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Biological nitrogen fixation in the upper water column in the south Taiwan Strait

during summer 2011
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Minfang'

1 College of Ocean and Earth Sciences, Xiamen University, Xiamen 361005, China

2 State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005, China

Abstract: Biological N, fixation in marine environments is a major component in the ocean nitrogen budget and plays an
important role in global carbon cycles through the sequestration of atmospheric carbon dioxide and production of marine
organic matter. N, fixation could be regulated by the abundance and chemical speciation of nutrients and many trace
elements in seawater. Recent studies have revealed that N, fixation is much more widespread in marine environments than
previously thought. However, little is known about the N, fixation in the Taiwan Strait, especially on N, fixation rates, and
their relationship with environmental parameters. The major objectives of this study were to determine the N, fixation rates
and their spatial distributions and to explore major physicochemical controlling factors in the south Taiwan Strait. During
June and July 2011, seawater samples were collected from ten stations at two transects in the south Taiwan Strait for the
measurements of N, fixation rate using the "N, tracer assay. Particulate nitrogen and its isotopic composition were measured
with an elemental analyzer ( Carlo Erba NC 2500) coupled with a Finnigan MAT Delta™ XP isotope ratio mass
spectrometer. Reproducibility of nitrogen isotope measurements (in terms of 8°N) was within 0.2%c. Our results showed
that N, fixation rates in the south Taiwan Strait ranged from 168—1080 nmol m™ d™' with an average of 537 nmol m~ d™".
Most of the high rates were observed at subsurface layers. The depth-integrated N, fixation rates were 11—40 pmol m™ d™'
with an average of (23+10) wmol m™ d™'. The distribution of the N, fixation rates showed regional variations with influence
from water masses with distinctive temperature and salinity. Higher N, fixation rates were mostly observed in the regions

influenced by the Kuroshio, with an average of 31 pmol m™> d™', while lower rates occurred in the upwelling and river
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plume regions with an average of 15 wmol m™> d™'. This spatial distribution pattern indicated that biological N, fixation was
largely impeded by the low temperature and the high concentration of dissolved inorganic nitrogen in the south Taiwan Strait.
The contribution of N, fixation in the study area could be further quantified based on the 8 N signatures of suspended
particles which could be significantly depleted during N, fixation. Indeed, a negative correlation between the 8N signatures
of suspended particles and N, fixation rates was observed regardless of using all data points or depth-averaged values within
the water column. This indicated that '*N-depleted particles were largely derived from the enhanced N, fixation, supporting
the use of nitrogen isotopic composition (§”N) of suspended particles as a potential indicator of N, fixation in the south
Taiwan Strait. Further studies are needed to better elucidate the relationship between N, fixation rates and limiting elements

and their chemical speciation, and thus the physical and biogeochemical controls on N, fixation in the south Taiwan Strait.

Key Words: biological N, fixation rate; nitrogen isotopic composition; particulate matter 8 N; Taiwan Strait
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Fig.3 The distribution of temperature and salinity at section C in the south Taiwan Strait
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Fig.4 The distribution of "*N (%c) in natural particles in the south Taiwan Strait
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Table 1 The temperature, salinity, 6'°N in natural particles and nitrogen fixation rates in the south Taiwan Strait in summer
. 1 i K 2 g " WRA SN FRER
i . i . iz -
Stati Longitude Latitude Depth Position Temperature Salinit PN 815N N, fixation rate
ation mi1
/(°E) /(°N) /m /m /C Y /%o /(nmol m™ d™1)
A9 118.93 22.53 76 2 28.80 33.04 3.9 456
20 28.40 33.16 4.0 696
50 25.72 34.08 -1.2 648
A7 118.67 22.80 32 2 25.22 34.00 34 360
10 25.16 33.97 2.4 864
28 25.04 33.97 3.1 338
A5 118.42 23.07 22 2 27.98 32.52 8.1 312
10 27.98 32.55 3.2 432
17 27.99 32.56 7.2 288
A3 118.10 23.38 33 2 26.29 33.06 4.0 168
10 25.94 33.19 5.0 504
30 25.64 33.31 5.7 240
Al 117.84 23.63 42 2 22.93 33.91 4.4 312
10 22.91 33.91 6.0 288
30 22.78 33.92 1.4 984
C10 118.16 21.44 1920 2 29.37 33.80 1.3 480
20 27.30 34.08 -3.5 816
50 25.18 34.27 -0.6 360
C9 117.92 21.67 900 2 28.75 33.74 32 288
20 28.26 33.83 -5.6 840
50 24.88 34.14 -5.0 672
C7 117.60 21.98 128 2 28.60 33.81 0.1 408
20 27.26 34.04 -5.0 1080
50 24.41 34.29 -0.6 576
C5 117.31 22.27 60 2 28.78 33.32 7.8 120
20 27.83 33.73 -1.3 984
44 21.84 34.46 -8.1 240
Cl 116.78 22.80 36 2 26.39 32.80 5.3 552
20 23.99 34.62 2.6 240
36 24.53 33.94 4.3 1008
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Table 2 The depth-integrated nitrogen fixation rates in China marginal seas

TR R R R E= BTN
Sea area Integrated N, fixation rate/ (umol m™2 d™!) Reference
ZX I3 FIFG #E I The east China sea and the south yellow sea 59 [8]
ARUFFGFBIFEL The south east China sea 59.4 [14]
BB AL The northeast sea of Taiwan 35.7 [17]
I FILFRGE Y The north south China sea 54.8 [24]
B AR SR TR X The upwelling region off Vietnam, South China Sea 50 [25]

A V55 0ok 5 F VAF 4%, The south Taiwan Strait 23 PN I
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