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Fig.4-1. Eel culture production in Taiwan.



Supply of glass eel is lower than demand
In Talwan
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Change of glass eel price in Taiwan



Outline of the presentation

1. Glass eel crisis for aguaculture in Taiwan
2. Basic biology of glass eel such as
2.1. Classification and identification
2.2. Species composition, why different between eastern and
western coasts of Taiwan?
2.3. Upstream migration timing and environmental cues
3. Stock assessment by exploitation rate, YPR and SPR
4. Climate change and recruitment of glass eel
5. Discussion and conclusion



BN
ffe

P A
PN DS JEik ]

New species( = HKfEEA. luzonensis, or &= A. hungi)



A. japonica

A. bicolor pacifica

Longfinned eel:4. japonica and A. marmorata; shortfinned eel:A4. bicorlor pacifica



The difference In pigmentation pattern of
glass eel among species



Pigmentation stage of glass eel

Glass eel is called¥ ¥ g
in Chinese and > 7 A (4
)7 -+ F in Japanese.

Elver is called f&4%in
Chinese and 7 o a(f2
) in Japanese -

The pigmentation stage is
not very clear between
glass eel and elver. In
general, before VIA2 is
glass eel, after VIA3 is
elver(Fukuda 2010 )
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Species compositions of glass eels from Hsiukulan creek (HKL) of eastern Taiwan, and Tanshui
River (TS) and Kao-Ping River (KP) of western Taiwan.



Seasonal and spatial distribution of the
glass eel of Japanese eel In Talwan
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Ontogenetic change and dispersal process of the
Japanese eel from spawning ground to the estuary
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Leptocephalus metamorphosis timing

and larval dispersal distance

Sampling site Date Size Total length Tm Trm

Taiwan TisSouth) 30-Dec-92 30 (16) 57.0+2.0 117.7+14.3 B39:2%6.8
T2 24-Mar-93 30 (14) 56.1+2.4 121.4+12.0 [H2I0E6N2
SiNorth) 30-Dec-92 30 (12) 56.8+2.3 125.9+14.7 BIEL6
S 17-Feb-93 30 (13) 55.9+22 [{15g¥8 BEIOE6IE

China M 1-Mar-93  30(20) 55.1+1.9 128.4%6.9 34.5%3.6
® 17-Feb-93 30(23) 55.6+1.9 137.9+11.3 38.615.7
Y 3-May-93 30 (23) 58.3%1.8 135.5+11.3 42.8%7.4

Japan | 10-Jan-94 30 (10) 57.4x2.3 ﬁ 45.019.2

d = v xAt

96 km d-t x 21d

= 2016 km



Age of Japanese
glass eel at
recruitment

Cheng and Tzeng
1996 MEPS 131: 87-96
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Biological rhythm
and zetegiber
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5 Human Activity

Silver Eel Fisheries

Yellow Eel Fisheries A

Glass Eel Fisheries

Lepto- Glass Yellow Silver

- cephalus eel E eel . eel

All stages of eels in freshwater are heavily exploited



The exploitation rate of glass eel in Taiwan, 54 to 75 %,
estimated from each of the recruitment wave in the fishing
season 1982-83(Tzeng 1984)

TABLE 1

The initial population size (N,), catchability (¢) and rate of exploitation (E)
estimated from the regression of CPUE on cumulative fishing effort
based on catch data of 7 immigrating shoals of elvers

Duration Estimated parameter

2 X ) F-value Rfilf?tof
Fishing Date 1y'S q exploitation

Dec. 17-25, 1982 200 I581Y —=0.977 - B A W 3,780.9 0.01077 66.5%
Jan. 2-5, 1983 ' 25 122 —0.885 B b, g .9 0.04906 69.9
Jan. 11-16 88 3516 -0.925 8k e .4 0.00705 44.1
Jan. 23-28 97 6607 —0.915 . 19 0 U.03517 53.9
Feb. 13-18 150 9118 —0.945 ¥ g .1 0.00636 5.3
Feb. 21-26 58 1890 —0.984 i .3 0.04378 a4
Mar. 13-17 : 24 691 —0.966 Y .4 0.06055 75.4

Y X:: cumulative fishing effort in man-night

2C:: cumulative catch in number of elvers

r: correlation coefficient

F-value: the probability of significance of regression line is given as
*. 5%, **: 19, ns: non-significance.

Depletion method: CPUE= g No - Sum Xt



Yield-Per-Recruit model analysis

Growth overfishing is closed

80

- Fgy Fmax
y L Growth overfishing
—— Female-YPR
- = -Male-YPR
T —— ——
",/ -..\.

T Current fishing mortality
—t ——

0.2

0.4 0.6
Fishing mortality (year™)




Spawner-per-recruit model:

Recruitment overfishing might have occurred
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Table 1. Results of regression analyses of log,  (eel catch) against climate indices.

Annual Spring Sumrmer Autumn Winter

Precipitation M5 5 HS /] = 03161 yr)
MEC = 031043 yr) NS = (.343(3 yr) =0.ZBH yr) NS

Mo 3.4 M5 N5 N M5 MN%

Nifiod M5 H% M5 S M5

Hifio 3 MS 5 H& M5 H&

Fifia,2 M5 H% W& M5 HE

501 M5 5 HS ] H5

QB =0Z7H3 yr) = 0331 yr) 03942 yr} = (L2ET(3 y1) 02861 yr) = 0320 yr)
HPGED M5 HE N M5 ={0.334(1 yr)
PO —L30E ) =0 3552 ) N& M5 — 04451 yr)
FaPl M5 5 NS M5 029101 yr
WPD CLERS 2 1) H% 047200 yri QA1 yrl [

Eddy kinetic enengy M5 5 HS ] H5

SUNS P 032800 wr) 0. 3060 e} DLI0HO ) M5 035710 )

Autacommelstion is scoounsd far using estimated generalized least squares. Data are nonmalized to unit mesn and vaiance befare analyses. When cormelations are
significant for multiphe Legs, all significant comelations are presented, The full table is provided in Suppaorting Information 51,

Cindy the regression coeffickent significant at p<0.05 is presented, N5 indicates that no significant comelation was found in all lags (0 te 5 years), Parenthesis encloses the
years that the climate index leads the eel catches. We investigated the lag up to 5 yesrs. For QBO, correlation beyond 3 yeard is omitved, considering its biennial nature.
doi 0.1 371 journalpone 0030805, 0001

Tzeng W-N, Tseng Y-H, Han Y-S, Hsu C-C, et al. (2012) Evaluation of Multi-Scale Climate Effects on Annual Recruitment
Levels of the Japanese Eel, Anguilla japonica, to Taiwan. PLoS ONE 7(2): e30805. doi:10.1371/journal.pone.0030805
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http://www.plosone.org/article/info:doi/10.1371/journal.pone.0030805




Figure 2. Index for latitudinal shift of NEC bifurcation.

Tzeng W-N, Tseng Y-H, Han Y-S, Hsu C-C, et al. (2012) Evaluation of Multi-Scale Climate Effects on Annual Recruitment
Levels of the Japanese Eel, Anguilla japonica, to Taiwan. PLoS ONE 7(2): e30805. doi:10.1371/journal.pone.0030805

PLoSone


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0030805

2) A weak coherence between Eel vs Summer NEC occurs at the time scale of 5 to
7 year, which have not been found in long-term correlation analysis in Table 1.

Fig. 4b
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Fig. 2 Time series change of sunspot and glass eel (elver) catch in

Taiwan, 1967-2008.
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Fig. 3 Wavelet power spectrum (left) and global power spectrum
(right) of log10(eel catch).



The cross wavelet coherence analyses between various climate change indexes and
glass eel catch are as follows:

1) A strong positive coherence between Eel vs sunspot occurs at the scale of 10 to 13
years (Fig. 4a)

Fig. 4a



3) The eel catch in relation to the climate
Indexes such as NINO3.4 ( El Nino near
equatorial) , NPI(North Pacific Index, a sea
level pressure in the region of 300-650N,
1600E-1450W, derived from SST), and
QBO(Quasi Biannual Oscillation, an east-
westward wind field) changed with a 1-3 year
high frequency correlation (Figs. 4c-e ).



4) On the contrary, the eel catch in relation to WPO ( Western Pacific
Oscillation, a low altitude (500mb) high pressure center in the eastern Japan)
changed with a 9-13 year low frequency correlation(Fig.4f).

Fig.4f



5) Meanwhile, the coherence between summer WPO vs annual sunspots
indicated sunspots may lead the change of WPO at the time scale of 9-13 years

(Fig.49).

Fig.4f

The wavelet coherence between various climate change indexes and log10(eel
catch) indicated that the catch of glass eel was affected by various climate indexes
at different time scale
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Why eel resource decline ?
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Discussion and conclusion

To solve the glass eel crisis for the in-sufficient A. japonica glass eel for
aquaculture, the development of the aquaculture techniques of exotic eel
species (such as A. marmorata, A. bicolor, A. mossanbica) is necessary

To reduce the catch of the glass eel of A. japonica because of over
exploitation.

To stop the yellow eel fishery in the river and to increase the escapement of
the silver eel for the recovery of glass eel of A. japonica

The long-term glass eel catch decline in Taiwan depends on population
level itself, similar to the other countries.

In addition, Taiwan is located in the edge of the distribution of Japanese eel
In the western Pacific, that lead to the climate change effect on the catch of
glass eel is more sensitive in Taiwan than other counties. The catch of glass
eel was highly correlated with various climate transportation might be
influenced by the climate changes that are originally governed by the solar
activity.
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Eel field study in NW Luzon Philippine on Jan 18, 2009 before Chinese Lunar New Year
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