.00 357  0.19 — — — 10 14 8 [26]
FIE 101 2323 522 0.14 278 057 257 269 237 5 15 13 [21]
Wi 179 379 173 0.65 274  0.23 333 496  26.8 15 20 13 AWE5E

* REIRPSELT B A (>76 pm) TS

32 #AERX xR R

N T HREE B Y . IR A . ek s
YA A=Y T IR ROCR VA O AR AR 2, K205
T ERORUE A R EEAEY A TR ED
Bt 2728 (0 R P A N T R X A R
W i BT SEAR D . QIN 2PNy T K 0 725 i
SRR DX TR DRSNS R TR I A A A R R T 4
RIVEFE MR e A T A X WU 2R
WFFE T R 0t X AT A Tl X 2 L 3 B 30 36
WP AT E B TE BT 25 A, R BRTE iR AT B A
HBAEN T A IR 5 o ASWFSE A X e AS [a] 22715
FaiE XA IR X AP e 41 B IS I 22 5%, P15 1F M
2 T 5 ORI VT B 0 B VR O S

AW, 3 AN Ze T il X b 752 2 6 i 2 i
A PR BRI, FRATTHE DU X AT RE R R o
J5 BbFE 2T B LAY IE 1B ——nano- TR iFAE P 2
FERE I, S B RE A K A (E AR A E R R

ME T & Chl a WEE, &AW E 53R (pico-, nano-,
net-)Chl a WREE, Joid HERHRIE X —HED . AHOCHE
St RW], b B FEMAY RS A Chla RE
YA W 0 A e, X R WA BT T Ol R I X
& Chl a WEERGRARLF HbdE /R b 5e 41 B B IRLK
e, TEA S R A T G 0 T i R ) R VR R G 2 R
D7 TS
ZREVEFRECR I &) R AR BRI R G AR m A= )
VR M S5 P 2 L S RS T, — IR 2R3 L 45 Ak
F RS RE T, K2R R, R
R34, ARWEgT R 3 AN F T I £ ffk ORI R
DX P b AR AR [R], H £ 6 X BT S i 34
FET G T BRI, XS 8T R X e A R R
7% Shannon #5401 Pielou 78 (34 b % F& X AR, X 15
B 5 0 BEDCAR B, g XD 50 21 6 HOHE 7 45 A AR
{700, AU PR 22 o 3X AT RS PR R AR Y ] A 2 7 A Af
1~2 a J PR, BRI, X esf & R
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Abstract: We investigated the abundance and biomass of the tintinnid community in the artificial fish reef area of
Dashentang waters in Tianjin during summer (July 2015), autumn (October 2015), and spring (May 2016). Thir-
ty-one species belonging to 10 genera were identified, 15 of which were from the genus Tintinnopsis. Species
number was highest in summer. Significant differences in abundance, biomass, and community diversity index were
found among the three seasons. Maximum tintinnid abundance was recorded in summer [(3794355) ind/L] and
minimum tintinnid abundance in autumn [(173£190) ind/L]; tintinnid biomass was highest in summer [(2.74+2.82)
pug C/L] and lowest in autumn [(0.23+0.21) pg C/L]. Similarly, Lorica oral diameter of the tintinnid community was
highest in summer [(49.64+6.90) um] and lowest in autumn [(26.76+4.55) pm]. The maximum Shannon index of the
tintinnid community was recorded in summer (2.0254+0.574) and the minimum Shannon index in spring (0.922+
0.437). On the other hand, the maximum Pielou index of the tintinnid community was recorded in autumn (0.682+
0.276) the minimum Pielou index in spring (0.448+0.266). Dominant tintinnid species found in the artificial fish
reef area and the adjacent area were different in spring but the same in summer and autumn. The dominance index
of the first dominant tintinnids was significantly higher in the artificial fish reef area than in the adjacent area in
three seasons. The abundance and biomass of tintinnids were apparently higher in the artificial fish reef area than in
the adjacent area in three seasons, which was possibly because of the increase of nano-phytoplankton abundance
after artificial fish reef construction. Both Shannon index and Pielou index of the tintinnid community in the artifi-
cial fish reef area were lower than those in the adjacent area in three seasons, possibly because of the instability of
the tintinnid community 1-2 years after artificial fish reef construction. Long-term monitoring of the tintinnid
community in the artificial fish reef area is needed in order to understand the impact of artificial fish reef construc-

tion on the planktonic ecosystem.
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