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			Abstract

			The relationships between Asian marine fishery and ENSO related sea surface temperature (SST) during the 1982-2016 are explored using the constructed SST data and global fishery statistics. Results show that high yields of aquatic plants, crustaceans, diadromous fishes and miscellaneous aquatic animals are closely related to very strong El Nino events; high yields of molluscs, marine fishes, miscellaneous aquatic animal products and aquatic mammals have connections with strong La Niña events. Therefore, ENSO related SST can be determined as a valuable indicator for Asian marine fishery.

			Keywords: Aquatic plants; Diadromous fishes; Asian marine fishery; Climate changes; Fluctuations; Atmospheric oscillation; El Nino-Southern Oscillation; Marine fishery resources; Sea Surface Temperature; International Comprehensive Ocean–Atmosphere Dataset; Food and Agriculture Organization; Miscellaneous aquatic animals; La Niña events; Pacific Decadal Oscillation

		

		
			Introduction

			Fishery resources are strongly affected by the environmental conditions in various scales such as SST, oceanic frontal boundaries, upwelling, currents and other circulation patterns [1-3]. Satellite based observations, which can provide large scale (global) information, have been widely used as tracers or predictors for potential marine fishing regions [1,4-6]. It has been widely studied that the SST plays an important role in the distribution, recruitment and number of species of fishery resources [7], showed that the SST anomalies is closely related to the number of fish species but various in different oceans. Due to the climate changes in recent decades, large fluctuations were observed in the atmospheric as well as oceanic environments [8]. As Earth’s most influential naturally-recurring sea and atmospheric oscillation, El Nino-Southern Oscillation (ENSO) results in widespread changes in the climate and ecosystem [9-11]. In nowadays, satellite records are long enough for the analysis of the relations between fishery resources and climate phenomenon with advantages in global coverage by using polar-satellites. This paper is aimed to demonstrate the relations between marine fishery resources over Asian coastal lines and ENSO.

			Data

			The global monthly Extended Reconstructed Sea Surface Temperature (ERSST, version 5) derived from the International 

Comprehensive Ocean–Atmosphere Dataset (ICOADS) during the period 1982-2016 is used in this study [12]. The ERSST which is constructed with multiple data sets from ships, buoys, satellites (since 1982) et al. has a horizontal resolution of 2° × 2°. For fishery data, the global statistic captures from the Food and Agriculture Organization (FAO) of the United Nations is used [13]. The FAO fish capture data is only based on available data set on the global fish catch. Capture production is classified into 14 major marine fishing areas according to the marine area where caught and the nine families of FAO aquatic species encompassing the waters of the Atlantic, Indian, and Pacific oceans.

			Results 

			We first examine the changes of various aquatic products based on detrended and normalized time-series of Asian marine fishery in Figure 1. The time-series of aquatic products show significant interannual variability during 1982-2016. To highlight the relationships between Asian marine fishery and ENSO related SST, those years with extreme fishery landings based on the threshold (±1.0) in all time-series are selected (Table 1). We also mark extreme ENSO years on both El Niño and La Niña periods defined as 5 consecutive overlapping 3-month periods at above the +0.5° SST anomaly (in the Niño 3.4 region, 5°N−5°S, 120°−170°W) for warm (El Niño) events and at or below the −0.5° SST anomaly (SSTA) for cold (La Niña) events. The SSTA threshold is further divided into weak (with a 0.5 to 0.9 SST anomaly), moderate (1.0 to 1.4), strong (1.5 to 1.9) and very strong (≥2.0) events based on the golden gate weather service (http://ggweather.com/enso/oni.htm). Here, we mark very strong El Niño events and strong La Niña events, respectively.
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			(a) All kinds of aquatic products (b) El Niño-related aquatic products (c) La Niña-related aquatic products. Red arrows indicate El Niño years, blue arrows indicate La Niña years and yellow dash lines represent thresholds for picking composite extreme years.

			Table 1: Composite extreme years based on time-series of fishery yields

			
				
					
					
					
					
				
				
					
							
							
							Type

						
							
							High yield years

						
							
							Low yield years

						
					

					
							
							El Niño-related

						
							
							Aquatic plants

						
							
							1982*, 1983*, 1984, 2013, 2014, 2015*

						
							
							1997*, 2000, 2001, 2002, 2003

						
					

					
							
							Crustaceans

						
							
							1982*, 2006, 2014, 2015*, 2016*

						
							
							1990, 2002, 2003, 2004, 2005, 2008†, 2009, 2010†

						
					

					
							
							Diadromous fishes

						
							
							1983*, 1990, 2013, 2014, 2015*, 2016*

						
							
							1998*, 1999, 2000, 2006, 2008†

						
					

					
							
							Miscellaneous aquatic animals

						
							
							1983*, 1992, 1997*, 1998*, 2015*

						
							
							1988†, 1990, 2002, 2004, 2005, 2007†

						
					

					
							
							La Niña-related

						
							
							Molluscs

						
							
							1995†, 1996†, 1997*, 1999, 2000, 2001, 2002

						
							
							1990, 1991, 1992, 2010†, 2011†, 2016*

						
					

					
							
							Whales, seals and other aquatic mammals

						
							
							1988†, 1989†, 1990

						
							
							1984, 1985, 1986, 1992, 1993, 1994, 1995†

						
					

					
							
							Marine fishes

						
							
							1986, 1987, 1988†, 1989†, 1996†, 1997*

						
							
							1982*, 1983*, 1985, 1991, 1992, 2008†, 2009

						
					

					
							
							Miscellaneous aquatic animal products

						
							
							2010†, 2011†, 2014

						
							
							1998*, 1999, 2000, 2001

						
					

				
			

			The years with “*” and “†” are Very Strong El Niño years and Strong La Niña years, respectively.

			Table 1 shows that high yields of aquatic plants, crustaceans, diadromous fishes and miscellaneous aquatic animals are all closely related to very strong El Niño events (over half of the events are dropped in the very strong category). As for their low yield years, crustaceans and miscellaneous aquatic animals have more relations to strong La Niña events. In contrast, diadromous fishes do not show significant relations to the ENSO events. It shows a significant asymmetric impact of ENSO on aquatic plants and diadromous fishes, but for crustaceans and miscellaneous aquatic animals. In addition, high yields of molluscs, marine fishes, miscellaneous aquatic animal products, aquatic mammals, and low yields of molluscs are all closely related to Strong La Niña events. Only low yields of marine fishes show strong relations to very strong El Niño events. Other marine products have little connection with ENSO during their low yield years. Therefore, these eight types of aquatic products can be classified into two categories according to the frequency of ENSO events during their high yield years: El Niño-related type (aquatic plants, diadromous fishes, crustaceans and miscellaneous aquatic animals) and La Niña-related type (molluscs, marine fishes, miscellaneous aquatic animal products and whales, seals and other aquatic mammals).

			To investigate the spatial patterns of SSTA during extreme yield years of Asian marine fishery, the composite analysis is conducted for ERSST. Figure 2 shows the composite SSTA during extreme years of Asian fishery yields. Figure 2(a, c, e, g, f, j) show the typical El Niño pattern during high yield years of aquatic plants, crustaceans, diadromous fishes and miscellaneous aquatic animals respectively and low yield years of miscellaneous aquatic animals and molluscs; Figure 2(b, d, i, k, m) show the La Niña pattern in the periods of low yield years of aquatic plants, diadromous fishes and high yield years of molluscs, miscellaneous aquatic animal products and aquatic mammals. There is no significant ENSO signal in Figure 2(h, l, n, o, p) because comparable El Niño and La Niña events are both used to construct the SST which offset their respective spatial patterns in SSTA composition fields.

			Conclusion and Discussion

			In the present study, the relationships between the Asian fishery landings and the ENSO related SST are explored using the ERSST and the FAO global fishery catch data sets. Results indicate that high yields of aquatic plants, crustaceans, diadromous fishes and miscellaneous aquatic animals are closely related to very strong El Niño events; while high yields of molluscs, marine fishes, miscellaneous aquatic animal products and aquatic mammals have connections with strong La Niña events. This demonstrates that the ENSO is an important factor that influences the yields of Asian fishery; and it is valuable in predicting yield, developing production plan, fully taking advantage of climate and reducing losses from climate disasters. 

			Furthermore, there is seemingly a Pacific Decadal Oscillation (PDO) pattern in Figure 2 because of the significant negative SSTA over Northwest Pacific, especially for Figure 2(a, c, e, g). PDO and ENSO influence SST, sea level pressure, etc. in very similar way. The most obvious difference between them is the time scale. Additionally, PDO primarily affects the North Pacific region while ENSO primarily affects the climate of lower latitudes. Therefore, the relationships between Asian fishery and PDO need further research.
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Figure 2: Composite SSTA (unit: =C) during extreme years of fishery yields. Figures i left column are high yields years, and in right column
are low yields years. (a) and (b) Aquatic plants, (c) and (d) Diadromous fishes, (e) and () Miscellaneous aquatic animals, (g) and (h)
Crustaceans, (i) and (j) Molluscs, (k) and (1) Whales, seals and other aquatic mammals, (m) and (n) Miscellaneous aquatic animal products,
(0)and (p) Marine fishes
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