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Fig.1 Right sagittal otolith of C. nasus
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Tab.l Basic information of the three C. nasus individuals collected in Fujian waters

BEA G 5 KA [A] FHEK I KRR €N (SN (LSEEY Gt
Sample code Sampling date Sampling area  Sampling site  Total length/cm Standard length/cm Body weight/g Age/yr
18FJFZCNO1 2018.02 ML S1(119°49'59"E, 33.0 30.4 104.55 2
Fuzhou sea area  25°51'00"N)
2 it v o I "

19FINDCNO1 2019.04 . TR 82(159 ,54 ,(,)4 E, 18.2 16.5 16.09 1
Ningde sea area  26°29'10"N)
H—"ﬁj\‘ i o, U "

19FINDCNO02 2019.04 . TR 53 (1019 ,49,,45 E, 17.9 16.2 15.80 1"
Ningde sea area  26°29'55"N)
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Fig.2 Fluctuation of Sr : Ca concentration ratios along line

transects across the otoliths from the core to the edge of the
three C. nasus individuals from Fujian waters

JREOSELFRIR Sr/Ca fHIEE, BEOSLLFIR B,
OREAIIRERst: 1H#; 2nd: 21%), ROBELFR
AR 5H(S: K B: 2BEUK: Fi iRK).

The gray solid line represents the fluctuation value of the
Sr @ Ca ratio, the black solid line represents the trend
transition, the black vertical dashed line represents the annual
rings (1st: 1-year-old; 2nd: 2-years-old), and the black
horizontal dashed line represents the boundaries of different
habitats (S: Seawater; B: Brackish water; F: Freshwater).
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Tab.2 Fluctuation of Sr and Ca microchemistry in otoliths, ecological types and habitat patterns of
the three individuals of C. nasus in Fujian waters
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Fig.3 X-ray intensity maps of Sr content in the otoliths of
the three C. nasus individuals in Fujian waters
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(1. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China; 2. Laboratory of Fishery Microchemistry,

Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi

Abstract

214081, China)

The Japanese grenadier anchovy Coilia nasus Temminck & Schlegel, 1846 belongs to

the family Engraulidae of the order Clupeiformes. This species is widely distributed in China, Japan,
and Korea and in Northwest Pacific Ocean. In China, C. nasus is found in the Bohai Sea, the Yellow

Sea, the East China Sea, and the middle and lower reaches and the estuaries of some main rivers, such
as the Liao River, the Yellow River, and the Yangtze River. The life history of C. nasusis diverse and

it is found to have three main ecological types (i.e., anadromous migratory, freshwater resident, and

freshwater landlocked), indicating its strong adaptability to different habitats. Because of its

commercial importance in China, C. nasus has been heavily exploited for years. Due to the

significant decline of the wild stocks and the degeneration of freshwater spawning grounds in its
distribution region, C. nasus was listed in the IUCN Red List of Threatened Species as “Endangered”

category in 2018.

Currently, the exact distribution boundary of C. nasus to the southern limit of China is unclear.

Based on the fishery surveys in the southern Zhejiang Province for the past 15 years, the adjacent

waters of Ou River estuary in Wenzhou are the known southernmost distribution area for C. nasus.

The distribution of C. nasus in Fujian waters, both freshwater and seawater was documented from

1960—2008; however, the sampled individuals were very rare. It is impossible to understand the
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habitat history and life history pattern of C. nasus using traditional fishery survey methods. In this
study, three C. nasus individuals were collected by trawl net, set net, and gill net in Fuzhou and
Ningde waters in 2017—2019 during various fishery surveys along the coastline of Fujian. To
reconstruct the life history of C. nasus in Fujian waters, the X-ray electron probe micro-analysis
(EPMA) approach was used to analyze otolith (sagitta) microchemistry patterns of the fish for the
first time. Otolith microchemistry is an effective tool for revealing the anadromous pattern and the
spatial and temporal distribution of fishes. The otolith Sr/Ca ratios are powerful indicators for
identifying freshwater, brackish water, and seawater habitats throughout the life history of fish.

The results of this study showed that the Sr/Ca ratios of the otolith core areas of all three
C. nasus individuals were less than 3, and the core areas exhibited a blue pattern in the X-ray
intensity maps of Sr content. Both results indicated that the three individuals originated from
freshwater and hatched in freshwater habitat. Among the three individuals, the individual collected in
Fuzhou waters was more dependent on freshwater at its early life stage and did not enter brackish
water until it was almost 1-year-old. Combined with the sampling site and the adjacent water of Min
River, it is deduced that it might have originated from the pure freshwater habitat of Min River. Two
individuals collected in Ningde waters were less dependent on freshwater habitat at their early life
stage. Combined with the sampling sites, i.e., the outer water of Sansha Bay, it is deduced that the
two individuals from Ningde might have originated from the pure freshwater habitat of Jiao Brook in
Ningde, Ou River in Wenzhou, or Min River in Fuzhou. According to the fluctuations of the Sr/Ca
ratio from the core to the edge of the otoliths and X-ray intensity maps of Sr content through the
otolith core, all three C. nasus individuals were confirmed to be typically anadromous ecological
types. The habitat history of the only one C. nasus individual in Fuzhou was a freshwater-brackish
type; its hatching and early life stage were also associated with freshwater habitat, and then it entered
the brackish water habitat and traveled back and forth between brackish water and freshwater habitats
to grow out until it was captured. The habitat history of the other two C. nasus individuals in Ningde
was freshwater-brackish-seawater type; their hatching and early life stage were associated with
freshwater habitat, and then they entered high salinity habitat and traveled back and forth between
brackish water and seawater habitats for growth until captured. Moreover, we found that the higher
salinity in the capture waters of the three C. nasus individuals did not correspond to the Sr/Ca ratio at
the edge of the otoliths, indicating a certain time delay in otolith responding to the salinity of their
most present living habitats.

This study not only revealed the diversity of C. nasus life history patterns and habitat histories but
also confirmed the current distribution of anadromous C. nasus in Fujian waters. Since February 2019, the
Yangtze River, the most important habitat for C. nasus and many endangered fishes and mammals has
initiated a new management measure, i.e., a 10-year fishing ban plan. However, there is still a lack of
sufficient understanding of the distribution, the locations of spawning grounds and the population size of
C. nasus in Fujian waters. Further studies on the key habitats of C. nasus such as spawning ground and
ecological type are needed to formulate effective management measures for its natural resource
conservation in Fujian waters.
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