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Low-cost and practical rearing method for the freshwater unionid mussel
Beringiana fukuharai
I. Evaluation of the soil and organic materials
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Abstract

Freshwater unionid mussels (Unionoida) are threatened globally. However, stable and low-cost rearing
techniques remain to be established. We developed a practical outdoor rearing system for Beringiana
fukuharai by evaluating its survival, growth, and juvenile production under different soil and organic material
conditions. In the first experiment, mussels were reared in plots containing mountain soil, pond mud, and
chicken manure, each supplemented with one of the following three organic materials: reed leaves, leaf litter,
or rice husks. All mussels survived and grew during the experimental period (approximately eight months),
yielding the most juveniles in the reed leaf plot. In the second experiment, we compared plots containing four
different soil components, each supplemented with reed leaves. The mussels survived and grew in all plots;
especially, their growth was found to be greatest in the plots with mountain soil or pond mud than in those
with sandy granite soil. Organic materials or their decomposition products contained in the mountain soil or
pond mud likely contribute to a more stable rearing environment for the mussels by providing nutrient
enrichment and favorable conditions.
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Fig. 1. (A) Overview of the outdoor rearing tanks. (B) Rearing basket with gravel substrate. Mussel
individuals are indicated by circles.
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Fig. 2. Appearance of soil and organic materials.
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Table 1. Physicochemical properties of different soil materials and plots.

Category Sl type ox Plof Humus EC NH,;-N NO;-N P,Os K,O CaO MgO
(%) (ms/cm) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
Soil material Granite sandy soil  0.04 6.4 0.10 1.6 0.0 5 4.6 121.0 11.5
Mountain soil 258 53 0.07 2.4 0.0 6 233 243.0 41.9
Pond mud 282 39 082 3.6 0.0 3 14.0 279.0 42.1
Plot MS - PM 1.54 55 0.13 2.6 0.1 4 23.0 194.0 15.9
GS - PM 1.40 6.6 022 4.1 0.1 5 319 253.0 212
MS 1.45 63 0.12 3.6 0.1 6 26.0 232.0 15.9
GS 036 7.2 0.08 1.9 0.1 3 13.4 124.0 15.1
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Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Standard Reed leaf Leaf litter Rice husk

Fig. 3. Temporal changes in mean shell length (A) and mean shell growth during the experimental period (B) in each
plot of Experiment 1. Bars indicate standard deviation (A); box plots show medians and interquartile ranges (B).
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Fig. 4. Violin plots showing the number of juvenile
mussels and their shell length distribution in each
plot of Experiment 1. Central lines indicate
medians, and boxes indicate interquartile ranges.
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Fig. 5. Temporal changes in mean shell length (A) and mean shell growth during the experimental period (B) in each
plot of Experiment 2. Bars indicate standard deviation (A); box plots show medians and interquartile ranges (B).
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Table 2. Water quality measurements of each plot in Experiment 2. Values are raw measurements of water temperature
(WT) (°C), pH, and dissolved oxygen (DO) (mg/L).

Plot May4 May23 June 11 July 13 July24 Aug. 12 Aug.25 Sep.7 Sep.24 Oct.9 Oct.22 Nov. 10 Nov.26 Dec. 16 Dec. 22
MS -PM WT 17.5 239 27.8 29.4 33.1 30.0 30.7 271 26.6 258 15.0 15:1 12.0 9.0 7.9
pH 8.64 8.74 8.64 931 9.07 9.20 8.87 9.30 9.42 9.72 9.54 9.03 8.93 9.21 8.59
DO 7.5 7.7 59 9.4 7:1 8.2 7.4 7.6 7.7 8.8 7.8 8.6 9.6 10.0 9.6
GS-PM WT 170 24.7 279 29.5 327 30.1 307 271 26.5 26.0 14.6 15:1 11.9 8.6 7.5
pH 8.62 8.30 8.65 9.64 1008 9.8 922 965 976  9.78 9.00 8.81 8.92 9.08 8.39
DO 7.0 6.6 7.3 11.4 11.7 9.6 8.5 9.2 9.1 10.3 7.9 8.0 9.3 10.1 9.9
MS WT 17.3 24.5 279 29.5 329 30.1 30.7 27.1 26.8 26.1 14.7 15.1 11.8 8.5 7.6
pH 8.72 8.17 8.42 9.12 9.14 9.44 9.08 9.67 9.72 9.88 9.32 8.84 9.22 9.32 8.31
DO 7.9 5.4 6.7 9.3 11.6 8.5 9.3 9.1 9.3 10.6 8.1 8.1 9.8 10.5 9.8
GS WT 16.6 23.9 27.8 293 33.1 30.2 30.5 27.1 26.6 26.1 14.7 15.1 11.9 8.8 7.5
pH 9.39 8.58 9.28 9.24 9.52 9.99 9.62 9.00 9.47 9.33 8.96 8.92 8.83 8.82 8.31
DO 9.2 9.3 8.8 8.3 9.6 11.0 11.0 6.1 8.3 7.9 79 8.2 9.2 9.2 9.8
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