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The hypoxia problem in the ocean is worsening, and the oxygen minimum zone (OMZ) continues to expand. The Tropical Western Pacific Ocean is one of the most sensitive areas in response to climate change and human activities, and the OMZ in this area has also expanded significantly. Based on a survey conducted in March 2018, the characteristics of OMZ in the Kocebu seamount area of the Tropical Western Pacific Ocean and its biogeochemical effects are discussed. The results showed that DO in the Kocebu seamount area first decreased and then increased, and the lowest value was 2.49 mg/L at a water depth of 750 m. Based on the oxycline and the threshold of 3.20 mg/L, OMZ in this area was located in the water column of 590–1,350 m. With the increase in water depth, the POC concentration decreased gradually and remained stable in the water column deeper than 1,000 m. The presence of OMZ reduced the decomposition rate of POC, causing more POC to sink into deeper waters. 38.77% of POC was decomposed in the water column of 150–300 m, whereas only 16.25% of POC was decomposed in the OMZ. In contrast to the vertical distribution of POC, δ13C-POC decreased rapidly in the water columns of 100–150 and 300–500 m, indicating the rapid decomposition of POC. This result suggests that POC and δ13C-POC should be combined in the evaluation of POC decomposition.
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INTRODUCTION
The oxygen minimum zone (OMZ) refers to the water column in the ocean where dissolved oxygen (DO) is below a specific threshold. The existence of OMZ shows a low-oxygen environment in the ocean; however, there is no universal standard for its threshold. For different research areas and objects, the DO threshold of the OMZ varied from 0 to 100 μmol/kg. At present, it is generally believed that the main structure of the OMZ in the ocean is located in the water column of 200–1,500 m, and there is a significant oxycline between the OMZ and the upper or lower waters (Paulmier and Ruiz-Pino, 2009; Breitburg et al., 2018).
OMZ is widely distributed in the Central Atlantic Ocean, Northern Indian Ocean, Eastern Pacific Ocean, and Western Pacific Ocean and has important effects on marine organisms, global climate change, and matter cycles (Wright et al., 2012; Yao et al., 2020). OMZ causes some oxygen-sensitive organisms to escape from the area, which affects the diversity of marine organisms (Stramma et al., 2012). The low-oxygen environment in the OMZ affects the valence states of many elements and has a decisive impact on the matter cycles. OMZ responds to global warming and plays an important role in maintaining constant O2 in the atmosphere (Baroni et al., 2020).
OMZ has been an important route for transferring the organic matter to deep waters in the tropical ocean (Van Mooy et al., 2002; Kiko et al., 2016). In a low-oxygen environment, the microbial community transitions from aerobic to anaerobic, resulting in a significantly slower decomposition of organic matter (Weber and Bianchi, 2020; Cisternas-Novoa et al. (2019) pointed out that the low-oxygen environment in the Baltic Sea reduced the decomposition rate of particulate organic carbon (POC) and accelerated the settlement and burial of POC. Cavan et al. (2017) reported that 70% of the remineralization of POC in the OMZ in the Eastern Tropical North Pacific was caused by microbial respiration. Keil et al. (2016) further found that the combined effect of various factors, such as the composition of the microbial community, vertical movement of zooplankton, and the change in temperature in the OMZ, caused a significantly lower decomposition rate of POC than that in the upper waters. However, although the importance of OMZ for the settlement of POC has reached a consensus, studies on OMZ and POC in the Tropical Western Pacific Ocean is still insufficient.
The Tropical Western Pacific Ocean, with the most significant air-sea interaction in the ocean, has a very complex hydrological environment, which has always been a hot area for oceanographic research in the world (Hu et al., 2015; Ma et al., 2019; Ma et al., 2020c). However, current studies on OMZ have mainly concentrated on the Eastern Pacific Ocean and the Northern Indian Ocean. There are few studies on OMZ in the Tropical Western Pacific Ocean. Although OMZ in the Tropical Western Pacific Ocean is weaker than in other sea areas, it is a low-oxygen environment with important ecological effects. For example, large marine mammals may be restricted with DO concentrations lower than 1.92 mg/L (Stramma et al., 2008; Vaquer-Sunyer and Duarte (2008) reported that the DO concentrations causing mortality varied in different marine animals with a mean value of 2.05 mg/L. When assessing the thresholds of oxygen at which lethal and sublethal impacts occur for benthic organisms, hundreds of experiments have been conducted to form a threshold range of 0.28–4 mg/L (Paerl, 2006). Thus, a study on the OMZ of the Tropical Western Pacific Ocean is necessary, although the threshold is higher in this area.
Furthermore, the hypoxia problem in the ocean has become more severe in recent years, and OMZ has expanded rapidly (Ito et al., 2017; Stramma et al. (2008) reported that OMZs in the eastern Pacific Ocean and northern Indian Ocean were very intense and mature, whereas those in the Western Pacific and Atlantic Ocean were weak; however, their expansion was more significant. As one of the most sensitive sea areas in response to climate change and human activities, the OMZ in the Tropical Western Pacific Ocean undoubtedly has greater growth “potential” than other sea areas. Therefore, the Western Pacific Ocean is an ideal “test field” for studying the origin, development, and ecological effects of OMZ.
The Kocebu seamount area is located in the Tropical Western Pacific Ocean, which is a representative region for the study of the OMZ. This study focuses on the OMZ in this area, discusses the relationship between OMZ and POC, and analyzes its impact on the POC settlement, providing a reference for further study on the impact of OMZ on the key processes of the carbon cycle in the Tropical Western Pacific Ocean.
MATERIALS AND METHODS
Study Area
The Kocebu seamount area (152.54–153.42°E, 17.16–17.78°N) in the Tropical Western Pacific Ocean was investigated onboard the R/V Science in March 2018. During the investigation, 19 stations were set up above the Kocebu seamount. There were 10 stations in Section A and 8 stations in Section B. Sections A and B intersect Station O at a water depth of 1,195 m above the east summit of the seamount (Figure 1).
[image: Figure 1]FIGURE 1 | Sampling stations in the Kocebu seamount area of the Tropical Western Pacific Ocean. (A) The Kocebu seamount area was marked by the red square, which was located on the right side of the Mariana Trench. (B) There were two sections, and the red rectangle represented Section A. 19 stations were set up above the Kocebu seamount. The two sections intersect Station O at a water depth of 1,195 m above the east summit of the seamount. This figure was created using Ocean Data View.
According to the distance from the seamount summit to the sea level, the seamounts in the ocean are divided into shallow (0–200 m), middle (200–400 m), and deep (>400 m) seamounts. The Kocebu seamount is a typical deep seamount, which has a slight impact on the upper waters (Genin, 2004; Ma et al., 2018; Ma et al. (2020c) stated that upwelling was only found at Stations O and A9 near the Kocebu seamount summit in the water column of 750–1,500 m, which affected the distribution of parameters such as POC; however, there was no upwelling and no “seamount effect” at the other stations. Since this study mainly focused on the relationship between OMZ and POC in this area, Stations O and A9 were excluded from the following discussion. Therefore, although the study area was located in the Kocebu seamount area, it had no relationship with the seamount terrain.
Methods
To reduce the influence of tidal movement on the survey, sample collection was performed from 8 to 6 p.m. the next day. Water samples from each station were collected at 0, 30, 50, 75, 100, deep chlorophyll maximum layer (DCML), 200, 300, 500, 750, 1,000, 1,500, 2000, and 3,000 m using a Niskin water collector (KC-Denmark, Denmark). The temperature, salinity, DO, POC, stable carbon isotope composition of POC (δ13C-POC), and chlorophyll a (Chl a) were collected and measured. The collection, analysis, and measurement methods were as follows.
Temperature and salinity: A CTD (Sea-bird SBE911, United States) was used to measure simultaneously during water sample collection.
DO: a 50 ml brown iodine flask was used for sampling from each water depth, manganese sulfate and alkaline potassium iodide solution was added for the fixation of oxygen, and Winkler iodometry was used to measure DO at the site with a relative standard deviation of ≤2% (Ma et al., 2020a).
POC and δ13C-POC: For each sample, 3 L of water was taken and filtered with a 0.7 μm filter (Whatman GF/F, United Kingdom) (before use, the filter was burned at 450°C for 4 h, soaked in 0.5/L hydrochloric acid for 24 h, washed with ultrapure water to neutrality, and dried), and then placed in a refrigerator at −20°C and brought back to the laboratory for measurement. In the laboratory, the samples were rinsed with 0.5/L hydrochloric acid, washed with ultrapure water to neutrality, and dried. An elemental analyzer and stable isotope mass spectrometer (Thermo Fisher Scientific Flash EA 1112 HT-Delta Ⅴ Advantages, United States) were used to measure the POC concentration and δ13C-POC, with accuracies of ±0.8‰ and ±0.2‰, respectively (Yin et al., 2014; Ma et al., 2020c).
Chl a: For each sample, 2 L of water was filtered through a 200 μm sieve to remove zooplankton. Thereafter, it was filtered with a 0.7 μm filter (Whatman GF/F, United Kingdom), after which the filter was wrapped with aluminum foil and placed in the refrigerator at −20°C and brought back to the laboratory for measurement. In the laboratory, the samples were extracted with 90% acetone for 12–24 h, and the concentration was measured using a Turner fluorometer (Turner Designs, United States) (Ma et al., 2020a).
RESULTS
Hydrological Characteristics
The temperature at each station showed a similar trend with the increase in water depth (Figure 2A). The temperature was high in the upper 0–100 m water column, and the average temperature of the surface waters had the highest value of 27.22. In the water column of 100–500 m, the temperature decreased sharply to form a thermocline. Thereafter, the temperature decreased slowly and decreased to a minimum of 1.63°C at a water depth of 3,000 m. The salinity at each station also showed a similar trend with the increase in water depth; however, it had more complicated changes than temperature (Figure 2B). The salinity remained stable in the water column of 0–100 m, then increased sharply to form a high-salinity zone, and the average salinity reached 35.07 and 35.06 in the water column of 150 and 200 m, respectively. In the water column of 200–500 m, the salinity decreased sharply to form a halocline. Subsequently, the salinity increased gradually and remained stable, reaching 34.66% at a water depth of 3,000 m.
[image: Figure 2]FIGURE 2 | Vertical distribution of temperature (T) and salinity (S) in the Kocebu seamount area. Different colors represented different stations. The T and S at each station showed a similar trend, respectively. (A) The T at each station. There was a thermocline in the water column of 100–500 m. (B) The S at each station. There was a high-salinity zone in the water column of 150–200 m.
Seawater stratification in the Kocebu seamount area is evident. In the water column of 0–100 m, the temperature and salinity were high and stable. The high-salinity zone and the salinity halocline correspond to the upper and lower parts of the thermocline, respectively. In the water column deeper than 500 m, the temperature and salinity remained stable. This vertical distribution of temperature and salinity conformed to the general rule of the Tropical Western Pacific Ocean. The Kocebu seamount area was located on the edge of the Western Pacific Ocean warm pool area (125−165ºE, 0−16ºN) (Gan and Wu, 2012; Ma et al., 2019), where the sea surface temperature was close to or higher than 28°C. Moreover, due to the control of the North Pacific Tropical Water with high salinity (Wang et al., 2013; Ma et al., 2020b), there was a high-salinity zone in the water column of 100–200 m. Seawater stratification restricts the upward transportation of biogenic elements and affects the distribution of environmental parameters such as DO and pH, and controls the depth and range of OMZ (Schmidtko et al., 2017; Ma et al., 2020b; Li et al., 2020).
The Distribution of DO
The DO at each station also showed a similar trend with the increase in water depth, which first decreased and then increased (Figure 3A). In the water column of 0–100 m, based on relatively stable temperature and salinity, it could be inferred that there was a mixed layer under the action of wind, leading to relatively stable DO with an average concentration of >6.50 mg/L. In the water column of 100–300 m, the decomposition of organic matter consumed DO; however, the photosynthesis of phytoplankton could supply DO, causing a slow decrease in DO. Thereafter, the photosynthesis disappeared gradually, and the decomposition of organic matter consumed massive DO in the water column of 300–750 m to form an oxycline. In the water column of 750–3,500 m, the decomposition of organic matter weakened gradually and tended to stop. The DO concentration increased gradually to 4.54 mg/L at a water depth of 3,000 m because of the control of DO-rich Antarctic Bottom Water (Lumpkin and Speer, 2007; Kawabe and Fujio, 2010).
[image: Figure 3]FIGURE 3 | Vertical distribution of average DO, POC, δ13C-POC, and Chl a in the Kocebu seamount area. (A) The average DO of all stations. There was an oxycline in the water column of 300–750 m. The grey area represented OMZ, which was located in the water column of 590–1,350 m based on the DO threshold of 3.20 mg/L. (B) The average POC of all stations. In the OMZ, the decomposition rate of POC was lower than that in the water column of 150–300 m. (C) The average δ13C-POC of all stations. The δ13C-POC showed similar characteristics as POC, which was heavier in the water column of 0–100 m, then decreased rapidly in the water column of 100–500 m. In the OMZ, δ13C-POC was significantly lower than that in the water column of 100–500 m. (D) The average Chl a of all stations. The green area represented DCML, which was located in the water column of 135–175 m. The good seawater mixing and the existence of DCML caused a high POC concentration in the water column of 0–100 m. In these figures, the red bars represented the standard deviation of different parameters.
The Distribution of POC and δ13C-POC
The POC at each station also showed a similar trend with the increase in water depth (Figure 3B), which had a gradual downward decrease in general and remained stable in the water column deeper than 1,000 m. In the water column of 0–150 m, the POC concentration was higher than 23.50 μg/L. In the water column of 150–500 m, the POC concentration rapidly decreased from 23.99 to 15.01 μg/L. In the water column of 500–1,000 m, the POC concentration continued to decrease to 12.21 μg/L at a water depth of 1,000 m. Thereafter, the POC concentration remained stable at 11.35 μg/L at a water depth of 3,000 m. In this study, the δ13C-POC showed a vertical distribution similar to that of POC (r = 0.792, p < 0.01, n = 212) (Figures 3B,C, 4). In the water column of 0–100 m, δ13C-POC was heavier than −25.50‰. In the water column of 100–500 m, δ13C-POC decreased rapidly from −25.14 to −27.12‰, indicating that the decomposition rate of POC in this area was relatively high. In the OMZ, δ13C-POC decreased from −27.31‰ at a water depth of 590 m to −27.75‰ at a water depth of 1,350 m, indicating that the decomposition rate of POC in this area was significantly lower than that in the water column of 100–500−m. Below the OMZ, the δ13C-POC remained stable.
[image: Figure 4]FIGURE 4 | Relationship between POC and δ13C-POC. The POC and δ13C-POC showed a significantly positive correlation (r = 0.792, p < 0.01, n = 212), indicating that they had a similar vertical distribution.
DISCUSSION
The OMZ in the Kocebu Seamount Area
The vertical distribution of DO is closely related to primary productivity, seawater stratification, and the hydrological environment in this area. In tropical and subtropical waters, there is always a water column with DO below a certain threshold, called the OMZ (Paulmier and Ruiz-Pino, 2009; Keeling et al., 2010; Lam and Kuypers, 2010). However, there is no uniform standard for the DO threshold of the OMZ, which is often determined according to the needs (Table 1). For example, Karstensen et al. (2008) used a DO threshold of 2.88 mg/L to define OMZ in the Atlantic Ocean and the Eastern Pacific Ocean. Helly and Levin (2004) set a DO threshold of 0.64 mg/L when defining OMZ in the marginal sea. In a study on the requirement of a specific fish for DO, the DO threshold decreased to a very low level of 0.13 mg/L (Li et al., 2017). At present, the generally accepted view was that the DO threshold was 100 μmol/L (3.20 mg/L) in most sea areas of the global ocean, and there was a significant oxycline between OMZ and the upper or lower waters (Paulmier and Ruiz-Pino, 2009).
TABLE 1 | DO threshold of OMZ in different areas.
[image: Table 1]The Eastern Tropical North Pacific and the Tropical Indian Ocean are typical distribution areas of OMZ, where the intensity of OMZ is relatively high (Figures 5A,C) (Karstensen et al., 2008; Breitburg et al., 2018; Hernandez-Ayon et al., 2019; D’Asaro et al., 2020). However, the intensity of the OMZ in the Western Pacific Ocean and the Tropical Atlantic Ocean is relatively weak (Figures 3A, 5B). In this study, the lowest DO concentration appeared at a water depth of 750 m with a value of 2.49 mg/L. According to the standard of Paulmier and Ruiz-Pino (2009), the OMZ in the Kocebu seamount area was located in the water column of 590–1,350 m, and the upper oxycline was in the water column of 300–750 m, whereas the lower oxycline was not evident (Figure 3A). It can be observed that the OMZ in the Kocebu seamount area was just below the thermocline and halocline, and the upper oxycline overlapped with them (Figures 2, 3), indicating that the formation of OMZ may be closely related to seawater stratification. The decomposition of organic matter in the ocean continuously consumes DO. It is difficult for DO to be supplied effectively in time, which is one of the main factors in the formation of the OMZ (Chronopoulou et al., 2017; Schmidtko et al., 2017). The thermocline and high-salinity zone severely restrict the exchange between the upper and lower waters, making it difficult to exchange the high DO in the upper waters and the low DO in the lower waters. In a study of the Y3 seamount area in the Tropical Western Pacific Ocean, Ma et al. (2020b) also reported that the dual role of the thermocline and the high-salinity zone in the water column of 50–125 m hindered the exchange of water, leading to the appearance of lower nutrient concentrations in the upper part of the euphotic zone. Schmidtko et al. (2017) reported that the strengthening of seawater stratification caused by global warming in the past 50 years has further restricted the exchange of upper and lower waters, resulting in a continuous increase in OMZ intensity in the global ocean. Therefore, these studies indicate that seawater stratification may be one of the most important factors controlling the range of OMZ.
[image: Figure 5]FIGURE 5 | Vertical distribution of DO and POC in different areas. (A) The annual average DO in the Eastern Tropical North Pacific (ETNP). The OMZ was located in the water column of 250–2,450 m based on the DO threshold of 3.20 mg/L.(B) The annual average DO in the Tropical Atlantic Ocean (TAO). The OMZ was located in the water column of 125–700 m. (C) The annual average DO in the Tropical Indian Ocean (TIO). The OMZ was located in the water column of 100–2,100 m. All the annual average DO data were downloaded from the World Ocean Atlas 2018. (D) The vertical distribution of POC in the ETNP. (E) The vertical distribution of POC in the TAO. (F) The vertical distribution of POC in the TIO. All the POC data were cited from (Martiny et al., 2014).
The Production and Decomposition of POC
The vertical distribution of POC is closely related to the biogeochemical processes at each water depth. Photosynthesis is the main source of POC in the upper waters of the ocean (Song, 2010; Close and Henderson, 2020). In this study, POC and Chla concentrations showed a significant positive correlation in the water column of 0–300 m (r = 0.339, p < 0.01, n = 139), which further indicated the close relationship between POC and phytoplankton in the upper waters of the Kocebu seamount area. In addition, owing to the good seawater mixing in the water column of 0–100 m and the existence of DCML in the water column of 135–175 m (Figure 3D), the POC concentration was high in the water column of 0–100 m. In the water column of 150–300 m, the Chla concentration decreased from 0.184 to 0.003 mg/m3. With the disappearance of photosynthesis, the decomposition of organic matter took the leading role, causing the POC concentration to decrease sharply. In the water column of 500–1,000 m, although the POC continued to decrease, its decomposition rate was significantly lower than that in the water column of 150–300m. The reason for this phenomenon may be that the easily degradable POC was decomposed in the shallower water column, whereas the remaining POC in the deeper water column was difficult to decompose (Close and Henderson, 2020; Weber and Bianchi, 2020). In addition, it may also be caused by a significant decrease in the seawater temperature and DO. The temperature and DO decreased to 4.39°C and 2.73 mg/L at a water depth of 1,000 m, respectively, which may reduce the activity of microbial enzymes to a certain extent (Lopez-Urrutia et al., 2006; Iversen and Ploug, 2013; Laufkötter et al., 2017). In the water column deeper than 1,000 m, the decomposition of POC tended to stop, and its concentration remained relatively stable.
The generation of POC is accompanied by a decomposition process. During this process, the microorganisms continuously consume DO. Therefore, POC and DO are closely related (Yao et al., 2014; Mcdonnell et al., 2015; Laufkötter et al., 2017). In this study, with the decomposition of POC, DO changed accordingly. However, the changes in POC and DO were not consistent (Figure 6). In the water column of 0–150 m, photosynthesis was vigorous, and POC and DO were at high levels. In particular, in the water column of 150–500 m, there was a rapid decrease in POC, whereas DO only decreased slowly. In the water column of 500–1,000 m, POC slowly decreased, whereas DO first decreased and then increased at a relatively low level. In the water column deeper than 1,000 m, the POC remained stable; however, DO increased slowly.
[image: Figure 6]FIGURE 6 | Relationship among OMZ, T, S, DO, and POC. The red line represented OMZ. This figure showed changes of these parameters with the increase in water depth. These parameters were all stable in the water column of 0–100 m due to the seawater mixing. Meanwhile, these parameters were also stable in the water column deeper than 1,000 m. OMZ was exactly located below the thermocline and halocline, and the DO in the OMZ first decreased and then increased. The decomposition rate of POC in the OMZ was significantly lower than that in the upper waters.
In general, the water depth of the rapid decomposition of POC was shallower than that of the rapid reduction of DO; that is, POC decomposed rapidly above the OMZ, slowly decreased in the OMZ, and remained stable below the OMZ. As previously mentioned, POC is produced in the upper part of the euphotic zone and is in a state of continuous decomposition with the increase in water depth. Microorganisms play a vital role in the decomposition of POC, and the intensity of their activities is directly related to the decomposition rate of POC (Wu et al., 1999; Druffel et al., 2003). DO is one of the most important factors affecting the activity of microorganisms. Many studies have reported that when DO and POC were abundant at the same time, microorganism activities reached the highest level; when DO was lower than 3.20 mg/L, microorganism activities were restricted, and the decomposition rate of POC decreased significantly (Paulmier and Ruiz-Pino, 2009; Keil et al., 2016). In the water column of 150–300 m, DO was still abundant, which was beneficial to the decomposition of organic matter by microorganisms (Wu et al., 1999; Druffel et al., 2003), causing rapid decomposition of POC. The POC concentration decreased from 23.99 μg/L at a water depth of 150 m to 14.69 μg/L at a water depth of 300 m, indicating that 38.77% of POC was decomposed, equating to a 6.2 μg/L decrease every 100 m. In the OMZ, DO was at a low level, which was not conducive to the reproduction of microorganisms and the decomposition of organic matter (Hwang et al., 2006; Keil et al., 2016). In this study, 16.25% of POC was decomposed, equating to a 0.31 μg/L decrease every 100 m. Below the OMZ, the easily decomposable POC was exhausted, and the POC concentration remained stable, and only 5.4% of POC was decomposed in the water column of 1,350–m-3000 m, equating to a 0.04 μg/L decrease every 100 m. The above information confirmed that the presence of OMZ reduced the decomposition rate of POC, causing more POC to settle into deeper waters. This phenomenon has been confirmed in many studies (Table 2; Figures 5D–F). Weber and Bianchi (2020) used remineralization tracers to study the deposition flux of particulate matter in the OMZ and reported that particulate matter in the OMZ in the Eastern Pacific Ocean and Indian Ocean showed a slower attenuation. Devol and Hartnett (2001) also confirmed that the decomposition rate of POC in the OMZ along the Mexican coast decreased significantly. This study was similar to the above studies, further indicating that the OMZ in the Tropical Western Pacific Ocean was of great significance for the transport of POC to deeper waters.
TABLE 2 | Relationship between decomposition rate of POC and OMZ in different areas.
[image: Table 2]δ13C can reflect the source, cycle, and transformation of substances, which is of great significance for the study of the carbon cycle in marine ecosystems (Jeffrey et al., 1983; Hwang et al., 2006; Yao et al., 2015; Ding et al., 2020). It is worth noting that in the water column of 100–150 m, POC still remained at a high level; however, δ13C-POC rapidly decreased from −25.14 to −26.32‰. This difference may be caused by interactions among organisms, POC, and δ13C-POC. The mixed layer in the Kocebu seamount area was located in the water column of 0–100 m, and the activities and distribution of phytoplankton make POC and δ13C-POC at a high level in this area. Below the mixed layer, the POC began to decrease rapidly, causing a rapid decrease in δ13C-POC. However, there was DCML at a water depth of 150 m, and the rapid supplementation of POC by phytoplankton kept POC at a high level. Thus, these factors caused the distribution difference between POC and δ13C-POC in the water column of 100–150 m. Moreover, in the water column of 300–500 m, POC increased slightly due to the vertical movement of zooplankton, whereas δ13C-POC continued to decrease, indicating that the decomposition rate of POC in this water column was still high. These results indicate that the activities and distribution of organisms in the ocean have an important impact on the vertical distribution of POC, and the distribution of POC could not fully demonstrate the changes in its decomposition. Changes in δ13C-POC should be considered when exploring the decomposition of POC. In a study on the vertical distribution of δ13C-POC in the eastern tropical North Pacific, Jeffrey et al. (1983) also reported a consistent conclusion with this study, that is, δ13C-POC was relatively uniform and heavier in the upper waters, and it became lighter gradually and remained stable in the deep waters. Based on the analysis of δ13C-POC in 51 profiles in the global ocean, Close and Henderson (2020) reported that δ13C-POC had the abovementioned vertical distribution rule in most regions. Microorganisms first decompose the heavier δ13C components in the POC, such as amino acids and carbohydrates, resulting in lighter δ13C components, and this fractionation process of δ13C-POC is one of the main reasons for the lighter δ13C-POC with the increase in water depth (Close and Henderson, 2020; Kharbush et al., 2020). These results indicate that δ13C-POC could be an important reference for the study of POC decomposition.
CONCLUSION
The existence of OMZ shows a low-oxygen environment in the ocean, which has an important impact on marine organisms, global climate change, and the matter cycle. This study clarified the characteristics of OMZ in the Kocebu seamount area of the Tropical Western Pacific Ocean and revealed the relationship between OMZ and POC.
The vertical distribution of DO in the Kocebu seamount area was closely related to the primary productivity, seawater stratification, and water masses in this area, which first decreased and then increased with the lowest value of 2.49 mg/L at a water depth of 750 m. Based on the upper and lower oxycline and the DO threshold of 3.20 mg/L, OMZ in the Kocebu seamount area was located in the water column of 590–1,350 m.
The POC at each station showed a similar trend with the increase in water depth, which decreased gradually and remained stable at depths greater than 1,000 m. The vertical distribution of POC was closely related to the biogeochemical processes in each water layer, such as the photosynthesis of phytoplankton, decomposition of microorganisms, day and night migration of zooplankton, decomposition of easily degradable POC, and changes in temperature and DO in the seawater.
OMZ in the Kocebu seamount area could reduce the decomposition rate of POC, causing more POC to sink to deeper waters. In the water column of 150–300 m, 38.77% of POC was decomposed, equating to a 6.2 μg/L decrease for every 100 m. In the OMZ, only 16.25% of POC was decomposed, equating to a 0.31 μg/L decrease every 100 m. POC concentration remained stable under the OMZ, and only 5.4% of POC was decomposed in the water column of 1,350–3,000 m, equating to a 0.04 μg/L decrease every 100 m. In contrast to the vertical distribution of POC, δ13C-POC still rapidly decreased in the water column of 100–150 m and 300–500 m, indicating the rapid decomposition of POC. Therefore, the vertical distribution of POC was affected by many biological factors, and POC and δ13C-POC should be combined to evaluate the decomposition of POC for a better understanding.
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