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Figure 1 Bathymetry of the Bohai Sea and sampling locations of the
spring, summer, and autumn cruise in 2014
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Figure 2 Dissolved oxygen (DO) content at bottom of the Bohai Sea
measured from summer, spring, and autumn cruise carried out in 2014.
The solid curves depict contours of DO content and the grey numbers
give the measured DO content at sampling locations. The dashed line in
() shows the cross section from Yellow River Mouth to the Liaodong
Bay. M2, M5, and M7 shows three key sampling locations
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Figure3 Contour map of temperature, salinity, pH at sea bottom and chlorophyll a content at sea surface in the Bohal Sea measured during summer
2014 cruise
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Figure4 Contour map of total organic carbon (TOC) and nitrogen (TON) content in sediments of the Bohai Sea measured during summer 2014 cruise
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Figure 5 Cross section distribution of dissolved oxygen (a), tempera-
ture (b), salinity (c), pH (d), and chlorophyll a content (€) at the cross
section from Y ellow River Mouth to the Liaodong Bay measured during
summer 2014 cruise. The solid curves depict contours. The location of
Ccross section see Figure 1
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Figure 6 Vertica distribution of dissolved oxygen (DO), temperature, salinity, pH, and chlorophyll a content at sampling locations M2 (south de-
pression), M5 (central ridge), and M7 (north depression) measured during summer 2014 cruise
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Spatial characteristics and for mation mechanisms of bottom
hypoxia zone in the Bohai Sea during summer

ZHANG Hua, L1 YanFang, TANG Cheng, ZOU Tao, YU Jing & GUO Kai

Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China

Formation of hypoxia zone in coast seas is a critical factor influencing the health of marine ecosystem and has becoming
a focus of ocean science. The Bohai Sea in northeastern China is a semi-enclosed shallow sea receiving tremendous
amount of terrestrial input of nutrients and sediments from severa large rivers as well as coastal municipalities and has
suffered serious eutrophication in the last two decades. Seasonal hypoxia has been reported on some locations in the
Bohai Sea but relative few studies have been carried out to reveal its physical and biological mechanisms.

Based on analysis of observation data from cruises conducted in the Bohai Seain spring (May), summer (August), and
autumn (November) of year 2014, this study investigated the spatial characteristics, formation mechanisms of bottom
hypoxia zone in the Bohai Sea and its relationship with the seasonal thermocline. The results demonstrated that bottom
dissolved oxygen (DO) was > 8 mg/L in Spring and Autumn of the Boha Sea, but a large zone with low bottom DO
appeared in Summer, among which are hypoxia zones (DO<3 mg/L) with a total area approximately 4.2x10°km?. The
hypoxia zone displayed a south-north “dual core” structure and the spatial characteristic is similar to that of the dual-core
structure of cold bottom water in summer. The vertical profile of the cross section at the middle of Bohai Sea exhibited
clear vertical stratification at the south and north depression basin alongside the ridge in the central Bohai Sea, which
caused the decreasing DO and substantial acidification (pH<7.8) of bottom cold water. Regression analysis showed clear
positive correlation between DO and water temperature (r>=0.91), DO and pH (r?=0.93), as well as DO and chlorophyll a
(r?=0.70). The results revealed that inter-annual stratification hinders vertical exchange of oxygen and is the predominant
physical mechanism responsible for the depletion of DO in bottom sea water.

To determine chemical mechanisms related to hypoxia, content of total organic carbon (TOC) and total organic
nitrogen (TON) in surface sediment (0-5 cm) was analyzed at 99 locations. It reveadled that the relatively stable
sedimentation environment in the bottom cold water zone has resulted in the substantial higher content of TOC and TON
in the surface sediment at the south and north depression basin than other areas. Measured ratios of C/N werein the range
of 5-10.5, which indicates that organic matter were from both terrestrial and marine sources. The elevated level of
organic matter content in these areas might enhance microbial activities and result in higher oxygen consumption rate in
bottom sea water. In addition, mineralization of organic matter can release carbonates and contribute to severe
acidification observed in bottom sea water. It is suggested that enhanced terrestrial loading of nitrogen and phosphorus
from rivers and coastal cities might be the trigger of hypoxiain the Bohai Sea.

In conclusion, the seasonal stratification in central Bohai Sea and its retardation effect on exchange of DO is the
critical physical mechanism for the formation of hypoxia zone. The mineralization of organic matter accumulated in
surface sediment is an important driving force causing the low bottom DO and substantial acidification. Appearance of
hypoxia zone reflects the dramatic change of the ecosystem in the Bohai Sea and might closely linked with the frequent
hazardous algae bloom (HAB) and degradation of fisheries. However, alack of systematically collected data has impeded
the establishment of a clear relationship between eutrophication, spring phytoplankton bloom, summer hypoxia, and
continuous degradation of benthic and aquatic ecosystem. Further interdisciplinary studies are warranted to elucidate the
coupled physical, chemical, and biological processes that drive the depletion of oxygen and to develop solutions to
facilitate the ecological recovery in the Bohai Sea.
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