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Upstream Behavior of Glass Eels (Anguilla japonica) in an Experimental Eel-ladder by Sun-Do Hwang, Tae
Won Lee'*, Hak-Bin Hwang?, 1I-Su Choi? and Sun Jae Hwang?® (West Sea Fisheries Research Institute, National
Fisheries Research and Development Institute, Incheon 400-420, Korea; Department of Oceanography, Chungnam
National University, Daejeon 305-764, Korea; ?Department of Applied Mathematics, Chonnam National University, Yeosu
540-749, Korea; *Fisheries Resources Research Division, National Fisheries Research and Development Institute, Busan
619-902, Korea)

ABSTRACT Upstream behavior of glass eels was examined in an experimental eel-ladder at a la-
boratory of the National Fisheries Research and Development Institute from March to May in 2008. The
study was made under various environmental factors and conditions affecting the upstream migration
of glass eels in order to design a functional ladder that would allow the passage of glass eels. The
experimental eel-ladder consisted of an upper freshwater chamber and a lower sea water chamber;
glass eels in sea water can move up to the upper freshwater chamber through the slope (eel-ladder)
between them. The optimal condition of the eel-ladder was estimated by comparing the number of
glass eels that moved upstream depending on various conditions. Since the glass eels actively moved
up the slope to river water rather than to reservoir water or tap water, the experiment was realized
using river water. A significantly higher number of glass eels moved up during the spring tide than
during the neap tide, and during night than during the day. Upstream movement was significantly
higher during high tide than during low tide. Glass eels effectively moved up through a slope of less
than 30° and water-flow velocity lower than 0.4 m/sec. The fish preferred a coarser ladder bed cover-
ed with small gravels, brush or carpet.
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Fig. 1. Fish ladder used for the experiment: design drawing (left) and overview of glass eel-ladder (right).



Table 1. Summary of experiments under the various factors and conditions of eel-ladder affecting upstream migration of glass eels in order to
design the glass eel-pass. Each experiment was replicated by three times for 1 hour before high tide

Factors

Experimental conditions

Moon phase

spring tide
neap tide

day, night

flood tide

carpet bed

length 20cm velocity 0.4m/sec  among gradients

Tidal cycle

ebb tide
flood tide

spring tide

carpet bed

length 20cm

velocity 0.4m/sec  among gradients -

Day & night

day
night

neap tide,
spring tide

flood tide

carpet bed

length 20cm velocity 0.4m/sec  among gradients

Ladder gradient

10°
20°
30°
40°
50°

spring tide,

neap tide

day, night

flood tide

carpet bed length 20cm velocity 0.4 m/sec

Ladder length

10cm
20cm
30cm
40cm
50cm

spring tide

day, night

flood tide

carpet bed gradient 30° velocity 0.4 m/sec

Ladder bed

gravel
brush
sandpaper
carpet
PvC

spring tide

day

flood tide

length 20cm gradient 30° velocity 0.4 m/sec

Velocity of
water flow

0.3m/sec
0.4m/sec
0.5m/sec
0.6 m/sec
0.7 m/sec

neap tide

flood tide

carpet bed length 20cm gradient 30°

Character of
fresh water

river
tap
reservoir

neap tide

day

carpet bed

length 20cm gradient 30° velocity 0.4 m/sec

Table 2. Results of taming of glass eels according to change of salinity and water temperature

Experimental conditions

Initial condition (number of ind.)

Taming condition Survival ratein 18~ 24 hrs

Change of salinity
Change of salinity

Change of water temperature

20 psu, 14.0°C (n=100)
33psu, 14.5°C(n=50)
22psu, 22.0°C (n=200)

35psu, 13.6°C 54%
22psu, 14.5°C 100%
22psu, 16.7°C 63%
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Table 3. Results of response of glass eels according to change of
lighting and day-night periods
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Table 4. Result of ANOVA to compare the average number of glass
eels moved up through the slope according to the character of fresh
water (river water, tap water and reservoir water)

Character of water
River water Tap water Reservior water
N MEAN SID N MEAN SID N MEAN STD
3 8.33 351 3 000 000 3 2.67 115
Source DF SS MS F Pr>F

Character of water 2 108.67 5433 1193  0.0081
Error 6 27.33 4.56
Duncan grouping Mean N Character of water

A 8.333 3 River

B 2.667 3 Reservior

B

B 0.000 3 Tap

Means with the same letter are not significantly different.
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Table 5. Result of t-test to compare the average number of glass eels

moved up through the slope according to moon phase (spring and neap
tides)

Moon
Neap tide Spring tide

N MEAN STD N MEAN STD
30 3.33 2.85 30 6.33 4.03

Leven'sequa

variance test DE t Pr>|t|

F Pr>F
Variance equal 2 0.0674 58.0 -3.32 0.0015
Unequal 52.2 -3.32 0.0016

Table 6. Result of ANOVA to compare the average number of glass eels moved up through the slope according to tidal cycles (ebb and flood
tides) on each tidal time (upper) and threetidal levels(high, middie and low tide)

Tide
Tide1l Tide2 Tide3 Tide4 Tide5 Tide6
N MEAN SID N MEAN SID N MEAN SID N MEAN SID N MEAN SID N MEAN STD
5 940 811 5 640 7.02 5 520 415 5 520 408 5 554 439 5 1040 7.83
Source DF SS MS F Pr>F Tidal level
Tide 5 133.60 26.72 0.70 0.6300 High Middle Low
Error 24 91840 3827 N MEAN STD N MEAN STD N MEAN STD
Duncan grouping Mean N Tide 6 1500 473 6 883 542 6 7.67 2.94
A 10.400 Tide 6
A Source DF SS MS F Pr>F
A 9.400 5 Tidel Time 2 186.30 93.17 4.62 0.0272
A Error 15 302.17 20.14
A 6.400 5 Tide 2
A
A 5.400 5 Tide5 Duncan grouping Mean N Tidal level
A _ A 15 6 High
A 5.200 5 Tide3 B 8.833 6 Middle
A B
A 5.200 5 Tide4 B 7.667 6 Low

Means with the same letter are not significantly different.

Means with the same | etter are not significantly different.



o 50vke) % SEEelt 833k, A4 Bl 267
whel7 st ont, SERIAE 24 ghskom (Fig
2), o157t #21% Fel7} Agieh (< 0.05) (Table 4). Dun-
cane] Shgelm A ASAES SEE Wl TEHE
2 2o e Aoz vehdeh(Tabled). meby o F 4
PlNE Fot 5 B st

2) HHof| mE A JHH4 Bl

43 (2z7], d27))el wel sk Aadelsk Aol &
vl gt A3}, &x7]e w) 1A7F <t 30 vke] F - 3.33
ule]7} 2Aksldar, Q7)o 6.33 wielrl adslel o
(Fig. 3), i z=71ell F2l3tA aAFake] w@t
(Table5).

3) =AM F7|of WE A JiH S B

A AIH(AE, DE)el wel &AksE AAke] A
v walgleh ME A7)k WE A7) Folol] EAH oz &
9]t ol ¢lsith(Table 6). 2=} =39 o wel 1=9],
ZFz29, Ax92 s W 500k F axg] 9 15

30

201

Upstream rate (%)

10t

ol
Ebb Ebb Ebb Flood Flood Flood

Tida cycle

Fig. 4. Variation in upstream rate of glass eels according to the ladder
gradients(10°, 20°, 30°, 40° and 50° from the left to the right) dur-
ing the ebb and flood tides.
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Table 7. Result of t-test to compare the average number of glass eels
moved up through the slope according to day and night periods

Day-Night
Day Night
N MEAN STD N MEAN STD
30 353 233 30 6.13 4.49
Leven'sequa
variance test DF t Pr>1tl
F  P>F
Varianceequal  3.72  0.0007 58 -2.81 0.0067
Unequal 435 -2.81 0.0073
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Fig. 5. Variation in upstream rate of glass edls according to the ladder gradients(10°, 20°, 30°, 40° and 50° from the l&ft to the right) during the

day and night.
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gradient.
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Table 8. Result of ANOVA to compare the the average number of glass eels moved up through the slope according to ladder gradients (10°,
20°,30°, 40° and 50°)

Degree
10° 20° 30° 40° 50°
N MEAN STD N MEAN STD N MEAN STD N MEAN STD N MEAN STD
12 6.75 3.70 12 5.83 3.64 12 5.67 2.02 12 342 4.70 12 250 3.12
Source DF SS MS F Pr>F
Degree 4 153.83 38.46 3.06 0.0238
Error 55 690.50 12.55
Duncan grouping Mean N Degree
A 6.750 12 10
A
B A 5.833 12 20
B A
B A 5.667 12 30
B
B C 3417 12 40
C
C 2.500 12 50

Means with the same letter are not significantly different.
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Fig. 9. Variation in upstream rate of glass eels according to velocity
of water flow (0.3, 0.4, 0.5, 0.6 and 0.7 m/sec). Each vertical bar indi-
cates three replicated attempts.

Table 9. Result of ANOVA to compare the average number of glass eels moved up through the slope according to ladder length

Length
10cm 20cm 30cm 40cm 50cm
N MEAN STD MEAN STD N MEAN STD N MEAN STD N MEAN STD
6 40.50 3.15 6 26.50 9.33 6 20.83 7.53 6 15.33 6.02 6 12.50 351
Source DF SS MS F Pr>F
Length 4 2952.80 738.20 18.15 <.0001
Error 25 1016.67 40.67
Duncan grouping Mean N Length
A 40.500 6 10
B 26.500 6 20
B
C B 20.833 6 30
C 15.333 6 50
C
C 12.500 6 40

Means with the same letter are not significantly different.



Table 10. Result of ANOVA to compare the average number of glass eels moved up through the slope according to ladder bed (gravel, brush,

sandpaper, carpet and PV C)

Bed
Gravel Brush Sandpaper Carpet PvVC
N MEAN STD N MEAN STD N MEAN STD N MEAN STD N MEAN STD
3 12.33 321 3 12.67 10.02 3 0.33 0.58 3 7.67 6.66 3 0.00 0.00
Source DF SS MS F Pr>F
Bed 4 460.93 115.23 371 <0.0422
Error 10 310.67 31.07
Duncan grouping Mean N Bed
A 12.667 3 Brush
A
A 12.333 3 Gravel
A
B A 7.667 3 Carpet
B
B 0.333 3 Sand paper
B
B 0.000 3 PvC

Means with the same letter are not significantly different.

Table 11. Result of ANOVA to compare the average number of glass eels moved up through the slope according to velocity of water flow

Velocity

0.3m/sec 0.4m/sec 0.5m/sec 0.6 m/sec 0.7 m/sec
N MEAN STD N MEAN STD N MEAN STD N MEAN STD N MEAN STD
3 1.00 0.00 3 1.33 0.58 3 1.33 0.58 3 0.00 0.00 3 0.00 0.00
Source DF SS MS F Pr>F
Velocity 4 4.40 1.10 8.25 <.0033
Error 10 1.33 0.13
Duncan grouping Mean N Velocity

A 1.3333 04

A

A 1.0000 3 0.3

B 0.3333 3 0.5

B

B 0.0000 3 0.6

B

B 0.0000 3 0.7

Means with the same letter are not significantly different.
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