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The Gas Disease of Fish due to Excess of Nitrogen
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(Plate 1; Text-figs. 1-25; Tables 1-4)
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Text-fig. 1. Apparatus for producing large volumes of water supersaturated with nitrogen. T, labo-

ratory tap; V,_g, valves; S, gas absorbing chamber (steam pipe of 13 mm in diameter and 10m in total
length) ; C, gas absorbing chamber (steam pipe of 80 mm in diameter and 3.5 m in length) ; F, filter ;
R, iron water tank of 0.8 m in diameter and 1. 25m in length; EV, experimental basin; G, water level
gauge; PG, pressure gauge.
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Text-fig. 2. An example of variation of nitrogen level during the course of the experiment. Data
from the experiment, E-10, for eels. The arrows indicate the time of death of individual fish.
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Text-fig. 3. Latent periods in adult (open circle) and young Carassius auratus (solid circle) at different
nitrogen levels. Nitrogen levels, in % of air saturation, indicated by figures in body of graph. Latent pe-
riod means the time elapsing before gas disease is manifested by external symptoms.

Text-fig. 4. Latent periods in Oryzias latipes at different nitrogen levels. Nitrogen levels, in % of air
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saturation, indicated by figures in body of graph.

Text-fig. 5. Latent periods in adult (solid circle) and young Cyprinus carpio (open circle) at different
nitrogen levels. Nitrogen levels, in % of air saturation, indicated by figures in body of graph.

Text-fig. 6. Latent periods in Anguilla japonica at different nitrogen levels. Nitrogen levels, in % of
air saturation, indicated by figures in body of graph.

Text-fig. 7. Latent periods in Rhodeus ocellatus at different nitrogen levels. Nitrogen levels, in % of
air saturation, indicated by figures in body of graph.
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Text-fig.9. Extents of disease occurrence within
periods of one (chain line) or two weeks (solid
line) in samples of adult (solid circle) and young
Cyprinus carpio (open circle) and Rhodeus acel-
latus (cross circle), exposed to various nitrogen
levels.

Text-fig. 8. [Extents of disease occurrence
within periods of one (chain line) or two weeks
(solid line) in samples of adult (solid circle),
young Carassius auratus (open circle), Oryzias
latipes (cross circle) and Anguilla japonica (dou-
ble circle), exposed to various nitrogen levels.
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Text-fig. 10. Median latent pericds at various Text-fig. 11. Median latent periods at various
nitrogen levels in adult (solid circle) and young nitrogen levels in adult (solid circle) and young
Carassius auratus (open circle), Oryzias latipes Cyprinus carpio (open circle)and Rhodeus ocellatus
(cross circle) and Anguilla japonica (double circle). (cross circle).
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Table 1. The relations between occurrence of gas disease and nitrogen level.

. . . . Median latent peri-
. Nitrogen levels (% of air saturation) at which 502 D
Size of or 5 % of the fish show signs of gas disease within ods*(hr)at two nitro-
fish periods of one or two weeks gen levels (7 of air
Species (Body : saturation)
length) 502 5 %
(cm) . 130% 1409%
| 1 week 2 weeks 1 week 2 weeks
9~13
c ) (Adult) 128.2 125.2 120.9 119.4 129 120
arassius 3.5
auratus ~
(Young) 133.8 130.9 124.6 123.5 160 78
Oryzias 2.6~3.0 135.5 131.1 123.1 119.7 387 89
latipes
Anguilla
Saponica 23~44 124.7 123.0 118.7 117.9 20 4
21~28
Cyprinus (Adult) 123.6 — 118.9 i — 59 15
carpio 34 .
(Young) 131.8 127.9 118.2 116.2 222 57
Rhodeus
ocellatus 2.8~3.4 | 136.6 131.8 126.6 122.9 437 118

* The time elapsing before gas disease is manifested by external symptoms.
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Text-fig. 12. Survival times of
adult (solid circle) and young Caras-
sius auratus (open circle) at various
nitrogen levels. Nitrogen levels, in
% of air saturation, indicated by fig-
ures in body of graph.

Text-fig. 13. Survival times of
Oryzias latipes at various nitrogen lev-
els. Nitrogen levels, in % of air sat-
uration, indicated by figures in body
of graph.
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Text-fig. 14. Survival times
of Anguilla japonica at various

m

nitrogen levels. Nitrogen lev-
els,in % of air saturation, in-
dicated by figures in body of
graph. Circles in box at top of
graph indicate the times when
100 % mortality occurred.
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Text-fig. 16. Survival times of Rhodeus
ocellatus at various nitrogen levels. Nitro-
gen levels, in % of air saturation, indicated
by figures in body of graph.
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Text-fig. 15. Survival times of adult (solid circle) and
young Cypriuns carpio (open circle) at various nitrogen
levels. Nitrogen levels, in % of air saturation, indicat-
ed by figures in body of graph.
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Text-fig. 17. Extents of mortality occurring
within one (chain line) and two weeks (solid line)
in samples of adult (solid circle) and young Ca-
rassius auratus (open circle), Oryzias latipes (Cross
circle) and Anguilla japonica (double circle) ex-
posed to various nitrogen levels.
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Text-fig. 18. Extents of mortality occurring
within one (chain line) and two weeks (solid line)
in samples of adult (solid circle) and young Cyp-
rinus carpio (open circle) and Rhodeus ocellatus
(cross circle) exposed to various nitrogen levels.
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Text-fig. 19. Median survival times at various nitro- Text-fig. 20. Median survival times at
gen levels in adult (solid circle) and young Carassius various nitrogen levels in adult (solid circle)
auratus (open circle), Oryzias latipes (cross circle) and and young Cyprinus carpio (open circle) and
Anguilla japonica (double circle). Rhodeus ocellatus (cross circle).

NTIRZ OISO N ZEHBMATHESIH?  * £ 1 OHEZRIEROEZHEENBIKRLT
WEESICEbNE, A X HOFERIIA AREDZPICHEBBEHOEELRD S < L IZANCHR
~Ntz, EBRACEEINC ETH 3D, EFRBAMORE H KL EITIIRELR
HAROEE L, & IZEBEIC X - TR, BERAM OB E I, AHICIRELENZ L
B, BNtz D L IEMABI TN SO B LT 3. Lichi->T, EREBIICIZZDDSEND
BEI2-DICEERNIERNTER T3 EEZISNS.

BEREFRBEICE 2 B MESERMEATER T o vy b —RESIRERER & O KD
fo. AXARUFFDOELICINMEBREBL LR LD TIIIBT i # 2 iRk,
B, vFFTRELIHEBEFERERRZENIVEDREIVHEENLEINETHS.

DX, ZhSRHENM-—FSECE 7w vy r BIRERZ 23Ry 5 R 5 B EKER=E
FEBEEICBT 2 —BRANU -HBBEER Y o vy b OEKBEEONBICNY 5 BRIE, W
RKOBE ERBCESRBRTHS EEZ 5N 5 DT (Text-figs. 17, 18), 2 OEMREZEL» S —
BEEUZHEEOMHBICEFRBE & SHETCERBEELARD . 08, ZHEEEEEE
FME A BIERABE, AU SHBEERELBRIRA LML LicT 5. ORI
REBAOHEEFAUCHEHRAICK > THRVEBCAKLBEE LD T LTS,

—77, FEEFERR & ESRBEOMIC b EMERNMRILT 5 DT (Text-figs. 19, 20), ch
SO RERBEICE T 3 EHIECEBRERD . 1, chhroRDON 2 —BE LD H
MREEBEERERANICECE 7o vy  LERBEONBOBRERLORDOENIZNS
EHH & ELT B,

CDXICULTEONIH AIRIEL EFHEBE & OBEREE T LD icDhs Table 2 TH 3,




TE:ZHXRAFICAZ RO F 2K 169

INOHSERABES 2 CREHRRABEIABCL > TOAAMHET 205, ABCLZE
IbOERIIFREE DB S L DR, T £ 4 DFFEEE O EBEILD. Lk,
BB TR ZNTNRBRBE L DS  ~ & v P EEFOOICIEE 5. BRRAR
BHAXHIDOHECRENTE LD, £EMCAET, BHOLT/NEDRTIRIESE, ZRGE

Table 2. The relations between death from gas disease and nitrogen level.

T A . . . Median survival
| o Nitrogen levels (% of air saturation) at which 50% | ..
l glsf of o;/ e5e ;fs mortality occurs within periods of one or two S;E-f)sgeg]rl)e\?él S“(Vf/:
J ) .
Species | (Body of air saturation)
length) 50% | 5 % |
130% | 140%
(Cm) T i
‘ 1 week 2 weeks ’ 1 week i 2 weeks '
C9~13 ] | :
i 130.8 125.7 117.7 116.3 208 ! 83
Carassius i (A;dult) E i |
auratus ~5
(Young) 139.6 | 134.2 } 123.8 121.0 422 i 144
Oryzias | ; i
latipes | 2.6~3.0 146.6 143.0 ‘ 136.9 | 134.6 = 545 . 298
Anguilla | : |
“japonica w 23~44 132.1 ‘ 130.8 | 124.3 117.3 252 78
| 1
‘ 5:&;%% 125.0 | 1220 | 118.8 118.8 116 59
Cyprinus ! i
carpio 3~4 : ! ;
(Young) 134.7 | 131.2 [ 123.4 ‘ 123.4 441 ; 88
Rhodeus 3 | : ;
ocellatus 2.8~3.4 138.3 | 133.0 E 130.9 | 126.3 527 142

RBELEL, METhIERNIBKREOEESH S LS ICEbNS.

G A o kK & & & & AN

INEDOROBERREE SBFERABE b ARORDOZNS LD K& LT E, ThbbX
DIEHMEDS S B E#Z 2 5D C LidBliciR~t. F7, Table 1,2 K/RENTWLBE KDL 7
F RO a4 TRRERBEIC X > TEFAICHS h 1 HERH 5. Fb b, YUNADIES M
RACH L THEE, B ShoOBRABRE &L L, A—2RBE TICBY 23R EITIX
BZHICEL. Lich-> THROBHITOKRE L LIZHETH 5.

v FFOREHRTIE, TEILITEHBADAETINOL SAHEICHET 2 02RO E
HRAIC RS LSRR AR L TAHA D TH 505, DU Dh DEBREER D & Itk
B G0 LB G0 SoBEE 7 my b LTAS & Text-fig. 2l @k 5z, KE
DRI EFECEELE LS BN EMRINT RS, #BETNE, EOERTH/IEORIZ
CIEBRFBALDTHDH, HIROLSIGENTIAK bDIF, ERFEFLHRHSEHRIN T
#LEZONBZDTERICII/IEY F FOBFERMIE - EBRERSHI T LIS,

DL HITHRE 25~45cm 0T &/INERIZ LB OB C EBSHS IS SN
B, ISI/NEEL R E—ERxHERNERT. Textfig 22 3EE S~6cm D v 7 2 v
FXFOTEEEOBMRNERICET 2T KRNEHEBERERLICSDTH S, ERELDHO
THERRD 2 CIIBFERABELRD S C ERRETH 20, 10X IHEERAIL 135%
FODBBOEN D THEZERBEOLTHB. 130% KU 140%DEFTIC BT 5 LHE
FERERE I 2 2 h Al 1100 B R s 490 B S HEE S N 5.
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45—
Text-fig. 21. The relation of size
—~ 40— of fish to survival times in An-
§ guilla japonica exposed to vari-
= ous nitrogen levels. Figures in
E" body of graph indicate latent
< 351 periods of individual fish and
2 those enclosed with parenthes-
A es nitrogen levels in % of air
saturation.
30—
25 1 [ Y [
o 810 20 40 60 80100 200 400
Time (hours)
o o
6 - ~ Text-fig. 22. Survival times of elver (A4n-
© © guilla japonica) at various nitrogen levels.
@'0 \Qc)b Nitrogen levels, in % of air saturation,

indicated by figures in body of graph.

Extent of mortality (probits)
o
o
\

il [
8 10 20 40 60 80100

Time (hours)

YLD S /NEQBIZ SHEHITSEO &0 RGBSR O NE S THEH, chnidi
B &b 5. Textfig. 23, A BN A 200% IO WGIFRICE WEREE O/KAIT Bhih
Lt A X HOKR, BRI URE, #hENn28~31mm, 18~22mm, 6~12mm) DFfE
LR 77 THD. ThaEHDB ERERAL/NERAOSFETHERZIZIZEML, ME OB
BHirbERICAZLSL., NI LUPEADEHNRZENS IDEBHICKEFL., Z5K
INER (CDBEE, BHATHEI) KoL THEHT~&Z &3, #tHAad, KB 8mm )
TOWHOFRUI 2B LINIC TN TIEA TR B M, 2NL DD ITDENORELPPEE
DHEAZIO~12mm D b DRI AREDBENLURICFEATSC ETHS.

IS OHRER, L PHHSEE 20mm f1F TR, EEKE 3D TEH N
g, THUBIREBECONTHCHDTICLEERTLITHS.

ALEROEE Tmm DT OFfA%E 0L 2 0BERBOZFBATOKFICE L IEE
ORFEFECREARN Y Fig. 23,B Th 3. cho/NRRBEERBE124% D% 4T & 240854

| 1
4 6
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Text-fig. 23. A. Survival times of Oryzias latipes of three different sizes at a nitrogen level of
198.8 2% of air saturation. Oxygen, 77.6% ; Water temperature, 23. 8°C. Size of fish, small;
8-12 mm in body length (open circle, < 8 mm; double circle, 8-10 mm ; cross circle, 10-
12 mm); medium, 18-20 mm (semi solid circle); large, 28-30 mm (solid cirle).

B. Survival times of fry of Oryzias latipes (<7 mm in body length) at various nitrogen lev-
els. Nitrogen levels, in % of air saturation, indicated by figures in body of graph. Water
temperature, 22. 5-26. 3°C; Oxygen concentration, 76. 5-91. 3 %.

111
4 6

1C30%FEATH D, IR LUSNE L, 130% KU 140% 1810 3 Y BIE LR
R334 R OP28HERI L HEE I LB, # £ A DI B LEF B DOKAITE LT A 7253,
200% Ll EoEEIc SIEFICH L L7z, L ULBMEERICH 2RICPINE LGS ET
HIZL,

TS DOERICET ZFERAE TSR, HOLIKKE -2 ENERUHRERTIIRE
FEIIFEALES 0L, FERBAPOEBBEHTH -7 & THS. YNATIIRA
CHASTREPHAORESHMIBIE TR LZ LLTHA S, Lichi-T, BRICERS
NEH AL > THREH» SMZ SN2 FICHT 2 EECEIMIZHEMNIFL, TOLDERIC
BIEL, $H803clicksbntBbhs,. 8, BIFATEEINLECATE, KB
WEEOFRIMEOREWIETH . —FF, KERAOELI A, FICHENFEFEHLLDD
FNRTARETHS. FTARERAECAIZEEIDT LS L., #F, PEOKEZXD
b DRZOOFERDO LT BRI VR TR ER ST EITEs EEZ
Y (P SN

— IO NEARAERAL VIERINARS 0 EEZZSNE C ERMIKRR X co o kBT
50, BEORBICOHLTAHBE E/NEQDRDIZIBLVEVEET, 2LLOBHICHED
N3 Embd, rwEild, BRAEy r ¥35nTh s (Textfig. 21 B )., c D &, »
DICHEBERR AR L 5 & NNEOER N T LIBREEIR - b D EE 5.

Table 1,2 2 TH 5 & 7+ a3 4 TREFERABE I AN TI0%E bR
2, HERREFICIZNIZEOERBOL, FEIROX I ICKED 4 # 7 OBFERA
BEERIERCELY, BERABERRELTEHNERVLINL, BIENCS 2 EBEERAR
REROES AKX LD, FERARRIEWNILSLIONR, ABOREIOEEIKEHE, 5
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Table 3. Summary of experimental conditions.

% 8 |s0 Nitrogen concentration Oxygen concentration
,g & 5 g8 (% of air saturation) (% of air saturation)
5] o%‘;_, 238
o Q=
) OQRY | a Standard Standard
528 4s Mean | 4eyiation Range Mean | jeviation Range
Ca-1 117.2 1.3 114.4~119.7 | 76.3 2.3 68.2~84.3
- «@ 122.8 1.4 118.8~125.2 | 72.4 2.6 66.3~80.1
.3 I} 3 126.2 1.2 121.3~128.8 | 68.8 1.8 59.8~76.3
5 o 4 133.3 2.1 124.4~136.0 | 68.7 3.3 58.6~76.3
S 51 160.6 1.0 154.5~163.8 | 63.5 0.8 57.6~66.2
2]
=
g Ca-17] 119.8 1.4 114.3~120.6 | 80.2 1.9 70.5~83.4
N " 271 129.9 1.6 120.8~131.9 | 78.8 2.1 70.2~82.4
6 ! 3’| 137.4 1.8 128.8~139.3 | 76.3 2.0 70.4~80.6
@ 4’| 145.3 0.9 141.2~146.8 | 76.2 0.8 68.8~78.9
5\ 157.4 1.1 149.9~158.4 | 69.7 0.2 63.3~75.4
- O-1 118.3 1.0 116.3~120.5 | 82.4 2.1 77.3~89.6
g 2 126.5 0.8 121.3~129.1 | 83.3 2.4 80.0~86.5
S 4 3 130.2 1.3 124.2~132.0 | 78.8 2.5 73.5~83.4
= "'?’ 4 136. 1 1.6 130.0~139.2 | 66.8 3.3 60.5~73.2
g d 51 140.7 1.4 | 134.5~143.7 | 70.2 | 2.2 62.3~74.7
N o~ 6 144.8 2.0 138.5~146.2 | 68.4 4.6 62.3~73.2
3 7 152.3 2.2 148.8~153.5 | 66.3 0.9 60.7~74.1
8 176.2 0.4 168.8~178.4 | 58.9 0.3 55.3~62.6
30~36 l E-3 114.4 1.0 112.4~118.3 | 70.8 L8 62.5~72.3
26~32 4 116.8 1.3 114.4~118.8 | 66.8 2.1 60.4~76.2
S 24~32 51 120.3 1.1 115.5~122.4 | 6l1.1 1.9 54.3~66.4
g 23~33 6| 123.4 1.3 120.3~126.1 | 63.4 2.3 56.3~68.6
R |24~35 71 125.6 1.7 120.2~126.6 | 67.2 3.3 60.3~72.4
S | 28~35 8 128.1 2.0 120.8~131.1 | 61.5 5.6 53.8~70.4
N 26~36 10 | 130.3 1.2 123.8~133.0 | 63.6 2.8 56.5~69.6
‘3 30~39 13 135.8 2.2 129.7~138.2 | 66.6 4.8 52.4~70.5
2 | 26~42 14 | 139.6 3.8 130.6~142.3 | 61.6 10.4 48.4~68.2
= 31~44 18 160. 4 1.6 153.3~162.4 | 54.3 0.3 48.2~62.3
33~40 22 181.6 0.6 172.5~183.6 | 48.5 0.2 43.1~.50.6
36~42 25| 247.3 0.8 244.2~249.2 | 21.7 0.1 17.8~22.3
0 Cy-1 | 116.5 1.4 112.2~119.8 | 74.3 2.4 62.3~74.8
o ‘}' 2| 124.2 i.8 118.8~126.6 | 72.8 2.6 66.3~75.4
'5 - 3 130.1 2.4 123.4~133.0 | 70.3 6.2 63.5~72.4
s N 4| 160.3 1.6 152.3~164.7 | 70.1 1.8 66.7~75.4
§ Cy-17| 121.4 2.0 116.5~124.4 | 66.8 3.3 60.2~76.3
s, < 271 130.2 1.8 125.3~132.4 | 63.2 1.8 58.7~66.2
< { i 371 136.8 3.1 130.3~138.2 | 61.4 7.2 47.4~65.9
0 471 145.1 1.9 137.1~146.3 | 63.5 1.9 54.3~68.4
| 57 166.5 2.2 159.6~167.5 | 53.2 2.0 38.9~54.4
2 < R-1 120.6 1.1 114.3~124.1 80. 1 0.8 70.1~83.4
§§ - 2| 131.2 0.7 126.3~132.8 | 7.8 0.7 70.4~82.3
3 '?\3 ) 3 136.8 2.3 129.7~139.4 | 70.4 2.4 66.0~84.6
se © 4| 140.3 2.3 133.6~142.3 | 66.3 3.3 56.3~80. 1
& N 5| 144.2 3.6 138.4~149.4 | 68.8 4.0 55.7~78.8

T All fish survived the experimental period of 2 weeks. Figures enclosed with parentheses
indicate the number of fish which showed signs of gas disease within the same period.
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WIS TSR ORE 7 2 lFAE &, JE
R &3 2TEREBEENO 7 2 FHLE LT

i
|

Water temperature 5.z THHEO UHDERT 2 LIL kB
© 255§ wosns. cociirii, MEOR
Standard R 5%3 ) . < -

Mean | geviation |  Range | Z& & HEBHICHR DS 2 C L2ERT 20
20.4 | 0.4 | 19.8~20.7 i THS.
RN =
19. . - 6~20. e e
1908 0.3 | 196~20.1 WD v F ¥ DR FEISBPIC DT
0.5 ] 01 10007 1| A EORS EEONEREREOL
2.1 0.4 19.9~21.3 T ; 5 R BRI J
20.5 0.4 ‘ﬂm~m9 fi?gfgumf@iéffki@i
20,1 0.3 19.8~20.4 | 10 e >, 510 H 2 751
2007 0.1 20, 1~20.9 SR :
21.2 0.1 20.6~21.4 HELULRPTOHHBIZER T3 L0
206 | 0.5 | 20.0~21.1 1&) CERERLCETHS. CnIcHEL
IR I R (9 THRAICHIRAS & 7o B DI ¥ F F OB bR
204 06 | 200-21.4 . THs. UF, ZOREBECOLTS
20. : 20.1~21.8 | . .
28? }8 13@&33 PR L THIEER~ND.
1908 0.9 19.3~20.7 |

- i
02 04 mgmst ) Ay S 0 R I o 0 <
19.9 0.3 19.2~20.4 | 6 B nz 3 TR
375 04 Hﬁ»%é g 1 T DRI T OFAT 5 57T H5EE
19.2 0.2 18.9~19. 3 DT IR & WA ET
19,7 o5 19 220.3 FI e ﬁﬁ@%ﬂ:@f\iﬁbﬁ oz &5 HTH
20. 1 0.4 19.7~20.6 4 HEEICDR L onlksb b D
1909 | 0.6 19.2~20. 4 6
20.2 0.2 19.9~20.5 6 TH5.
19.6 | 0.8 19.2~20.7 6
2.4 | 1.0 21.3~23.0 5 D ;
2.4 | 0.2 20.6~22.4 5 () i ‘4R ]
%3 g} ggﬂg; g BN OFRAERGROE R AREKRD
el EERG N v & (FE30cm D HHERE OB

! 1 T - . .

el 03 | Bied | PRI (RIRIE 1302 BB sk

. . . ~ . 3

193 0.3 19.0~19.5 | LA B & ST L
! S ! C s 1 —/B YA

18.6 0.6 18.1~19.4 S ﬂ;5& S, BOETL, %500

bR geR1) 0 ares esm doma

201 o 8~20.2 | . ~ T

19.7 0.1 19.6~20.0 | s, T ORIEICHERE I %

C | o (= i

2.1 0 | 19.8~21.3 | ¥ U, BH S0 L, —BEEBIC I 05ED

07 o8 %gkééi 10 L2OMICET S (20 £HA S C LI B

2.2 0.8 20, 1~21. . ‘oo p e e

200 07| 2003212 | LB, 5687 RE: 26 H

EPATHRIRBLWLEIBEIRT H-
T, L bIERICBREI ST, HBD
IR REREERS b DL (PL 1, A).

COMITH NG XD EEREES, T bRoRERREDS, ROMENLT DL S
NebFTHBH, axrDOEETEORRGFEERBRLE 2T 5. ZOFRHED—DICAD
KRExIBpFonsd, —IT/INEORTIE—o—DoDEENE ULIFHKZEL, HEL, T,
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BEDHH1FECNE2L6H5. HKE 10cm & E L Toyh AT ORI HED>
WY, —D—DORHKEEICKELLDLENY, HERHEESEMDO I HICHILATLED
ZEMBL, S OLARKRBERIBEICHELILD, br> L LIBEETHENE CLIELLNR
vw((PL1,B). zhiclL, ABRATRSET VBN BEIITEIEL, LWbWYW3 Ty ++°
DESICAETHEH L DTRIENT TH S LOBENSEL B 5N T EMBE,
BEBESEOCESBREOFBELZRETH S DRIMRDOT ETHEH5, TOFRZIHRHHE
BOER, BHAEMNES B D THE 0D, FKEMKTIHEIZHSBEL LI DB,
L1ehin T, BRI OEOLHAICEIH T O REOBERERAOSNTBCONEBETHS. #A
BENBOCOLLDOOTIKEMEET 3 HORELSHE LEREBESA NG &
IC13 5.

2) W HFE £ B

BIREARFEAEICEE L TOX DX S MEBRFERAE/. C S 3HEESR ., RICRBUIRE
D L AREAEORFE S < Lidd { GORHAM (1899) iIT X » TRIN T3,
AL Lidy FF¥THEETE 2, RERFMHEICEAIKE LR, ThiCYy FF¥EONTHE
LRy FPEBOTEROESENE, 2K, 72& 213105 HNIc10mmHg BEIC £ TH
FET 2 &, MEZBRD TESE O LHHSRICREREENTEBICAE Uy 5. HL, Ch
RBINTOHEFICAHALNSE LIRS, 12, Ho5HLUDMBO—HEURLLATHL
TEEBRT S E, MABCEHOTREIFET S LBETEX3,

VE, BEEAIC 2Dy v & YIBREKORDICHA, £CY FFE2ONTZULEE
BELTOBRMELTH., BRI C &I, COBARBRBEORKEIILL A SNE,
B UERAITD, COERIBRIN., COBRIT, ANEE LTS & HBEIREE
FECE > TRBEREMHETHE CEAERTLICEDNDE Y, B2 5L, FEEEHTEST S
SHEE OGS, MSHPMED S OEBSBERRICE/RTZEEIONE. CORRBRICY
DTN,

(3) BRBEOHER T 2 OFENME & FERIHE & OEI%

BRMEEL ORARRUIF 2 VE-> TH 2 LR THREIC—BOREBERBTE T2 ONBH S
73 PLLE). ¥/, O SERTHOBEICZ—BOBEREOMEGHEDH 2 2 L7ED
S5, TLHKZ ICRAE,DOERIL L LREREUOEESEET L HDTH S X HICED
N3, SLICEREICIABRED—HEBOLNIEERAE SN, Lird 20 LI TL
THREEFEHBE LU TR XSICAR X2, FIKEERREELZE L TERELDE L &,
ZZi—1L LEEO/NMOTFHET S &, TO/NMRBHBECETLIODTHS T &EHHE
w3Ins.

T DR EMRE DBERAE—BHONICT 3 1o DIl EHEL ZDTNTHI, v+ ¥
SHIRMARE (STHE S Lo B NG, FoRl eSS LN, —BoEEAS %
EZERRCZN SHAEAEMET 2B ORI & & —BICHEIET 5 &St o/
EDIE-TW3. Th OHUREBRICIEEHEROSES2ED/NLEEET B, 205 bit
2 MHRRMOBIFLZETHRICE L TLEDTH B 08, o 20 HD/NLIZ, 20 HBORK
BB KB L TR, T D & D 1358PFL 13 Preoperculum FO—EAR & 4T
WA ORETICH S, Preoperculum EDb DR EN LS Lo BEHEODHIRICH .
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Text-fig. 24. Distribution of lateral line canals and their pores in the head region of an eel.
Circles show the pores communicating with exterior through openings in the skin. Solid circles
indicated by figures 1-10 unilaterally, show the pores communicating with subcutaneous cavi-
ties.

Text-fig. 25. Vertical section of the supratemporal commissure and adjacent structures of
the head of an eel, as seen from the posterior. c, subcutaneous cavity; sc, supratemporal
commissure ; co, canal ossicle ; t, tuberosity ; op, opening of the tuberosity ; h, hypomandibular
canal.
Z SEEFLOME A BRI i 7o 0 23 Text-fig. 24 TH 3.
chSDIRMABLELFNES, TOELORTC—HEO/NERBFELZNICELT
v>2%. Supratemporal commissure FIBiC & % B T 22 O A A Hiu 7o D A3 Text-
fig. 25 TH 5. OB EOXERS AERAKOMIEE S D, C OEMIIFHIIZ EEO K M

rYL

&
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ORI X » THRBBSEED SN TS, EFRAEZESLTHEET S L, RERPHEMDORE
BICNZ D IEAHEZRDDLCENTEDED, 00T OFFFRICIENIE 51500,
BRELOFRERIITNTCOEFROFEET 2B SN, TNUNDHICAET S C
ERELEL, LI > TRAERS 202223 L8 0bIITH 3.
TOEIIBBENS, MRBEEEIZN O OR TERNICEBEINS & RIC X > TER LR
ORI ESONTELLSDEEZEZONE D, L L, EKEKIWKHEYT T3 4 2 D,
BETHEIKBORENZERZD S DDOHTE > eh I hidbh b, KRICOLTHE
B3 ABIERROHE ST HHREORBICSEHEHET LD THS. COH R
BZERNTRELLLOBBE L TE Db LKL, #HicH AWRIBRHUHRENT
FEEL, TR TERICEEINALLOEZI ONDG. T TIRABNK XD ICEER KR
ETRAEREEICES. IERUHEETH, UHIGELRA TR ¥ A WORENSINHEL» S
HIABHOND. BT 23 IBRERIRESELRTEFATHS LI 5.

B) £ 0 KB DT

v F ¥ TIIREDKIEITEIRKEIC I » TRECHOZHHEET S DM T, ¢k H1E
FHAEFARMBOBRETIRIZLEAESL SNIZ,

FERRIBICER 2O —D 0BT, i, HICEEOEENERL, aikFonsdc s
TH2., THULUMRELTERRE LA TS, COFERMITEEIC X 3BEREE, K
HFERELDBRMNCTECERCE>THILDOLDDEHICELN S, HHE & 2 1T &%
#, FEOIICHB L, DL TREICIEERICH > THUTw < (PL1,C) 0 B0 &
RS B Ll # R BRI AR OS5 A SRR & ZRICHEE T 5 D hER
55, Lichi-T, HHIIRAZT I TRD, £ UKREBEAL TEERMNICHUHEA -
TL3bDLBbNE. FEARLE X, BO—IPIC LHKEEE L TR WAL BRENER
EZEZNROKFICRLTEL E LI LEF-BEERLELTDI S HNBRICH - THE T 3
H, TOBRIZOBZTORUIERTEDTHAH. WHREHERICZ > THE L2ARR
DH A I HBERERE TR RMABNICBAL, fcicR&nE@izEmR LTy PL
LD). a8, oA AEHFEEIME E 3L EEMBEERE b2, (HUSERME 200%
A5 XD BAEORBRBMOEAICIE, & SIKBEMMBENICHER Y 2 BFET S C &n
H5.

(D) #& o & & & K8 F &

DI HTIRINERBIC 7 23RS REAICRET 2 HANH 2. WigRthomgs Ry, fan
FIELTR2 &b TELINT LS, T OEBENKEORIFRAEICHEZENES S LD
IKBHONE., CHICBIELUTRD LS WERERENEONC LIZHEKNH S,

BEEAEL» SUID - T, Bom O X O A1 &K OEFE BT OKFICE Ui
ZATHFERELOTELL, LELRTOMBRICKENFEAET S, B OMEE b - THEIR
LEliR-7: 002D Dd 2 LFEARIKE, BOBETHS. e LAKRTHIEL T
2 R TIIFERIT R B0 H», MBOMUMEA 7 UL ICRRICHET2X5Th .
BRERTEO 7 AWBEOEE S, ZTOHOEEHIBEZRT S LS5 ICEbNS,

Q) ML AmEFEE
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Table 4. Effects of wounds on progression of gas disease.

Kind of 1§vlgc2g«'/fnof 133%2“ of Vggfflr‘gm rLlﬁdt@ef tot? “ tixsﬁlévévfal
wound air satura- | air satura- p e inidividual individual
tion) tion) fish (hr) fish (hr)
e Wounded 17,60,80 | 82,130,160
ncise
e 131.3 71.5 18.6 1
peact 140, 180, 240 | 150, 210, 260
_— Wounded 24,38,72 | 42,62,9
unctur
) 137.2 68.8 18.2 —
| N — 90,110 72,96, 120
Punctured wound Wounded 6,20,72 | 24,48,80
and injection o
2 ‘small amount| 135:2 70.8 17.7 -
of air et 80,120,130 | 90,155,180

Fish used : Anguilla japz;;ii;'a, ranging inibz)dy length from 30~38cm.

* The time elapsing before vesicles of gas appear on the fins.

BEEERICEE LT, WEOEOHEEINIBEREHS. v F FOEROI W, 1ok E
FREATUHBE S F 1 ABERAFICH > 7. TUTIHERSFERICESH LN, b E
BLliE- 17z (COAMERDIERIIATHD EERRA DI TIIFRA L), HIIERE{TE £ L
BHEDTHAIM? COBEMICEZ S 1eHICHEBERERORMO—EHNTNS E, £k
BRBEHZ, ESEAENRE L TERBATMOKPICELTAK, Z0HREE LD
»s Table 4 THh 5,

LA ONB LI ITEESIT D, BIDBROESERBICERICEAINIZLDTIE
SAEOFKBREIES I > T3, COERTISIERI T L, BE5F AT
12D S b OBICGERE LB b TRIICKIENRET 5 & THS, DT i
BRALEEBREDECEARTEIOITHS, HBUEREERETEETHIY, BZOLLH
SV IHAPHEHEROBOIFEOMELEONIDTHE B DELEICES.

HDEOIESIEADNE L AL EEE LS DI, ThBEEMERICEAL TREKE S
BRHTHSS. CORARNSBREEBA S EMBERITEA L7 2 B2 N TRIE
ZETICEZCENHS., 7F TERHIBRAULOREHTNEH Lico by 2 EFRIEFD
KAICREB L-Ea, TEHIR, BIRE, 2 0ROELEICH 2 ROERE O A3 56
B, LhrLZOBEKEBMICEILUTHELE L, HL, v FFTRREUMNEICE->TS
BEFEE &3 &30,

avy #

—EDERIC X > TSEEOBMKRICET 3 # 25K & BHRBEE OB E4ERD Tables 1,2 ic
B EEE DT TH B0, flcblsizkdic, ERFHEOERBEICETOLE NS
st &, HEAREBHEODHC &, ERERBEORBONTLEL IR EL, FICR
RBETLDODBAREBEE L THEEELHD T LN EDOHEEANS, BoNIBEIZEL
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BHLS BT D TELEBELERT2008XETHAHH. HREXHT 2 & ZHHAIC
MRAS 4 AR AT D TR EEE L 120~130 %, [E UHIICIZ & A ERED O AR
OEbLNZCEDORLEEEREEZ 115~120% L1735, —BEIC>LTHENE, B3N
5% EBEOMEENLS, Tz, THEEICEBDF ARET 5 ERBEIEHIOFT D
T3 120%, > DT 140% & 2 0l OB x i3 A&, B UHARIC KO HEERL S 5
BEEHEBERINENSBROI35% L85, —BEICOLTAHS L, RROARES%E
WIEEE D, BOVEENREEHRBEE, DX 0 HEMIERNOBLArE  BELRRPE
FELOY2EEEHRBER, Lh->TIIS%EEZ TLL,

B~ tc XD ICH AR EEBRBEE OBRIC DL TOREOMRRRBRIILZZLL, #
BloEENH B ICILE S,

MARSH & GORHAM (1905) ic X % L HEEEMTIE 140% TRHICFEIC 127% TH: 4 ITIE
MEWNLS, FTBKATIR1I0% 2SDBZ BEICH ARIEREHS, 120% 28z 5 &3
WMNTHB ELINTWE, LaLy 2BEOHEME DL, HEERICOSARPEORMNSHV,
F - BRRIC OB S > ThH T DIERET 372>, RUCKER & HODGEBOOM (1953) it =
ZHERITLE > TR IISBETHUH ARELTR/ROBOERETH S RTINS, Tk,
SHELFORD & ALLEE (1913) 3/KEA FFEE BB ECE->THADE - T AR
T3, FNICEBE E 1208 THARDBE- T LICEE,. s DEIRLT N HERDY
R oN SO TRELVEAHEELRHATHS. LrL, CCiBEEZI LTI
BN EDTREBEVLEVLILD.

EEFERICL B &, A FAHBEFRTHONIE D BBEFROHEERTIE, AUAETI
WNREBEERDORE L EBHELIHICEIN. T OEBEEAFFEIC S > CRE-™ OB
DEABBE, A&H, ~72FTREOEHIDORELDREN/NI LD TIRIZND,
#ET L, —RU/VERRROCERNEZ 6 2b0TRIBZLMEEZLONS,

COBHIZVLAVLALEZONDEN, F& LU THEEBENORESAEORIELD T
WZEILEBHEDTHAD.

HARIC BT B EBERNORKEOBBRIMTIEOH A& LA EEZE L T & B 5 5,
HARVEY et al. (1944 a,b) @WEREICE T 2 MBNOFRRIHONBO KR E LTS &
BT, BHORKMEICK > TIMEBICBEEMCGE O X2 I &, T ICELERELS
HEREN, UNSHA AR AK—DFET S L0,

AOBIRICIR AL CHABENICK > TMESE LGN 2 & LG &b h b B,
(VON SKRAMLIK, 1935), F7:, MESHEENCIDEBEIND T &, ThiT X - TfTHs
BgonsdcEédb>% (MOTT, 1950). Licdi->T, ROMERFK MG E UHEHICKS
LEZTEMAS.

CDEIREHETHD LT DL, HEHFHNBMLILSE E, FKELIABICILEEBEZDS
N278, BE, FIMTHSHII Ltk S, RNERICGESY 2 541 3BSERMIZEHEX
N3, UL TEENMERNZETE LY C L, SIBRAICKLTIERICEEL &> T
ZRAOEHAMNI O E, THRKBERIBSIREALREDZ C LB EE2HE L, £0HH
13, MARSH 5DEZICHEST, TH O ORMICH: S EKER EFIC & D EE O & 2 W5 R H&
TT2h0THsEEL. Lhl, HEEZQI/ABMEOETLL S C LRFELER
TRUEWEZZB XD -7, KELERPEEZIAOTRIEELZEY, R ZETE
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LHBETHAIDD, GHEOBRENRSFEAICTTHE LI EEZLLEITARETHD, LA
ZDIFS MBHUL XS ICEDLNS,

FIORMBEICHZ - T, ARORIREOERNTHEBEO DT LOR, 8Z 5 AKEOR
BEGORBEROIEN bR, LOVREVLERENSREINEGCEICHEDTH A I, &
B, AOBEHORE M IERETICE L{HET L L95 L, EROIVIITADEERE
H—T B, MEIOHETENEZTRLTESLRTNIIHRBIEREEBEI# LS., T0E
BETAEERIIRME)H - 722 L 2BDI B E1BIL0,

FROX S 5HH 5 L IRIFEEBROMNEOFEA L LTCOEERIIEMN, K TOKEAEED
B LBHONE LI ThHD, 1tEildy F FEMBOBREEICODLOTELTHBIC, T
DOERE 2 H 2AHTHEEN, H20RENCEETIETERRICHKETS6DTHS
B, FORAECINEHDSZ CRBEOEHNLERMETHS. TN o OFHBNCE > THFIC
o LIS, &2 0 REE L CHRICEET 2 BHNER B, S h, I OB
xATEHDEEZIONG, TOEE, BHICHEMONEICIEROMESBC D, B
REINZOTREOHEEDNS, EREOMUREANOFERTIARD FHEE 05 F Rk O%)
HBAELDTHHI.

v+ ¥ ORESHTIIE ¥ # & BEGEICKRESESZ DTH 20, ThRFEEMIA SN
ZIEERDFIED D OB DOINFEDRER EEZ L ENTES, MMITEDNH B & £NITE
EEIRAHIC T DAT D 2T 0, T SERH ORFIMEIC X > THREBED, € h 8 FK =
L, 32 0RBELTHBICHET 2 b0 TH A . WEBICFHE L LT 0O AR OFEE)IC
S ARFEREEDARE FERTH A D, B OEED 513 HEMHIRE K D PIEICHER O MHIfEIC
TOBESELS C EDBEREINS,

Ser: Ut 7 A RO ADOSHICHKE LTw < icid, HARVEY etal. DL T35 &
2, HRIFEREEES, EKKO b OIENFERCEMBIEC X 3 EORME D KE LT W
ETHD, MECHERNEER » 2 OREICHT 2 LTH DT, £D/NILEHHT
SEFEERIEETHE L, THoD/NILEFBE ST L ICBE LERS N TWY S
THAHS. HBEHO/NS VEFEVITERPEEOBTBEL OoNE M, EXLZOLD
MEAHCERE 7 A EEIE-> T3, AROHEEI» VDA AROHE AT A 6L
(EGUSA, 1954). 18K FZOREADIZ S BRI TE LOKEEREAE S &0
H5DBHBEILONI T EDOHRTH A .

ZOMOAREICH SN EEEFEDS BRTER & HBREROS» OHPATEL XD T
$5. 72 EZITHENOKETAE SIBHOFE & 2 NI X 2 IRROB) & i X D IRE T
HEF275THHS. IBRLBEHEIAS L, Tk JIRREZE»TREIR SIREICH 2L
ELPFniHicEBbns,

V) #& 1

) 0 # 2% EKHEEBIMERORNBEREHSHPICT SHIC7F, 24, A&
B, NTEFIROYFEDS BOYKAERE 2 OBREREOBMMEREST K ICS
X, HRARRERBEZNICEBECABEL, TORBMEERET L -1

# AT T B RS B DIIEF R AEIC L - T, Ei, A—RETORERERY
HOAEIICE->THRY, —BIC/NEORIZ EEHNDOARE DEMDSH S5, &L LTI
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ZHEEPNICER ORI # 2 IR HE 5 EFRBE S AR IC LT 120~130 %, [ LI
MEDFENRBEE 1L 120~140 % OfEFHIC KR IZ 05, Fi, KETORMEL F A ROBE
TRTHCERSEBPWAFL D 2ERBEOEABRAZI 11I5%E4 005, 58, —BED
HREIC DL TOFRE, BIERER LT INSBIEZEE L.

NEBSEEIMETH 2 &, METNIMENTREMIELPT T &3, AROAEZ
EHOIFE NG I MBI X D K& WERESERI N n EBbh 3.

2) ARAWROHEOMBETH 2 HEXOKED 5 LIRKAERAEICK » TRELLT LT
PHEBEICEEND S, BHLTHIAREZVLOR Y F¥OENT, EHRHBREICOELE
BET/INERPICH A DB L, S O—EDOBICRRORMBELAET 3. BEE MR
FERED, BRRIICRENRESZ. ChoDREDRHE, FERBOBERE»S. OFE, M
FHOEH), FHBBEEHOEHIFICEETE{RE LD EBRINL. £h 5 OFE®
TEENC X DB EEH 2 DRMEBRICEEREL, TUBRERELIDTHAS.

(V) SUMMARY

(1) In order to clarify the relations between ‘gas disease’ of fish and the degree of
supersaturation of dissolved nitrogen in the medium water, samples of five species of
fresh-water fish were exposed to flows of water containing relatively constant high
concentrations of nitrogen, and the time taken from the initial exposure until visible
signs of the disease appeared on the fish body and the survival time were recorded for
individual fish. Experiments were performed at about 20 °C.

(2) Above a certain critical nitrogen level, symptoms characteristic of gas disease
develop over the surface of the fish body, though being not necessarily followed by
fatal lesions. This critical level is termed here the ‘detrimental nitrogen limit’. With
further increase in nitrogen concentration, a level is reached where the fish can no
longer escape death from gas disease. This level is termed the ‘lethal nitrogen limit’.
These two limits were defined by determining following two nitrogen levels: the level
at which just 50% of the fish developed symptoms of gas disease during the experi-
mental period of two weeks, and the level which just failed to cause 502 mortality
within the same period of time. Median latent period (the time that elapsed before
gas disease was manifested by external symptoms) and median survival time for sam-
ples of fish exposed to various levels of nitrogen were also determined.

(3) Each species of fish affected by gas disease exhibited external symptoms more
or less peculiar to itself. In the crucian carp (Carassius auratus) and the carp (Cyprinus
carpio) the first indication of the disease was the formation of vesicles of gas in their fin
membrane or the protrusion of the eyeballs caused by the accumulation of gas in their
orbits. In the bitterling (Rhodeus ocellatus) gas blisters were formed on the fins. In the
killifish (Oryzias latipes) the first noticeable sign of the disease was the distention of the
abdomen owing to the accumulation of gas in the air-bladder, the intestine or the ab-
dominal cavity, which produced considerable buoyancy so as to lift the body up to the
surface of the water. In the eel (dnguilla japonica) the first indication of the disease was
the development of several small swellings filled with gaseous content on the head.
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(4) The immediate cause of death was usually asphyxiation from gas embolism in
the circulatory system. But the killifish, especially the fry and young, died very often
from the laceration in the abdominal wall, which was caused by an expansive pressure
of the gas accumulated in the air-bladder and so forth.

(5) The detrimental nitrogen limit varied to some extent according to species and
growth of fish, being estimated to be about 125% of air saturation for adult crucian
carp and the eel, and about 130% for young crucian carp, young carp, the killifish
and the bitterling.

(6) The lethal nitrogen limit differed considerably with species and growth of fish.
The values obtained for the fish used were approximately: 120% for adult carp, 125%
for adult crucian carp, 130% for eel and young carp, 135% for bitterling and young
crucian carp, and a little over 140% for killifish.

(7) From these figures and some other experiments it was learned that smaller fish
tended to be more tolerant and resistant to supersaturation of nitrogen than larger ones.
It was also suggested that at nitrogen levels below 115% of air saturation almost every
fish could survive indefinitely without showing any sign of gas disease.

(8) The ability of the fry of the killifish immediately after hatching to resist super-
saturation of nitrogen was very low, but it increased gradually as development pro-
ceeded. This change appears to be due to an increasing elasticity and tenacity of tissues
of the abdominal walls. The increase in resistance ended when fish attained a body
length of about 2cm and was replaced by a trend in the opposite direction, owing to
changes in susceptibility to gas embolism.

(9) That large fish are less resistant to gas disease, in other words, they are more
susceptible to gas embolism than smaller ones, is surmised to be due to stronger mus-
cular activity in the former than in the latter. Because it is known that bubbles of gas
occur in blood vessels as a result of the contraction of muscles between which blood
vessels pass. The stronger muscular activity must be accompanied by a more active
bubble formation in blood vessels.

(10) It is interesting to note that the ‘swellings’ on the head of the eel are restricted
in their positions to develop. Anatomical studies showed that the eel have just twenty
small subcutaneous cavities in its head, with which the lateral canals communicate
directly by means of openings on their tuberosities. Under the condition of supersatu-
ration of nitrogen, free gas is accumulated in these subcutaneous cavities and forces up
the overlying integument, thus producing ‘swellings’. Decompression experiments sug-
gested that bubbles occur in these cavities or in the lateral canals as a result of the
movement of jaws and opercula.

(11) Observations on the process of gas-blister formation in the fin of the eel showed
that contraction of fin-muscles and tension of connective tissues between or around
fin-muscles and of tissues of the fin itself have significant relations to the development

of gas bubbles there.
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(VIII) Explanation of Plate 1

A, B. Heads of Anguilla japonica affected by gas disease, showing gaseous swellings. A, an
adult form eel. B, an elver.

C,D. Dorsal fins of eels, showing process of the formation of gas blisters. A, an early stage,
showing gas bubbles at the base of the fin; B, the succeeding stage, showing expansion of
the gas bubbles along fin-rays and invasion upon the posterior tissues of the fin membrane.

E. Vertical section of a ‘swelling’ developed on the occipital region of an eel. c, abnormally
formed gas cavity ; t, tuberosity of the lateral canal ; o, opening of the tuberosity.
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