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Effects of Photoperiod and Temperature on the Ovary
of the Bitterling, Rhodeus ocellatus ocellatus

Kenichiro NisEr* and Kazunori TakaNo*®

Abstract

The effects of photoperiod and temperature on the ovaries of the bitterling,
Rhodeus ocellatus ocellatus, were examined during the breeding and the out-of-
breeding season. :

In mid-October during the out-of-breeding season, fish having regressed ovaries
were kept under the following artificial conditions: 141~10D, 21°C; 8L-16D, 21°C;
41-20D, 21°C; 120L-12D, 11°C. In the fish exposed to a long photoperiod (141~
10D) and a warm temperature, ovarian recrudescence with a significant increase
in GSI value and active vitellogenesis was observed after 56 days. In the other
three groups kept under the different conditions for 56 days, no significant
increase in GSI value was recognized though a small number of vitellogenic
oocytes were present in a few individuals in each group. However, in the fish
subjected to a short photoperiod (4L-20D) and a warm temperature for a
prolonged period of 93 days, ovarian maturation was markedly enhanced with a
significant increase in GSI. In other experiments in which fish were subjected
to 15°, 20° and 25°C under a long photoperiod (141~10D) for 50 days respectively,
the acceleration of ovarian recrudescence was more effective in higher than in
lower temperature. :

In June during the breeding season, fish subjected to short photoperiods (8L—
16D, 41.-20D) at a warm temperature (20°C) kept a high level of GSI value and
showed no sign of degeneration of ovarian oocytes after about 40 days of
treatment.

It is suggested that the effective recrudescence of ovaries requires a long
photoperiod and a warm temperature, but that a definite photoperiod is not
essential for ovarian maturation.

Under artificial conditions, the ovipositor length reflected the state of ovarian
maturation; the ovipositor gradually lengthened with the progress of maturation,
and fluctuated cyclically as seen in the female in the natural spawning season.
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50
DAYS

Changes in gonosomatic indices (GSI)
of female bitterling exposed to different
water temperatures at a long photo-
period (14L-10D) during the out-of-
breeding season.
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Table 1. Changes in gonosomatic indices (GSI) and ovipositor indices (OI) of female
bitterling subjected to different artificial conditions during the out-of-breeding season.

Duration of
Group experiment Number of GSI* OI**
(days) females
Initial control —_ 5 2.53-£0. 35 0.158(0. 050-0, 251)
14LH (14L-10D, 21°C) 56 5 5.21£0.81**4 0.656(0.251-0.995)
8LH (8L-16D, 21°C) 56 7 2.31+0.26 0.177(0. 095-0. 405)
4LH-1 (4L-20D, 21°C) 56 7 2.40+0.92 0. 148(0. 092-0. 231)
4LH-2 (4L-20D) 21°C) 93 5 4.190.89%*  0.334(0.205-0. 742)
12LL (12L-12D, 11°C) 56 5 2.890.92 0.112(0.100-0. 134)

* MeantSE ** Mean (Range), OI; Ovipositor length (mm)/Body length (mm)
*** Significant difference (P<<0.02) compared to the initial control.

Table 2. Changes of stage composition in oocytes of the bitterling subjected to different
artificial conditions during the out-of-breeding season.

Duration Percentage of oocytes at each stage*
of ; .
Group experiment| Peri-nucleolus st?ilc]ie Is’::g::—yfggg& Atretic
(days) stage stage egg stage oocytes
Initial control — 55,414, 7 44.4£4.8 0.2+0.3 | 0
14LH (14L-10D, 21°C) 56 49.69.5 39.3+£7.3 | 10.9%5.0 [ 0.2::0.4
8LH (8L-16D, 21°C) 56 67.746.8 31.06.5 1.0£1.3 0.340.4
4LH-1 (4L-20D, 21°C) 56 63.2+7.5 35.6:6.6 1.0£2.0 | 0.2+0.3
4LH-2 (41.-20D, 21°C) 93 61.1+5.2 31.945.1 7.0+5.4 | 0
12LL (12L-12D, 11°C) 56 56.0+9.8 43.5£9.6 0.5+0.7 | 0

* Mean+SD
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All figures are sections through the ovaries of the bitterling exposed to various experimental
conditions (Fig. 2-9, x25).
Fig. 2. Ovary of a fish obtained in mid-October (initial control).

Fig. 3. Ripe eggs found in the ovary of a fish exposed to a long photoperiod (14L~10D) and
a warm temperature (21°C) for 56 days from mid-October.

Fig. 4. Ovary of a fish exposed to a short photoperiod (8L-16D) and a warm temperature
(21°C) for 56 days from mid-October, showing some yolk-laden oocytes.
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artificial conditions during the out-of-
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12 14T, 83 BB RO HfEhED s h, radius of the extended anal fin.

Fig. 5. Ovary of a fish exposed under the same condition as mentioned in Fig. 4, showing
no yolk-laden oocytes.

Fig. 6. Ovary of a fish exposed to a short photoperiod (4L-20D) and a warm temperature
(21°C) for 56 days from mid-October, showing some yolk-laden oocytes.

Fig. 7. Ovary of a fish exposed under the same condition as mentioned in Fig. 6, showing
no yolk-laden oocytes.

Fig. 8. Ovary of a fish exposed to a long photoperiod (12L-12D) and a low temperature
(11°C) for 56 days from mid-October, showing some yolk-laden ococytes.

Fig. 9. Ovary of a fish exposed to a short photoperiod (4L-20D) and a warm temperature
(21°C) for 93 days from mid-October, showing some yolk-laden oocytes.
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L OEBITH O TAEED UFRIFHE 2 Ji-~, #4180 12, B ORADIETIZ, 51 %8
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All figures are sactions through the ovaries of the bitterling exposed to various experimental

conditions (Fig. 11-13, x25).

Fig. 11. Ovary of a fish obtained in early June (initial control).

Fig. 12. Ovary of a fish exposed to a short photoperiod (8L-16D) and a warm temperature
(20°C) for 40 days from early June. 3

Fig. 13. Ovary of a fish exposzad to a short photopsriod (4L.-20D) and a warm temperature
(20°C) for 42 days from early June.
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Table 3. Changes in gonosomatic indices (GSI) of female bitterling subjected
to short photoperiods at 20°C during the breeding season.

Duration of
Group experiment N;lm bfr of GSI*
(days) emales
Initial control —_ 4 6.49--0.82
8LH (8L-16D, 20°C) 40 4 5. 0440, 86
4LH (41L-20D, 20°C) 42 4 7.86-£1.08
* Mean+SE

Table 4. Changes of stage composition in oocytes of the bitterling subjected to short
photoperiods at 20°C during the breeding season.

Duration Percentage of oocytes at each stage*
of .
Group experiment| Peri-nucleolus Y.OHT Primary y.olk Atretic
(days) stage veiscle | stage~Ripe oocytes
stage egg stage
Initial control - 42.7+4.4 39.9+6.56 | 17.4+2.8 | 0
"8LH (8L-16D, 20°C) 40 58.69.5 24,6+6.8 | 16,6+7.7 | 0.3+0.3
C4LH (4L-20D, 20°C) 42 56.2+10.4 | 30.045.0| 13.7456.8 | 0.1+0.2
* Mean=+SD
80F
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Fig 14. Daily changes in the ovipositor length of the bitterling subjected to a short photo-
period (8L-16D) and & warm temperature (20°C) during the breeding season.
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length of the bitterling subjected to 5hizDItRtl, 4LH BTk T hbis: B

a short photoperiod (4L-20D) and a }
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