68

B2 EFEIZET 5K oM HE
B B —

Problems of Water Quality in Food Trout Production

Soichiro SHIRAHATA

This paper deals with the variation of water quality between up-
and downstream ponds in relation to their food trout production. The
major part of the present investigations was conducted in the trout
farms at Otomi Village, Yamagata Pref. in 1955 and 1956. Although
they have produced rainbow trout at a rate of 150 tons per cubic meter
per second of water flow annually, their production is considered to
be nearly the maximum' limit, because the more the ponds were
located down stream, the more a time lag in production appeared and
the lower the efficiency of production per unit of pond area became.

The results of water analyses showed that while the
water used flows down through the ponds, there are considerable
decrease in dissolved oxygen, accompanied with the reduction of pH
values, and increases in free carbon dioxide, ammonium- and nitrite
nitrogen, phosphates, suspended volatile matters and alkalinity.
Under the conditions where the dissolved oxygen content was reduced
to 3cc/l the behavior of “surfacing” of trout was often observed, their
feeding activity during the daytime being restricted. Further, under
such environment, especially in downstream ponds, the blood corpu-
scle resistance of trout is observed to be decreased. In the case where
the ample oxygen was present, however, even when 0.5 mg of
ammonium nitrogen per litre was present together, there was no
difference in the blood resistance of trout between up- and downstream
ponds. As a result, it can be said that the major factor involved in
water qualities in relatlon to the trout production is dissolved oxygen
and its content should be maintained more than 3cc/l.

The rainbow trout fingerlings in their growing stages consume
230 cc of oxygen, excreting 17 mg of ammonium nitrogen and 2.7 meq
of some substances which increase alkalinity in water, per kg of body
weight an hour. Therefore, in anticipation of a possible relationship
between the oxygen consumption and the rates of excretion, it was
presumed that these relations might be available for the evaluation of
environment of trout ponds. Thus, in the trout farms where the
ponds were arranged in series and where trout were heavily raised,
the accumulation of ammonium nitrogen of water was observed
at a rate of 0.1 mg per 1cc decrease of dissolved oxygen. This value
is approximate to 0.075 mg which is determined in an experiment.
On occasions in which the rate of accumulation of nitrogen per unit
desease in oxygen might be higher than 0.1 mg, some considerations
should be given to the water changing rate in ponds; their sanitation
and the inflow of water containing nitrogenous substances.
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ZDOWEED L 11195519564 D IR AEAR, RO OEEEEE LB o RHSEY
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1. WEJIZEEE O—BKE

O EENEFROENDOBEKC X - THE LU JIE 1 ~5m, 7kiE 0.1 ~0.8m
OPIC, LD 4km TWRTHR)INCE LB 4km il THE EIIIRENTW 5,
BB IR B B EE TR~ S 1.3km OWRBOM CH v, WA C25HMN
6.300 m? DOMAEEE LT\ (Fig. 2). NRJFE T 5 5 25 2,000m? Oz iks L
T, —HDOKE % 26—50m® DL DORL ., RICkbh b X 5 MO
KOBELFIATH 225, CORMERERICT~3KDOTARHT (ES”, B
4~6m) 725% D FOEIL0AKTELCN D, BokEIics 5 & ERERMT bR, Z0%
KBV AT 300~4000/sec 1o 5.

KEOFHE wWRNRUEAMOBE R L LT Fig. 2 @R/l 8i (1~N, A~
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FEW I X B rpAnk, BEE

EDTA &k, e,
WINKLER £, ZES8ERME, R
HHIKIC DN COZER TRk,
wALY, 2= AEEH Y —THERER
WEED. s, ey 77
VIR (k. BEERHE, DENIGES-
ATKINS P, 7 vV E= U AH¥,
NEssLER [h(ajk, HEMSEEIE*,
GrIEss-RomIjN Frfayh:, *FEIRL
SO BRI vk =L
TR L gE SBICHEIa - Cs B4y

WLz, BB TOK G AT s
ILEFT I X 5 7e. Fig. 1. Representative ponds of raceway

KEEKBOZEE 170)lo type for raising trout at Nikkuchi.

Bt BRI ERER 9 B (A, with wooden sndes‘t B, with
stone and concrete sides). A

(14~16°C), 3 8 (8~10°C) common one is about 5 m wide,
Chbhtz, BECETAHE with an average water depth of

P o 53 . 0.7 m and produces 30 to 50 kg
AT e fed oo ht, Fig. 3 of food trout per square meter

W U 7R B R 7Kl D 28 of pond area annually.
FHEIAD DA D & PRI D 5

kL 18°C e Lic L HEE I A, KO L TFHmoZLTiiiy 2°C, ik 1°C ©
HowThb/hIwv, #RIOWRBEZWE 2 bFRC 221 TRk + % (Fig. 3, St. ).
L7 U FHiE Tl BRI O #k O 7cd B¥iig & OBoka e <, M 600 ~ 1,000//sec T
% -1 (Fig. 3, St.N).

KEOEE Table 1 & 21O Lz 0FAMO KEA & L e, ALK
FEBRIK DI DN TUINE « FIUS X A5H6IR LD, FOfERL St. 1, A O
FREITIE SE LW, WIBIEEAKE LTk pH B0 NEL, 740 VI, BHEE, 7835
PEWE, KRR, WD CETBICE L v b, T b 25E O— I OMRS> & b
NRBHET VE=Y AENSNC L ERTER CHRERCE 35, B 51w 0 )RR o #2248
Twhd 5 “soft water” A WTiTisbhiTn5b.

LTTROKEZE MoK LD EKIRBFOINCHKkINS., Lich-> THEEDOK
BNV L xR Lic, THEE pH, BITRD L, WK, WBEkk, 7 v
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Fig. 2. Sketch showing the Nikkuchi Creek and its adjacent trout
ponds (in 1955/56) at Otomi Village, about 20 km north of
Yamagata City. Nikkuchi Creek is a small, tributary
stream, 8 km long and 1 to 5 m wide, flowing into the
Mogami River.
Roman numerals and letters, stations for water sampling;
black circles, driven-wells for water supply.

T= v A, BEREOBEENFELL, TAHVE L ERBE T L ENO HENR DR
o, BEEE, LY, BEBEOETWOZIBE LT, St N OKEREZ L OBE
St. I X0 BRIFTh-7720, ZHLHEEZOMICRLNEY DM O HTFEXDIR D
ERENPKEINICLDEEL BRD,

BEMEERT BN TR KIROEE) & ML R LIOGEFIE Th - 722y, THE &R
L St.C 9 A, 12BIcix 3ce/l TR Lic. —RICTEo BERETKED 10°C
BT ThkEDEZ W3 AxM L bee/l IR ThALANRENSG, THD pH T LWL D
0.1~0.3FE VA DR RO BARBEED CHLARBEOPE LEL HLRLHDT, 1956
E3 R St. [~N @ rpH #HE L& 250.1~0.38/m0 pH EAERLI.
BERFATISKDENR T2 St.I~TRE<EH 0mg/l BlbTthote, 7V E=y &,
BRBEOBREINTRE St 1, BMTIHEALER TS, THRIEK TSR NH, -
N 0.3~0.5mg//, NO,—N 0.01~0.05mg/!, PO,—P 0.03~0.07mg/! % 7= L #=. T
VR E 7 h Y ENEINT A EAE BRI oW L #E SR \WwWABNT ), Ha)llo
BACIECOXERIBRTALIICAD TAH VEBMRS OB L 5L ELD
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na. TR CRko®Y NE
5T B, IRk DERBERR 25 A
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REEL, B St @kwliiohb
DEHES.

2. 2. 3OKEHEEOEE

Temperature in °C
o

BEME TWRORMBCHCT, st/ \
EREEHR Scc/l R TRETIE~AD ol RN |
BECRLITES* Nabhi, X g Lof- 1
19554812/, St. C, D MEEDMCIEA 5 o8 / _

& St IV
DS LR LT e A AN R - °
TAEOBRENE AN, DX 5k §°6 \V//M«Vf
BORLEF ERERREZRTE D 204r st.1
¥ MDRPORORKUTELEDE  Bul S\ N
V. L LEREEBIC IR B b 1 21T S R
5L, KELCE, BOhy u vy VI \I/\xligr;utﬁx X XOXU T I
Blb kL Zhoic, T CiiEH 198 1998
CORSIRBIRE SR 2D THS Fig. 3. Fluctuation in temperature
M, THUIWHD BIEMNE L THE R near Station I (by courtesy
Th D of Prefectural Trout Raising
., et | . Center) and in water flow
S DIRESRESBD Lichf OERE of Nikkuchi Creek.

WBARB & (1957483 A1, 1958424 A

#HRARELEROEH ~ ABEMIT B\ THL), 2.8~2.2cc/! © L THIOHEER L v &
DEWCHIEDOIEY L ¥ & hITHANIEL LB, RO ILMEE L diiGRcBEL
CAERTh -1, CORBTRHRCAREIGTH O BETE LA DN o7z, ¥l
I EE o TN T A D T IR BT AE L DS b, K5 IC B A EE K e AR
LiclEnShote, DX 57nkEE M2, 3OBEREC O VWTLEEIRTWS
D218 = o= A TIRPREEED FERER 010 &L LTELAAEANE VL 5 Th
B, . :
TDYHCHEE= < ATEEREEN Scc/l BT/ 5 L4 DEREYRTDTH D
2, EBFIIARLET CEBREECH LI ICBERIINR ) BB IR T &
DA ST HIEI5,6,1T,18)  Fg 7% » BHT 0 AR 1.5cc/! BUFCIREEL <
2cc/l DL CREBICI 5 L E2 b b, HBAM TRIBRCID2HAETERS Lz X
I EBEREIC I D & LIFA Lo, e/l BED EEE LELEES TS, BE
B 3ce/l EE TR ENL TX 203 OFEREBEERNHEL THBEIh, FEiTs L5
I, COX OB TIIEEGROETIELR T B2 b, BR~ALECHALE

* BIE = O~ AOREHENCIRIPTE TRBY | 278 5b08H0050, “OHER
KOG =4, 9FrFOBBITHENTHIRNESTH S, & gl B, BELTRE
T3, STV [BEDRDT | 3ty LA SHEPAREI®) D “surfacing” iIc#HY%4 25 &
DTH B, FEICOREL BB ] EFATHS,
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Table 1. Analyses of water of Nikkuchi Creek, from where water
was_also led to its adjacent trout ponds.

[&] > & ] =
o O = & v, 8 " ° 9 2 oa 7z
o S Ba SIS FET 96, oo 69— £82 5 = a4 Lo ko Lo
= s oF S50 558 2T 0% SPw e = wm O ‘”?o T O o
& 5 28 HEIECSEALSEE REHSYSEcE & REZE 24
] 88 6.3 0.24 0.41 7.55 8.4 55 35 4.5 12.8 0.01 0.06 0.000
May2, [ 9.1 6.3 0.25 0.40 5.92 13.4 60 40 4.8 12.8 0.02 0.27 0.000
1955 I 9.6 6.2 0.26 0.39 4.09 18.1 100 35 4.7 13.50.05 0.44 0.007
IV 105 6.2 0.25 0.42 4.96 15.9 1139% 1083* 4.7 15.0 0.04 0.42 0.009
| 12.1 6.2 028 0.38 6.69 9.9 65 45 4.6 13.50.00 0.05 0.001
Jun, 14 1 124 6.2 031 035 539 12.7 70 50 4.2 13.7 0.02 0.19 0.004
I 13.2 6.2 0.31 0.36 3.85 17.1 85 45 4.8 15.2 0.06 0.53 0.009
V 14.5 6.3 0.33 0.39 4.57 15.9 70 50 5.0 14.8 0.04 0.42 0.007
[ 13.9 7.1 0.39 0.50 6.31 7.4 85 4 4.5 18.4 0.02 0.06 0.001
Sep.13 1 15.2 6.9 0.42 0.47 450 1.4 8 47 4.7 15.4 0.03 0.31 0.009
I 15.9 6.8 0.43 0.48 4.11 13.2 98 45 5.4 16.7 0.03 0.32 0.019
V 16.2 6.8 0.42 0.52 4.33 13.2 88 45 5.5 18.4 0.04 0.30 0.020
| 13.0 6.4 0.35 0.47 6.52 9.4 62 49 3.9 17.5 0.01 0.10 0.001
Dec. 1o 1 12.7 6.3 0.32 0.44 4.65 12.6 65 53 4.0 17.8 0.04 0.26 0.006
I 12.7 6.3 0.39 0.45 3.37 14.2 72 51 4.1 17.8 0.06 0.22 0.008
IV 12.7 6.3 0.38 0.50 3.64 14.5 68 50 4.6 17.8 0.07 0.28 0.062
| 8.2 7.1 0.26 0.57 7.9 6.1 74 49 6.4 15.4 0.01 0.03 ©.002
Mar. 25, | 8.8 7.0 0.26 0.53 6.11 9.2 76 55 6.3 16.8 0.02 0.22 0.008
1956 [ 9.3 6.8 0.27 0.57 5.20 10.6 78 54 6.3 15.1 0.04 0.41 0.012
V 10.0 6.9 0.27 0

.57  4.84 11.4 71 54 6.5 16.2 0.04 0.42 0.014

* Turbid due to the making of ponds

Bk 3cc/l LEEEZCLIWTHEAS.

WwERE FRy'? offgicrse, %Lﬁ@kﬂ@t@%%<a#ﬁm®ﬁ@mmﬁ
RECHFOVFELLWEAI LI TWA, REEICHER L =0 ~A L2V CRAE
10mmHg CREBIE S D EHE SR TWAHH20, 204 FE % kg 10°C Kor 18°Cie
KT ARBESECHET AL, TAFn3], 24mg/! it b Table 1, 2 Lica0
B D bEW, Lichs» CREEDSE BRI O ~ A £ L CEBRHIRERIC R - C
WA LEE v,

TrEZVAER ARL- CREKGHOHERINDESZDIVEE L, AR
BEANRFALPBD LN TER Y, T OBERITBEERIC X - Tk SRR #7321
L REEEY, RIE5WY? OREREERC IS LERShTnb, HREANE
WEB ALK T ABEEN SR L 5T, TOER L LTULT v E=v AMLAH?S
24,25,26,37) o N FERIR O € 2 3 v By BEEEE OEAMRER ShTn b, Z ok
TIRBEFEOIFEL LT7 v E=2V 2 EXZYHTELCOTH S, BEMCKT 52
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Table 2. Analyses of water of trout ponds.
Water Total Total Dissolv. Free Chloride-
Date Station temp: pH alkalinity hardness oxygen COs Cl NH4/—1N NI?IZI_IN
°C meq/l meq/I ce/l  mg/l mg/l mg &
A 9.1 6.6 0.21 0.46 7.99 8.9 5.5 0.05 0.001
Mar.27, B 9.1 6.4 0.22 0.45 6.80 12.9 5.6 0.19 0.004
1958 C 9.5 6.3 0.24 0.49 4,94 15.4 5.5 0.41 0.005
D 9.5 6.3 0.23 '0.53 5.68 14.4 5.6 0.36 0.012
A 12.6 6.3 0.29 0.37 6.61 9.9 4.9 .09 0.001
Jun. 14, B 12.1 6.2 0.29 0.34 5.20 14.4 4.5 0.24 0.002
C 12.6 6.1 0.31 0.36 3.97 16.7 4.6 0.37 0.009
D 13.8 6.2 0.3l 0.39 439 15.3 4.6 0.44 0.010 °
. . A 18.5 7.1 0.42 0.49 5.32 1.7 4.5 0.14 0.004
Sep. 13, . B ’15.3 6.8 0.38 0.45 5.02 12.4 5.3 0.24 0.010
C 15.3 6.9 0.42 0.51 3.13 16.0 5.2 0.36 0.013
D 16.2 6.9 0.42 0.53 3.95 13.5 5.0 0.32 0.019
A 12.7 — 0.37 - 6.03 8.9 - 0.10 0.001
Dec. 10, B 12.7 — 0.36 — 4.78 12.8 - 0.23 0.006
C 12.8 - 0.40 - 3.25 14.5 — 0.34 0.008
D 12.9. - 0.36 —_ 3.24 14.5 — 0.31 0.024
A 8.6 — 0.24 — . 7.64 6.5 — 0.06 0.001
Mar. 25, B 8.2 — 0.27 — 7.52 10.2 - 0.22 0.010
1956 C 9.4 ~— 0.29 — 4.92 10.4 - 0.52 0.022
D 10.0 - 0.29 - 4,90 11.3 - 0.5 0.026

MOERENEOBRERCHEE L1 BEOTM LSBT L RO X 5 KB L
7o

COWMETHE L=< ARARDO T VE= Y ABETES 0.5mg/l Thoto., —
7, BMEPHSL L S AREREEOCBREA,D, MKEERT L7 vE= v o ERELHEE
THLENEIFELL 0.5mg/l L\ fEcies (BNE, 228, LdsTo ORBRE
D7 VE=Y RERENEETHO0EMTIIIVTHL ). TV E=V LD AR
ST 2HEB o> TSRS ShicERELX 25 L Table3 o X S inoic.
ERT7TVESY AEOBRERTARC NH,-Nmg/l L LTRLE., TORRLEVT
THUMANN®®) [ X Hilt7 v =7 &, KO Merkens and DowNiNG3®) 1 X %34k
7VE=Y AOHBEIL, BIEEDOETNENL/I6.3K01/2.9 (B30 L 5) LLTE
Wiz, $REEED 1/I0FARAHFED L L, HHY L5 ENFEMTORE T
BOEBCEERTWEIRTWADT, ZOELEROBAMTCLALORALT VE=Y 4
EEOBE AL LS &L,

Table 3 #2 %27 vE=Y AHIC X » THERCEIL Y, EHRBEEEKNRT LAY
WOBE L PEFBREEDD IR CHECIERTI BRI EL A 5 ER b 5. T
ERBRL/NICDRY =T BT VE=T ThHLHD, FRBADORFEL - Th



B R~ AEECEY 3KEOME 75

Table 3. Critical ammonium concentration to salmoniasds, as NH4—N mg/l.
Species Condition of Lethal Abhorrent Unpleasant®* ! .
Formula of fish experiment dose dose dose Authority

Takavasu and

NHs S. gairdnerii : : —_— 10.4 1.04 SoTookA (p.42)
. Taxavasu and
do. 0. masou 8°C, in hatchery 5.4 1.3 0.13 SoTooka (p.65)
water with 0.77
(NH4)e COs do. meq/! hardness, 29.1 5.3 0.53 do.
(NH4)2 SO4 do. containing 127.5 138 8.5 . 0.85 do.
/
mg/l dissolved .
NH4 SCN do. solids, and its pH 129 33 3.3 do.
NH4 Cl do. value being 6.8 183 63 6.3 do.
NH4 NOg O, keta 193 193 19.3 TakAvasu (p.280)
(NH4)e SO4 S. gairdnerii in alkaline water 106 6.5% 0.65 THUMANN
do. do. in calcium-poor w. 425 26 2.6 do.
20.1°C, " MERKENS and
N €1 do. 0:100.3%,pH 8.0 46 17 17 Downive (p.525)
do. do. pH 7.0 480 166 16.6 do.
do. do. pH 6.5 1514 522 52.2 do.
20.1°C,
do. do. Os 45.79% pH 8.0 18 6.2 0.62 do.
do. do. pH 7.0 175 60 6.0 do.
do. do. pPH 6.5 552 190 19.0 do.

* The values of abhorrent dose, being derived here from the data of lethal
dose obtained by Tuumany, and MEerkens and DownNiNe, were calculated by
using the abhorrent/lethal ratio after Takavasu.

** ‘Unpleasant’ dose, which has been so-called by Nirra, is approximately
equivalent to 0.1 of abhorrent dose; and under the ‘unpleasant’ dose it is
considered not to be harmful to fishes.

0.3mg/! P ETHS.

bAEOE K OFMEHKD pHILE6 ~T7 ThH®, FLTHMEE PHET TS G
W), TopHETO 7 v e =7 % 0 EEFHER “un-ionized ammonia”??>34> DOf
BEE LD TN TH DD, BRAMTHESRABED T v =y AHROACNTLE
I D ELSFHE LTI VDTS 5 Fds,

i ERB~YAOD % B

FTHRME ST AEAEREORNME, =V~ADAREL DL S hFEEXTUT LTV
DTHAH 5, BUF ORERIEKE FBIEEIH 019554 1 A ~195648 9 3 0¥kt & BIRIEA B
IVHR b DR OE F i, MRHEKERIELESWE LEXYRAL, &M/
AR b AMEE L RO, :

1955 D R FE R R « DNRNFERRE 2 T 93 ton Tho7ohd, 19564FICILERE
AHEL9AEC 137 ton LA, EEEDTOZIWIER & LCHE 3, &
E150g BLED L O3 LT b T\ A, BBl o HAFEmILZ 3 ~6 A%« (Fig. 4.
1951 /52 DM 2> s L HEOY - 2133, 4 A»H5, 6 Bi@Eh, 77 AL
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& 10 £20
o
T VoOVIDIX XEL IV VIC X 2 60
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. . . €0
Fig. 4. Histograms showing the food
trout production arranged 40
by two months, covering the 20
period from January in 1955 1 0V VX 1 m v VX
to September in 1956 at Otomi OV v VI IVl oV
Village Month Month
illage.
Fig. 5. Histograms showing a time
08 = R=—N > . .
BOMFEDL ST W5, lag in production between

1. ETFHMOAEREDOLTE)
Wi —7oBhoOERIZE 1, B

“up- and downstream ponds.
Figure in each panel is the
same as shown in Table 4.

NHETL T OB EEIT S —F D 40 ton

ThHPDEGEY A XORZ VMBI ADOEEEADS 2, £ ORDEEMMIVER S
Zrb 1EABEAS, F21il, B FRBC O W IHRETEEOE T EET % RER
EREZ ML, KEMCRWUIENOBARIT LT s $12~1 AcEhLCn
50T, ABHRBHO ETFTHMOERIN. £2C,1956F 1 ~9 AlzoXx ETHOR B,
BB O AR A T, 1REREAROMIL 2 RIBE LI bhic » TWABENLADTE
NOOWIIEEOERAE L, FRED2, 3BREARZ Lz Lo5b e Fig. 5 0X5K
ote, ZORTHS L EHEDO No. 1, 2 Tl 3~4 A — 2 0SB TH B, F

Table 4.

Showing the difference in efficiency of trout production
in up- and downstream ponds, during the nine-month
period, January to September in 1956.
Raising Food trout Production

Region* Pond** pond area production rate

m?2 ton kg/m?2

Upstrem 1 429 15.14 35.3
_____________ ( _A— I 2 340 15.09 44.3
Mid-stream 3 330 11.72 35.6
(I-¢C) 4 479 18.33 38.3

3 528 10.61 20.1

Downstream 6 594 15.09 25.4
(= 7 392  5.38 13.7

* Roman numerals and letters in parentheses, see Fig. 2.

*#*  Two or more trout farms included, respectively
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WOMIEEE ~ 7 DB w5, Lichis THIRTE — 27 OBROERE, %L M
DAZ JCEETHO TR CFREKOREREN/RENEEZ NS,

WZ, THROWE EAEGELETLTCODED TRV LW I FRWRAETS, 22T
IKEREYM Y DAEFEEYTINS & Table 4 Ok dicisotc. HIBFRNIGED ~ ALREIL
YD No. 4 FTIRE L A DEELTCHEH, No. 5 BT (St. C BUF) Tl b
HEMROETARD b, :

2. BAkEMDOLEES

HOWROFMIIKEFEFR LTIk TWwh, Lich s CEHMOSIERER L&
THOTRENDIKELY OAEENEHTE S, o s D#EEKEL LTk Fig. 3, St.
V OWEX -, EEEEERYRD S L 0.75m?/sec 1Lix B, 19564EDF AN, IR
7K ROAEEETK 150 ton THB2 b, T I H/PRJIKE D 40 ton % 5[ L5
ooz ut 110 ton 70 b, 7k& 1m3/sec 4 b OFEARET 147 ton L\ 5 FEREY %
fo. SO XS ER—RCE—KROKEHENCHHE L CER ~ A2 EETHHEICA
Bhasd Bz b E TRBREELERE), 720 50 &l ~A%EAEY (Snake
River Trout Co.)%*® DOFITLEDEET — 2068 90 ton L\ 5 EIHEE I,

BlERB~<e ko, HOHRED = o~ A LB HRARE LA LTk 5 /R,
T O EEMRIARVET LTS L03@» bR, St I, C oREFHRERLLL
1955/56 4RI 381 B EREHE & BT AR 0 1%, FOAEBITERAICEN Z LA HEE SR
fo. TWMOEERDOE NI, HEY 2 0Bh LEEHEEYL ) OAEEDET LW 2
DOOEIELNTETWAS, ChBDEEICDWTEETD L, B —7 DBITEE
NFEHCTERNTCOEENEIN LI LIL LA DTHY, ZhIIBCEEREED
B L BHOMKDEVIC L > THEIRTWA LEL DID, WICHATRY D OERE
BEOETE DWW, THRBORBES LY PREIC A 5. 1956FE0 AT X, &M
DEBENZERBICE DREDI2H OMBTEE (BE/m?) ##~N5%L, bhikEHo
320~400R 1% LT IR Tii170~300R 1 ik L T\ ie, TR OB T B fE A o
EE LAY~y F, BAERSC L8805\,

v SR ROERIKEE

1. ETHMO =2 < 20O5RMRIER S

KED L THMIERT AEEHNRAC EOREREY L2 T bhkRbicdic, BT
BHCHUETEREL LTOEERELZZRDLL S 210 LCEREEKCST 5IRMmER
BHROIEZHENI, COFRIFMNE K lofe, AR X5 L MREFHD WEEI~% 2/
r EVEDLCHENTHEEE DR, BEBREEOEEC X - CHLA AT R T
LHEINTWD, FRL= AR D X RREHERY, (&Ml &%, 17y —Ft
gk DB WTHLERAIBEST5 2 L2Bd T 5,

*  JE 3 fH  0.360~0.381% (RIFIEE)
#OEREEY  0.346%
Wk STECESEY 0,399%



8 RIGREKELIMTFRIRE  H17% (1964

Table 8. Difference in blood corpuscle resistance of-trout
to hypotonic NaCl solution.

a) Measurements were done on rainbow trout fingerlings ranging
from 6.1 to 10.7 cm in standard length at temperatures bet-
"~ ween 13.8 and 14.5°C., on Oct. 13, 1955.

Station No, of Mean resist,, S.D
of pond specimen 9% of NaCl sol. T
A 8 0.331 0.012
B 6 0.354 0.042

C 6 0.382 0.013

F =17.4 (p<0.01)

b) Measurements were done on rainbow trout fingerlings ranging
from 12.9 fo 17.6 cm in standard length at temperatures
between 8.6 and 9.4°C. on Mar. 25, 1936.

Station No, of Mean resist., 3.D
of pond specimen % of NaCl sol. e
A 6 0.317 0.026
C 12 0.321 0.024

t = 0.17 (p>0.5)

19554810 ficskfans A, B, C ORI D EXFRIRESA T 2 WE LIckER, 3HLE
BOENZED BRI (Table 5, a). St. C DA THERNCTRERC K L Lywhich
BOESIE (0.38%) CE Lirote, Lo LEES Tk, AxCORDEHEICILEDS
Wb bl ote (Table 5, b), omEEL LTE, 1081 St. C OE:E 3cc/!
FTRS L TOEDE LT, 3B CRBERNTS (Gee/D) Khot e 2ELD
nhb. '

2. =UADBENBERONT VE=w ABEL TN ) ERINES O PR

AERMCINETS LEZER KO T Ve = AEEEE TNV ENENT A, 2hb
DY ADONRBEHOBELRTLOTHY, Lictios THENEEDOHEK LT S —E
DEIRICHL DD TRV EEZ BRD. v

Table 6 /R Uic i, 196543 Awe St.C o FH1~3KHoOo= v =A% 1R
BTRIBD T 7 AMTINE LicD b, NORANKE L il -7e. RTRICEREZE LT
Wishr T QRBIEDOWT, BAEE - Y% 0T h ThoREEE2TE L.

Table 6 (TEFHREDORCOVWTDETHLLINL M I VE W, flziE, ~AEDO7 vV
T2V AEROHHEAEEBRE SN T — 42388830 R L L It F LB L, KL
HRGE Tl BEE A TIY 4~8mg/kg, hr L E2 bhb. Lich- CTEERDHE,
17mg/kg, hr %X > THEWA, FEEICHEAM CAIERE LT 2ECIET LAEWT
HH5.

SO ADERM TR T2 ) BEOBIMERAZ LIS Z 2 WR Ly, REHD =
o= AL 2.7Tmeq/kg, hr OETT7 A2 ) EENESEZHEL TN 2 DT, D HEKIT
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Table 6. Metabolic rates in pond-raised rainbow trout
under the conditions of being fed.
Measurements were done on 9 trout fingerlings

of 11-15 cm 'in standard length at temperatures
between 8 and 10.2°C.

..................... Metabolic rate «crersrerrenvaarans

per kg of b.w., hr per 1 cc oxygen
mean £ to.o5X S.E. consumed
Oxygen consumption, 128 + 47 gl

cc

Excretion of ammonium
nitrogen, mg : 17 + 6.5 0.078

Excretion of some

substances which

increase alkalinity,
meq

2.7 £ 1.1 0.012

FABABZC LI AEENREVLELDRA. ThHLOEIMEG OARBT DOV TLH b
TIEWD, AR DOWTER® IR 7 ve=v Al F Vi 7 =24 vEEbhiny
DTHREDTALHY EREINTALBRNT WD, = o<=ADHE I, Table 6 167
NAH YV EILEOHEMCTH7 ve=y AEROREEYRDD L, L2 DOBEE
L0 AT CHIMLE L B BRI TR 5 T

Table 6 WCIIFENEE lcc YD 7 ve=v 2E8RL 75 Y EENES © kE2

Table 7. Rate of accumulation in ammonium nitrogen (mg)
per 1 cc decrease of dissolved oxygen observed in
intensively stocked trout ponds

Nikkuchi trout farmé Fujiwa Trout Farm

(Yamagata Pref.) . (Shizuoka Pref.)
Date of . Date of
observation NH¢—N observation =~ NH4—N
May 2, 1955 0.139 Apr. 10, 1956 0.063
Jun. 14, 1955 0.174 Dec., 30, 1956 0.040
do. 0.169 Feb. 6, 1957 0.032
Sep. 13, 1955 0.121 Mar. 22, 1957 0.099
Dec. 12, 1955 0.062
do. 0.038
Mar, 25, 1956 0.126 average 0.097 mg

RLUTEWE. R bOMEEREHNIHELI RN 5 ThHS, Tve=v rE
FBL, ShLV2BHFTD= 2~ ARADH TIXEEEE Lcc B0 otk 0.025
mg Tho*), K LEERD = o< AT 3FRHEML TS,

SO LS IBBEEEECKT 2B EOE AR, FRMONE LML BRAEE
DEBLLTHWAZILNRTEHTHAH. TOBE, ERMO LWL ve=v A
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EXRBIEHLD O BHEBREEIEMACIEW D, BUBRREEELIYOT vEe=
v AERBEOHEAYHCVASC LEL L B s, HIHLENIIERGO X 5 CHER L Ol
FlEh, ARNEETAIMBCENTER LY BATIBRRENDRWEE I, BWHEER
B lcc OBAIeo% 0.075mg O 7 vVe=v 2EEOEMN AbNS, FEOELMT

DZOEEFHNL L Table 7 R T X 51k 0.03~0.17mg Th 0, O BT AZ W
PEHTHE 0.1lmg biso T EROEMBECIEN. WE, ZOHEZRALTCEELEDD
L, WIETC= o= AREOHRBEEY 3cc/l LHEE LD, L LAWOBEREZEL
8, 7, 6cc/l Thiut, EERAECTRYEIBEOMKDT ve=y A ERBEELE
h 0.5, 0.4, 0.3mg/l Cith LFBIND, Lo CEE, =O<ANEEINY S
ST G, FOMKD T ve=v 28EDN 0.bmg/l DLECAZ L iiEhThh 5%
%L@mgﬁﬁcﬁpmﬁ?57V%:vA§$®%ﬁ$ﬁOimguh@%ému,K
DAL L EEEE, FRRFEROBMAZOER L RATHIBELLA .

3 )

COMECRER~ADEEYIBET 5 BEEAKONELBCE L TREZTR 1.
F A AT - 7o 1955/56 £0 IR AER OBEM T, ETWCE > UJIKERE
FIALEY 1m® O)ELD 4R 150 ton ORA~AREEL T, WA D A B
1%, Tﬁ&ﬁ&mwt—ﬁ@@hk@ﬁﬁ%@@i&i@ﬁF#m%%htukﬁ% s
EERR S E & HEE Shic. \

FEAKONE LN LickiR, T, pH, BEBREEORTRLY, BHEHR
Be, 7 ve=v A, WREEE, BERE, BB, ROT7A% ) EOHEMARD bR,
EHBRFED 3cc/l WRPTH LEEROBENALT AL DM EE S FE SRS, T
W U LECoBEE BRI, 20X 5 nBEOB LI ADRMIREI I 2R
PR LD BN, M%&#%b Bowk 0.5mg/l OF7 vE=Y ABENEREL L ETH
WD 8 DIRF T R TS D ot B~ AEEOKEER L LCEERLOILE
FEAETHD, ZOHEET 3cc/l Pl LHEE L.

m*ﬁ@ﬁﬁéhfma—yvxmkgwé,1%%%0@%ZWx&ﬁEL 7V
E=v AE%E 1Tmg, 747 V) EHEMES 2.7meq M5, 2 h b O HREEILER
EE L —E0BRELS LEZ LN, CORBRYBWCERMORBERMATRS & &08
TE A, B L ORI ENCERREEE L WA EAB T, HKOBEEER
# lcc DBADEOE 0.1mg O7 vE=V AERO BN H LRI, —RICEEB,
FTAHEY T, WKDT vE=Y LEREN 0.5mg/l %225 L X ERTH DI,
MM EOB T AT vES Y AEROEEEN 0.1mg M EoBE, Ao
BEINERC O OXRFTHIBDERLS LEXDIS.

* BRoCKWAY23) ZHIKDEBNENESEMOBEKNT, 7 ve=7E5 0.9mg/l IKELK
BlE BT 5 BBREOWEMT.
it%%?#vz;béﬁm:4@ﬁmﬁﬁﬁ®%A I3, 2R EEVESRE I THE
. BERMGEMEO 0.1mg/l HIT2, MBINESZENOEESD 0.03mg/l (E& LT
“>f£bmfh§ﬁmocn2®§@%®%ﬁwm,%ﬁﬁtﬁﬁmﬁmﬁﬁwﬁmﬁmfﬁ
hhiclzdEBbils.
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