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  Abstract        As a serious consequence of ocean warming and increased stratifi cation, a rapid decrease in 
dissolved oxygen (DO) content of the world’s oceans has attracted more and more attention recently. In 
open oceans, the decline of DO is characterized by the expansion of oxygen minimum zones (OMZs) in 
the ocean interior. Vast OMZs exist within the mesopelagic zones of the Tropical Western Pacifi c (TWP), 
but have gained very little attention. In this study, we focus on characteristics of OMZs in three typical 
seamounts areas (named Y3, M2, and Kocebu, respectively) of the TWP. Based on distributions of DO, the 
OMZs of the three seamounts areas are very diff erent in scope, thickness, and the minimum oxygen content. 
The signifi cantly diff erent characteristics of OMZs at the seamounts are mainly because they are located 
in regions aff ected by diff erent ventilation and consumption characteristic. To quantitatively describe the 
intensity of OMZs, a parameter,  I  OMZ , is fi rstly proposed. According to this quantitative parameter, the 
intensity order of OMZs for the three seamounts areas is Kocebu>M2>Y3. Potential biogeochemical 
eff ects of OMZs in the three seamounts areas are discussed using  I  OMZ . With higher  I  OMZ , the degradation of 
particulate organic carbon (POC) tends to be lower. Yet because of the limited data, their relationship still 
need more research to prove. However, if this relationship holds in global oceans, the presence of seamounts 
would—under climate warming with expanding OMZs—promote vertical transport of POC resulting in an 
enhanced biological pump. Our study provides a new way to quantitatively study the impact of OMZs on 
the effi  ciency of biological pump.  

  Keyword : oxygen minimum zone (OMZ); particulate organic carbon (POC); biogeochemical eff ect; 
seamount; Western Pacifi c 

 1 INTRODUCTION 

 Oxygen is a key element participating in 
biogeochemical cycles of carbon and nitrogen in the 
ocean (Li et al., 2017). The change of ocean dissolved 
oxygen (DO) content is also closely related to the 
global climate system. As a consequence of global 
warming, global oceanic oxygen content has been 
declining over the past decades, and one of the most 
distinctive characteristic of global ocean 
deoxygenation is the expansion of oxygen minimum 

zones (Paulmier and Ruiz-Pino, 2009; Schmidtko et 
al., 2017; Levin, 2018). Oxygen minimum zones 
(OMZs), which refer specially to oxygen defi cient 
layers in the ocean water column (Cline and Richards, 
1972), are generally distributed in 200–1 000-m water 
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depth in open oceans, and its formation is the result of 
both oxygen consumption of organic matter 
degradation and insuffi  cient oxygen supplement 
(Brandt et al., 2015; Li et al., 2017; Fennel and Testa, 
2019). Although OMZs have been known for playing 
an essential role in global carbon and nitrogen cycles, 
there is neither agreement on the threshold in oxygen 
that defi nes an OMZ nor consistent method that 
describes the strength of OMZs (Paulmier and Ruiz-
Pina, 2009; Gilly et al., 2013; Li et al., 2017).  

 OMZs are widely developed in the global tropical 
oceans, but large regional diff erence in OMZs existed. 
The most signifi cant OMZs are found in Eastern 
North Pacifi c (ENP), Eastern South Pacifi c (ESP), 
Arabian Sea (AS) and Bay of Bengal (BB), where the 
minimum DO concentration is generally lower than 
1 mg/L (Paulmier and Ruiz-Pino, 2009). For the 
Tropical Western Pacifi c (TWP), however, the DO 
concentration in the core of OMZs is basically higher 
than 2 mg/L (based on our previous investigations). 
With the aggravation of climate change, the decline of 
ocean oxygen and the expansion of OMZs accelerate, 
and those sea areas with higher DO concentration in 
mesopelagic zones will contribute more oxygen loss. 
Below the surface of the TWP lie some of the most 
voluminous OMZs of the world oceans (Karstensen 
et al., 2008). Recent studies have shown that, beside 
the warmer mixed-layer and reduced ocean 

ventilation, factors like enhancement of aerosol 
pollutants deposition have also accelerated the oxygen 
decline in TWP over the past decades (Deutsch et al., 
2014; Ito et al., 2016). Yet compared with those 
hotspots like ENP and ESP, OMZs of the TWP have 
attracted much less attention. 

 In the TWP, a large amount of seamounts protrude 
from the seabed, forming relatively isolated 
ecosystems which may have increased nutrient 
concentration, chlorophyll-a content and biomass as 
consequences of so-called “seamount eff ects” (Dower 
et al., 1992; Genin, 2004; Clark et al., 2010; Ma et al., 
2018, 2019). Over the past few years, we have 
comprehensively investigated several seamounts in 
the TWP. In this study, we mainly focus on the OMZs 
of typical seamounts areas in the TWP. We fi rstly 
discuss characteristics of OMZs in three seamounts 
areas, and then propose a parameter that could 
quantitatively describe the intensity of OMZs. At last, 
we preliminary discuss the eff ects of OMZs on the 
vertical transport of particulate organic carbon (POC). 

 2 MATERIAL AND METHOD 

 2.1 Study area 

 Locations of the three seamounts areas are shown 
in Fig.1. The Y3 seamount area (8.76°N–9.04°N, 
137.62°E–137.94°E) and M2 seamount area 

137.6° 139.1° 152.6° 152.8° 153.0° 153.2° 153.4°E139.2° 139.3° 139.4° 139.5° 139.6°E137.7° 137.8° 137.9° 138.0°E

9.1°

9.0°

8.9°

8.8°

17.8°

17.6°

17.4°

17.2°

N
N N

8.7°

11.5°

11.4°

11.3°

11.2°

11.1°

B1 B1

A1
A1

A1A2
A2

A2
A3 A3

A3
A4

A4 A4

A5
A5

A5

A6
A6

A6

O

O O

A7

A7

A8

A8A9A10

A9A7 B2

B2

B3

B3

Y3 M2 Kocebu

Section B
Section B Section B

Section A

Section A

Section AB4

B4

B5

B5

B6

B6

B7

B7

B7
B6
B5

B4
B3

B2

B1

B8

B8

B9

B10

B11

5°S

EQ

5°N

10°N

15°N

20°N

120° 130° 140° 150° E

Y3

M2

Kocebu

 Fig.1 Location and sampling stations of the Y3, M2, and Kocebu seamounts 



1653No.5 WANG et al.: Characteristics of OMZs in typical seamount areas

(11.16°N–11.41°N, 139.14°E–137.55°E) are along 
the Yap Trench, east of the Philippines, while 
Kocebu seamount area (17.17°N–17.78°N, 
152.54°E–153.42°E) is on the submarine plain, 
northeast of Mariana Trench. The upper hydrological 
situation in this area is mainly aff ected by the North 
Equatorial Current (NEC) (Toole et al., 1988; Hu et 
al., 2015). The comprehensive investigations for Y3, 
M2, and Kocebu seamounts were conducted using 
R/V  Kexue  ( Science  in Chinese) in December 2014, 
March 2016, and March 2018, respectively. For each 
seamount, two sections (A and B) which crossed at 
the top of seamounts were established to carry out 
investigation. Totally, 15, 21, and 19 stations were 
investigated for Y3, M2, and Kocebu seamount-
areas, respectively. 

 2.2 Sampling and analytical methods 

 For each station, water samples were collected at 0, 
30, 75, 100, 150, 200, 300, 500, 750/800, 1 000, 1 500, 
2 000 m, and the bottom layer using a Niskin water 
sampler (KC-Denmark, Denmark). Simultaneous 
determination of temperature ( T ) and salinity ( S ) was 
performed using a conductivity-temperature-depth 
(CTD) profi le (Sea-bird SBE911, USA) with the water 
sample collection. The accuracy of  T  and  S  (calculated 
by conductivity) measurement were 0.001 °C and 
0.000 3 S/m, respectively. Dissolved oxygen (DO) in 
seawater was measured in two ways, Winkler titration 
method and probe (Sea-bird SBE43) method with 
CTD. For Winkler method, each layer was sampled 
with a 120-mL brown iodine volumetric fl ask. After 
the adding of manganese sulfate (2.4 mol/L) and an 
alkaline potassium iodide solution (1.8 mol/L) for 

fi xation, DO was measured with the Winkler iodometry 
in the fi eld, with a relative standard deviation of ≤2% 
(Zuo et al., 2019). DO data from CTD probe were all 
calibrated by Winkler method station by station. 
Specifi cally, a linear correlation between probe data 
and Winkler data was calculated for each station, and 
all probe data were recalculated based on this 
correlation. The linear correlation coeffi  cients ( r ) 
between probe data and Winkler data were above 0.98 
for all stations. The POC samples were fi ltered onto 
Whatman GF/F fi lters (25-m diameter, 0.7-μm pore 
size), which were pre-combusted at 500 °C for 6 h in a 
maffl  e burner. For each layer, 5-L seawater from CTD 
bottles was fi ltered. After being rinsed three times with 
Milli-Q water, the GF/F fi lters were sealed and kept 
frozen (-20 °C) before determination of POC content 
in the lab. POC content was determined using an 
Element Analyzer (Flash EA 1112 HT, Thermo Fisher) 
in the lab with an accuracy of ±0.8‰. The determination 
of chlorophyll- a  (Chl- a ) concentration was described 
in Dai et al. (2020). Briefl y, 2 000-mL seawater was 
fi ltered with 0.7-μm fi lters after zooplankton was 
removed by 200-μm bolting silk. The fi lters were 
preserved at -20 °C in a dark environment. In the 
laboratory, Chl  a  was extracted with acetone for 24 h 
and then was analyzed using a 10-AU Turner Design 
fl uorometer with an accuracy of 0.001 mg/L. 

 3 RESULT 

 3.1 Water masses in the three seamounts areas 

 According to the  T  and  S  relationship graph (Fig.2), 
Y3 and M2 seamounts had similar vertical water mass 
distribution, owing to their close location. Based on 
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related reports (Hu et al., 2015; Ma et al., 2020a), the 
water masses in this area were divided into four 
categories, which were Surface Water (SW), North 
Pacifi c Tropical Water (NPTW), North Pacifi c 
Intermediate Water (NPIW), and Deep Water (DW), 
respectively. The Kocebu seamount was located at the 
edge of Western Pacifi c Warm Pool, and its water mass 
distribution was diff erent from that found at Y3 and 
M2 (Fig.2) and could be divided into three categories. 
The  T - S  characteristics of diff erent water masses for 
the three seamount-areas are shown in Table 1. 

 3.2 Distributions of DO in the three seamounts 
areas 

 The range of DO concentration for Y3, M2, and 
Kocebu seamounts were 2.53–7.18, 2.37–7.05, and 
2.20–7.07 mg/L, respectively. Distributions of DO in 
the three seamounts areas are shown in Fig.3. 
Relatively, the average water depth of Y3 seamount 
was the shallowest while its average DO concentration 
was the highest. The lowest DO concentration for Y3 
was around the mountaintop. For M2 and Kocebu 
seamounts, however, much larger parts of water 
bodies have the DO concentration lower than 
3.0 mg/L. According to the division of water masses, 
low DO concentration water bodies of Kocebu 
seamount mainly belonged to DW, while that of Y3 
and M2 seamounts mainly belonged to NPIW. What’s 
more, water bodies with high DO concentration in the 
upper layer of Kocebu were much thicker than that of 
Y3 and M2 seamounts. 

 3.3 Distributions of POC in the three seamounts 
areas 

 The range of POC concentration for Y3, M2, and 

Kocebu seamounts were 11.72–56.72, 6.19–70.52, 
and 9.01–34.71 μg/L, respectively. Basically, the 
three seamounts presented similar vertical distribution 
patterns of POC, in which POC decreased rapidly in 
the upper 300–500 m and then kept relatively stable 
in the deep (Fig.3). In deep layers, the relatively 
stable POC concentration was around 10.00 μg/L. 
The topography of seamounts had some infl uences 
on the distribution of POC, especially for shallow 
seamounts. For example, the highest POC 
concentration for Y3 and M2 seamounts was just on 
or near the top of seamounts, where particle 
resuspension in shallow waters was potentially 
signifi cant. In addition, in some 1 000–2 000 m water 
bodies of Y3 seamount, where the base of Y3 
seamount showed up, the POC concentration also 
presented higher values (Figs.3 & 4). 

 4 DISCUSSION 

 4.1 Characteristic of OMZs in three seamounts 
areas 

 Since the hypoxia stress for marine organisms and 
hypoxia degree for diff erent sea areas are both widely 
ranged, there is no globally uniform defi nition of 
OMZ based on DO concentration (Gilly et al., 2013). 
For example, the OMZ of the eastern tropical South 
Pacifi c (ETSP) located off  Peru and Chile has DO 
concentrations below the detection limit based on 
conventional methods, whereas the eastern tropical 
North Atlantic OMZ has DO concentrations typically 
above 1.2 mg/L (Paulmier and Ruiz-Pino, 2009; 
Capone and Hutchins, 2013; Brandt et al., 2015; 
Löscher et al., 2016). As for the TWP, however, the 
DO concentrations in the water column could hardly 

 Table 1 Distributions of temperature ( T ) and salinity ( S ) in diff erent water masses of the three seamounts areas 

 Seamount  Water mass  Depth (m)   T  range (°C)   T  average (°C)   S  range   S  average 

 Y3 

 SW  0–50  28.33–29.27  29.05 ±0.16  33.70–34.22  33.86 ±0.11

 NPTW  75–150  15.12–26.96  21.00 ±3.77  34.60–35.11  34.82 ±0.14

 NPIW  200–800  5.33–13.50  8.79 ±2.47  34.45–34.54  34.51 ±0.02

 DW  ≥1 000  1.87–5.83  3.62 ±1.27  34.53–34.66  34.58 ±0.05

 M2 

 SW  0–50  27.68–28.52  27.92±0.20  33.33–34.75  34.63±0.20 

 NPTW  75–150  14.34–27.76  22.24±4.41  34.48–35.00  34.78±0.14 

 NPIW  200–800  6.31–14.67  9.77±2.55  6.31–14.67  34.45±0.04 

 DW  ≥1 000  1.03–4.71  2.80±1.39  34.53–34.69  34.60±0.06 

 Kocebu 

 NPTW  0–200  19.57–27.43  26.07±2.24  34.84–35.16  34.92±0.11 

 NPIW  250–600  6.66–19.70  12.64±4.44  34.16–34.96  34.46±0.27 

 DW  ≥800  1.45–5.82  3.47±1.39  34.36–34.69  34.55±0.08 

 SW: surface water; NPTW: North Pacifi c Tropical Water; NPIW: North Pacifi c Intermediate water; DW: deep water. 
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be less than 2.0 mg/L. In some studies, the term 
“hypoxia” was defi ned as a DO concentration below 
3.0 mg/L (Dai et al., 2006; Chen et al., 2007; Chi et 
al., 2017). Therefore, we used a DO concentration of 
3.0 mg/L to defi ne the OMZ boundary in this study.   

 As can be seen in the DO distribution patterns 
shown in Fig.3, the OMZs of the three seamounts 
areas had largely diff erent characteristics. For the Y3 
seamount, the OMZ was restricted to the mountain 
top area, with an average minimum DO concentration 

of 2.70 mg/L. For the M2 and Kocebu seamount-
areas, however, the OMZs were widespread. The 
average upper and lower boundaries of OMZ for M2 
seamount area were 280 m and 1 240 m, meaning the 
thickness of OMZ was up to 960 m (Table 2). 
Compared with M2, the OMZ for Kocebu seamount 
area had a much deeper average upper boundary 
(600 m) and a similar average lower boundary, thus 
its thickness (680 m) was smaller (Table 2). 
Meanwhile, the average minimum DO concentration 
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for Kocebu (2.43 mg/L) was also lower than that of 
M2 (2.68 mg/L).   

 To further illustrate the diff erence of OMZs, one 
representative station (with a water depth of about 
2 000 m) in each of the three seamounts areas was 
selected to compare, and the results are presented in 
Fig.5. The cores of the OMZ for Y3-A2 and 
Kocebu-A4 were at about 300 m and 750 m, 
respectively, while the OMZ of M2-A3 presented a 
dual-core structure (with cores at about 350 m and 
900 m, respectively). In order to describe the OMZ 
quantitatively, a parameter describing the intensity of 
OMZ is defi ned by the following formula: 

 
2

1

-3
OMZ l10 [ ( )]d ,

z

z

I O O z z     

 where,  I  OMZ  (multiply m 2 /mg to become dimensionless 
after calculation) is the intensity of OMZ;  z  (in m) is 
the water depth, and  z  1  and  z  2  represent the depth of 
the OMZ upper and lower boundaries, respectively; 
 O ( z ) (in mg/L) is the DO concentration at depth  z , 
while  O  l  (in mg/L) is the DO concentration at the 

upper and low boundaries, meaning that  O  l  is equal to 
 O ( z  1 ) as well as  O ( z  2 ). In this research,  O  l    was 
3.0 mg/L, and the  I  OMZ  for Y3–A2, M2–A3, and 

 Table 2 Ranges of OMZs for stations of the three seamounts areas 

 Y3  M2  Kocebu 

 Station  Min DO (mg/L)  OMZ (m)  Station  Min DO (mg/L)  OMZ (m)  Station  Min DO (mg/L)  OMZ (m) 

 O  2.53  230–SF  O a   6.39  N  O  2.94  1 020–SF 

 A1  2.58  220–880  A1  2.76  280–1 280  A1  2.20  550–1 290 

 A2  2.58  230–430  A2  2.58  260–1 240  A2  3.04  N 

 A3  2.75  270–390  A3  2.79  280–1 250  A3  2.28  610–1 350 

 A4  2.87  250–SF  A4  2.69  260–SF  A4  2.29  620–1 340 

 A5  2.89  280–430  A5  2.58  260–SF  A5  2.72  650–1 360 

 A6  3.06  N  A6  2.74  270–SF  A6  2.68  570–1 370 

 A7  3.06  N  A7  2.80  280–1 440  A7  2.32  540–1 310 

 B1  3.39  N  A8  2.81  280–1 180  A8  2.42  510–1 370 

 B2  3.23  N  A9  2.72  270–1 240  A9  2.42  570–1 330 

 B3  3.43  N  B1  2.78  280–1 260  A10  2.31  550–1 310 

 B4  3.32  N  B2  2.78  280–1 350  B1  2.82  880–1 370 

 B5  3.03  N  B3  2.69  490–1 310  B2  2.30  600–1 280 

 B6  3.15  N  B4  2.75  320–1 290  B3  2.37  640–1 340 

 B7  2.98  N  B5  2.49  250–SF  B4  2.34  580–1 280 

       B6  2.70  230–SF  B5  2.20  520–1 100 

       B7  2.37  260–780  B6  2.39  610–920 

       B8  2.66  270–1 320  B7  2.37  580–1 230 

       B9  2.62  260–1 210  B8  2.29  610–1 160 

       B10  2.76  280–1 280       

       B11  2.59  260–1 220       

  a : the water depth for this station was only 34 m; N: no OMZ based on our standard; SF: sea fl oor. 
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Kocebu–A4 were calculated to be 0.051, 0.140,   and 
0.259, respectively, indicating much higher OMZ 
intensity in the Kocebu seamount area. 

 Factors leading to a specifi c OMZ distribution 
pattern are complicated. For a given volume of water, 
the DO concentration is determined by the cumulative 
oxygen sources and sinks that acting on the volume. 
For the three seamounts areas, the existence of 
seamounts did not signifi cantly change the distribution 
of the OMZs, except for the mountaintop station of 
Y3 and Kocebu (Fig.3 & Table 2). Therefore, their 
signifi cantly diff erent distribution patterns of OMZs 
probably refl ect that the larger-scale regions where the 
seamounts are located had diff erences in oxygen 
replenishment and/or consumption processes. Firstly, 
we looked at the oxygen replenishment processes. 
The subsurface seawater got oxygen replenishment 
through ocean ventilation. However, strong ventilation 
was confi ned above the thermocline in the tropical 
oceans, and ventilation below the thermocline was 
much weaker, resulting in a strong vertical gradient in 
DO. Figure 5 shows that the oxycline for Kocebu was 
much deeper than that of Y3 and M2, while the  T - S  
diagram (Fig.2) shows us that Kocebu presented much 
deeper thermocline. Therefore, we could infer that the 
area where Kocebu was located was better ventilated 
than the areas where Y3 and M2 were located. This 
might be attributed to their diff erence in positions 
away from equator or diff erence in circulation state. 
Secondly, oxygen consumption process dominated by 
organic matter degradation (either biological or 
chemical) was another key factor aff ecting the 
distribution and minimum DO concentration of 
OMZs. According to the investigation data, the 
average concentrations of Chl  a  in euphotic zones of 
the three seamounts areas were 0.056, 0.094, and 
0.096 mg/m 3  for Y3, M2, and Kocebu, respectively, 
which meant that the phytoplankton production of Y3 
was much lower than the other two seamounts. It has 
also been reported that a much larger area covering 
Y3 had an average Chl- a  concentration of 0.051 mg/
m 3  (Zhang et al., 2016), which was close to our data 
for Y3. It has been found during our investigation that 
the presence of seamount did not promote local 
production because there was no signifi cant upwelling. 
Thus, if the Chl- a  concentrations of the three 
seamounts areas could represent the average level of 
much larger scale regions where they were located, 
these larger scale regions should be diff erent in the 
vertical transport of POC to the mesopelagic layer, 
leading to diff erent oxygen demand.  

 4.2 Biogeochemical eff ects of OMZs in seamount-
areas 

 As the mesopelagic zones of tropical oceans, 
OMZs extend over the euphotic layer and the deep 
layer. After the particles produced by biological 
activities move out from the euphotic layer by 
settlement, most of their biogeochemical changes 
happen in the mesopelagic zones. These 
biogeochemical changes are deeply infl uenced by the 
redox environment, which is mainly determined by 
the DO concentration (Li et al., 2017; Tian et al., 
2019). Therefore, the intensity of an OMZ is a 
particularly important factor aff ecting the cycling 
processes of biogenic elements. POC is the main form 
of organic carbon during the processes of carbon 
fi xation, migration, and export, and is closely related 
to the vital activities of marine organisms (Song, 
2010; Ma et al., 2020b). The vertical transport 
effi  ciency of POC determines the strength of marine 
biological pump, and then has an eff ect on the level of 
atmospheric CO 2 , which is closely related to global 
climate change. Basically, most of the POC (about 
90%) produced in euphotic layers would be respired 
back to inorganic carbon in the upper 1 000 m (Song 
et al., 2018). Yet once the POC reaches the sea fl oor, 
the probability of its long-term preservation would be 
greatly increased, which implies that the effi  ciency of 
biological pump is determined by sedimentation rate 
of particles and remineralization rate of POC. It has 
been reported that if the depth at which 63% of sinking 
POC is respired (defi ned as a parameter, 
remineralization length scales, RLS) increased by 
100 m globally, the atmospheric CO 2  level would 
decrease by (42–112)×10 -6  (Kwon et al., 2009). In 
addition, because of lower oxidation rate of sinking 
organic matter, the RLSs observed in OMZs are high 
(Cavan et al., 2017). In this study, we focused on the 
eff ects of OMZs on the vertical transportation of 
POC. 

 The vertical distribution of POC in the water 
column of the three seamounts areas is shown in 
Fig.4. We could see that the POC concentration 
decreased rapidly from surface to subsurface layers, 
suggesting that most particulate organic matter 
produced by biological activities decomposed in 
shallow seawater. Detailed variation and distribution 
of POC in upper 500 m of the three seamounts areas 
are shown in Fig.6 (notice the diff erence in color bar). 
The POC presented much higher concentrations in 
euphotic layers (upper 200 m) for Y3 and Kocebu 
seamounts, while extremely high POC concentration 
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was found around the peak of M2 seamounts. Since 
the depth of mountaintop of M2 was only 34 m, the 
resuspension of settling particles, which could aff ect 
the POC concentration directly or indirectly (e.g. by 
aff ecting the biological activities), was inevitable.  

 Basically, for the three seamounts areas, the 
distribution pattern of POC was similar with the 
vertical distribution pattern of DO in the upper 500 m. 
Indeed, signifi cant positive correlations between POC 
and DO were found in all three seamounts areas 
(Fig.7), but this was simply because that both POC 
and DO were high near the surface and lower at 
subsurface. However, the OMZ could have an eff ect 
on the decomposition of POC through ways like 

changing the zooplankton behavior or lower the 
oxidation rate of sinking organic matter by microbes 
(Devol and Hartnett, 2001; Keil et al., 2016). In the 
eastern tropical North Pacifi c, Cavan et al. (2017) 
found that particle fragmentation was lower in the 
OMZ, resulting in high remineralization length scale 
of POC. In this study, we try to investigate the 
infl uence of OMZs on the vertical transportation of 
POC based on  I  OMZ , the new proposed parameter to 
describe the intensity of OMZ. Since the layers we 
investigated in the fi eld for POC were limited, here 
we use the diff erence of POC concentration between 
500/1 000-m layer and the euphotic layer (average in 
the upper 200 m) to represent the decomposition of 

15

20

25

30

35

40

15

20

25

30

35

40

10

15

20

25

30

35

40

10

15

20

25

30

35

40

0

20

40

60

80

0

20

40

60

80

0

100

200

300

400

500

D
ep

th
 (

m
)

0

100

200

300

400

500

D
ep

th
 (

m
)

0

100

200

300

400

500

0

100

200

300

400

500

0

100

200

300

400

500

0

100

200

300

400

500

D
ep

th
 (

m
)

9.00°  N8.90°8.80° 8.85° 8.95°137.7° 137.8° 137.9°  E 

139.2° 139.3° 139.4° 139.5°  E 11.2° 11.3 11.4°  N 

152.6° 152.8° 153.0° 153.2° 153.4° E 17.2° 17.3° 17.4° 17.5° 17.6° 17.7° N

P
O

C
 (

μ
g
/L

)
P

O
C

 (
μ

g
/L

)
P

O
C

 (
μ

g
/L

)

Y3-A Y3-B

M2-A M2-B

Kocebu-A Kocebu-B

 Fig.6 Distributions of POC in the upper 500 m of the three seamounts areas 
 Black dots show the positions of measurement. 

10

20

2 3 4 5 6 7 8

30

40

50

60

P
O

C
 (

μ
g
/L

)

Y3

r=0.604, P<0.01

0

2 3 4 5 6 7

20

40

60

80

100

120

140

160

P
O

C
 (

μ
g
/L

)

r=0.524, P<0.01

M2

5
2 3 4

DO (mg/L)DO (mg/L)DO (mg/L)
5 6 7

10

15

20

25

30

35

P
O

C
 (

μ
g
/L

)

r=0.695, P<0.01

Kocebu

 Fig.7 Correlations between POC and DO of the three seamounts areas 



1659No.5 WANG et al.: Characteristics of OMZs in typical seamount areas

POC when passing through OMZs. Instead of the 
POC concentration at 200 m, the average POC 
concentration in the upper 200 m was used because 
one single sampling might not able to refl ect the real 
situation of the dramatically changing euphotic layer. 
Besides, all stations with water depth shallower than 
1 000 m were excluded. Specifi c results are shown in 
Fig.8. We have to mention that although the OMZs 
for Kocebu Seamount area were all below 500 m, 
they were still included in Fig.8a–b to keep consistency 
with Fig.8c–d. In fact, the inclusion of data for 
Kocebu Seamount area did not signifi cantly change 
the relationships in Fig.8a–b. From the results, we 
could see that the degradation of POC tended to be 
lower with stronger OMZ intensity, although their 
negative relationship was not so signifi cant, which 
perhaps was due to the limited and small gradient of 
data. Nevertheless, our study provides a new way to 
quantitatively study the impact of OMZs on the 
vertical transport of POC. If the negative relationship 
between  I  OMZ  and the degradation of POC were true in 
global oceans, we could infer that expansion of OMZs 
would improve the vertical transport effi  ciency of 

POC, and then enhance the biological pump. However, 
much more targeted and detailed researches are need 
before a defi nite quantitative conclusion could be 
reached. 

 5 CONCLUSION 
 According to the distribution of DO, the three 

seamounts areas presented diff erent characteristics of 
OMZs. The OMZ for Y3 seamount area was restricted 
to the mountaintop area, while OMZs for M2 and 
Kocebu seamount-areas were widespread. The 
average thicknesses of OMZs were 960 and 680 m for 
M2 and Kocebu, respectively. To quantitatively 
describe the intensity of OMZs, a parameter,  I  OMZ , 
was proposed. Based on the results of  I  OMZ , the order 
of OMZs intensities for the three seamounts areas was 
Kocebu>M2>Y3. The existence of seamounts did not 
signifi cantly change the distribution of the DO, thus 
their diff erent characteristics of OMZs probably 
refl ected that the ventilation and productivities of the 
larger-scale regions where the seamounts are located 
are signifi cantly diff erent. POC content presented 
similar vertical distribution pattern with DO 
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concentration in the upper 500 m. As the main DO 
consumption process in the subsurface layer, the 
degradation of POC tended to be lower with stronger 
OMZ intensity in the three seamounts areas. If this 
relationship were true in global oceans, we could 
infer that expansion of OMZs would improve the 
vertical transport effi  ciency of POC, and then enhance 
the biological pump. Yet this still needs much more 
relevant researches to prove.  
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