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Diurnal changes of gas bladder and behavior of postlarval
~anchovy and other related species

Itsuro UoTANI**

Postlarval anchovy showed a definite change in the shape of its gas bladder between
day and night. Such diurnal changes appeared in the sardine and round herring too.
Major points of interests are summarized as follows:

1. Gas bladder of the postlarval anchovy, over 7.1 mm in total length, appeared
shrinking throughout the day.

} 2. A ratio of different sized gas bladders indicate that it takes about one hour for
the fish to expand and shrink the bladders. Volume of the bladder is approximately pro-
portional to 3.6 times the total length.

3. Changes in the gas bladders may not be always indispensable for controlling depth
of the swimming layer. But, these may contribute to regulating its specific gravity and also
to holding the balance of the fish.

4. The shape of gas bladders of clongated postlarvae may affect hydrostatic resistance
of the body. Thus, the larvae may increase their activity during day when the body becomes
slender. At night, the fish may remain still, stop feeding and break up the composition of
the school. Such thinning of density may be effective for reducing mass predation on the
postlarvae at night.
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TSR O BERSC B B MBHEO 24 BENBREED TH 5, BRI IEoHE L L 1 MR FR
ELTHEBERN, #3KRETIAR, BHITRICERNRES Tiobhic, BARZ L 2, 3 Kk
ZThEh 15,16,17 THYH, 1ERZOX 50 BT or&RiE, BoWERLZ, ¥l—iEora
BE, RABRNSCAV bR, £BEET 1,2 3 kFhsh 9.9-44.1 mm, 11.4-34.1 mm, 8.9-31.2 mm
T&H % (Table 1),

Table 1. Records of collection of anchovy larvae under study.

Locality Date Number of individuals Total length
Day Night (mm)
Ist survey Suruga Bay (Okitsu) July 14-15, 1971 450 300 9.9-44.1
2nd survey ” Aug. 3-4, 1971 600 200 11.4-34.1
3rd survey ” Aug. 14-15, 1971 500 350 8.9-31.2

The specimens are taken by boat seine.

Table 2. Records of collection of the fishes under study.

Species Locality Date Time Number of individuals Total length

Anchovy Tosa Bay Mar. 15, 1954 02:52 53 *3.1-16.5

Toyama Bay Aug. 5,1969 21:25 110 *4.2-33.4

Yamato-tai Aug. 27,1971 00: 54 147 14.4-35.8

o Aug. 28,1971 23: 41 50 9.6-24.6

” ” 00: 33 50 15.8-27.5

Suruga Bay July 22,1972 20: 16 65 8.4-29.3

” ” 21: 41 50 7.8-21.8

” ” 23:22 50 9.1-28.1

” July 23,1972 02: 46 9 8.7-18.6

” ” 04: 12 11 12.7-37.1

Sardine Goto-nada Feb. 22,1954 06:32 13 *8.4-15.6

” ” 10: 38 30 *8.9-14.6

Off Goto Mar. 1, 1954 02:22 4 *15.0-20.4

Hibiki-nada Mar. 10, 1954 01:54 20 *7.2-21.9

” ” 04: 46 30 *6.6-25.2

” ” 08: 14 30 *7.2-18.3

Round herring Goto-nada Feb. 22,1954 10: 38 2 *11.7-12.3
Off Goto Mar. 1, 1954 02:22 1 *30.0

Hibiki-nada Mar. 10, 1954 04: 46 5 *9.3-19.3

* These values are calculated basing on the body length.
The specimens are taken by larval net.
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Fig. 1. Expanding process of gas bladder

S Lo siLEsed 3 mab s, METE of anchovy larvae.

1230 QS TIEOLFRLIZ LA SRS ABEL Arrows denote process of expansion.
THD, 2O st. 9 DENEHTHB, FLBEEET gfaﬁgsgzz‘:f?;jv:elfzgth of 1 mm.
S SR RIREORBB TR, AR I 325mm IV 37.0mm
BT 22TERTHBL, Z0Ld3BEETIZ0 14 II: 33.5mm V: 3.8 mm

LAteBbh TRbH T, BRELTHLI2EBR, & II: 18.0mm
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Fig. 2. Diurnal changes in percentage of larval anchovy with expanded gas bladder.
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Fig. 3. Diurnal changes in percentage of larval anchovy with expanded gas bladder by
total length.
Numerals in parenthesis represents number of individuals.
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Fig. 4 @R ' z 4-26% T 1
18, ARINTVB L5 % TH o9 19.9 209 39.9

Y, 2k 40mm Ll Eos =1 WEHOKX
BosAgEZELL, M5 ARIRARD Total length in mm
niglo =7, B t[::_ﬂ%ﬁ}p:ﬂ%ﬁ@ﬁ:@& Fig. 4. Length dependent change in percentage of
bieh21c 2, 3RHED v 7 ADEKIT anchovy larvae with expanded gas bladder in
ER15-30mm b0 TtHs, ZOEFEIT samples taken at day time (First survey).
£&K 40mm JErohul, BChER
ROBLEGEIELN T BT LERLTV 3,

UERBIZLRE 10mm HEDHIZ I FU5ARDWTTHBE, A VVTTA, YLAVYFALE
DRE S LT HPREY TG REREY RSB EL, BoRREYRLT% (Fig. 5),
Fig. 6 XL LTER1I5mm PUTos 2255 R, <4 7 vy 5 20RMECET 2 ERERERY 4
RERIICR LIc, 527 Fe2o0Thb 4K 60mm UTob0 T 0% THoa, £K 6.1mm
25& 50%, £RT1Imm TOY%ETS, 4 VY Tii4E 120mm % Tk 0% Thbh, £K 121
mm TT5% ik, BB, # %7 F0HSTIEE 7.0 mm TE kA SoBECEDEERSENAD
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Fig. 5. Sardine (a, b) and round herring (c, d) larvae with expanding or shrinking gas bladder.
The bars indicate a length of 1 mm.
a: Expanding gas bladder (T.L. 19.2 mm)
b: Shrinking gas bladder (T.L. 18.7 mm)
c: Expanding gas bladder (T.L. 30.0 mm)
d: Shrinking gas bladder (T.L. 19.3 mm)
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Fig. 6. Length dependent change in percentage of
anchovy and sardine larvae with expanded gas
bladder in samples taken at night.
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ThHe CHBLOERZINED 227525 ABARAF ARE v IEHICIZEA COBEOENEE LIADHR
2Xp4£&E 7.1mm 00002, SEAECOREALE 4.1 mm © 0013 ©tho, i, FEHEEEV

Table 3. Time of remarkable changes in ratio of expanding gas bladder and estimated dura-

tion of the expansion.

Start of remarkable change in

Finish of remarkable change in

Time of  ratio of expanding gas bladder* ratio of expanding gas bladder* Dutgg;wn
sunset Time  Duration until Ratio Time Duration until Ratio expansion
sunset (minute) (%) sunset (minute) (%)
1st survey 19:15 19: 30 15 6 21:39 144 92 129
2nd survey 19:02 19:17 15 0 20:41 99 100 84
3rd survey 18:50 19:17 27 4 20:27 97 92 70

* Point of the changes are not always precisely determined because of discontinuous sampling.

Table 4. Time of remarkable changes in ratio of expanding gas bladder and estimated

duration of the shrinkage

Start of remarkable change in

Finish of remarkable change in

Time of  ratio of expanding gas bladder* ratio of expanding gas bladder* b u;glt-lon
sunrise Time  Durationuntil Ratio Time  Duration until Ratio shrinkage
sunrise(minute) (%) sunrise(minute) (%)
Ist survey  04:57 03:14 103 96 04:35 22 12 81
2nd survey 05:10 03:17 113 92  04:39 31 66 82
3rd survey 05:19 04:26 53 88 05:11 8 8 45

* Point of the changes are not always precisely determined because of discontinuous sampling.
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Fig. 7. Relationship between total length and vol- LB h T3, EORBEREOET
ume of gas bladder (Skirasu stage). CHic BB EEO—PITE L THESR
o: Th?se Va.lues v;;rg obtained from measure- KHIED SR TIRERETH B, LL,
ment using microc; X
O: Theseg values };:;egied to following fomula IR TR 2 O X5 1B A
(4/3)rab?. a: Longer radius b: Shorter radius o, BERER XY EEEET Tt
W ERRL OB & IR AT TV BERAL OB
ExEER 354mm 0D OV THRB &, FEOHEMROERL 0.91 mm TH %55 #kE TiX 042mm
BEILV, 20 X5, BXERL, HIEENEEIR TV RS, ThbbREY kil s ¥ A0k
SEGHREIELE 25.0mm BEOLOTX 0%, Th IV REVERD L O TCRETHINT 558D T
ERTHD,

0.0IJ-

0.005-

Volume of gas bladder incc

Table 5. Average value of body volume (V) and volume of gas bladder (v) by total length
of anchovy larvae.

Average value of  Range of total Number of  Average value of Volume of gas . (V+9)/V
total length(mm) length(mm) individuals  body volume(ml) bladder(ml)

16.1 14.3-18.3 30 0.008 0.0003 1.038

21.0 19.0-23.9 30 0.023 0.0009 1.039

30.1 28.3-31.8 10 0.087 0.0031 1.036

©36.2 35.4-37.5 5 0.186 0.0066 1.035

41.3 39.7-42.2 5 0.292 ; 0.0107 1.037
z =®

FICIIAGORERDNRE CRrOREOEOTEREL LT, —BY, SENcEoBREAN
EFbh TR, flziX Norman? (MEOTHOBEILFR TH ol 5 2, AFFOBBRETCIELE
DIzDHDBH B ETIFHBREHC DTV B EBNTW 5, L LE BB oW COAEPEN D 50X
BHFHMRE RIS T LBy, AL S XREOMELRE LT, SoLBERE - AHER
BICHLIBREERYRD T 58, FAOFY - RRCBRESHNERAYET 501 bRROR RS
CRHLTEIAEARHBLELODOTL LERRTW S, % Phoxinus laevis AGAss. &8 2 L CRBATT
foofz KoPESY I, EILENGES) & Bik% 5 L DIk, SHEMNAMEEFCEST 5205 L7
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Fig. 8. Anchovy larvae with expanding (left) or shrinking (right) gas bladder by total length.
a-c: Expanded gas bladder.
a’~c’: Shrank gas bladder.
The bars indicate a length of 1 mm.
Total length of larvae is;
a: 7.6mm a’: 89mm
b: 11.6mm b/: 12.7mm
¢c: 354 mm c¢/: 32.5mm
c-i: Cross section of digest tract under the uninfluence of expanded gas bladder.
c-ii: Cross section of digest tract under the influence of expanded gas bladder.
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PRI Es LfEEESNE, LEADTERZ OBENE(AB L, BRTEHERL, SEE HMALL
REOEBNIBEBEO N SVEBMC bRESFHHEIh 3 L0 EBbh b, SEO Y S AEHATRC I T
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HOREDOKRE kb L, ¥7AIBEMOAEHRL, BRIXE{EHEL VWYL, Thbb, v5RLE
FIBFEREE CIEEBRES YTV, WREESEREBCEEYIRET %,
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LAEOBEABEED 1o ir s ENTEL S,

FORRCE DHLERARLBEEEBLOBER K, BEoRLILr 2755 2OBELLFI7 2 1
<) VEEHFCSWT, BoEACLvRELLY, SRBRSIEEESA L LB RE LT5 (Fig.
8), —HZ DX 5 HEOBIEENTIL, BRILITLA ELWEIhi,, 20 2 00BGIEESR LA
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W5, ThDBEFOBECIISEORHEREN bR TIERBL SO0 dEThTWB LD LEESR
%o L EOHEREN LERE & 5 HLEFHEL Y 7 20T 31T 5 EEKEO—BYER L 3B,

Bic, 1 v vEISNORECRCTLRHCER, BRCHBELTES b00dhs s L~ LA
TV, ThbDBECL M 7 VHO Y 5 A, BOWEEMLAALRBNEI ), ILRIALAR
CHBNBEOEE, IMOETEAERE & BE, FCeBNERR IS AENEh I XEERELED
ha,

- #

1 v VE Y 7 ADEVENEC O\ CRER /ol i RK D X 5 el Ra B,

1. 35 A3 ZoEY Brhic i, RECEESeS LW BEEL B RESE TR BBV S5, &
DB&IIH & 7 FTLE TImm, <4 v T 121mm Y Eo@ksBED bR,

2. HE7FOEOEE - IERTERMI s XX | REBE cho, i, BAF ABARI&ROIE
3.6 | HA LI,

3. v7A0HE, BNAROBMI OO DN T L KRR AL O TIRie\ 2, HEHE,
BARRHRCES LW BBEDOH D LEBFETER L,

4. 7 ADEOEELE) SEOBEEEMI T0F ¥ REOABE(L L 2 b hies T 5 S OB % R
@5 LR SR, Y5 AR O X RERASY TR, EMOESNLEASE, BEBHYTLL,
iz EHERE R LR > TEET 3 oS BRI 3 0 L Bhbh b, ZOMOSEESI
TR L B v 5 A0KRERFEY RN D LHRN L Bbh b,

TR O—EILIEF 46 FEHERERRER L of,
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