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Successful reproduction in freshwater mussels within a conservation pond by the endangered

bitterling Rhodeus atremius suigensis maintained for 30 years via artificial insemination
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Abstract

At Eishin High School, Fukuyama City, Hiroshima Prefecture, an ex-situ conservation program has been
conducted for a population of the endangered bittering fish Rhodeus atremius suigensis from the Ashida River
system. This population has been maintained in aquaria through successive generations by artificial
insemination for approximately 30 years. In July 2021, 31 juveniles obtained from these generations were
introduced into a conservation pond, where they were reared without supplemental feeding and natural
reproduction was encouraged using artificial spawning beds with mussels. In May and June 2022, seven and
26 juveniles of R. a. suigensis were confirmed, respectively, after emerging from the mussels collected from
the pond and subsequently reared in an aquarium. A survey in the pond in October 2022 confirmed 17
individuals born in 2022. These results indicate that the individuals released in 2021 had spawned in the
mussels. This paper presents a case in which an endangered bittering fish species, maintained in aquaria for
about 30 years through successive breeding by artificial insemination, successfully reproduced by spawning
in mussels under semi-natural conditions.

Key words: artificial insemination; endangered bitterling fish; lineage conservation
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Fig. 1. Photograph of the conservation pond. Photo by S. Kanzaki on 5 July 2022.
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Fig. 2. Cross-sectional diagram (top) and schematic diagrams (A and B) of the environmental conditions in the
conservation pond. A: prior to the change on 14 December 2021, B: after the change on 14 December 2021
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Table 1. Introduction period of mussels into the conservation pond, observation period in the aquarium, number of
individuals by species, and number of Rhodeus atremius suigensis juveniles observed emerging from mussels.

Total number of
R. a. suigensis juveniles

Mussel introduction periods Observation period for juvenile
in the conservation pond  emergence from mussels in the aquarium

1 June 2021 — 21 April 202: 21 April — 13 May 2022

Mussel species
(number of individuals)

Nodularia douglasiae (1) 0
Pronodularia cf. japanensis 1 (6)

Lanceolaria oxyrhyncha (1)

21 April - 13 May 2022 13 May — 10 June 2022 Nodularia douglasiae (1) 7
Pronodularia cf. japanensis 1 (15)

13 May — 10 June 2022 10 June — 1 July 2022 Nodularia douglasiae (8) 26
Pronodularia cf. japanensis 1 (25)

Lanceolaria oxyrhyncha (1)
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Table. 2. Numbers of male, female, and young-of-the-year individuals of Rhodeus atremius suigensis observed in

the conservation pond on each survey date.

No. of R. a. suigensis

e Male Female You{:lg-‘ofj-the-year Total
individual
6 July 2021 0 0 31 31
14 December 2021 14 14 0 28
26 October 2022 12 5 50 67
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Fig. 3. Mussel-inspection behavior of male and female Rhodeus atremius suigensis observed in the conservation
pond. Photo by S. Furumoto on 28 May 2022.
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Fig. 4. Juveniles of Rhodeus atremius suigensis after
emerging from mussels that had been collected from
the conservation pond and reared in an aquarium.
Black bar indicates 5 mm. Photo by S. Furumoto on
17 May 2022.
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