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Air-snapping Responses to Oxygen Lack and
Metabolic Activities in the Japanese Dace,

Tribolodon hakuensis GUNTHER

Soichiro SHIRAHATA

SYNOPSIS

In pond-coltuning of fish the air-snapping response on the water surface when fish
were suffered from dispnoea is observed by fish-culturists as a noteworthy warning in
respect of fish damaging. The present study was undertaken to obtain the relation between
air-snapping responses and metabolic activities of fish under experimental conditions, using
the Japanese dace, Tribolodon hakuensis as a test animal.

The results are as follows.

1. Under conditions where fish were kept in still and self-contaminated water air-snapping
rates and intensities were closely .related with dissolved oxygen content in the water.
Up to 38 mmHz (1.4 cc/l) in oxygen content fish did not air-snapped but when the
value was less than 25 mmHg (0.9 cc/1l) tney showed 10045 of air-snapping rate and
when the value was fallen in 16 mmdg (0.6 cc/1) for hours they were suffocated to
death.

2. There were much more increases in pH, alkalinity, N-compounds and phosphates in
the water during experiments.

3. When fish were gradually acclimated to critical oxygen content and fed once a day
in the morning, the feeding levels were even retained about as high as those in
normal conditions. But in consequence of feeding fish were drived in dispnoea with
air-snapping. The higher values of air-snapping rates and intensities were observed in
2—8 hours after feeding.

4. Such conditions as previously mentioned caused a reduction in the oxygen consumption
of fish to one-sixth of normal value and decreased the efficiency of food conversion.



54

BREEZRHT2ERLLT, 02,850 085 24, cokbhFicid, hgnaicl 3284
EBENCBREORSTAFERE IR ESS 2L 5 1CBLN S, HBERIAREEREEOKED KIS
CHBN, ADRTIKEBWEIREV EINTO A, FHE, FkRBBILICENT, THIbLIE LEESD
EBDBL, PORERAORBTEUTE KENRELTZ) REE LY, COXITHRIERNE
bFrEIONS, ,

APREE, BBz KBE LLAOEBEI DV TOMRE S 370, RlEkicxt UTEFRKIEEIG
ERTVTAZAOT, ERICAST 2180 LY, BHIREOEELL LICLT, AOTE, HiE—
HILED, RUONEOEHZHE L0 TRET 5.

B 8 R U FH &

FRLATEEN TESE Licw 7' 4 Tribolodon hakuensis Ginrrsr DIEAATZE L, b4 b
IIRE, BIE, eRAV2R ) APRERELE LTEABE TR0 RRAV, U A BRI, BAEE
WICBOTHENDPFHRICENTD, RREOAAL PRVEEEZTTREBINTO ., 74Dk
HHEICE, &8 0.1g0 FILRAUIEE L mgDLERFREAV 7z, (MERFERO&&R, v7/4%1L
%Y Vv EYIKIRRPT, BREEh SN2 THEE (WL Lk, BKichES E9 &0 25 Tk
L7z,

FHBEERRTNCHREEN 7 ZAAZAY, KGEKE L A KB UTEBEER SR b D E 0T,
KRB LI T80, ARO LicsE, KEXY 2BOBEI T THAICER 2T S, 77 2RO
B U,

KEGFIZROFECHE - 7o, EHEOE : Wukinelh, pH: 7 5 RBBENZEE, &7 VA VE @ &
FNEF VY I—=T =) VT w—BaiEREICK ZJEIEE%E, NH4-N : Nesseerfalk, NOo-N : Griess—Romin
4, NO3-N : ZnFKi@EH, POg-P : Dencis-A rxix LEE,

fHid X VaRY A Chironomus dorsalis A VOHEICELD EREE Lz 0,
Limnodrilus gotoi 25 Z 7., HIZEERETKDZL BN EDWERETHEE Lz,

kU4 13X

w R R U B =
1. BHFREORR . '
BRICMEOND EKBOD 0BT, KEBICENT B, H2ATEHES D, WEBENNSOPY
43, REREIKEICL TR TAREDOEICE, O EMANSL AbTE B3y, Lk LINESBE
DBEORICHOL FHAREERIGETSSE, B 4B LPBTRHRERIUE 5,
ROTREZENICROTLORO I D ICROREEELP L, ENHICRITEECsE, BATRK
DEIGRUAD T OME OMEEERS 2. WKL 4, X 18.500 OF 7 ZKMA, B, Co 3EICKE

Table 1. Change of water character in aquaria in which starved Tribolodon hakuensis
were kept.
Three groups consisting of 9 fish(A), 10(B) and 10(C) were kept in glass
aquaria, measured ll.4cm in diameter and 13cm in water depth. They weighed,

respectively, 5.3, 7.8 and 11.2g in total body weight.

Time Water Dissolved NH4-N pH Alkalinity »
_elapsed, temp. 0o cc/1 mg/1 meq/l
hrs. °C A B C A B C A B C A B C
0 25.1 5.30 0.07 7.3 0.42
6 26.6 1.21 0.83 0.72 1 0.8l 0.62 0.93 | 7.0 6.9 6.90.49 0.48 0.48
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Fig. 1. Showing the air-snapping tesponses oun the water surface when Tribolodon hakuensis
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became to show the symptoms of dispnoea.

Left : air-snapping 'rates rose according to the !density of fish in aquaria as time
went on. Air-snapping rates are expressed as % numbers of air-snapping individuals
to total fish and measurements were made on every 15 seconds, 20 times in 5 minutes.
after giving a threat stimulus by suddenly removing the glass plate which covered on.
an aquarium.

Right : air-snapping intensities referred to the escape behavior of fish to the bottom
of aquarium to the threat stimuli, are expressed as % numbers of air-snapping-
individuals which did not escape. The threat stimuli were given by suddenly moving a.
black board (horizontally over an aquarium every 5 seconds, 13 times in 1 minute
immediately after the measurements of air-snapping rates. Two cases, except A,
showed the critical ‘conditions of dispnoea 6 hours after the start of keeping fish in.
aquarium, In C-aquarium 2 fish were suffocated to death and one critical by the end
of the experiment.
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Table 2. Change of water character in an aquarium in which 10 fish were fed with Limnodrilus
and suffered from ‘dispnoea after feeding. The aquarium was made of glass (20 cm in
diameter, 27 cm in height)." The volume of water was 6 1. From 18 July to 1 August
10 fish of '8.83 g in ¥initial total weight had taken 6.44 g of food, although one fish
weighing 0.48 g died on 28 July. The final total weight of fish was 5.38 g and the
growth during the experiment was 0.33 g.

Date Wateor Food taken| pH Dissolved |Alkalinity} NH4-N | NO2-N | NO3-N | POs-P
temp.°C mg Os cc/l | meq/l mg/l | npg/l ng/l | ug/l
7/18, 6p.m. 25.3 - 6.92 5.04 0.38 0.00 0.00 77 6
7/19, 7a.m. 24.6 192 6.80 2.97 0.39 0.29 0.00 65 28
7/20, 7a.m. 25.2 341 6.6L 2.54 0.47 0.99 0.00 47 82
>7/21, 7a.m. 25.7 562 6.90 2.21 0.50 1.47 0.28 56 132
7/22, 8a.m. 24.8 562 6.90 2.03 0.56 2.850 0.55 42 146
7/23, Ta.m. 24.8 507 6.88 1.47 0.63 4,17 1.11 B3 244
7/24, 7a.m. 28.2 658 7.08 1.43 0.70 4.93 2.50 44 276
7/25, Ta.m. 26.4 582 7.28 1.83 0.78 6.16 4.17 o8 350
7/26, 72;.m. 26.5 595 6.87 1.19 0.82 6.60 6.11 50 471
7/27, 7a.m. 26.2 659 6.99 1.40 0.90 8.30 6.94 19 528
7/28, 7a.m. 26.3 626 7.18 1.37 0.97 9.12 8.89 35 689

7/29, T7a.m. 26.3 524 7.31 1.49 1.08 10.24 ¢ 11.39 47 677 ‘
7/30, 7a.m. 26.4 631 7.31 1.63 1.15 11.28 | 16.67 32 7_12
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Fig 2. Showing¢the ‘daily repeating of fair-snapping responses of fish when they were fed
once a day in the morning. } Fish { were kept [in still water in which they were
gradually acclimated to low oxygen contents. Even under that conditions feeding rates
were retained high levels, ca. 10 % of body |weight, but after feeding they suffered
from acute dispnoea with air-snapping on the water surface. The figure shows also
that air-snapping rates fall according as the digestion proceeds (Cf Fig. 3).
Air-snapping rates plotted in thisifigure are the averages of the values for 13th to
20th of 20times of measurements in 5 minutes.
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Table 3. Hourly feeding activity of Tribolodon hakuensis ‘when fully fed with chironomus
larvae under normal condition of water. Four experimental groups consisting of
B fish each were kept in glass aquaria C-1 to C-4. measured 21 c¢m in diameter
and 4 c¢cm in water depth. They weighed, respectively, 901, 954, 958 and 1109 mg in
total body weight.

Date 7/24 2/25 7/26 8/2 8/3

W.temp.©C 21.0 21.3 2.7 25.2 25.8

Av.weight of 1.35 2.61 5.92 2.8 2.6

chironomus,mg|

Aquaria No. | ¢—3 | ¢c—2 |c—1|c—2|c—1|c—2|c—3|Cc—4|C—3|C—u4
g g mg oy mg | g mg| g g g g
g 1| 87.78| .45 | 70.47 | £8.74| 59.20 | 71.14 | 84.0| 114.8 | 101.4 | 106.6
;g 2 | 31.05| 33.75| 20.88 | 20.88 | 17.76 | 11.84 | 22.4| 36.4| 26.0| 26.0
E? 3 | 31.08| 25.65| 18.27 | 18.27 | 23.68 | 20.60 | 25.2| 19.6| @3.8| 3.4
5 2 4| 32.40| .35 | 23.49| 15.66 | 11.84| 11.84| 44.8| 28.0| 8.6 39.0
33 é? 5 | 16.20| 22.95| 13.05| 18.27 | 11.84 | 17.76 | 25.2{ 28.0| 28.6! 39.0
% & 6 | 22.95| 17.55| 23.40 | 23.49| 35.52| 23.68 | 44.8| 33.6| ]!8| 3L.2
© % 7 | 20.70| 22.00| 15.66 | 3L.32| .52 | 23.68 | 16.8| 30.8| 32.0| 8.4
E 8 | 17.85| 22.95| 26.10| 33.98 | 17.76 | 11.84 | 36.4| 33.6| 28.6| 6.8
9 | 21.60| 16.20| 18.27 | 28.71| 23.68| 17.76 | 86.0| 47.6| 36.41 23.4
10 | 17.55| 16.20| 18.27 | 13.05 | 23.68 | 17.76 | 1..2| 33.6| 39.0| 3L.2

Sum of food
taken in 10 | 307.80 | 301.05 | 247.95 | 292.32 ' 236.80 | 242.82 | 366.8 | 406.0 395.2 416.0

hrs, mg

Feeding rate
in 10 hrs,%bw 34.1 31.6 27.5 30.7 26.3 25.4 38.3 36.7 41.1 37.6

Feeding rate
in the first 9.7 9.5 7.8 2.3 6.6 7.5 8.8 10.3 10.6 9.
1 hr. %, bw

[e)]
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Table 4. Change of water character and air-snapping responses during 24 hours. Fish were
fed with Limnodrilus, 10.8% bw, at 7 a.m. on 28 July.

Date Water oH Dissolved |Alkalinity; NH4-N | NOo-N | NO3-N | POg4~P | Asr | Asi*

temp. °C Og cc/1 | meq/l | mg/l ug/) | ng/l rg/l % %

7/28 7Ja.m. 26.3 7.18 1.37 0.97 9.12 8.89 35 689 0 0
#  Qa.m., — — — — — — — — 72 68

»  llam. 27.4 7.30 0.99 1.04 10.08 8.89 21 688 90 81

#  3p.m. 28.4 — 0.95 1.03 11.20 9.41 13 658 68 76

#  7p.m. 28.7 7.32 1.10 1.06 11.e8 | 11.11 22 610 27 37

# 12pm. | 27.7 — 1.25 1.06 | 12.9% 8.89 14 719 13 23
7/29 7a.m. 26.3 7.31 1.49 1.058 10.24 | 11.39 46 677 0 0

*Asr : air-snapping rate, Asi t air-snapping intensity.

7 100

2
-]
o

Air-snapping rate
or intensity, %

8 ION 24 6 8 IOM 2 4 6 8
7/28 7729

Fig. 4. Showing the change of oxygen .contents in the water and degrees of dispnoea as time
went on, ‘
In the figure is shown that the air-snapping responses of fish are closely related
with the change of oxygen contents in the water after feeding. Up to the time of
feeding fish were vigorously swimming in all directions in the aquarium, although the
oxygen content was only 1.37cc/1(Cf Table 4). But in consequence of feeding fish
gradually suffered from dispnoea due to increase of their metabolic activities and
decrease of oxygen, and during the first 8 hours they were drived in critical conditions.
Under those conditions air-snapping intensities were in higher levels and fish did not

show any escape behavior to threat stimuli.

S A Th H24BMA T, pH, TH VE, NHg-N, NOp-NRZ—RICEM Lizh3, NO3-N&LPOy-P
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Fig. 5. Relation between oxygen tensions in the
water and air-snapping response, or degree
of dispnoea, in Tribolodon hakuensis at
26°C. Solid circles are based on the data of
Table 1 and 2, and open circles on the data

of some other additional experiments.
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BRI 02 E OB OIS OFIE TR DI, BUHS OGNS 28D EEZLON5. T T, K
DO BEDFNH B¥fy, BOME OBICR 4 I UTO - HITE LTV 354, RURERB AR
BRI TEBC LRI 2E, OlBER L 5Nk,

TP EEROMEE D B720IC, bk 0BD Y /' 4 AKE 25°CT2— 4 BMIFHEST 2 LTh 5, BIE
BERCEHUEZROEEZS &M/, TablebiRT L DIC, RTEDOBIB2ec/ LU LETH »7od b—IGE
ERDOHEE L ZEATEEESS & 5 £55.300/100g , hr i 2 72,

i Table 2IT/R U22EERTIZ, 7 B23—30HDOEID 7 am.D 0B EB—ETH D, o 7amBEIZEA
ERHTEBIUTOR P oD, AD O2FBEEETLOBALTL 208 EBHE-THEEEL
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Table 5. Oxygen consumption of Tribolodon hakuensis in closed 'system at 25° C.

Average body No. of fish Time of acclimatiop Final 502. (02 consumbtion
weight, mg tested to 258° C, days ‘ Coggf?t’ cc/100g bw.hr.
164 1 2 3.50 56.8
213 2 2 2.63 48.4
175 3 2 2.36 47.3
155 1 4 4,87 38.2
187 1 4 3.20 86.2
174 2 4 4.09 42.7
183 5 4 3.47 59.6
175 4 4 2.07 63.2
175 3 4 2.74 B5.3
55.3 + 14.1
(s2 =200.1)

N3, H-TRACENOINE, HEBOBEMEETE 3, ER00RARIIFigbZANTEHE L,
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™
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203}
> 02}
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Fig. 6. Oxygen invasion from the air into the waters condit-
ioned by starved crucian carp at various water depths
(20°C). Numbers in the figure are initial oxygen con-

tents expresed as cc per liter after fish were removed.
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] 20 24 - 28

Water depth,cm

Fig.6iZ, 20°C ICHBT H 5 RKIE
i, RE 1.7—4dcn 07 FERIRE L,
WHW 5 conditioning water % {E

D, BexDOEEO GRBICELTH
SREHREL, BRKREBBNTL
BRI L £ DKRA~DREA Oz BEAEFEER
Hickdi-bDTH B, 20°C LIS
DRELCBTAEA0BIZ, k&
DIREE & 20°C O Bunsen B2 D H
PoRHBOLNG, BIT EFIO Oz
SEHRICE Y 2% 0 D BARR
UHIC K ATHEE DOFF L Table 6
DEHIITY, ZOHRE, CoRE
TORDOMEEER, T 8.5cc/
100g.hr. LEETE 5, COMBEIRE
FEOENEEREED BEEOK
XZ6450D1TH 5B,

Wi, KEICREANTY DEFEOBBEVNL2D5 2 HIRIDOHEE S, Table 1, 20BN SHEE
U, TableT 21872, COHt, BAOOMEE UTRABK THOKFOEICH LTS LD D, BRI
MICBG aRRBLEA, HIb, BEFAEBC LTORV 2HICo0 T, RBETROEFOEORE

T, WBEMBLHIL, 2n2h23.3, 19.600/100g,hr. TH -7z,

Thics VEMicRdE2 B Licd
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Table 6.-Estimates of oxygen consumption when fish were acclimated to oxygen deficient water.

Total body | Dissolved [W.depth| W.volume |Og invasion [Ogconsumption
Date wt.°C . ’

weight,g Oscc/l cm 1 cc/hr cc/100g,hr
7/23 7 am. | 24.8 5.5 1.47 17.8 ' B.6 0.46 8.3
7/24 7 am. | 25.2 5.6 1.43 17.8 B.B 0.48 8.5
7/25 7 am. | 26.4 5.6 1.83 17.2 8.4 0.46 8.2
7/26 7 am. 26.5 5.6 1.19 16.9 5.3 0.49 8.7
7/27 7 am. | 26.2 5.8 1.40 16.6 5.2 0.47 8.1
7/28 7 am. | 26.3 5.8 1.37 16.3 5.1 0.83 9.1
7/29 7 am. | 26.3 5.4 1.49 18.1 4.7 0.49 9.0
7/30 7 am. | 26.4 5.4 1.63 14.2 4.4 0.45 8.3

average 8.5

Table 7. Estimates of oxygen consumption when=-the oxygen content was gradually

decreasing due to respiratory activity.

Dissolved Ogcontent

Condition in aquaria, cc A Mi}:\:;nslll(x;; f)z Consumed/Og p(t:;)(r)lium— Remarke
of fish initial final cc¥ Og,cc ¢cc/100g, hr
normal 30.24 17.82 | 12.42 4.31 16.73 23.3 Based on Table 2,
7/18,6 p.m.-7/19.7a.m,
normal 6.78 1.885 5.23 1.01 6.24 19.6 Based on Table 1,
air-snapping 6.36 0.64 5,72 1.13 6.85 14.6 duration of exp.
air-snapping 6.68 0.91 5,77 1.08 0.85 10.2 was 6 hrs.

* Maximum Og invasion was estimated from Fig.6.

O, RUZOMRECAEEC 2H0ONERE, RBTOBEICHK > TLIL, (KO0 EEITH I
ENTEEOHEBIGENETH -7, T, 1%470@02 ETICEE LcEaicid, 2 OB THER
WELE D, WEBENKTH X HREAIE, & O ~OFEGME &, FRAH OB & W REHE
EUT, Bb0%EEC L, FLEMELEADTH S S, KRBT, FUKIERDIEOERE LITHEL ST,
HEMEI D EMCEL, XRSUBEAZS5Z20R, BEOEE~ORHIEA, EHETIITERODE
EZIONB.

IR Uic &k 21, O KA, EEZOFED TRESPN LT, X, BROTHHEOOEEDENED
THAHCER, BEOPILTIRARERDTIERADS - L LOFICED 5 UEBDS.
1. BHITFMEEIELESOEEME

BoERE, »2OEORETOY 7 4 OB, RUKESER TOREADSBRENRIATS 205,
O2fBBELDOLL TV EDLD, US4 DZANVF—RBBEELABLD OFKICKED, O08BER1L0ES
E7xB5Kcalk UCEHE T A&, EHERE6.6Kcal/100gdays 2 5, it L, EOBICEIR I N BSIT
{31.0Kcal/100g,day & 72 % (Cf Table 5,6),
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Table 8. Constituents and calorific values in food and fish tested. Prior to analysing, the

bulk of Limnodrilus was reared in a shallow pan in 10 days after separating

from muds. T7ribolodon analysed were 171—959 mg in body weight.

Items Limnodrilus Tribolodon
Moisture, % 74,84 77.48
Protein, % 12.21 14.25
Fat, % 3.76 2.84
Carbohydrate, %* 4.65 1.76
Ash, % 0.79 1.87
K.calories/_lOOg 101.3 89.6

* As glycogen,determined by Fraring-Losmaxn-Scuoore’.

ZUT, KhDEOBICEEE N2y 7/ 113, LBEKAEYD 10.3%0D4 + I IXEBNLH D, fHrb
B Lic T 7 v —i3,Table 8% 1010.4Kcal/100g,day & B A 65, —F, CORBRIAMICED 2HEE
120.41g/100g,day T 0, Table 8O AADSTERD & © DEE T 3 VE ~BICHET 3 &, #0.4Kcalic
TERV, HELTEZ N A vF -, EERERBO IOROEITHY, XAKDOEEICH, LNk
TRNFE -, BEESO2BMEDI. 4Keal TH B D, BOTE——ha ) —TH il bhrrb b,
Epic0. 4K cal DRE U A SN e &iCiE 5,

Table 9. Nitrogen and phosphor excretion in starved Tribolodon hakuensis.

Condition Duration [Final Og| No.of | Totalwt. NH4-N PO4-P
Remarks
of fish of time, hr| cc/1 fish | of fish,g | mg/100g,hr |zg/100g,hr

normal 13 2.97 10 B.53 2.42 183 Based on the jdata
of Table 2,
wt.25.3-28.7°C.

normal 6 1.21 9 5.3 1.79 Based on the data

air-snapping 6 0.83 10 7.8 1.42 of Table 1,

air-snapping 9 0.72 10 11.2 1.64 wt. 25. 1-26.6°C.

normal 14.5 2.83 10 9.3 2.27 267 |Kept fish in aquaria
(22 cm in diameter,

normal 14.8 3.81 10 4.4 1.48 271 29.8 cm in height).
Water 10 1. Wt. 25.
c° C.

normal 24 4.92 5 3.1 0.95 Kept fish in aquaria

normal 24 4.3 | 10 5.3 1.37 (22.2 cm in diameter,
30.5 cm in height).

normal 24 3.08 20 8.8 1.92 Water 5 1. Wt. 19.6
-20.0°C.

average---1.70
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FRSEHEIIC DT, CornvmuusdB= Y2 RICDE, BWHOBICK - TIBER, MEERICERSET
EARBUTN S, OBH17.8mg/ 0 D& &, EREK2.3TH 7258, 02829, Img K U3.8mg/ £ OBFITIT,
BAPYBIRIEE £5.6, 8.4TH »Tc &S,

8. R¥t&EmModkitsEE

BAEKECS>DUTH S 6—24 EOERELICET 5, NHeNPEEER, Table 9 T4 502K D1T
2.42mg/100g ,hrThH D, HE YD OEEHRD 7. H) - NEENE, KE.5—-8l.2e0 34X F V¥ =%
B, KiE16—26°C T, EOHBKICHE T 3T BNHLNOHRIERD L, Urea- NSEBINT 2 &% %
fz. Table 9 #» 513, NH4-NQ#EEHE Ol & DIFICIZ—E LcEANA SNV OT, FEEEL LD E
1.70gm/100g,hr (41gm/100g ,day) % Z.7z. X PO4-POERMC DWW TIRIEH0.24mg/100g b TdH » 7z,

Table 10. Accumulation rate of nitrogen when fish were fed once a day in oxygen deficient
water, based on the data of Table 2.

Food taken, NH4~-N accumulation
Avwt°C Av.bw,g
’ % bw,day mg/100g bw,day
7/21-22 25.8 0.55 10.2 106
7/22-23 24.8 0.55 10.2 168
7/23-24 25.4 0.55 9.2 75
7/24-25 26.3 0.56 11.7 120
7/28-26 27.0 ' 0.56 10.4 42
7/26-27 26.9 0.86 10.6 : 154
7/27-28 26.7 0.58 11.3 73
7/28-29 27.0 0.88 10.8 103
7/29-30 272.3 0.60 8.7 85

average---102.9 mg/100g bw,day
4.3 mg/100g bw,hr

WicTable 2 ICRUHERD DB, (EOFHICELUIIRIET” 450 11, KEDIOBDA + 3 I X%E
HLUKBADONH,-NEEEEZ b EH B E, FHLT 4.3mg/100g,hr (103mg/100g,day) @ {ETH -7z,
(Table 10)A2KICINAR 3 B EHA D120, EEEREBCETZETH 205, HECIEEE L
THEH ULV, EREOEI A 2.5E0EMTH -7z, DEoERE, 1LH LEOBRETH -k
5, dL Oz FHADKSCEL, EREEREL NN, Table 3OEEEHOERNN» L, L LbH
RAREOBZ ULZEETSETH S, f-T, TORONIHER, PEVOEIERTTH L.

IZ NHe-N OBRBTF KT THECONTEE L LTH S, &PTP2EAL VP A LMY, 1H
IEOEENBRE EE L SN A AERICEN T, NHe-N OBKREHEIZ13me/ £ TH »7c(Table 4), T D
& 572 NHg-N B, FRRHBCEEOBEMBLEZ 2L oNkd, Bl ik, BHTRR
&L ENMESDEEER UDE, KHDO2B TH - TNHa-N, PO4N, NO-NEXEE L LiZEA
STV, Wonrmane'® 537 V& = AEORKICH T 2 BIEHICDVT, NHyt &IEBHESFONH; -
HoOl ZRFUTCHEARTEONWNC ERRIBL, BEAREE UTEHOT VESTRILE > TEE BT
&y TUTPHIC K » TEFSN S LR~ e, XREBRCIZ, NH4e-NH13mg/ £ TH - Th, pHIFZ.31—7.32
TH-1ehrd, NH3-N OAEZ0.3mg/ L IREILHD, Y/ ARKTEZTVE=TOFEERKA-TLE
3., Wunrmany 513, @77 4 GEED Squalius cephalus L. W, NHid UT37.3mg/f DOE4A, pH
7.8 TRAICIIENIL > 572 hS, pH 8.16£8.78Tid, NHz OEREIZHR42.07:7.92L7120, FAiFKR~A30



65

5, I THROFEERICE S ERUTN 3.

R, NHe-NBBERREOIVEETHD, ZhoS0HABKE—RICE OBETHIDAIELT,
EMBEOEELELONG DD, BAKREE L RITVEVZEY, £ & SHKEYIE HEREEE
K%ED CHERPHOEBTAL B -THD, XREHEMEN TS V7 P VARBRTACLKE - THET S, B
EHOKEDICOVTD, pH OFLVOETRALNAE™ 5, NHe-NORICH T 28, UEDKIS
BAIKRBEACOTRO D TREBNHEEZ LIS,

AR 1953 /SEEEIC B LA IIC BT - 72 b D TH 3. £ ORHER LA 120 TR
AL REMGEEEL, NMAEHELICRHOBEERT 5.

] 3

1. ADRPTERBENEDOEFEE LONBLD, V74 MHAZAVIRETERNCRDTFEBCE
&, ZHUCHEE U ERATIE -7z,

2. BHPREEAZEDLTID, BHTFEARBOZ TROTEE, XESHEKE DL LTEATHRET
BT EORSTERRS TR T MBS Eb IO,

3. EBEZHTTR, 2HTORERKHOEDOE(LE XL —HKL, oK OBEORBITERILED
J100% 5, RUBEALOERLTHTH -7, BB, /KIR206° CHHE TI/KFO2E D 38mig (1.4¢0/
£) TTREDFEBCIBVE, TNLUTKREZ BT £IT LY, 26mHg (0.9c¢/£) LIT TiZ 100
BDEH AR L1emHg (0.6cc/8) DITFHEL EHANTH -7-.

4. APBRLITEOMABTKICHK L BHTHRATEET 5L 50088 R 8.5c0/100g,hr THY, IE
BEOWE6SHD 1L TH -1k,

5. BHUEBRATHBESNY /43, LB 1OORETREDIODZEM LI, < OMHERE L KET
AL BEEIGE  EEREBIC BT AEEE UL o7, BH% 2 —sHHCB O TRREDRD T RER
Utehs, UM TREDTIREE A EHL U, COBEMISHELEROETREDRMEZZ b0,

6. 1R LEIDEEEZNICESIBEDTEL VLA LABRETIHERDESEL, FOBEMCEAS
1729.4Kcal/100g,dayicxd LO.4Kcal/100g,day UskE LIS » e,

7. 1FKEET CEPH, To4h ), NHg-N, NOz;-N, POs-PRIEMOERERLI, Lk LZNEDE
RPEEADFICHEE Uik Lid B2 6N7KE0, NHeNKOWTRER1IY/ mg L iCE L3, pHE DORE
THEEEZRILL s Bbs, _

8. NHs-NOHMXIZEEEE, EME0E4 41mg/100g,day TH -7, 1 HEEDIOD %1EH Lic
AiTiEZOR2. 5B L,

# R %=
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