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Fig. 1. The Shimanto River and sampling locations (@®).
Sampling was conducted in the summer of 2012 at 14 stations
in the upstream region: Tengunoike Stream (Stn 1), Edagatani
Stream (Stn 2), Watari Stream (Stn 3), Hiso Stream (Stn 4),
Nagano Stream #1 (Stn 5), Shima Stream #1 (Stn 6), Shima
Stream #2 (Stn 7), Nagano Stream #2 (Stn 8), Otato Stream (Stn
9), Yokokai Stream (Stn 10), Kura Stream (Stn 11), Karasude
Stream (Stn 12), Nishinotani Stream (Stn 13), and Seri Stream
(Stn 14).
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Fig. 2. Stream width (a), maximum depth (b), discharge (c),
water temperature (d), pH (e), and dissolved oxygen concentra-

tion (f) at the 14 stations of the Shimanto River.
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Fig. 3. Chemical oxygen demand (a), concentrations of ammo-
nium nitrogen (b), nitrite nitrogen (c), nitrate nitrogen (d),
phosphate phosphorus (e), and the ratio of nitrogen to phos-
phorus by atoms (f) at the 14 stations on the Shimanto River.
The broken, horizontal line indicates the ratio at N:P = 17.
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Fig. 4. Densities of attached algae (bars) and their light condi-
tions (closed circles) at the 14 stations of the Shimanto River.
Algal densities were expressed as photosynthetic pigments
(chlorophyll a and pheophytin a). The light condition was
defined as the relative light intensity at each sampling site to
the site exposed to direct sunlight.
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Fig. 5. Relationships of carapace width to dry weight of the
freshwater crab Geothelphusa dehaani. The regression line
was obtained from 149 individuals collected from the upstream
region of the Shimanto River.
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Table 1. Benthic invertebrates excluding the freshwater crab Geothelphusa dehaani collected at 14 stations in the upstream region of the

Shimanto River. Units are individuals per 0.48 m>. See Fig. 1 for the names and locations of the stations.

Species Station
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Amphipoda Gammarus nipponensis 1 1 1 23 34 4 2
Coleoptera
Epilichas 1 1
Psephenidae Ectopria sp. 1
Mataeopsephus japonicus 5 2 1 1 9 39 5
Diptera
Tipulidae Holorusia mikado 3 1 2 1
others 9 3 1 2 4 7 1 1
Ephemeroptera
Baetidae Baetis spp. 19 2 40
Centroptilum rotundum 10
other 1
Dipteromimidae Dipteromimus tipuliformis 3
Ephemerellidae Drunella basalis 5
Drunella ishiyamana 9
Drunella kohnoi 40
Drunella sacharinensis 1
others 6
Ephemeridae Ephemera japonica 15 1 17 5 1 2 1 60 11 5 6
Heptageniidae Cinygma lyriformis 2
Ecdyonurus spp. 9 18 14 1
Epeorus ikanonis 2 1 3
Epeorus latifolium 1 52 10
Epeorus nipponicus 1
Epeorus spp. 1 27 2
others 8 12 4 1
Oligoneuriidae Oligoneuriella rhenana 1
Siphlonuridae 1
Megaloptera
Corydalidae Parachauliodes continentalis 1
Protohermes grandis 1 6
Odonata
Calopteryxgidae Mhnais sp. 1
other 1
Epiophlebiidae 6 1 1 1
others 3
Plecoptera
Chloroperlidae 7
Nemouridae 1
Peltoperlidae Cryptoperla japonica 1
other 1
Perlidae Calineuria sp. 1
Gibosia spp. 2
Kamimuria tibialis 2
Kiotina spp. 5 2
Niponiella limbatella 1
Neoperla spp. 2 1
Oyamia spp. 6 5 2
Paragnetina tinctipennis 1 5
Togoperla spp. 1 9 17 1 2 12 6 1 1 9 9
Trichoptera
Hydropsychidae Hydropsyche spp. 5
others 4 1
Hydroptilidae 8 16
Lepidostomatidae Goerodes spp. 12
Philopotamidae 1
Polycentropodidae 1
Psychomyiidae 1
Rhyacophilidae Rhyacophila kawamurae 3
Rhyacophila sp. 1
others 3
Stenopsychidae Stenopsyche marmorata 5 29
Xiphocentronidae 1 3
other 1
Tricladida 6 4 3
Hirudinea 5 1 3 1
Oligochaeta 1 3
Sum 51 44 133 36 8 34 44 109 19 8 225 20 14 109
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Table 2. Ratios of dry to wet weight (D:W ratio) of benthic invertebrates in the upstream region of the

P51 BRI 30T BB & AR )

Shimanto River. n: sample number.

Species n D:W ratio (%)
Mean + SD Range
Amphipoda Gammarus nipponensis 75 125+7.1 48-41.7
Coleoptera 62 237+ 12.1 7.7-74.2
Epilichas 2 51.0+328 27.8-74.2
Psephenidae 60 228 +104 7.7-50.0
Ectopria sp. 1 20.0 20.0
Mataeopsephus japonicus 59 229+104 7.7-50.0
Decapoda Geothelphusa dehaani 149 248+6.8 8.5-443
Diptera 33 155+10.6 4.8-44.1
Tipulidae Holorusia mikado 7 76+10 6.6-94
others 26 176 £ 11.0 4.8-44.1
Ephemeroptera 364 288+174 1.3-96.2
Baetidae 55 273+199 8.1-96.2
Baetis spp. 49 260+19.7 8.1-96.2
Centroptilum rotundum 5 342+19.7 10.3-62.5
other 1 583 583
Ephemerellidae 57 17.1 104 59-50.0
Drunella spp. 53 162+92 59-42.6
others 4 28.7+194 10.3-50.0
Ephemeridae Ephemera japonica 105 224 +138 5.7-90.9
Heptageniidae 146 257+192 1.3-933
Cinygma lyriformis 2 151+£78 9.5-20.6
Ecdyonurus spp. 31 456299 12.1-93.3
Epeorus spp. 92 202 +10.7 13-732
others 21 219+6.7 11.1-425
Oligoneuriidae Oligoneuriella rhenana 1 90.0 90.0
Megaloptera 8 17.1+46 9.0-244
Corydalidae Parachauliodes continentalis 1 15.8 15.8
Protohermes grandis 7 173+49 9.0-244
Odonata 14 289143 13.1-54.6
Calopteryxgidae 2 16.6 +3.1 144-18.8
Mnais sp. 1 18.8 18.8
other 1 144 144
Epiophlebiidae 9 352+143 13.1-54.6
others 3 180+33 145214
Plecoptera 106 294 +137 94-733
Chloroperlidae 7 4441738 9.8-66.7
Peltoperlidae Cryptoperla japonica 1 273 273
Perlidae 98 284128 94-733
Calineuria sp. 1 13.8 13.8
Gibosia spp. 2 24425 22.6-26.2
Kiotina spp. 7 365189 214-73.3
Neoperla spp. 3 192+37 154-22.8
Niponiella limbatella 1 432 432
Oyamia spp. 13 273+11.2 14.6-57.9
Paragnetina tinctipennis 6 23.1+14 20.8-24.8
Togoperla spp. 65 28.7+130 9.4-66.7
Trichoptera 81 262+ 127 6.1-84.6
Hydropsychidae 9 304 +10.8 16.7-50.0
Hydropsyche spp. 5 23.5+6.1 16.7-31.8
others 4 39.0+92 29.7-50.0
Hydroptilidae 24 28482 6.1-50.0
Philopotamidae 1 27.5 27.5
Polycentropodidae 1 84.6 84.6
Rhyacophilidae 8 375+78 28.7-52.9
Rhyacophila spp. 6 359+52 28.7-41.6
others 2 422+152 31.4-529
Stenopsychidae Stenopsyche marmorata 34 200+ 106 11.3-583
Xiphocentronidae 4 19.6+5.1 13.1-25.1
Tricladida 10 358+£20.2 13.2-73.3
Hirudinea 10 21.0+8.8 7.5-35.1
Oligochaeta 4 308+3.5 26.3-34.5
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Fig. 6. Biomass of the benthic invertebrate communities
(excluding freshwater crabs) expressed as dry weight per
square meter at the 14 stations of the Shimanto River.
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Fig. 7. The number of individuals (a) and dry weight (b) of the
freshwater crab Geothelphusa dehaani per square meter, and
Shannon—Wiener's index of diversity for the benthic communi-
ties excluding G. dehaani (c) at the 14 stations of the Shimanto
River.
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Fig. 8. Relationships of dry weight of freshwater crabs to
elevation (a), and Shannon—Wiener's index of diversity for ben-
thos (b) in the upstream region of the Shimanto River. The dry
weight was negatively correlated with elevation.
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Abstract

Surveys were conducted for water chemistry
and benthic algae and invertebrates at 14 stations of
12 upstream tributaries of the Shimanto River, Kochi
Prefecture, in western Japan. The ranges of elevation
and discharge at these stations were 435-1128 m above
sea level and 4.1-83 L/s, respectively. The density of
attached algae ranged from 1.4 to 36.4 mg/m? of pho-
tosynthetic pigments (chlorophyll @ and pheophytin
a). The biomass of benthic invertebrates excluding the
crab Geothelphusa dehaani ranged from 0.2 to 4.7 g dry
weight/m?. The biomass of G. dehaani tended to decrease
with elevation, but it did not correlate with the biomass
or diversity of benthic invertebrates. The dominant
aquatic insects in this study were different from those
surveyed in the 1970s and 1980s. This difference could
be attributed to the difference in the sampling locations
and stream scales between the present study and past
surveys, because the stations in this study were located in
upper reaches and therefore had smaller discharges than
those in the past surveys.

Key word:
Aquatic insects, attached algae, freshwater crabs,
Shimanto River, water quality
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