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Microhabitat preferences of Atyidae shrimps in the middle
to upper reaches of southern rivers in Tokushima
Prefecture, southern central Japan

Takayasu Yonezawa'?, Minoru Saito"?, Toshihiro Hatama®, Akira Araki®,

Naohiro Oka®, Tatsuo Hamano®

Abstract : We aimed to clarify the microhabitat preferences of Atyidae shrimps in the middle to upper reaches
of the Hiwasa R. , Kitagawatidani R. , and Mugi R. , Tokushima Prefecture, southern central Japan.
Relationships between the shrimp abundance and physical environmental variables were surveyed at six sites
in 2011 fall and 2012 spring by setting 5-m line transects delineated with ten consecutive 50-cm quadrats along
the riverbank. The dominant shrimp species collected from the riverbanks were Caridina multidentata, Paratya
compressa and Neocaridina denticulata. C. multidentata was shown to prefer loose boulder or cobble beds with
interstices. When interstices were scarce, the shrimps were found inhabiting among the vegetation. P. compressa
was shown to prefer vegetation and boulder or cobble bed in pools. N. denticulata tended to prefer vegetation in
darker, gently-flowing areas. Our results insist that the three shrimp species segregate microhabitat under
base-flow conditions, but flow reduction may cause microhabitat overlap between C. multidentata and P.
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compressa.
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Fig. 1. Map of the Kitagawatidani, Hiwasa and Mugi Rivers. Dots represent the locations of the sampling

stations.



X< T UHH O B R 45

TIEBODA05 mg/LULF O FEAEARILTH - 72" &
72, 2SO N & A (BT 55 1 o> F 78 oD 3 1\ T s 28
52 BRE G A3 Y, WA GO HigE A% < &
BLTWwWAIZEHbhroTndd Doz th»s, HAl
PEINAKFR & R INE BB D N BN QA7 <, i
DA BIREDVSHIRARD S DIZHEWIRE TR > TWwb &%
A, WAL & L7z,

A R, HRVEN 02,8, ALm NI (HFIMENTKR)
D28, FNO2HDF6E M E L7z (Figs. 1, 2). %8B,
HAMEN & AT NN D5 i, Saito et al'® ASHAMEIN
KRB WTHBRIEO A B TERE L7235, R O 5
W&, SV SHRSHO A B E TR L BNV SE
FAI) TS TR E S L) ICREL, b)) 1HET
RN R L7z fAR SO o a — < FREE OIS
FL, FREROWMITHE (JFETldrapid) % &L
WCHCTrE, W (EFECldpool) [ ZIXHSLTOpEHE Y N
T, ThEhzlatbeORL7: B BRIk ol %
ELH A Hr)o

SAEDEFHEA

AT BN D WTIE, ERIRREEE LTI UHE
BIELTOWLERRPITBI LN D o270, NEBRTEL
DR FE LTH ~9H OFRAIRET 720 TA1X20114E10
H &11H 1ZH-p, Kr, Kp, Mr, M-plZ TAT - 720 2012
4E5H 6 H 12 1320114E 0 F A S Hr 2 2 CTHRAE %
To720

600
500
400

300

200 |

Kitagawatidani

100 - River

Elevation (m)

200

100 | River
R e
0 1 1 1 1

0 5 10 15 20 25

Distance from the rivermouth (km)

Fig. 2. Longitudinal Profiles of the Hiwasa, Kitagawatidani
and Mugi Rivers; a: Hiwasa and Kitagawatidani
Rivers; b: Mugi River. Dots represent the sampling

staitions.
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Section: 1 2 3

St. H-r

June 13, 2012

HRIFRR

M7z 2=z O L R4 X & Fig. 3% bFig. 1312
RL720

HAMEIN O %€ s H-r, H-plZif a2 5 O FigE23%10.1 km
T, WIDEREIZAa-BORBAITEITH 5, HHEDOIRIET m2 5
12 mBEET, AR, RO R X Y A
KE WV, MEDORK3/ANBBEICE DN L. Hrld Fils 5
HIC 0 T L7z (Fig. 3)o ¥~ M XY T UDHRE

WT. 18.1°C

Environments Velocity (cm/ s) 58 15 78 154 306 487 42 89 579 35.1
Depth (cm) 18 22 15 14 5 8 4 18 13 13
Luminance (klix) 1.1 1.1 1 1 1 0.8 08 03 0.3 05
Vegetation cover (%) 0 0 0 0 0 0 0 0 0 0
Riverbed material Bw/oint. Bw/oint. Bwint. Bw/oint. Bw/oint. Bw/oint. Bw/oint. Bwint. Bw/oint. B w/oint.

P. compressa N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) - = = = - = = - = =~
TL range (mm) = - - = = & B - - =

C. multidentata N 0 1 5 0 0 0 0 11 0 0
TL mean (mm) = 29.3 358 - = % = 342 - =
TL range (mm) - - 29.0-49.9 - - - - 304-456 - -

N. denticulata N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) - - - - - - - - - -
TL range (mm) = = = = = = = = = =

Fig. 3. Details of environments and shrimp samples collected at H-r.
B w int.: Boulder bed with interstice, B w/0 int.: Boulder bed without interstice.

Section: 1 2 3

St. H-p

Oct. 18, 2011

WT. 18.°C

Environments Velocity (em/ s) 34 38 31 0.0 0.0 34 85 43 5.1 00
Depth (om) 6 7 34 11 25 17 22 16 9 13
Luminance (Kkix) 10.1 59.9 59.5 0.1 14.0 49.0 58.8 584 58.1 58.2
Vegetation cover (%) 0 0 10 80 80 30 0 10 0 20
Riverbed material Sand Sand Sand Sand Sand Sand Sand Sand Sand Sand

P. compressa N 0 2 9 36 16 13 0 1 0 0
TL mean (mm) = 315 30.2 31.8 322 31.6 = 313 - -
TL range (mm) 30.9-32.1 253-33.0 248-40.8 26.5-374 27.1-37.7 - - = =

C. multidentata N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) - - - - - - - - - -
TL range (mm) - - - = - - = - - -

N. denticulata N 0 0 0 0 0 0 0 0 0 0

TL mean (mm) =
TL range (mm) -

Fig. 4. Details of environments and shrimp samples collected at H-p.
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HMLTWh, MiIZEAE LD o7 XX TEDFEN
B0 TeWITIIKBERZ CONIE )Tk >TEY, 2%
1 Pleioblastus simonii X2 ¥ KiW)3E Pteridophyta spp. DR
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WT. 18.0 °C
Environments Velocity (cm/ s) 0 0 41 32 31 15 0 55 72 6.7
Depth (cm) 4 8 1 22 21 18 10 9 10 10
Luminance (kix) 13 14 08 0 0 13 0.7 06 08 09
Vegetation cover (%) 0 0 20 40 40 30 0 0 0 0
Riverbed material Sand B w/o int. Sand Leaf litter Sand B w/o int. Sand Sand Sand Sand
P. compressa N 0 0 3 Zz 3 1 0 0 1 1
TL mean (mm) = = 290 278 36.6 285 = = 291 254
TL range (mm) = = 275-305 276-279 299-43.1 = = = = -
C. multidentata N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) = = = = = - - = = =
TL range (mm) = = - = = = = = = -
N. denticulata N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) - - - - - - - - - -
TL range (mm) = = = = = = = = = =
Fig. 5. Details of environments and shrimp samples collected at H-p.
B w/0 int.: Boulder bed without interstice.
Section: 1 2 3 4 2 6 7 8 9 10

St. K-r

Oct. 18, 2011

WT. 17.4 °C

Environments  Velocity (cm/ s) 0.0 00 44 33 33 71 8.1 0.0 135 284
Depth (cm) 1 2 6 17 20 21 13 2 5 9
Luminance (kix) 0.0 00 0.0 0.0 0.0 0.9 22 45 16.8 419
Vegetation cover (%) 20 20 60 90 70 0 0 0 0 0
Riverbed material Gravel Gravel Gravel Sand Sand Pw/oint. Pw/oint. Pw/oint. Cw/oint. C w/oint.

P. compressa N 0 0 1 0 5 1 0 0 0 0
TL mean (mm) e - 347 - 303 249 - - - -
TL range (mm) - - - - 27.9-35.1 - - - - -

C. multidentata N 0 1 9 41 4 0 0 0 0 0
TL mean (mm) - 34 323 349 35.9 - - - - -
TL range (mm) = = 176-395 21.7-426 345-376 =~ == = - =

N. denticulata N 0 1 3 0 0 0 0 0 0 0
TL mean (mm) = 16.6 159 = = - = = - =
TL range (mm) = = 15.0-17.1 = = = = = = £

Fig. 6. Details of environments and shrimp samples collected at K-r.
C w/o int.: Cobble bed without interstice, P w/o int.: Pebble bed without interstice.
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&7z CZOMDOFEEDE D o 72T BT, WA ST
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DOEITHR L, YYVERPEAPEKT L, ALY, T

Tav2 3, 8L6H®I, 10) THLIREI NI,
AN O K, Kpoidh o ok, +h
ENA142km, W126kmT, FWEEONEIZS mA 57 miEE
O/NRBTNIT, WIEREIZAaBbBITH TH 5, Krid
R SRS TEE L7z 1I0HOR&ATIEX v,
Y FXRLY, 3FIXITEPRIETE 7 (Figs. 6, 7)o
6HDHATIZIIF IXTIVLEYI P XTI EPRET

10

Section: 1 2 3 4 5 6 7 8 9

St. K-r

June 15, 2012
WT.18.5°C
Environments Velocity (em/ s) 183 6 0 98 83 66 342 676 244 15.2
Depth (cm) 4 4 3 7 17 7 9 9 7 4
Luminance (kix) 02 05 03 05 12 6.5 9.7 13 123 13
Vegetation cover (%) 0 10 30 0 20 0 0 0 0 0
Riverbed material Pw/oint. Pw/oint. Bedrock Cw/oint. Cw/oint. Pw/oint. Cw/oint. Cw/oint. Cw/oint. Cw/oint.
P. compressa N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) = = = — = = = = = =
TL range (mm) = = = = = = = = = =
C. multidentata N 0 0 6 0 0 0 0 0 1 0
TL mean (mm) = = 243 = = = = = 252 -
TL range (mm) = = 215-30.6 - - - - - - =
N. denticulata N 1 1 6 2 1 0 0 0 0 0
TL mean (mm) 234 21.1 220 233 230 - - - - -
TL range (mm) - - 197-26.1 223-242 - - - - - -
Fig. 7. Details of environments and shrimp samples collected at K-r.
C w/o int.: Cobble bed without interstice, P w/o int.: Pebble bed without interstice.
10

Section: 1 2 3 4 5 6 7 8 9

St. K-p

Nov. 21, 2011
WT.12.3°C
Environments Velocity (cm/ s) 3.2 34 3.0 33 32 38 39 32 35 38
Depth (cm) 30 25 30 25 27 18 20 30 27 32
Luminance (klx) 0.0 00 0.0 0.0 00 0.2 04 03 04 04
Vegetation cover (%) 80 60 10 20 20 20 20 30 20 10
Riverbed material Sand Sand Sand Sand Sand Sand Sand Sand Sand Sand
P. compressa N 0 0 2 1 0 1 0 0 4 0
TL mean (mm) = = 36.7 326 = 31.2 = = 363 =
TL range (mm) = - 35.5-38.0 - - - - - 28.8-40.7 -
C. multidentata N 0 0 4 0 0 2 0 0 0 1
TL mean (mm) = - 425 - - 416 - - - 33.1
TL range (mm) = = 38.7-45.8 = - 38.0-45.2 = = = =
N. denticulata N 24 7 13 59 34 84 16 3 1 1
TL mean (mm) 20.0 211 192 18.1 202 203 221 209 190 234
TL range (mm) 14.3-248 17.0-234 159-236 12.3-26.7 133-265 10.9-30.5 16.0-30.3 20.0-21.9 - =

Fig. 8. Details of environments and shrimp samples collected at K-p.
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FXRIV, IFIXTIUERRESNT, FFIZIFIX
SRIVDOEENIEL, BEAEPRBETRES R
(Figs. 8,9)o 7 ¥ a Y1~TOT Y DEENE - 723551
AR DSA —N— 7L, KIEIZEEZEE LT,
ARG D E HM-r, M-pDiII7% 5 O BiEkid#7 km T,

L7 (Figs. 10, 11)o BV P XX T EPRE SN,

IERWIGHNIZ A7 Carex sp. 342 THBY, HED
7205 T 2% S JINEDORDS— KA E L L7280 = ¢
BOVTWZ, MpldXvIUE LY~k XvIUHRE
Eh7z (Figs. 12, 13)0 £ 27 ¥ a3 Y 1~5%F TIIKBRICEE

WHEOWRIZ3 mA 55 mALED /MBI TH 5o )]
TERE I Al T %0 Morid Bl & MBS 20 TR

T 5 Y FHR Y 2 X< Coix lacryma-jobi 737K (2 K& % £l
WL, ZOTFAHZCHNMRIVKRPIZEL LTk 7 ¥ g

Section: 1 2 3 4 5 6 T 8 9 10

St. K-p

June 15, 2012

WT. 18.3°C

Environments Velocity (cm/ s) 0 0 0 52 54 0 37 45 5.3 5.1
Depth (cm) 24 24 19 20 20 10 15 18 18 24
Luminance (kix) 0 0 0.2 05 0 0 06 27 5.7 6.6
Vegetation cover (%) 80 80 20 20 0 60 40 0 0 0
Riverbed material Leaf litter Leaf litter Leaf litter Leaf litter Leaf litter Leaf litter Leaf litter B w/o int. Leaf litter  Sand

P. compressa N 9 0 0 0 0 0 0 0 0 0
TL mean (mm) 312 = - - - = - a = e
TL range (mm) 29.9-39.9 - - - - - - - - -

C multidentata N 1 6 0 1 0 0 1 0 0 0
TL mean (mm) 40.1 412 - 446 - - 383 - - -
TL range (mm) - 349-47.2 - - - - - - - -

N. denticulata N 1 1 3 6 1 7 4 1 1 0
TL mean (mm) 327 229 270 256 239 254 239 202 200 -

TL range (mm) = = 226-314 198-328 = 20.5-30.7 15.4-30.9 =

Fig. 9. Details of environments and shrimp samples collected at K-p.
B w/o0 int.: Boulder bed without interstice.

Section: 1 2 3 4 5 6 7 8 9 10

St. M-r

Nov. 3, 2011
WT. 15.9°C
Environments Velocity (em/ s) 110.2 214 44 42 0.0 3.1 33 32 4.4 35
Depth (cm) 7 7 10 15 18 15 12 6 13 7
Luminance (kix) 03 0.2 02 0.3 0.2 0.0 0.0 07 08 09
Vegetation cover (%) 0 0 0 0 10 100 30 0 0 0
Riverbed material C w/o int. C w/oint. _ Gravel Gravel Gravel Cw/o int. _ Gravel P w/oint. B w/o int. C w/o int.
P. compressa N 0 0 0 0 0 1 0 0 0 0
TL mean (mm) = = = - - 389 - - - -
TL range (mm) = = = = = = = = = =
C. multidentats N 0 0 0 0 0 7 3 0 0 0
TL mean (mm) = = = = % 376 36.5 = = =
TL range (mm) 322-429 334-401
N. denticulata N 0 0

o
o
L - |
o
o
L - |
o
Lo

TL mean {(mm)
TL range (mm)

Fig. 10. Details of environments and shrimp samples collected at M-r.
B w/o int.: Boulder bed without interstice, C w/o int.. Cobble bed without interstice, P w/o int.: Pebble bed without interstice.
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Section: 1 2 3

St. M-r
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B, PEEPRER

TR SN0, 20114FFk & 20124F R D 438 O W HE
MBRBEER 2 MG e Lz (0=110), %3, HAELON
H2 5 o finE s, RAEABIIRN 2 ERERS NS
Mol (1=20145~ -0230, p>005). I+ I X<vIEiFlk
NN 72 CERE SN0, LTSI OER DA D
PR BRESTEIN 2 AT AR & L7z (n=40), FZ L1240

(o]
WT. 17.5°C -
Egﬁhﬁkswiillil-sagﬂ_.s: J 3
Environments Velocity (em/ s) 249 87.2 382 208 327 157 59 5 0 0.00
Depth (cm) 5 19 10 1 12 23 22 20 30 18
Luminance (klix) 6 97 5 58 39 35 3 06 05 03
Vegetation cover (%) 0 0 0 0 0 0 10 20 80 30
Riverbed material Cwint. Bw/oint. Cwint. Cwint. Gravel Sand  Bw/oint. Bw/oint. Cw/oint. Cw/oint.
P. compressa N 0 0 0 0 0 0 0 0 (1] 0
TL mean (mm) - = - = = = = - = -
TL range (mm) - - - - - = - - - -
C. multidentata N 0 0 0 1 0 0 1 1 16 7
TL mean (mm) = = - 37.2 = — 30.9 359 351 384
TL range (mm) - = = % = - - - 26.4-425 33.1-44.4
N denticulata N 0 0 0 0 0 0 0 0

TL mean (mm)
TL range (mm)

0

I re

Fig. 11. Details of environments and shrimp samples collected at M-r.
B w/o int.: Boulder bed without interstice, C w int.: Cobble bed with interstice, C w/o int.: Cobble bed without interstice.

Section: 1 2 3

Nov. 3, 2011

TL mean (mm)

WT. 16.0 °C

Environments  Velocity (em/ s) 00 00 00 00 00 00 0.0 0.0 0.0 0.0
Depth (cm) 20 27 24 25 39 39 27 9 6 21
Luminance (Ix) 00 00 00 00 03 04 00 00 0.1 0.0
Vegetation cover (%) 40 40 50 50 50 0 10 100 100 100
Riverbed material Sand Sand Sand Sand Sand Sand Sand Sand Sand P w/o int.

P. compressa N 0 2 4 5 3 0 0 0 0 0
TL mean (mm) = 41.2 40.2 403 400 - = - - -
TL range (mm) = 408-415 37.8-420 326-434 365418 5 % = = =

C. multidentata N 0 0 5 3 4 0 0 0 0 2
TL mean (mm) s 348 349 36.9 = - o - 28.1
TL range (mm) = 322-386 303-380 29.6-475 = = - = 27.4-288

N. denticulata N 0 0 0 0 0 0 0 0 0

LI (O -~ (|

TL range (mm)

Fig. 12. Details of environments and shrimp samples collected at M-p.

P w/o int.: Pebble bed without interstice.
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Section: 1 2 3 »5 6 ., 10

St. M-p

May 30, 2012
WT. 19.1°C
Environments Velocity (cm/ s) 0 0 0 0 0 0 0 0 0 0
Depth (cm) 15 20 30 29 24 39 13 17 1 25
Luminance (klx) 25 0.2 0.2 00 12 43 03 03 09 0.1
Vegetation cover (%) 20 50 40 80 0 0 60 20 40 40
Riverbed material Leaf litter Leaf litter  Sand Sand Sand Sand Sand Gravel Leaf litter  Gravel
P. compressa N 0 2 8 6 1 0 1 0 0 2
TL mean (mm) = 36.5 319 335 335 - 330 = = 371
TL range (mm) = 318-41.2 255-420 236-386 = - = = = 324-418
C. multidentata N 1 4 3 2 0 0 1 0 0 1
TL mean (mm) 444 375 318 266 - - 356 - - 456
TL range (mm) 2 295-42.8 29.0-352 235-29.7 - - - - - -
N. denticulata N 0 0 0 0 0 0 0 0 0 0
TL mean (mm) = ~ = = - = = = = =
TL range (mm) = = = = = = = = = =
Fig. 13. Details of environments and shrimp samples collected at M-p.
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Fig. 14. Relationship between physical environmental variables (velocity, luminance, depth, and percentage of
vegetation cover) and the density of Paratya compressa in all study stations.
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Fig. 15. Relationship between physical environmental variables (velocity, luminance, depth, and percentage of
vegetation cover) and the density of Caridina multidentata in all study stations.
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Fig. 16. Relationship between physical environmental variables (velocity, luminance, depth, and percentage of
vegetation cover) and the density of Neocaridina denticulata in Kitagawatidani R.
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