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Synopsis

Gosk Kyuemon (Nara Pref. Junr. Teach. Coll, Nara). 1977. Ecological studies on the benthonic
animals in Yoshino River, Nara Prefecture. [ .

Studies on the production rate of bentonic animals of the Yoshino River. Freshw. Biol. Japan, 20:-1.

The production rate of each species population of benthonic insects at two stations, Mizugase and
Ano, of the Yoshino River in Nara Pref. was estimated with the instantaneous growth method. The
examination of the growth rate of individuals in population was carried on by using four methods,
that is, the maximum weight, the mean weight, the mode weight and the minimum weight methods.
The production rates were estimated and the methods used were compared with each other. It was
found that the mode weight method was the best. The production rate of the whole benthonic insect
community was 624.44g/nf yr. as wet weight in a rapid at Mizugase station. In the study of P/B
value, it became clear that the annual P/B was more important than the generation P/B as the
index of production rate. The annual P/B value of Plecoptera obtained with the population having
one generation a year was 4.5-9.5, and that of Ephemeroptera was 5.6-6.2. The annual P/B value
of Ephemeroptera obtained with the population showing two generations a year was 6.1-9.0, and

that of Trichoptera was 8.2-8.9.
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Table 1.

Comparison of numbers and standing biomasses of

benthonic animals ever surveyed at a riffle.

Net-spinner’s Stenopsychidae

Location remark No./uf Wtg/of Authority
coefficient  coefficient
West Creek, Quebec. (Canada) 3,110 11.07 Mackay, 1968
Firehole River, Wyoming. (Canada) 1,215 9.9 Armitage, 1958
West Creek, Montreal. (Canada) 1,460 5.80 Ide, 1940
Doe Run, Kentucky. (USA) 2,840 11.28 Minckly, 1963
Black River, Missouri. (USA) 1,003 3.13 9.9 O’connell & Campbell, 1953
Endrik River Scotland. (England) 27,000 16. Maitland, 1966
Polenz River. (Germany) 24,120 10.58 70.3 Albrecht, 1961
Black Volta River. (Ghana) 6,727 14.12 36.4 Petr, 1970

” () 4,932 19.17 32.3 ” ”

” () 10,880 42.95 71.4 ” ”
Gombak River. (Malaya) 39,130 12.28 56.6 Bishop, 1973

” (n) 83,130 19.63 13.2 ” ”

” () 169,825 11.57 14.2 ” ”
Samchuk River. (Korea) 1,224 76.12 88.8 87.6 Kim, 1970
Sokcho River. () 1,210 48.21 64.5 63.1 ” ”
Kangnung River. () 970 31.46 84.0 81.4 ” ”
Miyanoura River, Yaku land. (Japan) 124 24.70 1.6 Morishita, 1960

” () 416 12.87 1.2 ” ”
Ukawa River, Kyoto. (») 616 8.52 26.2 4.2 Tezuka & Kamegaya, 1960
Maruyama River, Hyogo. (») 1,464 84.37 83.7 83.6 Nishimura, 1960

” () 1,336 75.45 86.5 86.5 ” ”
Torii River, Nagano (») 1,136 15.53 70.5 56.2 Tsuda & Komatsu, 1964
Tenriu River, Nagano. () 884 6.79 45.2 32.2 Komatsu, 1974
Taru River, Nagano. (») 2,844 47.07 73.9 48.5 ” 1975
Tokoro River, Hokkaido. (») 3,124 17.17 78.7 59.5 Kawai, 1964
Isumi River, Chiba. (7) 6,912 26.4 35.6 Tanaka, 1971

” (») 4,996 20.3 0.6 ” ”
Satsuki River, Nara. (») 935 39.38 91.2 11.1 Tsuda & Watanabe, 1958
Yoshino River, Koshibe, Nara (#) 680 92.37 92.7 88.0 Tsuda & Gose, 1954

” Kawaraya, Nara. (~) 1,120 79,77 86.0 81.1 Tsuda et al., 1953

” Mizugase, Nara (~) 2,318 155,13 91.7 89.9 Gose, 1973a

” % () 2,552 123.00 76.9 76.2 ” ”
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Fig. 3. Air and water temperatures at Mizugase (A) and Ané (B) during the investigation period.
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Table 2.

Totals of 4 repeated quadrat (50cm X 50cm) samples of benthonic animals at a riffle of the

Mizugase Station in the River Takami (Nov. 1969-Nov. 1970). The species which were
used in the production estimation are denoted by thick letters. W : Winter generation.
S : Summer generation.

15 Nov. 14 Dec. 18 Jan. 15 Feb. 22 Mar. 26 Apr.
Species No. Wt [No. Wt | No. Wt | No. Wt | No. Wt | No. Wt
(mg/nf) | (M9/nf) ("g/uf) | (™9/wf) | ("g/nf) | ("G/nf)
Ephemeroptera
Ephemera strigata 4 55 6/ 161 2) 55 2 11 16 98
Ephemerella basalis 2 21 2 7 8l 724 34] 2,319
Ephemerella trispina 76/ 252 60 340 81 763 39 602 24] 354 31 854
Ephemerella rufa (W) 511 117 402 173] 421, 191] 362 271| 358 694] 274 948
Ephemerella rufa (S)
Ephemerella nigra 48] 156 79| 451 78 603] 104| 1,172 74| 1,551 18 491
Ephemerella yoshinoensis 88 88/ 140 246/ 161 272 169 310 145 304 820 964
Ephemerella spp. 8| 18 6 33 42 41
Baetis yamatoensis (W) 91 490 283 116|329 164 409 284] 436| 1,124] 218 1,084
Baetis yamatoensis (S) 79 12
Baetiella japonica (W) 6 1 66 27 60 39 2 2
Baetiella japonica (S)
Isonychia japonica (W) 39 169 720 509 241 227 29 253 32| 367 21 539
Isonychia japonica (S5)
Epeorus latifolium(W) 71 26 44 19 32 23 59 A7 51 61 80| 656
Epeorus latifolium (S) 63| 1,284 3 123
Epeorus uenoi(W) 56 94 86| 224 46/ 301 38 168 52| 316 18 973
Epeorus uenoi (S)
Epeorus ikanonis 68 229 41 178 47| 492 21 476 19 912 9 819
Rhithrogena japonica 26 7 19 28 14 38 25 63 16 49 11 68
Plecoptera
Tadamus scriptus 64| 135 211 1,596 104] 1,920 94| 2,419 571 5,964 15| 1,504
Isoperla nipponica 43 7 51 55 52 58 49 63 28 87 13t 981
Paragnetina tinctipennis 23 671 17 628 22| 1,048 23] 1,334 15 1,112 211 1,941
Oyamia gibba 42/ 9,926 39| 8,947 12| 3,507 66|18, 254 35114, 646 21 3,214
Perla tibialis 316 3,662 152 1,593| 135 3,335 88 2,096 185 5,891  256[10,767
Trichoptera
Stenopsyche griseipennis(W)| 35831,439 750[78,110| 281)41,897\ 40250,535/ 326{35,490, 330/59,160
ditto, pupa (W) 66(19,104) 128]34,531
Stenopsyche griseipennis (S)
ditto, pupa (S)
Hydropsyche ulmeri (W) 343| 2,212 1,781) 8,497| 424) 2,725 914] g, 296/ 569| 5,738 76| 947
ditto, pupa (W)
Hydropsyche ulmeri (S)
ditto, pupa (S
Rhyacophila nigrocephala 13 119 11 22 5 71 5 107 41 590
ditto, pupa
Rhyacophila sp. RG 8 42 2 29 4 106 2 21 3 27
Mystrophora inops 17 53 370 142 2 19 36/ 133
ditto. pupa 8 42 23 95
Goera japonica 3 56 2 46 13 15
ditto, pupa 17, 253
Coleoptera
Elmis sp. ED 1 1 5 2 2 1 2 1 13 5
Diptera
Antocha sp. 13 21 17 26 6 3 11 24 8 18 13 35
Spaniotoma sp. 467) 169 409 256/ 506| 451 673 601| 695 619 646 347
Atherix ibis japonica 13| 603 18| 1,742 12| 1,396
Total 2,82750,821{ 4,699 %% ) 2,87360,072 3,67889,029] 3,32995,352] 2,552 %
Net-spinner$ coefficient (weight basis) 66.2 84.0 74.0 66.1 63.2 76.9
Stenopsychidae coefficient (weight basis) 61.9 75.8 70.0 56.8 57.2 76.2



17 May 14 Jun. 12 Jul. 11 Aug. 15 Sep. 16 Oct. 12 Nov.
No. Wt No. Wt No. Wt No. Wt No. Wt No. Wt No. Wt
(mg/ nf) (mg/wf) | (mg/nf) (mg/ nf) (mg/ uf') (M9/ uf') (mg/ uf)
2 11 14 142 24 792
2 103 12 26
14 757 5 1 8 8 36 88 71 223 79 237 49 168
232 702 81 388 3 21 23 1 607 183 622 597
562 60, 183 120 132 522 14 73
22 892 71 19 43 113 58 186
226/ 1,504) 188 1,474 62 457 198 214] 104 98 102 38 84 128
28 53 191 247 68 179 102 236| 168 634 41 57
61 276 113 12 527 126| 438 271
649 342 466 424) 313 473 280 932 226 671 241 1,038 83 319
9 15
35 16 2 1 14 6 26, 29 72 102
23 699 11 733 3 473 3 1 14 56 18 154
7 1 29 10 24 165 19 723
64 956 18 909 4 236 111 31 98 189
14 1 93 104 84 756| 108 1,092 94 1,450 76 803 65 1,787
46, 1,010 43 1,567 11 602 21 3 71 189
4 1 32 76 50 335 23 171 53 424 50 862 21 796
247 141 192 84/ 126 92 79 137 91 233 67 226
16| 98 12 117 18 187 20 204 11 146 71 5 51 17
17 1,989 6 997, 13 1 16 5 131 192
14 745 5 372
7/ 1,592 46/ 3,694 23| 1,988 25 2,351 16 862 22 728 7 1,003
581 7,226 196{ 6,847 110 5,498 66| 3,920 35 5,178 16 2,672 55 8,661
122| 14,580 1 308 13 1 35 8 217 1,449 382 5,222 278 3,344
94 36,970 81l 32,278 406 12,260, 587, 55,469
87| 27,385 790 25,488 131| 40,239
686] 6,288 569 99,161 654 68,308 418 45,682 236 52,148
25 3,745 114 25,775] 261| 18,081 5 1,657
232 4,435 338 7,701 103 511 414 1,519 964 5,378/ 1,021} 9,109
13 165 27 383 2 23
541| 1,453 211 2,790 2,965 7,099 579 7,132
3 31 15 208 5 69
19 251 61 565 78 1,321 35 465 37 543 3 19 9 127
4 76 2 21 11 233
3 8 6 54 9 131 21 53
5 23 5 83
4 17
8 224
2 2 2 1 2 1 3 2 5 4 4 3| 2 1
6 28 7 13 5 3 7 17| 117 399 13 14 19 23
215 48 462 103] 137 31 382 85| 686 152 418 93| 439 159
5 349 13 271 4 124 9 269
2,861| 102,925/ 4,533 93,103| 2,318] 155,128 4,892 90,206 3,756 93,827 4,921 101,078| 4,316 85,916
67.0 79.1 91.7 87.8 85.6 86.9 77.1
62.5 68.8 89.9 79.9 77.8 81.6 66.5
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5 mean {1 X B IMARE OBICRAEEIFITRED & D
I Y BELS Bhbh, HAETCRENIOMELIRTE
WL n, Tt 2 Oy, Macan £ Hynes @
BRLE Y, WEAEY B THRERRELRY, Th
MBEFERAHET S &, FOfiLi LRSI

1), OERHETTICEE Lo, (E#h, 1973a), COWE TR T b o 1,

— 8 —



Hrkwisd,

) Maximum fiifdik, 25\ 3 maximum 10%:
AW A

% ZC Waters (1966), Gose (1970a - 1975) 7c &,
FHIARF RIS DICRMAE (maximum @) %
FAVCTRMER A RS, Fhnb/EEdER fEE LT\ 5,
LosL, Zohikirb el rh, BUALLIBDE DD
% & » e maximum 10% k% V286 Cdh, LT
DESREN BB Thbbh, FTHHEMERT
A, O FETOEME - BHE R U E B & Sl
HHORAMWEL DL DR, FORBIIETH & b
(Fig-4-5), Ufedio TIEREIC 81T B kO BRI
FEOFCENEE LCFE S5, Mean 3D
Wlieabhtco LA UL, BEOR S i E sy
DBFTBREL b b, ¥ MR R B ik
DERENT T CSFRMREEC X5 g AT,
WRENRZOCIHATBEREIVNE L, BIER K E W
R Z OFIETRDLRMERIPEL D00, 20
MTHAERERO MEEMT R e 5, ¢ - T, maxi-
mum A3 L O maximum 10% % AL COREZR %
HE LB, ARo W o a7 5T
BHHH,

) Minimum 10%&:% B\ 185

Z T minimum 10%7:TIRE 5 185 THH 9 D
Z OBy b PIEME R AN A (R TE C eV B B i,
maximum fH{A7E - maximum 10%%E & 03 B BRI
DEMECENT, ZOTHETRD I MED IR R IIEE
OFER L NS e h, BURRESA&CIENADHE
HETIETHH B, DF D 2O CLRD T
LitdbTthsd, —H, ez T_NToEENRT
SFROA —FCRKET B, ZOHETEBLRLK
REROMBFC IR N E L, BERO KX
I RRI 2 b @i b, oA TIERR
EAFIISh B Z biche b,

V) Mode ik 5854
CDEIRELDE, WhHiIZEHE LT ol
bpicd mode ik AL HDON I Elbh s, T
b, RETHC ST 2IMEORER P RD 2805, fEEo
KREFT2E D L5 3FRTORIN Ao B I AERTERL R
DE—=FTHB, foT, L ollllicEmkRa R 5
124k mode IEDMR DK TH B L EL DR S,

3. Allen curve O iAERIVHIZ-> T mode 3
- mean & O g

kPR IEHEC W IO 2 ATED 5 %, Allen curve 3

DM VRE M 2380, T OO AN D 5 5, Allen
curve O FITTREREDHPY (R 5h% D IAA s <
7t o RS S, FUEAUR U E BLETE CoHIMD) o
W (Figs. 6, 7, 8), WEXED 5%, mode #:, mean
BT X B RRIEEMEC S & Su T oA BT OREEM
& Allen curve iz X DHEME E DRI BT - 7o, D
FERIL Table 11 @R+ & kb, Allen curve iz X %
EFEROHEERIY, mean 75X » 4 mode ¥ @ ELME
BRLC B, ERORIEAICE TS Allen 32 X %
curve HEEMEIZAE D EBIEOR LD EEX BB H
B, LOBERIIREREC X5 EERHEEDOSHE mode
B0 mean L D TSR TV B Z ERRTE DL
Wz b,

4. P/Bffiizouc

B NR LT R EAREOWRIC ST, -~
M, s Lkl M s Bk iER (P) &%
BHFR(B) oz P/B RS, ¥43P/BRE JEh T
VB, HBFCKECETE P/B RO & L iR
(turnover rate-turnover rotio) & W S EENZ\,

P/B 03 A%E, BT 2B O 1 8L & Ll
RO TFEBRERER (G) ThHB. ISR
DWT, P/BA & FAHR I B fo Vs (Wates,
1966 - 1969 ; #0124, 1970 a - 1975 ; Waters & Crawford,
1973), Waters (1969) | IEEABIY O & 1o 2\ T
% P/BRREIL, ZOflA2.5~5C, FHKI3.5 & hvic
h—EThHdZ LuMEM LIz, *+ O %, Waters & Cra-
wlord (1673) %, Ephemerella subvaris (5 1{£{%)
TRV, RERET/EERE Y HEE L, cohort P/B (coho-
rt turnover ratio) OfEiid.2, 4 P/B O {fI135.8¢ HE
Lic, 20X P/Bicia®P/B & LGRTHEL,
A% (cohort) P/B & LChbbTHE LN B S,

AHRTIE, mode Pk UV TR AHEEL, F0
fif i\, #AQP/B L 48 P/B % L7z (Table 12),
FETIRECOWTIY, FEER LMY ) DgERE s
RECTHB, £ P/B Li(P/B Ly Ly
Lig\e 4 P/B p3if{ P/B e Tk X\ i (Tada-
mus scriptus, Isoperla nipponica, Ephemerella nigra,
Epeorus ikanonis), [l U &y, (Perla tibialis, Epheme-
rellatrispisna), /INE\ 585 (Oyamia gibba, Paragnetina
tinctipennis, Ephemerella yoshinoensis) 4 5%, ¥4,
L RRBIC O\ T BEE LT L 5. AR, JER
ROPT, 0, i, ¥ RBAOFHEELREL DL, 5,
FR, HROZFPERL LD LB S, EINEOHT,
ShRIRIA A <, BR, W, BRI ERE G,
B BT SIROAEBAVK A S R e W 23 5 5
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Table 5.  Production estimation of Ephemerella nigra by the growth rate method
at Mizugase. Explanations see Tab. 3.
Standing Mean Mode Mean wt. Mode wt.
Date 4t No/uf  crop-B B wt. Wt | G/day P/day P4t G/day P/day P4t
9/ (9/d) (o) (9) ($/uD)_(8/u0) (9/ud) (§/10)
15 Nov. 49 0.156 3.25  0.50
29 0.304 0.0195 0.006 0.172| 0.0600 0.018 0.528
14 Dec. 79 0.451 5.71 2.78
35 0.527 0.0086 0.005 0.158| 0.0225 0.012 0.416
18 Jan. 78 0.603 7.72 6.12
27 0.858 0.0140 0.012 0.335| 0.0161 0.014 0.373
15 Feb. 104 1.172 11.27 9.46
35 1.362 0.0177 0.024 0.844| 0.0116 0.016 0.552
22 Mar. 74 1.551 20.96 14.22
35 1.021 0.0086 0.009 0.307| 0.0105 0.011 0.376
26 Apr. 18 0.491 27.28 20.57
26 0.692 0.0153 0.011 0.275| 0.0073 0.006 0.132
17 May 22 0.892 40.55 24.89 * *k
28 0.346 0.0094 0.003 0.091| 0.0089 0.003 0.087
14 Jun. 0 0
15 Sep. 71 0.019 0.27 0.14
31 0.066 0.0734 0.005 0.150| 0.0558 0.004 0.114
16 Oct. 43 0.113 2.63 0.79
27 0.150 0.0074 0.001 0.030| 0.0282 0.004 0.114
12 Nov. 58 0.186 3.21 1.69
Total annual production 2.362 2.692
Table 6. Production estimation of Epeorus uenoi by the growth rate method
at Mizugase. Explanations see Tab. 3.
Standing Mean Mode Mean wt. Mode wt.
Date At No/nf  crop-B B wt. wt. G/day P/day P4t P/day P4t
(9/uf) (4/uf) (") (mg) (9/ut) (§/nb) (9/nt) (9/nd)
Winter generation
15 Nov. 56 0.094 1.68 0.75
29 0.159 0.01563 0.002 0.071 0.0438 0.007 0.202
14 Dec. 86 0.224 2.61 2.67
35 0.262 0.0262 0.007 0.240 0.0077 0.002 0.071
18 Jan. 46 0.301 6.52 3.50
27 0.234 -0.0145 -0.003 -0.092| -0.0019 -0.001 -0.012
15 Feb. 38 0.168 4.41 3.33
35 0.242 0.0091 0.002 0.077 0.0250 0.006 0.212
22 Mar. 52 0.316 6.07 8.00
35 0.295 0.0262 0.008 0.270 0.0224 0.007 0.231
26 Apr. 18 0.273 15.17 17.50
26 0.642 0.0143 0.009 0.239 0.0011 0.001 0.019
17 May 46 1.010 21.96 18.00
28 1.289 0.0181 0.023 0.644 0.0246 0.032 0.887
14 Jun. 43 1.567 36.44  35.83
28 1.085 0.0145 0.016 0.440 0.0119 0.013 0.361
12 Jul 11 0.602 54.73 50.00 * *k
30 0.543 0.0170 0.009 0.277 0.0157 0.009 0.255
11 Aug. 0 0



Summer generation
17 May 4 0.001 0.25 0.06
28 0.039 0.0805 0.003 0.088 0.0840 0.003 0.092
14 Jun. 32 0.076 2.38 0.63
28 0.206 0.0370 0.008 0.213 0.0757 0.016 0.437
12 Jul 50 0.335 6.70 5.25
30 0.253 0.0035 0.001 0.026 0.0331 0.008 0.251
11 Aug. 23 0.171 7.43 14.17
35 0.298 0.0022 0.001 0.023 0.0042 0.001 0.044
12 Sep. 53 0.424 8.00 16.43
31 0.643 0.0249 0.016 0.496 0.0028 0.002 0.055
11 Oct. 50 0.862 17.24 17.86
27 0.829 0.0292 0.024 0.654 0.0261 0.022 0.584
12 Nov. 21 0.796 37.90 36.00 * *k
18 0.0234 0.010 0.185 0.0138 0.006 0.109
13 Dec
Total summer 1.685 1.572
Winter generation
11 Oct. 21 0.003 0.25 0.15
27 0.096 0.1036 0.096 0.269 0.0629 0.006 0.163
12 Nov. 71 0.189 2.66 0.82
Total winter 2.435 2.389
Total annual production 4.120 3.961
Table 7. Production estimation of Tadamus scriptus by the growth rate method
at Mizugase. Explanations see Tab. 3.
Standing Mean Mode Mean wt. Mode wt.
Date 4t No/ni  crop-B B wt. wt. G/day P/day P4t G/day P/day P4t
(§/nf) (9/uf) (mp) (m9) (9/uf) (§/ud) (§/uf) (§/a)
15 Nov. 64 0.135 2.11 0.69
29 0.866 0.0438 0.038 1.100 0.0675 0.058 1.694
14 Dec. 211 1.596 7.56 4.88
35 1.758 0.0255 0.045 1.569 0.0235 0.041 1.446
18 Jan. 104 1.920 18.46 11.11
27 2.170 0.0122 0.026 0.715 0.0243 0.053 1.426
15 Feb. 94 2.419 25.73 21.43
35 4.192 0.0401 0.168 5.883 0.0459 0.192 6.730
22 Mar. 57 5.964 104.63 106.67
35 3.734 -0.0012 -0.004 -0.157 0.0004 0.002 0.055
26 Apr. 15 1.504 100.27 108.33
26 1.747 0.0060 0.010 0.273 0.0032 0.006 0.146
17 May 17 1.989 117.00 116.67
28 1.493 0.0125 0.019 0.523 0.0118 0.018 0.495
14 Jun. 6 0.997 166.17 162.50 * *x
28 0.0196 0.015 0.409 0.0026 0.002 0.055
12 Jul 0 0
15 Sep. 13 0.001 0.08 0.12 0.0437 0.001 0.004 0.0196 0.001 0.002
31 0.003
16 Oct. 16 0.005 0.31 0.22 0.0576 0.006 0.154 0.0606 0.006 0.162
27 0.099
12 Nov. 131 0.192 1.47 1.13
Total annual production 10.473 12.211




Table 8.

at Mizugase. Explanations see Tab. 3.

Production estimation of Perla tibialis by the growth rate method

Standing Mean Mode Mean wt. Mode wt.
Date 4t No/ of crop-B B wt. wt. G/day P/day P4t G/day P/day P4t
($/nf)  (§/uf)  (mg) (mg) (9/nf) (&/uf) (9/uf) (§/nf)
15 Nov. 316 3.662 11.59 1.59
29 2.628 -0.0035 -0.009 -0.267 0.0006 0.002 0.047
14 Dec 152 1.593 10.48 1.62
35 2.464 0.0245 0.060 2.113 0.0042 0.010 0.366
18 Jan. 135 3.335 24.70 1.88
37 2.716 -0.0014 -0.004 -0.103 0.0005 0.002 0.054
15 Feb. 88 2.096 23.82 1.92
35 3.994 0.0084 0.034 1.174 0.0123 0.049 1.725
22 Mar. 185 5.891 31.84 2.96
35 8.329 0.0079 0.066 2.303 0.0268 0.223 7.811
26 Apr. 256 10.767 42.06 8.56
26 12.735 0.0302 0.335 8.703 0.0558 0.710 18.463
17 May 122 14.580 119.51 42.31 * Kok
28 6.368 0.0315 0.200 5.589 0.0143 0.091 2.557
14 Jun. 0 0
12 Jul 13 0.001 0.08 0.07
30 0.005 0.0353 0.001 0.005 0.0450 0.001 0.007
11 Aug. 35 0.008 0.23 0.27
35 0.729 0.0962 0.070 2.453 0.0516 0.038 1.315
15 Sep. 217 1.449 6.68 1.64
31 3.336 0.0232 0.077 2.399 0.0013 0.004 0.138
16 Oct. 382 5.222 13.67 1.71
27 4,283 -0.0048 -0.021 -0.555 0.0217 0.093 2.506
12 Nov. 278 3.344 12.01 3.07
Total annual production 23.812 34.989
Table 9. Comparison of various production rates estimated by
various methods using growth rate.
. . . P (9/4d) | B (9/ud)
Species Period | generation |1naximam | mean mode | minimum .
method | method | method | method |[BCReTation Annual
Tadamus scriptus Year 1 7.13) 10.47 12.21 1.39 1.29
Isoperla nipponica Year 1 0.84 1.15 1.14 0.21 0.13
Paragnetina tincti pennis Year 1 4.01 6.49 8.37 1.19 1.47
Oyamia gibba Year 1 22.60| 26.42] 33.84 6.97 8.01
Perla tibialis Year 1 15.37] 23.81 34.99 4.00 4.03
Ephemerella yoshinoensis Year 1 1.47 1.55 2.33 0.37 0.43
Ephemerella trispina Year 1 1.40 1.79 1.85 0.36 0.36
Ephemerella nigra Year 1 2.04 2.36 2.69 0.56 0.43
Ephemerella rufa Winter 1 1.25 1.95 2.12 0.30
Summer 1 0.51 0.86 0.81 0.19
Annual 2 1.76 2.81 2.93 0.32 0.48
Baetis yamatoensis Winter 1 1.14 1.81 2.12 0.35
Summer 1 1.29 1.34 1.60 0.52
Annual 2 2.43 3.15 3.72 0.43 0.60
Isonychia japonica Winter 1 1.45 2.04 2.25 0.35
Summer 1 0.79 1.03 1.27 0.23




Annual 2 2.24 3.07 3.52) 0.32 0.39
Epeorus latifolium Winter 1 1.29 2.47 2.55 0.35

Summer 1 1.58 2.19 2.27 0.87

Annuol 2 2.87 4.66 4.82 0.53 0.59
Epeorus uenoi Winter 1 1.76) 2.44 2.39 0.40

Summer 1 0.89 1.69 1.57 0.33

Annual 2 2.65 4.13 3.96 0.37 0.57
Lpeorus ikanonis Year 1 1.26 2.05 2.39 0.34 0.31
Stenopsyche grisei pennis®) Winter 1 79.200 119.47| 144.52 208.58 43.36

Summer 1 148.68| 157.18] 201.21 368.52 54.32

Annual 2 227 .88 276.65] 345.73 577.10 47.02| 54.25
Stenopsyche griseipennist) Winter 1 30.69] 51.17| 56.65 85.89 13.26

Summer 1 70.71 88.91 90.71 146.52 23.01

Annual 2 101.40{ 140.08| 147.36 232.42 17.32| 515.87

a) Mizugase b) Ano

Table 10.

psyche griseipennis (summer generation) at And

and Mizugase.

Coefficient of variation in weight of Steno-

Date (A%()) Mlzlolog)ase
May 42.2

Jun. 26.2 74.6
Jul. 18.7 82.2
Aug. 16.8 104.5
Sep. 113.9
Oct. | 36.2

Table 11.

(mode and mean) growth rate methods.

Production estimations by using the Allen curve method and the two

From Allen curves

Estimate of production
From instantaneous growth methad

Species method mode weight method  mean weight method

(9/n) (9 /af) (9/nf)

1) Ephemerella rufa Summer generation 0.82 0.81 0.86
Winter generation 1.43 1.45 1.35

V) Epeorus latifolium Summer generation 2.33 2.16 1.97
1) Epeorus ikanonis 1 generation 2.26 2.39 2.05
VY Tadamus scriptus 1 generation 9.81 10.30 8.81
2) Stenopsyche griseipennis Winter generation 54.92 56.61 50.92

1) Mizugase

2) And
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DRI 12D, FOWNoghlist 1L b K
KAERT Wb b5 (Fig. 9 C), EP/Bik 4k ik
BRI BT Mo 2 T b, W P/Bi,
JHAR2Y b /[ A AN O PR CER Ll C B
Bo o T, Gl NUBINIA R, BB, W, B
Mo ikt oiE P/B i, P/B MG e Tk L
e Do TNz CHAIK I/ E BT 2 A AT
D4 P/B LG P/B offiit—-1T 5, 1 rAEDLIbH
Foo TEIMAV:RT B (M D 45 P/B g, {1AP/B
TN WiliE 705 (Table12),

HE2ARAC DU T, Y D O R G
Gkt Thsn, AEP/B LCP/B iz T L —
L\, SEP/B a3 {CP/B (451HCP/B o m[ﬂﬁ)
I b REVYY (PAENED S griseipennis),
U, DNEWEG OK 7 Ml AL o S, griseipennis,
Ephemerella rufa, Baetis yamatoensis, Isonychia ja-

ponica, Epeous latifolium, Eprorus uenoi) % % %

PR 2 MAFED B SR 2 TA L 5. TO 2D
i1, Y p otk R (P) R UT, RN &
J) oBESHER (AHBED LV &5, Gy &
Gs; #HRP/B, Gy #4P/B 3%, Fig.9—D (1
MR DA h R KPR Lis W E T, Gsy
+Gs,<Gy.Fig.9—E 2 o gh kst L-Ckiz
EETEEAET, Gsi1+Gs;=Gy. Fig. 9—F ik o
SitmER D E 5 THRRBTAHAT, Gsi+Gs:>Gy &
7%,

Fig. 10 %y, » 5B AHOBRERMMRTH D,
ZOfEE, 1 Biestb L7 Jeaikd i ¥ 72
BIMET 25 TH D, Zhuicd LT, FEEcHi < B
i, 7 AR wTh TR b*?#@%ﬁ%ffé?) Y|
WHELIBRThH: B EEEDOIIY b 0BHFEORK
s L OVEFERICOWTIRIZ E A L W & T 57D
W, WS EBEOEP/B ey L uiinEs Ly s s
#%, MG P/B & L TR OIS <, BHOffL
KE D, BEHEOBNTL, BN EEMK
MG U CB s tefli A Lo b, 5T
P/B it R AL L, P/BREEMED SHiE KL
ETF X B uREEAY b » T % GEF, 1975) .

AT AR T EOE P/B i, WHH T
4.2~9.5, WPiEH CI35. 1~6. 2. 4 2 AR OEP/BA
vr, URMETTC6.1~9.0, TBHIH T6.4~9.30fli% A Lic,

HFTF A7) 13, @A G EHRWT, 1O
WO OMUEEER (P) & PR (B) o
W2, ZoffoRiERE R0 LT AELIITRD
THhBHETH, T L CHIRRHUFRE O T HBIH &
%&ﬁmom&bfﬁméﬁb«%t,ﬁmmﬂmmm

i KBEARE (Bmax) ol & L CRIEZIhHRE
_CZWB#mLko

Table 12 43, K7 ¥, FERAENMSTCRCEA: B
IARTE D dEUY DHEER A BV, SRR/ pER &

RBARELY S L UCHER A BE L Th D, It
KHEFROHEREM L LT, IHFED KA Bmax
DixHs, Bmax HEGEOIREER /NS T 508, B¥max,
B¥*max % & o THH LT, BRI, £ 2180 Ex <
DT EOENEEROFF L 2R L, FiAo
Bmax #HtE? (Bmax, B*max, B¥*max) % JHL T
?P/B max% i H L, Z OfEXEHMEEKE T2 HEY

Z A5 (P, FREROFZMCOPO GHE) AR
2 uxu L% 0 AT DAER [MiE& I DU T,

4) Bmax ¥, BAFOW KB, Bfmax (3 Bi*= (B +2Bi+ B, 1)/4 O 5 HbORKfH, B**max
L B¥i= (B + B+ B4,1)/3 @5 bRk aAT (T, 1975



AR R T 5 L0 5 2 &, WhiEEERT A e
DENWSZETHD, E-C, FHAERTEI DM
EROME LCHETLONEINHTHD EEX S, B
T (975 ¥, 2fEoKERRMEERE oW T, P/B
max DT L P/B o BEERLEL, 05
% 18 o\-Tit, P/B*max, P/B**max, {i12P/Bff k
DAEFOIZHD XAVNINERNT VB, AT X
> TR A EEREDP/B & P/Bmax OZEAEEMO
(Table 12) ©ix, P/Bmax* & P/B¥**max DOfiDIXs
2%}, P/B, P/Bmax L h X vbortZrzbhd

2, SO XS R EOEEEOREIC LT, %<
DR, SRt UHEOYRIC L &S5
it s NECHD, Livl, P/BoOREIECEAM:
PMEEXh BT, P/BAR R/ EMERE LTHIAT
DT LN THD, FHCHADTNC BT 554 B
AnfiiARED P/B, P/Bmax FEHEGHC 313 B 72T, B
AW AT 80, Bk X BB OET D TR
Wk, EABHOIIEROIMCE LOERNALR
Bt (Erh, 1959) , Vv 7 U v ZTM T & %8
LCmsk Ui hude el

Table 12. Estimated P/B and P/Bmax of various species populations.
P P/B Estimate of P/Bmax ~
Species Period |G® (4/0d) P ‘ P P

(9/uaf)| G A® | Bmax “(w+s) \ B*max ((w+s) |B*¥*max (w+s)
Tadamus scriptus Year 1 12.21) 8.8 9.5 2.1 3.1 3.7
Isoperla nipponica ” 1 1.14 5.4 8.8 1.5 2.1 2.4
Paragnetina tinctipennis ” 1 8.37, 7.00 5.7 2.3 3.1 3.5
Oyamia gibba ” 1 33.84 4.90 4.2 1.9 2.3 2.5
Perla tibialis ” 1 34.99) 8.7] 8.7 2.4 3.3 3.4
Ephemerella yoshinoensis ” 1 2.33 6.3 5.4 1.6 1.9 2.0
Ephemerella trispina ” 1 1.85 5.1 5.1} 2.3 3.0 2.9
Ephemerella nigra ” 1 2.69 5.3 6.2 1.7 2.3 2.4
Ephemerella rufa Winter 1 2.12 5.9 2.2 2.6 2.7
Summer 1 0.81] 4.3 1.6 2.6 3.4

Annual 2 2,930 9.1 6.1} 3.3 3.8 3.5 5.2 379 6.1
Baetis yamatoensis Winter 1 2.121 6.1 1.9 2.4 2.6
Summer 1 1.60, 3.0 1.6 2.1 2.4

Annual 2 3.72 8.6 6.2 3.3 3.5 4.19| 4.5 4.5 5.0
Isonychia japonica Winter 1 2,250 6.2 3.1 3.4 3.6
Summer 1 1.27) 5.5 1.8 3.2 4.2

Annual 2 3.57| 11.0; 9.0, 4.8 4.9/ 5.39| 6.6/ 5.6 7.8
Epeorus latifolium Winter 1 2.55 7.3 2.7 2.9 3.0
Summer 1 2.271 2.6 1.6 1.9 2.0

Annual 2 4.82 9.1 8.2 3.3 4.3 4.0 4.8 4.39] 5.0
Epeorus uenoi Winter 1 2.39] 6.0 1.5 2.0 2.3
Summer 1 1.57] 4.8 1.8 2.1 2.3

Annual 2 3.96| 10.7] 6.9 2.59| 3.3 3.3 4.1] 3.7%| 4.6
Epeorus ikanonis Year 1 2,39 7.0 7.7 2.6 3.1 3.3
Stenopsyche griseipennis®) Winter 1 144.52) 3.3 1.9 2.5 2.5
Summer 1 201.21 3.7 2.0 2.9 2.8

Annual 2 345.73] 7.4 6.4 3.59| 3.9 5.19 5.4 4.8 5.3
Stenopsyche griseipennis®) Winter 1 56.65 4.3 2.0 2.3 2.4
Summer 1 90.71] 3.9 1.6 2.3 2.4

Annual 2 147.36) 8.5 9.3 2.6°| 3.6/ 3.7 4.6 4.0 4.8

a) Mizugase, b) Andé c) generation, d) year,

e) the largest Bmax or B*max or B**max among

Bmax or B*max or B**mx of each generation. w+s: total value of summer and winter generations.



D
' ! Gs1 ;
G ) | Gse $ !
E
g H Gs2
£ Gsi E Gsz
&
F
H H ~ Gsz2 E
Gsi ! ' Gs2 !
T T T 1 1
P TETMIATM S ) TA S 0 N D "FTM A M S JTA S O'N'D|J F M A
Gy Gy
Month Month
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Fig. 10, Hypothetical curves showing standing
biomasses of two species populations
occurring periods of which are different.
Other explanations follow Fig. 9.

5. BHEMAE LCo/kpdy

K WL OWNC 317, 1969411 B ~TUE11H % ¢
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%% &I, mode JKiC X o TAEA SRR HESE L - (Ta-
ble13), fifABnidic <, BUFRAVINIL, Ao HBIH
DN S AR T, SEFIICERTC, B
BO X BT — 225,42 P/B=0 % i\, P=B6

& UCHRERAHER LD, ALK Gt E
HC517.359 /uf - year LB, ZD3L, EHAD
EEEARLKREL, O BLERM b v 528 382,
729 /nf - year TAEpEEDT0.0%, i S. greseipe-
nnis i3 345,739 /nf - year 7, /RO 66.8%% 5
BHTNBHE)

FBAH, B0, H o4 B O & 11507,
939 /nf - year T, SLMERD 98.2% 1 T 5, M5
975) 43, B DK B S OB CHAE LR U
Frae Fvs, A REOHEF I Maximum 8k ol i
BAERE Ui, TOHEEM S, S -72 Mode S0t
JEME & TR, WTE TN & THE LT, £y
BIFEOEECIETOERIVE U, Al
W AREEBE DA FER B LU P/B oo T i BRI
WD SR ThH D, 2T, ABTHGIAER
RIFWELED 5 %, mode JETHERE L& MEERE DL
FERE% 100 £ L, fho ik cfBrEe g L, maxi-
mum B CEEL, mode Pz~ TR 1 iV O BT
HTi358.1%, IFi%H ©T66.8%, 2 {0 THHE ©
51.4%, ¥74H T63.1% & 7%, Maximum 10% % /8
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~509% D@4 FH & 71 %, Maixmum {4k Hv 728
&2, maximum 10%7k & 0 L EGRAGHET 2 = &
iR BiA 5, Mean iETHE, mode JRIZHAT, 1
HAFE D E Ci382. 1%, WPiEH 84.0%, 4F 214%
FEDWPEH T1293.7%, TEMHT82.0%L7sb, Mean

Table 13.

Wede TR B A HEE L2 Hcik 6 ~20% Dl
B & Fe B, KA, AURLM L T B S, griseipe-
mode %106 & L7c8ifr,
10% 15T, BT GOSN VT 13 130.0% & 75 D K930
%, HH O T 148. 5% & 1 D §74925 0 B KGEH &
5bs

nnis 3O, minimum

Mean standing biomass and productivity during a year from Nov. 1969 to
Nov. 1970, at Mizugase in the River Takami.
Mean annual standing crop (9 /uf) Annual production (9 /nf-year)
Ephemeroptera |
Ephemera strigata 0.17 *1 0,89
Ephemerella basalis 0.25 *2) 1.28
Ephemerella trispina 0.36 1.85
Ephemerellarufa 0.48 2.69
Ephemerella nigra 0.43 2.93
Ephemerella yoshinoensis 0.43 2.33
Ephemerella sp. 0.12 *2 0,73
Baetis yamatoensis 0.60 3.72
Baetiella japonica 0.02 %) 0,12
Isonychia japonica 0.39 3.52
Epeorus latifolium 0.59 5.82
Epeorus uenoi 0.57 3.96
Epeorus ikanonis 0.31 2.39
Rhithrogena japonica 0.08 #4 0.62
Total (Ephemeroptera) 32.85
Plecoptera
Tadamus scriptus 1.29 12.21
Isoperla nipponica 0.13 1.14
Paragnetina tincti pennis 1.47 8.37
Oyamia gibba 8.01 33.84
Perla tibialis 4.03 34.99
Total (Plecoptera) 90.55
Trichoptera
Stenopsyche griseipennis 54.25 345.73
Hydropsyche ulmeri 5.78 *°)36.99
Rhyacophila nigrocephala 0.32 *9) 1,44
Rhyacophila sp. RG 0.04 *6) (.18
Mystropora inops 0.03 *6) 0,14
Goera japonica 0.01 *¢) (.05
Total (Trichoptera) 384.53
Coleoptera
Elmis sp. ED —
Diptera
Antocha sp. 0.05 *x7) 0,50
Spaniotoma spp. 0.24 wk8 4,19
Atherix ibis japonica 0.37 *x9) 475
Total (Diptera) 9.44
Total annual production 517.35
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