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A Model for Producing Eel Population with Higher Proportion of Females, based on Growth

and Sex Ratio of Japanese Eel, Anguilla japonica, rearing at Eel Farms

HATTORI Katsuya™® ', IWATA Yuuzou™' and SUZUKI Takashi* ?

Abstract : To increase the proportion of females in the Japanese eel (4dnguilla japonica) population, we
surveyed the gonads and specific growth rates of 667 eels shipped from 17 eel farms in Nishio, Aichi
Prefecture, Japan. The sex of 665 individuals was assessed, of which 616 individuals were identified as
males and 49 as females. The shipments of eels with an average specific growth rate greater than 2.5%
day™ were composed of all males, while those with an average specific growth rate ranging from 1.5 to
2.5% day” were composed of all males in certain shipments, and a combination of males and a few
females in the rest. In contrast, the shipments of eels with an average specific growth rate ranging from 1.1
to 1.5% day™' contained 11.8 to 29.4% females. Certain shipments initially contained underdeveloped eels,
which were transferred to a culture pond and re-reared for growth recovery; the proportion of females in all
such shipments was approximately 50%. On the other hand, in a survey of individuals weighing over 300 g,
females were heavier than males. Thus, a higher proportion of females in the eel population can be
efficiently achieved by breeding the underdeveloped eels up to a weight greater than 300 g, and selecting

eels with a higher body weight in the group.
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Fig. 1 Gonads of male and female Japanese eels

Arrows indicate the ovary of a female (a) and the testis of a

male (b) eel.
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Table 1. Basic data of the shipments contained well-grown eels reared from glass eels in green houses

Eel farm  Collection year Shipment No.

Sample number

Rearing period Average body weight

(inds.) (days) (2)
A 2013 A-1 25 437 291.6
2015 A-2 85 531 169.7
B 2013 B-1 19 501 275.2
C 2013 C-1 24 449 311.7
D 2013 D-1 19 511 285.3
2013 E-1 20 214 253.2
2013 E-2 19 262 251.4
2014 E-3 19 444 272.8
E 2014 E-4 22 503 229.4
2014 E-5 20 266 237.3
2014 E-6 30 293 264.5
2014 E-7 32 310 255.7
F 2014 F-1 24 205 262.8
2014 G-1 19 228 276.8
2014 H-1 20 272 248.9
i 2015 H-2 20 270 2523
2015 I-1 31 361 269.1
I 2015 I-2 36 388 449.8
2015 I-3 30 216 337.9
J 2015 J-1 20 244 263.1
K 2015 K-1 20 285 266.1
L 2015 L-1 41 617 282.6
M 2015 M-1 48 295 105.6
N 2015 N-1 24 308 265.9

Table 2. Basic data of the shipments initialy contained underdeveloped eels, which were transferred to a culture pond

and re-reared for growth recovery

Eel farm  Collection year ~ Shipment No. Farming method Samp.le number - Average body weight
(inds.) (2
0] 2013 0O-1 Green house 24 346.2
P 2013 P-1 Outdoor 85 552.1
2015 P-2 Outdoor 53 261.4
Q 2014 Q-1 Green house 20 443.3
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Fig. 2 Specific individual growth rate of males and females in each shipment (see Table 1). <« indicates the average specific
growth rate of female or male. [ ] indicates the average specific growth rate of male and female mixed together. N = the number

of individuals.



Table 3. Proportion of females and body weights of female and male in each shipment (see Table

Shipment No. Proportion of females Female body weight* Male body weight*
(%) (€3] (€3]
A-1 0 - 291.6 + 96.1
A-2 29.4 148.6 £ 90.3 178.5+98.4
B-1 11.8 311.5+£132.2 276.6 +73.3
C-1 0 - 311.7+89.3
D-1 21.1 373.8 £ 12.7 *** 261.7 + 49.6 ***
E-1 0 - 253.2+£29.9
E-2 0 - 251.4+37.5
E-3 5.3 371 267.4+62.3
E-4 18.2 265.3 £ 16.5 *** 229.4 +£25.1 ***
E-5 0 - 237.3+374
E-6 0 - 264.5 + 62.8
E-7 3.1 293 267.3+44.2
F-1 0 - 262.8 £ 61.8
G-1 0 - 276.8 £ 50.8
H-1 0 - 248.9 +35.9
H-2 0 - 252.3+£329
I-1 3.2 375 269.1+113.8
I-2 2.7 489.9 448.7+32.0
I-3 0 - 337.9+28.8
J-1 0 - 263.1+47.3
K-1 0 - 266.1 +57.6
L-1 17.1 294.8 +37.4 280.1 + 14.5
M-1 6.3 111.0£9.7 1053 +£13.2
N-1 0 - 265.9 £ 57.8

*: meanztstandard deviation

**%: Welch’s #-test, p<0.01
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Fig. 3 Relationships between the combined average specific growth rates of males and females (see Fig.

2) and the proportion of females in each shipment (see Table 3)



Table 4. Proportion of females, female and male body weights in each shipment (see Table 2)

Shipment No. Proportlor; of females Female body weight Male body weight
(%0) (2 (2
O-1 45.8 4242 £179.2 ** 280.2 & 69.2 **
P-1 52.8 268.2 + 60.5 253.7+56.8
P-2 51.8 595.8 + 143.5 *** 505.3 + 119.6 ***
Q-1 65.0 456.1 + 80.5 419.4 + 46.8

*. meanztstandard deviation
**: Welch’s t-test, p<0.05
***: Welch’s t-test, p<0.01

E= (SGR) ORMICITAOHES (£2=0.62) RHY, L
ToORERE G,

PF (%) = —31.13 X In(SGR X 100) + 168.72

(B AR 24T, p<0.01)
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Table 5. Production styles: Relationship between specific growth rate (SGR) and proportion of females (PF) estimated by a

formula from Fig. 3 on the basis of different rearing times

Production . Body weight
Rearing span
style 50g 100g 150g 200g 250g 300g
SGR (% day™) 2.30 2.59 2.76 2.88 2.97 3.05
Type 1 240 days
PF (%) 0 0 0 0 0 0
SGR (% day™) 2.04 2.30 2.45 2.56 2.64 2.71
Type 2 270 days
PF (%) 3.1 0 0 0 0 0
SGR (% day™) 1.53 1.73 1.84 1.92 1.98 2.03
Type 3 360 days
PF (%) 12.0 8.4 6.4 5.1 4.1 33
SGR (% day™) 1.02 1.15 1.23 1.28 1.32 1.35
Type 4 540 days
PF (%) 24.7 21.0 19.0 17.7 16.7 15.9
SGR (% day™) 0.88 0.99 1.05 1.1 1.13 1.16
Type 5 630 days
PF (%) 29.5 25.8 23.8 225 21.5 20.7
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