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Fig. 1 The study area and location of sampling
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FIRER BT As R R (38 1): ZEMESR T 1Y 1#1X,
VA f# JCHL A ( Dissolved Inorganic Nitrogen, DIN) 1% fif
JCHL#% ( Dissolved Inorganic Phosphate, DIP) A% ¥ [
&, 391k (242429.94) pmol/L H1(51.36+14.71) pmol/L,

N/P 4 4.71, J& F & b 2 BR il v e v & s 37 0, Horp,

NH;VE B8R o FE 2#IX 9, DIN A9k B 2R > 2
(20.81£6.36) umol/L, DIP F# i % (3.56+0.55) pumol/L,
N/P 2y 5.85, J& T 45 B v e v w8 52 P00 1
3#IX N, DIN ¥ B4k 25~ F% 2 (13.74+3.73) umol/L,
DIP 7 (3.79+0.81) pumol/L, N/P 4 3.63, J& T & FR il 7%
e E IRV, FE A#IX N, DIN W4k 5 F =
(6.69+0.88) umol/L, DIP F# % % (1.03+0.39) umol/L,
N/P 2K 6.5, J& T2 BR il rfr i 35 =0
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Tab.1 Nutritional status and distribution of seaweeds in various sections

K]
[X 5, R 2 455 L1 35
1# 24 3# 44
B IR /umol-L! NO; 121.02+24.95 13.03+2.28 10.12+1.51 5.96+0.78 4.24+1.66
NO; 54.89+8.87 3.92+1.17 1.620.40 0.06+0.02 0.07+0.01
NH; 66.095.85 3.86=0.91 1.99+0.41 0.68+0.16 0.47+0.08
DIN 242.0029.94 20.81£6.36 13.74+3.73 6.69+0.88 4.79+1.56
PO}~ 51.36£14.71 3.56+0.55 3.79+0.81 1.030.39 0.48+0.13
N/P 4.71%1.66 5.85+1.21 3.63+0.30 6.50+1.39 9.98+2.97
AT FhISHUA 2 5 12 27 30
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Xof DXt T S ) 45 0 L ol AR AR AR IR T
TR 3 Y 45 A X 38k, DIN ¥ R (4.79+1.56) pmol/L,
DIP 4 (0.48+0.13) pmol/L, N/P 24 9.98+2.97, 4b T-#7 &
FRARAL,
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A 35 X NOT I R ) i T s Ml . A R X
NO; IR AL A 5t R IR 2R (Vo) A 30.9 pmol/(g-h) (dw),
BT R FEALSE (11.3 pmol/(gdw-h) (dw)), 22 5+ i 3
(P<0.05). Z& JF Al 3% 1 W g >F 1 R B0 (K )
6.5 umol/L, 5 T %W &, 22 5 ¥ (P<0.05), {HZ
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Fig. 2 Response of species number of seaweed and coverage of dominant green algae to different concentrations of

dissolved inorganic nitrogen
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Fig. 3 NOj uptake kinetic curves of two species seaweeds
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Fig. 4 NH; uptake kinetic curves of two species seaweeds
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Tab. 2 Kinetics parameters for different nutrient uptake by two species

e MR Vinar/tmol-g 1™ (dw) K /umol-L™! a (V! K) R Wk gy =
NO3 GEWE 30.9+0.9° 3.540.5° 8.9 0.97 ERTpeL)

FlSE 11.30.3 6.5+0.9 1.7 0.97 F S

NH; GRS 1.7x8 - - 0.99 T e

FlSE 70.5+3.2° 28.0+3.6° 2.5 0.97 F S

PO3~ GARWE 42+0.1° 0.9+0.2° 4.7 0.96 FEE
ESiY(liE 6.5£0.9* 13.743.6° 0.5 0.94 Fshigki

TE: SFTREEFRIE PR LG E FRERMR D AN T8 (afilb) F7m 22 53 ;.35 (P<0.05).
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Fig. 5 PO uptake kinetic curves of two species seaweeds
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Fig. 6 Growth kinetics curves of two species seaweeds to nitrate and ammonia
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Tab.3 Kinetics parameters for nitrogen growth of two species

A AR R K&K/ K, /umol-L™! R
MR A ZAEWE 3.5%+0.6%" 10.4%+0.7%" 20.7+6.5 0.99
FAIE 1.5%%0.1%" 2.3%+0.1%" 9.6+1.7° 0.99

E=E G E 3.9%+0.4%" 7%+0.5% ° 26.2+8.7° 0.93
ESiY(liE 1.6%+0.4%" 2.1%+0.2%" 17.6+4° 0.87

TE: AR Rk (aiib) 7R 22 57 1.3 (P<0.05).

T4 BIPEEN K/K,

Tab.4 K, /K; of two species seaweeds

(UES G E F Bl

KK, 5.92 1.47

PEEE, O HaR BB AV 245 e,
AN TRV 26 JEE DI AN [R) DX 2R ) T 3 A v o 7 R 14 g
IV ¢ BB JEE T REAT A 22 5, 7R SO D i B 7
T — A g A 2, B RAT SRS A sl B Y
RO LR S, T EE IR Bz A
BUAT [ 5T 7K K B HE v 45 2 T K K 5 b HE A

X IO ) TCHIL MR B Y L Ry . — 28K BT 4 <<14.29 pumol/L,

TRUK RN 14.29~21.43 pmol/L, = 2K Fi
21.43~28.57 umol/L, PUZEIK 5Ty 28.57~35.71 pmol/L.
Forp, — oK B FH T v il K 30, ¥ 1 BRI
DXV T LA T A ) DR AP DX — 2K B 1K™
FRHH X, WKV, AR B34 ful i oK 9365 I s Bl
PRIR X, DA K NS B OG0 Tl 7K X P,

FEAS SCI 77 BR800 Tk B R 4 v R AR VAR
BE X B 55 =, PU2EOK BT, H 5 = 28K i PR (E 423k
r R R 80N TR BE DX (R 5 2K T AR 4 — 2K
JBT, AR 5 A% v B A IR T — K B o P A BR
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AR B HER 43 10 AN 68 A0 B, A e % W0 S e H: A 253
NF o BRI, Xk Yl O S8V R |V R R SRR
X, AN A 45— K TR SR ANE 1Y, 38 T ZE R T
LR, ECHE — 2K bR o 9 TC AL Rk B B el
HIHY 14.29 pmol/L FEAXH 6.69 umol/L.
43 WMMERKRGENEFRRREMF AL

B

TE TR BE Y A 0 s oy, 2R B B Y 5 G e 0 X T
I AAE . K B, R RS KR OB
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A B 1) o 28 4 RE R BB 22 1) 9 R % L D TR, 7
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PR R ARE, SERER IR A SR 18 X rh &l i i e a5 B0
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WL WH T L HETS BRI A% T R A R A S R
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HI AR SO R ) 1, ZRA5 WE 8 YR X NOS I W ax
MBI K TR BN SEA AR, U B 45 0 5 A IR TE o vk i
T BA R A I RE 1 . G W E SR SR LR s
By 77 R WONHG, 5 28 BN SR 4 A AR L, X ok
NH; [ WS LA L3 . A8 W & IR XENO; . NH;HY
a [E¥ KT R FAEL AR, UL 25 3 5 S IR AR
I W BE B XTNO; . NH I SR M R . R Al =R %)
PRI PO} I Vo KT SAFWF & AR, 15680 22 A1l 2% 4h
AT 75 VA B PO 1) TR AL R ) BB H A I B S AR 1Y
a (HIE R T 32 Bl 4k, U8 B A # X I v 2 POy 11
SRR R RIS K K TEAE 5 %)
A, U R B TR T E A, BRI, 7R SRS SR
B8, W RTRE RA 2 AL SR 4l AR A K e B A TR

RSN IR AR =N A WTR I = RN N = R S RN
Gmax K, 15035 8 T 2 BSR4 A, UL 45 0 &
SRR A AR R R, F L R R 1 U R AL
B e, B G5 35 R 0 R 80 AN I 32 ST S 4 4
TERBPRER A B, S8 WF 5 4 IR K /K (B R 5.92, B
T RIRANGES AR 1.47, Ui S48 0 & 4 ik i A=
K45 ) 52 B vk BE AF R 3k A BR 1
4.4 FMIERHEERES W

S ACTT Y B SRR R, T A IR, A I
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The impact of nutrient inputs from sewage effluents on the adjacent
intertidal seaweed communities

Shao Kuishuang', Gong Ning®, QuYi®, LiKe*

(1. National Marine Environmental Monitoring Center, Dalian 116023, China; 2. Institute of Environmental Systems Biology, Dalian Mari-
time University, Dalian 116026, China; 3. Dalian Environmental Monitoring Center, Dalian 116023, China; 4. Swiss Wantong China Ltd.,
Beijing 100085, China)

Abstract: Nutrient enrichment, followed by economic development, has already had a significant impact on the
costal ecosystem of China. Field investigations on seaweed beds adjacent to Lingshui River in Dalian were conduc-
ted in present studies to elucidate the response of the seaweed communities to the sewage effluents along a natural
nutrient gradient. Further, the studies were conducted in the laboratory on the uptake and growth kinetics of NO;,
NH," and PO,*" of the clone of Enteromorpha linza, r-strategic green alga dominating in the nutrient-rich estuaries,
and Ceramium tenerrimum, k-strategic red alga distributing in the oligotrophic areas. Comparative analyses were
carried out on the absorption and utilization of nutrient, and reproduction strategies of the two species to explain the
responses of seaweed communities to different nutrient environments. The results show that with the decrease of en-
vironmental nutrients, species number of seaweed increases, and the coverage of dominant species decreases. Ac-
cording to the response of seaweed communities to nitrogen nutrient, it is considered that the threshold of category I
of inorganic nitrogen in the current seawater quality standard should be revised from the current 14.29 umol/L to
6.69 pmol/L. In a nutrient-rich area, increasing nutrient concentration promotes the competitiveness and fertility of
shoots of r-strategic seaweeds, which makes them occupy a large number of space niches and form dominant popu-
lations, resulting in decreasing of the diversity of seaweed communities. However, in the oligotrophic environment,
r-strategic algae is limited in the fertility of shoots, occupying only small amount of space niche, while those k-stra-
tegic algae with high efficiency in nutrient utilization shows greater competitiveness and could quickly break
through early environmental sieves and grow into adults, which contributes to the rich diversity of seaweed com-

munities.
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