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Nutrient cycling processes, fluxes and effects in the Jiulong river-estuary system under global change
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College of the Environment and Ecology , Xiamen University , Xiamen 361102, China

Abstract: River-estuary is an important component of earth system linking land and ocean cycling of materials. Human activi-
ties and climatic change have substantially altered nutrient cycling accompanied by series of negative ecological effects (e.g.,
eutrophication, harmful algal bloom, hypoxia. acidification). Based on the recent studies using in-situ observation, experi-
mental and modeling approaches as tools, this paper summarized current understanding of the subtropical Jiulong River-Estu-
ary system in Southeast China, including long-term change in nutrients (nitrogen, phosphorus, silica) in terms of concentra-
tion and flux and controlling factors, aquatic denitrification, nutrient retention by cascade dam reservoirs, and impacts of
climate change (storm events and warming) on nutrient delivery and cycling. Potential effects of nutrient variation on aquat-
ic ecosystems are also discussed. Current results suggest that small and medium-sized rivers are more sensitive than large rivers
to human and climate perturbation in terms of nutrient biogeochemistry and ecology. Research priorities on nutrient biogeo-
chemistry of the watershed-estuary-coast continuum under global change were proposed: (1) Capture nutrient changes at va-
rious temporal and spatial scales through intensive field observation and reveal key processes and drivers of nutrient cycling
using multidisciplinary integrated study approach. (2) Evaluate the uniqueness of small and medium-sized rivers and their role
in regulating global or regional climate and environment. (3) Further study the nutrient retention by river dams and coastal
wetlands and associated effects on the aquatic ecosystems.
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Fig.1 Exported Nitrogen by source and relative contributions of the two tributaries of

Jiulong River from 1980s to 2000s (after reference[ 18])
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from the Jiulong River-Estuary system (after references[22,23])
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the watershed-estuary-coast continuum under global change



EOERE g

BREEE « 22 BRAE AR JUJR V03 - 107 10 R 490 %8 37 SR PR o 72 Lol 2 5 800 29

ﬂémo B AL Bl K L — AL BRI

ERN=E =R /B N e o Ik (TR R TR BT T/
'—ﬁ“YE”E@ﬁJ@,ﬁfﬂPﬁl@ﬂﬁ%%é%ﬁ%&@%l‘ﬂ
KA . BN AR it TS 7 it e 4 B T oK
14 AR B A0l 5 U 1) A A 1) B B A A S R E Y S
RO AR S R G S I RE M R, 2
TH RIS e B A5 8% 13 55 2 B E R L
il ERERELTT T, - Tl RN E
J N B B S AR AR R AE L PR E T RS SR R Ak
U 3 45 i B R AR S RGN A L R Bk
8 B A A B JHG A 28 B 15 2000 ) 9 R R — > Bk o
R, b e R S T U U I M (AT bR | R VA 25D
POREE S NIUPORT-L(RVEE IR e AR LN R R N
S % 252 T B SRR £ O PR AL B ik D g
AL . AR EE KA K S Y A AW VRS
Mo H A5 22 2 Bk A B 10 E KBRS P BAAE bR e
WP A1 7 AR 2 I R | 22 B[R] 0 3 K 7R B A
AR I3 A 2 BT G - e A 2 TR A
P ADL A A5 9 S R R 3 o A S IR B 2 i
N Eh ALY 72 A8 4 e K PR 05 5 K A 2 A R B B

REJT B - B AES R HES S A E
PR RE  32 A0 4 THIEE Ih  2 0 XS AT R A R RE T

2 % ik ( References)

[1] Nixon S W. Coastal marine eutrophication: a definition, social
causes, and future concerns[J]. Ophelia, 1995, 41(1): 199-
219.

[2] Gruber N, Galloway ] N. An earth-system perspective of the
global nitrogen cycle[J]. Nature. 2008, 451(7176): 293-296.

[3] Vitousek P M, Mooney H A, Lubchenco J, et al. Human
domination of earth’s ecosystems [ J]. Science, 1997, 277
(5325): 494-499.

[4] Diaz R J, Rosenberg R. Spreading dead zones and conse-
quences for marine ecosystems[ J]. Science, 2008, 321(5891):
926-929.

[5] Wallace R B, Baumann H, Grear ] S, et al. Coastal ocean a-
cidification: The other eutrophication problem[]J]. Estuarine,
Coastal and Shelf Science, 2014, 148. 1-13.

[6] Smith V H, Joye S B, Howarth R W. Eutrophication of fresh-
water and marine ecosystems[ ] ]. Limnology and Oceanogra-
phy. 2006, 51(1): 351-355.

[7] Strokal M, Yang H, Zhang Y C, et al. Increasing eutrophica-
tion in the coastal seas of China from 1970 to 2050[J]. Marine
Pollution Bulletin, 2014, 85(1): 123-140.

[8] Wrmgit, THIRE, IE K. & FEWRAK A K WA S R AE 25 &
BrLI . A 25 3R 85 4 4. 2010, 19(8): 1994-1998. [ CHEN
Nengwang, ZHANG Yingyao, LI Yanfeng. An integrated a-

nalysis of dynamic characteristics of harmful algal bloom in

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

fresh water in China[ J]. Ecology and Environmental Sciences,
2010, 19¢8): 1994-1998.]
Mackenzie F T, Ver . M, Lerman A. Century-scale nitrogen
and phosphorus controls of the carbon cycle[ J]. Chemical Ge-
ology, 2002, 190(1-4): 13-32.

A EE . UL K SCRELT ], KRB, 2008 (1) 16-

17, 20.lHUANG Xiugin. Hydrologic characteristics of the Ji-

ulong River watershed[]J]. Water Conservancy Science and

Technology, 2008(1): 16-17, 20.]

Yan X L, Zhai W D, Hong H S, et al. Distribution, fluxes

and decadal changes of nutrients in the Jiulong River Estuary,

Southwest Taiwan Strait[ ] ]. Chinese Science Bulletin, 2012,

57(18): 2307-2318.

Cao W Z, Hong H' S, Yue S P. Modelling agricultural nitro-

gen contributions to the Jiulong River estuary and coastal wa-

ter[J]. Global and Planetary Change. 2005, 47(2-4): 111-

121.

Chen N W, Hong H S, Zhang L P, et al. Nitrogen sources

and exports in an agricultural watershed in Southeast China

[J]. Biogeochemistry, 2008, 87(2): 169-179.

Huang J J. Lin J, Zhang Y Z, et al. Analysis of phosphorus
concentration in a subtropical river basin in southeast China:
Implications for management[]J]. Ocean & Coastal Manage-
ment, 2013, 81: 29-37.

LiY, Cao W Z, Su C X, et al. Nutrient sources and composi-
tion of recent algal blooms and eutrophication in the northern
Jiulong River, Southeast China[ J]. Marine Pollution Bulle-
tin, 2011, 63(5-12) . 249-254.

Chen N W, Peng BR, Hong H S, et al. Nutrient enrichment
and N: P ratio decline in a coastal bay-river system in south-
cast China: The need for a dual nutrient (N and P) manage-
ment strategy[ J]. Ocean & Coastal Management, 2013, 81:
7-13.

WREEVE, E o8, ARAE, 55 JUR VLRI 2 U K 8 5 K B
W2 SCBRM AT LT AR SR AR BE2E R, 2012, 28(1) . 19-
25.[CHEN Nengwang, WANG Longjian, LIN Hui, et al. A
spatio-temporal correlation analysis of water quality and eco-
nomic growth in the Jiulong River Basin [ ]J]. Journal of
19-25.]

Yu D, Yan W J, Chen N W, et al. Modeling increased river-

Ecology and Rural Environment, 2012, 28(1) .
ine nitrogen export: Source tracking and integrated water-
shed-coast management[ J]. Marine Pollution Bulletin, 2015,
101(2): 642-652.

Chen N W, WuY Q, Wu]J Z, et al. Natural and human in-
fluences on dissolved silica export from watershed to coast in
Southeast China[ J]. Journal of Geophysical Research: Bio-
geosciences, 2014, 119(1): 95-109.

Diirr H H, Meybeck M, Hartmann J, et al. Global spatial
distribution of natural riverine silica inputs to the coastal zone
L1l Biogcoscicnccs, 2011, 8(3): 597-620.

WREETE, AN, BofE gk, 45, Ny Ar 1 B0 K IR R i Ak
7 i Nz[J]. W R, 2010, 30(12): 2479-2483.
[CHEN Nengwang, WU Jiezhong, DUAN Hengyi, et al.



30

T3 Hb 5T 55 5 DU 20 b o

2018 4F 2 H

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

N: : Ar method for direct measurement of denitrification prod-
uct (dissolved N3 ) using membrane inlet mass spectrometry
(MIMS)[J]. Acta Scientiae Circumstantiae, 2010, 30(12) .
2479-2483.]

Chen N W, Wu JZ,Chen Z H, et al. Spatial-temporal varia-
tion of dissolved N and denitrification in an agricultural river
network, southeast China[J]. Agriculture, Ecosystems &
Environment, 2014, 189. 1-10.

Chen N W, Wu JZ, Zhou X P, et al. Riverine N, O produc-
tion, emissions and export from a region dominated by agri-
culture in Southeast Asia (Jiulong River) [J]. Agriculture
Ecosystems & Environment, 2015, 208 37-47.

Wang J] N, Chen N W, Yan W J, et al. Effect of dissolved
oxygen and nitrogen on emission of N, O from rivers in China
[J]. Atmospheric Environment, 2015, 103: 347-356.
BRACHT . PRAETE, SBRBL, 5. W IR B X UT AR -7k J T 8 57
HERERMB G RAE )], FEERE, 2014, 35(9):
3325-3335.[ CHEN Zhuhong. CHEN Nengwang, WU Yingqi.
et al. Sediment-water flux and processes of nutrients and gas-
eous nitrogen release in a China river reservoir[ ]J]. Environ-
mental Science, 2014, 35(9): 3325-3335.]

Chen N W, Chen Z H, Wu Y Q, et al. Understanding gase-
ous nitrogen removal through direct measurement of dis-
solved N and N> O in a subtropical river-reservoir system[ ] ].
Ecological Engineering, 2014, 70: 56-67.

Wu ] Z, Chen N W, Hong H S, et al. Direct measurement of
dissolved N and denitrification along a subtropical river-estu-
ary gradient, China[ J]. Marine Pollution Bulletin, 2013, 66
(1-2): 125-134.

PRAETE . RN, A A, JUe v 1 X B 2R S A6 FE T %
WROJ]. #HEEREE, 2011, 32(11): 3229-3234.[ CHEN Neng-
wang, WU Jiezhong, HONG Huasheng. Preliminary results
concerning summer-time denitrification in the Jiulong River
Estuary[ J]. Environmental Science, 2011, 32 (11). 3229-
3234.]

Lu T, Chen N W, Duan S W, et al. Hydrological controls on
cascade reservoirs regulating phosphorus retention and down-
river fluxes [J]. Environmental Science and Pollution Re-
search, 2016, 23(23). 24166-24177.

B, BRAETE, BRIRIT. S5, JUR VLW -2 X R S UM B
FRAE B A 22 LU DL BB AL 22, 2013, 34(9): 3430-
3436.[LU Ting, CHEN Nengwang, CHEN Zhuhong. et al.
Characteristics of sediment phosphorus in the Jiulong River-
reservoir system and its ecological significance[ ]J]. Environ-
mental Science, 2013, 34(9): 3430-3436.]

Cao W Z, Huang Z, Zhai W D, et al. Isotopic evidence on
multiple sources of nitrogen in the northern Jiulong River,
Southeast China[ J ]. Estuarine, Coastal and Shelf Science,
2015, 163: 37-43.

Li M T, Xu K Q, Watanabe M, et al. Long-term variations
in dissolved silicate, nitrogen, and phosphorus flux from the
Yangtze River into the East China Sea and impacts on estuar-

ine ecosystem [ J]. Estuarine, Coastal and Shelf Science,

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

2007, 71(1-2): 3-12.

Humborg C, Ittekkot V, Cociasu A, et al. Effect of Danube
River dam on Black Sea biogeochemistry and ecosystem struc-
ture[J]. Nature, 1997, 386(6623) . 385-388.

Humborg C, Pastuszak M, Aigars J, et al. Decreased silica
land-sea fluxes through damming in the baltic sea catchment-
significance of particle trapping and hydrological alterations
[J]. Biogeochemistry, 2006, 77(2): 265-281.

Chen N W, Wu J Z, Hong H S. Effect of storm events on
riverine nitrogen dynamics in a subtropical watershed, south-
eastern China[ J]. Science of the Total Environment, 2012,
431: 357-365.

Chen N W, Wu Y Q. Chen Z H, et al. Phosphorus export
during storm events from a human perturbed watershed,
southeast China: Implications for coastal ecology[ ]]. Estuar-
ine, Coastal and Shelf Science, 2015, 166. 178-188.

Cao W Z, Hong H' S, Zhang Y Z, et al. Anthropogenic nitro-
gen sources and exports in a village-scale catchment in South-
east China [ J]. Environmental Geochemistry and Health,
2006, 28(1-2): 45-51.

Chen N W, Hong H S. Nitrogen export by surface runoff
from a small agricultural watershed in southeast China: sea-
sonal pattern and primary mechanism[]]. Biogeochemistry,
2011, 106(3): 311-321.

Chen N W, Krom M D, Wu Y Q, et al. Storm induced estu-
arine turbidity maxima and controls on nutrient fluxes across
river-estuary-coast continuum[ ] ]. Science of the Total Envi-
ronment, 2018 (Accepted).

Zhou X P, Chen N W, Yan Z H, et al. Warming increases
nutrient mobilization and gaseous nitrogen removal from sedi-
ments across cascade reservoirs[ ] ]. Environmental Pollution,
2016, 219: 490-500.

Chen N W, Hong H S. Integrated management of nutrients
from the watershed to coast in the subtropical region[ J]. Cur-
rent Opinion in Environmental Sustainability, 2012, 4(2):
233-242.

Vitousek P M, Aber ] D, Howarth R W, et al. Human alter-
ation of the global nitrogen cycle: sources and consequences
[J]. Ecological Applications, 1997, 7(3): 737-750.

Chen B H, Xu Z H, Zhou Q L, et al. Long-term changes of
phytoplankton community in Xiagu waters of Xiamen, China
[J]. Acta Oceanologica Sinica, 2010, 29(6): 104-114.

Wu G J, Cao W Z, Huang Z, et al. Decadal changes in nutri-
ent fluxes and environmental effects in the Jiulong River Es-
tuary[J]. Marine Pollution Bulletin, 2017, 124(2); 871-877.
Xu L, Hong H S, Wang H L. et al. The biogeochemistry of
photosynthetic pigments in the Jiulong River Estuary and
Western Xiamen Bay[J]. Chinese Journal of Oceanology and
Limnology, 2001, 19(2). 164-171.

Mo Q L, Chen N W, Zhou X P, et al. Ammonium and phos-
phate enrichment across the dry-wet transition and their eco-
logical relevance in a subtropical reservoir, Chinal J]. Envi-

ronmental Science: Processes & Impacts, 2016, 18(7) . 882-



EOERE g

BREEE « 22 BRAE AR JUJR V03 - 107 10 R 490 %8 37 SR PR o 72 Lol 2 5 800 31

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

894.

Chen N, Mo Q. Kuo YM, et al. Hydrochemical controls on
reservoir nutrient and phytoplankton dynamics under storms
[JJ. The Science of the Total Environment, 2018, 619-620:
301-310.

Liu L M, Yang J, Zhang Y Y. Genetic diversity patterns of
microbial communities in a subtropical riverine ecosystem (Ji-
ulong River, southeast China)[]]. Hydrobiologia, 2011, 678
(1): 113-125.

Hu AY, Wang HJ., LiJ W, et al. Archaeal community in a
human-disturbed watershed in southeast China: diversity,
distribution, and responses to environmental changes[ J]. Ap-
plied Microbiology and Biotechnology, 2016, 100(10) : 4685-
4698.

Hu A'Y, Yang X Y, Chen N W, et al. Response of bacterial
communities to environmental changes in a mesoscale sub-
tropical watershed, Southeast China[ J]. Science of the Total
Environment, 2014, 472 746-756.

b AR BT S BT i MR TSI I N 8= ¢ S Re 3
J&, 1995, 10(2): 210-212.[ SHEN Huanting. New under-
standing of estuarine turbidity maximum in China[J]. Ad-
vances in Earth Science, 1995, 10(2): 210-212. ]

Statham P J. Nutrients in estuaries-An overview and the po-
tential impacts of climate change[J]. Science of the Total En-
vironment, 2012, 434. 213-227.

Chen N W, Hong H S, Huang QJ, et al. Atmospheric nitro-
gen deposition and its long-term dynamics in a southeast Chi-
na coastal area[ J]. Journal of Environmental Management,
2011, 92(6): 1663-1667.

Hong Q Q. Cai P H, Shi X M, et al. Solute transport into

the Jiulong River estuary via pore water exchange and subma-

[55]

[59]

[60]

[61]

rine groundwater discharge: New insights from 2?' Ra/?? Th
disequilibrium[ ] ]. Geochimica et Cosmochimica Acta, 2017,
198. 338-359.

Cao W Z, Yang ] X, Li Y, et al. Dissimilatory nitrate reduc-
tion to ammonium conserves nitrogen in anthropogenically af-
fected subtropical mangrove sediments in Southeast Chinal J .
Marine Pollution Bulletin, 2016, 110(1): 155-161.

Moss B, Kosten S, Meerhof M, et al. Allied attack: climate
change and eutrophication[ J]. Inland Waters, 2011, 1(2):
101-105.

Zhang Z Y, Huang Y L, Huang ] L. Hydrologic alteration
associated with dam construction in a medium-sized coastal
watershed of southeast China[ J]. Water, 2016, 8(8): 317.
Friedl G, Wiiest A. Disrupting biogeochemical cycles-Conse-
quences of damming[J]. Aquatic Sciences, 2002, 64(1): 55-
65.

XUONER, VEAR T, WA, AR WA ST Y K B BT e
NE—k H R AL 2 i A D) ], RO BB R S B R,
2009, 18 (4): 384-396, [ LIU Conggiang, WANG Fushun,

WANG Yuchen, et al. Responses of aquatic environment to
river damming-from the geochemical view[]]. Resources and
Environment in The Yangtze Basin, 2009, 18(4) :384-396.]
Sebilo M, Mayer B, Nicolardot B, et al. Long-term fate of
nitrate fertilizer in agricultural soils[J]. Proceedings of the
National Academy of Sciencesof the United States of Ameri-
ca, 2013, 110(45): 18185-18189.

Haygarth P M, Jarvie H P, Powers S M, et al. Sustainable
phosphorus management and the need for a long-term per-
spective: The legacy hypothesis[]J]. Environmental Science
&. Technology. 2014, 48(15) : 8417-8419.



