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Effects of Starvation on Feeding and Growth of the
Larvae of Tanichthys albonubes
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Abstract In laboratory conditions larvae of Tanichthys albonubes were reared in water at 24.0 — 28.0°C to exam the
starvation tolerance and the changes in feeding ability growth and morphological change under starvation condition
during early development stage. The results showed that the larvae had feeding ability first time 2.5 — 3 d after
hatching the initial feeding rate was 33.3% the highest feeding rate was 100% and lasted 4 d the mixed feeding
stage lasted about 2 d and yolk exhausted 5 d after hatching while unfed larvae had the strongest feeding intensity
unfed larvae reached the-Point-of-No-Return  PNR 8.5 d after hatching and the sum of effective temperature of PNR
was 222.7 d °C Death rate of unfed larvae beyond 50% 10 d after hatching and 2 d later they died totally. Feeding
had strong effects to delay the growth and morphological development of the larvae such as feeding delay in mixed
feeding stage in which larvae growth rate was significant lower than that in feeding larvae . The unfed larvae growth was
retarded also and even entered a negative growth phase while the pectoral angle of unfed larvae appeared before PNR
stage. Relationships between larvae’ s starvation tolerance and their ecological and life historical strategy were also
discussed in this paper.
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1.1 2004 3~5
2005 2~4 2006 2007
2
F, F,
26.2+2.6 mm 27.5+2.2 mm
400 ~ 600 1:1
30 cm x 15 em x 20 em 10
cm FEichhornis crassipes
800 ml 1 000 ml
1
5 1~4 3 1 000 ml
200 0.25 ind/ml
1 8 00 12 00
16 00 1
Paramoecium caudatum
150 ind/ml 2 h
5d 23
1 4
8 00 172 5
3 2
3 4
2 1
650 ~ 750 Ix
6 24.0 ~
28.5°C
1.2
1.2.1 14 00
14 10
20 ml 50 ml 4 h
3 40
ml 100 ind/ml 650 ~
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1
Table 1 Experimental groups
Group Description Number ind Usage
1 200 234
2 hd hd 200 1d
3 2d 2d 200 24d
4 200
5 5 100
3 5 2 Each group had three parallel trials and group 5 added two feeding controls.
750 Ix 60 min 100 Canon
feeding Powershot A95
rate 1.2.3 8 00
feeding intensity 18 00 5 1
1 % =
/ 1.3 Mean +
2 ind/individuat h = SD SPSS 13.0
- x 40 ml/
/t t h t-
50% PNR M ANOVA
LSD
1.2.2 16 00 1~
4 5 15
R r
2
"2 PNR
' 2.5~3d
. ' 33.3% £16.8% 1
4d 100% 4d
34/3x3.1415x RI2x /2 g d 89 7% + 5.5%
instantaneous P <0.05 i- 9 d
50% 10d 0
4 r= InX, -InX, / ¢, -t r PNR 854d 1
X mm ! 26.2+1.3 C
d 3~10d
Olympus SZ-ST P>0.05 R=0.304
18 ~ 110 4d 100% 1



" wmese Jjourndt o 0010,
52 Chinese Journal of Zoology 2
250 1 g fr e B 1123
Feeding intensity of feeding lavae
PURA R R
Feeding intensity of unfed larvae
200 1 _ a— BRATEEEE f-—-@ @& A {A- A {100
— Feeding rate of feeding lavae ! T
= <o U AR ,/ Yolk exhaustion (\ g
E Feeding rate of unfed larvae // L\ P
2L 150} / {75 8
=R / =
23 g
£E 3
&g =
i g 100 (\H“-; _____ _Jo450 0w
o
B b Iy &«
B /// : &
% | : 425
% e : r
i
_ ! P
O
6 7 8 9 10
1 PNR 7= 26.2+1.3 C

Fig.1 Feeding rate and feeding intensity change of feeding and unfed larvae and PNR of unfed larvae

K%

PNR

P<0.01 ¢-

#% Means there were significant difference between unfed larvae and feeding larvae in the same age in feeding intensity P < 0.01 ¢-test

The short black arrow mark PNR of unfed larvae the long black arrow mark the time of yolk exhaustion.

22.0+ 15.6 ind/individuat h

1 2d 4d
76.0 +
20.5 ind/individual- h 66.6 £ 22.4 ind/
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Fig.2 Change of total body length instantaneous

growth rate of feeding and unfed larvae
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0.357 mm/d PNR d 0.434 mm/d 3
2 PNR 12d
34
2
0.467 mm/d 0~12
2
Table 2 Regression analysis between total body length and ages of larvae in different feeding conditions
Larvae Regression equation n R? P<
Feeding larvae L, =0.278 6d +2.483 7 225 0.9799 0.001
1d Delay feeding 1 d larvae L =0.337 1d +2.3207 225 0.993 4 0.001
2d Delay feeding 2 d larvae L =0.304 64 +2.270 4 225 0.965 5 0.001
Unfed larvae L,m =0.4833In d +2.8355 165 0.828 4 0.001
L mm  d day n R?

In regression equation L ,,,

mm

respectively the same next.

0.71
0.6}
05}

KK

Total body length growth (mm/d)

_0'1 L

® YI§3H Satage from hatching to first feeding
o i Feeding stage
o PNRJH PNR stage
8 R M1 Average value
a

a ab

Group 1 Group 2 Group 3 Group 4
Kb B 41 4F 1 Experiment larvae group

1~4

T=262+1.3 C

Fig.3 Total body length growth during early

development of the four experiment larvae group

0~24d

3~8d PNR 9~12d

0~12d

ANOVA-LSD P <0.05

Phase from hatching to first feeding 0—2 d feeding phase 3 - 8

d PNR phase

9-12d average value 0 - 15 d. Different letter

in the columniation of the same series mean they were remarkable

difference between them ANOVA-LSD multiple range test P <

0.05 . Uprightness Line means Standard Deviation SD . The
same next.
2d
5d 5 4d

d n and R? were the standard of larvae age of larvae sample number and correlation coefficient square
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Fig.4 Total body length growth of larvae
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Table 3 The assumption of yolks of 7. albonubes yolk-sac stage larvae
Feeding larvae Starvation larvae Delaying fed larvae
Age  Yolklong ot Yolkesae ORI Vi ot Yolkesac Yolklongy b chort Yolk-sac
d diameter diameter volume diameter diameter volume diameter diameter volume
yolk o - yolk o - yolk m o
mm mm mm
0 1.232 + 0.314 0.408 + _ _ B B _ B
0.997 0.002 0.008
1 1.071 0.277 + 0.311 1.069 + 0.286 + 0.320 + 1.077 £ 0.287 0.324 +
0.002¢ 0.000 5* 0.001* 0.004* 0.002°% 0.001* 0.008* 0.001* 0.003*
) 0.837 = 0.287 = 0.126 + 0.800 = 0.282 = 0.118 + 0.806 = 0.295 = 0.125 +
0.007* 0.000 3* 0.000 3¢ 0.002* 0.001* 0.000 2* 0.009* 0.002* 0.001
3 0.538 + 0.132 0.039 + 0.659 + 0.101 = 0.034 + 0.592 + 0.108 + 0.034 +
0.016* 0.009* 0.001* 0.005" 0.001° 0.0001* 0.007* 0.001* 0.000 1*
4 0.331 % 0.037 = 0.008 = 0.274 = 0.024 = 0.005 = 1 d 0.321 = 0.026 = 0.006 =
0.036" 0.001* 0.000 1¢ 0.023* 0.000 3¢ 0.000 03* 0.029* 0.000 4* 0.000 003*
2 d 0.317 = 0.023 + 0.006 +
0.016* 0.000 3* 0.000 005*
5 0.039 = 0.004 = 0.000 2 + 0.168 = 0.020 = 0.002 + 1 d 0.129 + 0.010 = 0.001 =
0.004* 0.0003* 0.000 000 1*  0.020 0.0003"  0.000 01" 0.014® 0.000 1*  0.000 001"
2 d 0.082 + 0.006 0.001 =
0.016® 0.001"  0.000 000 2"
3

Compare homologous index within the same row the meanings of the letter on left of value were same to the Fig.3 notes.
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4 3d 2.5d
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r—
thermal
constant sum of heat
PNR 8 134 ind/L*
PNR d x C 5d
4 20 PNR
PNR 100 ~ 250
d C 4 PNR 222.7
d C
fify Gobiocypris rarus "
Hypophthalmichthys molitrix Aristichthys
nobilis Ctenopharyngodon idellus
Macropodus opercularis Cushing /
PNR 300 ¢ C match/mismatch theory
" 4 Acipenser
sinensis A . schrenckii 400
d < B4 PNR
110 ¢ C 4
200 d C 4 &
PNR
3~12 ’
»
6~ 12
2~134 ind/LL *
14 18 19
40% » ’
Carassius auratus PNR
209d C 145 .

347

2006 18 ~23.
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Table 4 PNR of some species larvae
PNR PNR
Water Average water % d
Species temperature lem::ralure I.nitial Thc hlgh ot Thc point. - Sum of cffective Reference
C C feeding rates initial of no return  temperature
% feeding rate d of PNR
Acipenser sinensis 18.0~21.0 19.5 - - 24 468.0 18
A . schrenckii 23.0~27.0 25.0 40 100 16.5 412.5 19
Rachycentron canadum 28.0~32.0 30 10 50 6.5 195.0 38
Limanda yokohamae 10.5~19.0 13.1 20 100 8.8 115.3 39
15.2 30 100 7.9 120.1
16.5 35 100 7.8 128.7
18.1 30 100 7.4 133.9
Hexagrammos otakii 13.5~14.0 13.75 20 100 10 137.5 40
Nibea chui 24.0~24.8 24.4 30 50 5 122.0 29
Esox lucius 17.0~20.0 18.5 91.5 100 13 240.0 23
Siniperca chuatst 19.5~31.0 19.5 5 10 7.9 154.4 26 27
25.0 20 40 8 200.0
28.0 10 20 7 196.0
30.0 15 15 5.8 175.0
31.0 10 10 4.8 148.5
i  Hyporhamphus sajori 24.2~24.8 24.5 91.3 100 3.5 85.8 11
fit  Engraulis japonicus 23.0~24.8 43.9 9.5 Pz 6 143.4 37
Epinephelus malabaricus 26.0 26.0 18.1 70 8 208 33
Clupea harengus - 13.1 20 48 11 114.1 24
Pagrosomus major 16.0~19.0 17.5 10 85 6.5 113.8 25
Paralichthys olivaceus 16.0~19.0 17.5 10 25 5.5 96.3
Bl Takifugu rubripes 15.0~17.0 16.0 20 95 15.5 248.0 30
Pelteobagrus vachelli 24.5~25.5 25.0 15 100 14.5 362.5 41
P. fulvidraco - 24.0 15 100 8 192 42
- 28.0 30 100 7.5 210
- 32.0 25 95 6 192
- 36.0 30 80 5 180
Hypophthalmichthys molitrix - 19.0 40 80 16.5 313.5 14
Aristichthys nobilis - 19.0 45 95 16.5 313.5
Ctenopharyngodon idellus - 19.0 30 90 16.5 313.5
Carassius auratus - 19.0 40 90 11 209.0
fity  Gobiocypris rarus . 25.0 16.0 100 9 225.0 16
Tanichthys albonubes 24.0~28.0 26.2 33.3 100 8.5 222.7
Macropodus opercularis - 28.0 15.6 100 12.5 350.0
3.2 33.3%
4
50% 4 fik
0 Hyporhamphus  sajori Esox
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lucius 90% Tinca tinca
11 23 31 2 d
100%
4d
%
14
12 d 14 24 32
95 %
20 EBL% PNR 24 31
Nibea chui Siniperca chuatsi 1d L)
Clupea harengus Paralichthys olivaceus
50% 24~28 3
3.5 %nHB
5d
2d Pagrosomus major
25 i,I;'L% 1 d 31
2 il
Takifugu rubripes
2529
25
4
50%
3.3 PNR PNR
2.5d PNR
PNR 1~1.5d 50%
PNR 3~44d
19.0+1.0 € * fit
* PNR  1.5d 25.0+1.0C °
50% PNR PNR

1~24d 5t
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PNR 1d
30%
34
50%
25
Gadus macrocephalus
PNR “ ” 35
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36 37
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/ <2 >2%
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RNA/DNA 10
1991 77 ~78.
1998 68 ~ 70.

7
2004 25 6 551 ~555.

2006 25 2 143 ~ 146.
Kottelat M. Freshwater fishes of northern Vietnam. A
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in northern Vietnam with comments on systematics and

10
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13
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nomenclature . Washington World Bank 2001 140.

Freyhof J Herder F. Tanichthys micagemmae a new miniature
cyprinid fish from Central Vietnam
Cyprinidae . Ichthyol Explor Freshwaters 2001 12 3 215 ~

220.

Cypriniformes

2006 45 1 77 ~81.

2006 13 6 869 ~877.

2006 41 4 10~ 16.

1991

15 4 348 ~358.
fi%
2003 49 4 466 ~472.

Blaxter ] HS Hemple G. The influence of eggs size on herring
larvae  Clupea harengus L. . Cons Perm Int Explor Mer
1963 28 211 ~240.

2001 22 4 73~

74.

1997 69~179.
.SPSS 13.0
2006 78.
1999 23 6 648 ~654.
Dou S Masuda R Tanaka M et al. Feeding resumption
morphological changes and mortality during starvation in
Japanese flounder larvae. Jour of Fish Biol 2002 60 1 363 ~
1 380.

1999 23 6 560 ~ 565.

2007 26 1 73~77.

2001 31 4 16~20.

1996 20 4 365~ 372.

2004 11 6 489 ~496.

2006 26 6 40~43.

1991 22 6 554 ~560.
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25 . . 2006 1 108 ~
1998 22 1 113.
33~38. 35
26 . 1998 7 1 51~58.
1999 23 1 91 ~94. 36 . fig
27 . . . 2004 28 1 79~ 83.
2000 27 4 391 ~393. 37
28 . . 2005 51 6 1023~1033.
2005 20 38
4 300~303. . 2005 25 3 8~12.
29 . fif 39
2002 17 1 20~24. PNR . 1998 51 30~37.
30 . . 40
1989 39 ~40. . 1999 6 3 1~4.
31 . 41
2003 27 1 43~47. . 2006 30 3 323 ~
32 . 328.
2003 13 5 87~091. 42
33 Fari D A. A change in the early growth rate of four larval . 2005 24 3 243 ~
marine fishes. Limnol Oceanogr 1959 4 29 ~ 36. 245.
34
1. 2.34d 3.54d 4. PNR 10d 5. PNR
10d

Explanation of Plate

1. Hatching larvae 2. Cruising swimming was formed 3 d after hatching 3. The yolk was absorbed completely 5 d after hatching  4.The PNR
larvae 10 d after hatching ~ 5.The feeding larvae 10 d after hatching .
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