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                                                                Table 1-1. Parental fish of five of Takifugu species Doi et al., 2014

Ta. niphobles Ta. pardalis Ta. poecilonotus Ta. snyderi Ta. stictonotus

Collection date Jun. 5, 2006 Feb. 22, 2007 Apr. 25, 2007 May 30, 2009 May 23, 2006

Insemination date Jun. 16, 2006 Mar. 26, 2007 Apr. 26, 2007 Jun. 5, 2009 May 26, 2006

Standard length in mm (female) 110.0 226.0 124.0 296.0 313.0

Standard length in mm (male) 107.0 216.0 146.0 244.0 316.0

Approximate number of eggs collect 15,000 68,000 24,000 70,000 50,000
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Ta. niphobles Ta. pardalis Ta. poecilonotus Ta. snyderi Ta. stictonotus
Temperature at hatching (ºC) 22.6±0.29* 20.2±2.08 21.2±1.32 23.0±0.00 20.6±0.56
Egg diameter 0.87±0.02 (n=10)** 1.31±0.03 (n=23) 1.14±0.03 (n=28) 1.00±0.02 (n=14) 1.09±0.02 (n=15)
SL of hatched larvae 2.17±0.06 (n=21) 2.90±0.07 (n=9) 2.80±0.05 (n=11) 2.51±0.08 (n=10) 2.47±0.12 (n=20)
  Hours after hatching 144 216 144 96 168
SL of post larvae 2.38±0.06 n=4 3.43±0.10 (n=5) 3.12±0.08 (n=6) 2.74±0.06 (n=10) 3.20±0.15 (n=22)
  Days after hatching 5 4 3 3 3
SL of juveniles 5.42±0.41 (n=3) 8.23±0.53 (n=6) 7.84±0.42 (n=6) 6.03±0.44 (n=10) 6.78±1.06 (n=2)
  Days after hatching 24 20 29 20 28
SL of young fishes 18.3±0.15 (n=3) 23.7±3.62 (n=10) 20.00±2.87 (n=9) 17.79±1.42 (n=14) 28.00±0.00 (n=4)
  Days after hatching 51 50 60 50 55
SL of young fish 150 days after hatc 53.0±7.1 (n=2) 82.4±7.1 (n=5) 49.5±7.1 (n=5) 61.4±4.6 (n=10) 79.7±5.3 (n=9)
* mean ± standard deviation.
** mean ± standard deviation in mm with the number of individuals in parenthesis.

    Table 1-2. Egg diameters and standard lengths (SL)  at various developmental stages and hours or days after hatching for five
Takifugu  species
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Fig. 1-1. Developmental changes in the external appearance of Takifugu puffers after hatdching. Photos of eggs (1), hatched larvae (2), post
larvae (3), juveniles (4), and young fish (5) each of Takifugu niphobles (A), Ta. pardalis (B), Ta. poecilonotus (C), Ta. snyderi (D), and Ta.
stictonotus (E) (Doi et al., 2014).
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Fig. 1-2. Sketches of hatched larvae (left panels) and juveniles (right panels) of Takifugu
niphobles (A,B), Ta. pardalis (C,D), Ta. poecilonotus (E,F), Ta. snyderi (G,H), and Ta.
stictonotus (I,J) (Doi and ishibashi, 2012).



56

Fig. 1-3-1. Daily growth regression lines for larvae (white lines) and young fish (black lines)
each of Takifugu niphobles  (A), Ta. pardalis  (B), and Ta. poecilonotus  (C) (Doi et
al.,2014).
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Fig. 1-3-2. Daily growth regression lines for larvae (white lines) and young fish (black lines)
each of Takifugu snyderi  (D), and Ta. stictonotus  (E) (Doi et al.,2014).
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Species Regression equation r p n
Ta. niphobles larvae y = 0.163x + 1.890 0.962 <0.01 11
Ta. niphobles young y = 0.353x + 0.163 0.972 <0.01 33
Ta. pardalis larvae y = 0.293x + 2.453 0.990 <0.01 21
Ta. pardalis young y = 0.576x - 5.040 0.997 <0.01 120
Ta. poecilonotus larvae y = 0.172x + 2.694 0.981 <0.01 30
Ta. poecilonotus young y = 0.351x - 4.319 0.967 <0.01 86
Ta. snyderi larvae y = 0.176x + 2.204 0.978 <0.01 21
Ta. snyderi young y = 0.427x - 2.628 0.998 <0.01 224
Ta. stictonotus larvae y = 0.181x + 2.404 0.975 <0.01 13
Ta. stictonotus young y = 0.604x - 8.745 0.991 <0.01 85
r  correlation coefficient, p  correlation test probability, n  number of data.
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 Table 1-3. Regression equations between standard length (y, in mm) and days after hatching (x)
for five Takifugu  species that spawned in the Shimonoseki Marine Science Museum Aquarium



Food item Te. biocellatus Te. cochinchinensis Te cutcutia Te. palembangensis Te. turgidus Ca. irrubesco Ca. lorteti Ca. travancoricus
No feeding 0-3
Freshwater Brachinonus 4-14 0-28
Brackish-water Brachinonus 0-35
Artemia larvae 36-60 0-29 0-19 0-4 0-13 15-22 29-48 0-23
Tubifex 30-31 20-38 5-32 14-20 23-61 49-92 24-70
Frozen chironomid larvae and Artemia 32-150 39-59 33-64 21-72 From 62nd day From 93rd day From 71st day
Processed krill, prawns, and Manila clams From 61st day From 151st day From 60th day From 65th day From 73rd day

Table 2-1. Food items provided for larvae and days in their progress after hatching for eight Southeast Asian brackish and freshwater Tetraodon  and Carinotetraodon  species spawned in
the Shimonoseki Marine Science Museum Aquarium (Doi et al., 2015)
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Te. biocellatus Te. cochinchinensis Te cutcutia Te. palembangensis Te. turgidus Ca. irrubesco Ca. lorteti Ca. travancoricus
Establishment date Aug. 9, 2002 Jan. 8, 2005 Oct. 28, 2006 Feb. 21, 2001 June 4, 2000 May 14, 2005 Apr. 11, 2002 Jan. 31, 2006
Spawning date Dec. 8. 2008 Oct. 7, 2005 Jan. 13, 2007 July 9, 2003 Dec. 25, 2005 Oct. 16, 2006 Apr. 2, 2007 May 23, 2006
Aquarium volume(l) 120 95 60 95 60 30 18 60
Water conditions Brackish Fresh Fresh Fresh Fresh Fresh Fresh Fresh
No. of females(approx. TL* mm) 1 (75) 1 (80) 1 (60) 2 (135) 1 (100) 1 (40) 1 (50) 10 (25)
No. of males(approx. TL mm) 1 (80) 2 (90) 2 (70) 1 (155) 1 (100) 1 (60) 1 (50) 7 (25)

Shelter of spawning bed Nothing Stone pipe Stone pipe Stone pipe Stone pipe Clay pot, palm bark,
plants

Clay pot, palm
bark, plants Plastic net pipe,plants

Spawning manner Scattered Layered batch Layered batch Layered batch Layered batch Scattered Scattered Scattered
Male protection of eggs No Yes Yes Yes Yes No No Yes
Approximate number of eggs More than 1000 250 300 90-130 300 200 200 1-5
Egg diameter(mm) 0.71 0.01 (n = 5)** 1.94 0.03 (n = 21) 1.37 0.04 (n = 21) 2.25 0.01 (n = 75) 2.13 0.05 (n = 11) 0.88 0.02 (n = 6) 1.37 0.07 (n = 3) 1.43 0.09 (n = 5)
Days at hatching 5 7 6 10 8 2-3 4 5
TL of hatched larvae (mm) 1.69 0.04 (n = 5) 4.26 0.09(n = 40) 3.06 0.03 (n = 20) 4.58 0.10 (n = 3) 4.41 0.13 (n = 36) 2.90 0.07 (n = 4) 2.25 0.02(n = 3) 3.15 0.16 (n = 4)
Eye development Incomplete Complete Complete Complete Complete Incomplete Incomplete Incomplete
Days at yolk consumption 4 2 2 2 2 6 6 4
Days at swimming 5 3 4 4 4 7 7 6
*TL, total length.
**mean standard deviation in mm with the number of individuals in parenthesis.

Table 2-2. Spawning and subsequent developmental date for eight Asian brackish and freshwater species (Tetraodon  and Carinotetraodon ) that spawned in the Shimonoseki Marine Science Museum Aquarium (Doi
et al., 2015)
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Fig. 2-1-1.Four Southeast Asian brackish and freshwater puffers that spawned in the Shimonoseki Marine Science Museum Aquariu
Tetraodon biocellatus  (a-1, parental male, about 80 mm in total length; a-2, eggs, 0.71 mm in mean diameter; a-3, hatched larvae,
1.69 mm in mean total length), Te. cochinchinensis  (b-1, 90; b-2, 1.94; b-3, 4.26), Te. cutcutia  (c-1, 60; c-2, 1.37; c-3, 3.06), and
Te. palembangensis  (d-1, 155; d-2, 2.25; d-3, 4.58) (Doi et al. 2015).
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Fig. 2-1-2. Four Southeast Asian brackish and freshwater puffers that spawned in the Shimonoseki Marine Science Museum Aquariu
Tetraodon turgidus  (e-1, parental male, about 100 mm in total length; e-2, eggs, 2.13 mm in mean diameter; e-3, hatched larvae,
4.41 mm in mean total length), Carinotetraodon irrubesco  (f-1, 60; f-2, 0.88; f-3, 2.90), Ca. lorteti  (g-1, 50; g-2, 1.37; g-3, 2.25),
and Ca. travancoricus  (h-1, 25; h-2, 1.43; h-3, 3.15) (Doi et al. 2015).
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Fig. 2-2. Growth of eight Southeast Asian brackish and freshwater puffers that spawned in the Shimonoseki Marine
Science Museum Aquarium.

Tetraodon biocellatus  (Te. b ., solid diamonds), Te. cochinchinensis  (Te. co ., solid squares), Te. cutcutia  (Te. cu .,
solid triangles), Te. palembangensis  (Te. p. , solid circles), Te. turgidus  (Te. t ., open diamonds), Carinotetraodon
irrubesco  (Ca. i ., open circles), Ca. lorteti  (Ca. l ., open squares), and Ca. travancoricus  (Ca. t ., open triangles). The
corresponding regression equations are shown in Table 2-3 (Doi et al., 2015).
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Species Regression equation r p n
Te. biocellatus y = 0.116x + 1.790 0.999 <0.02 3
Te. cochinchinensis y = 0.242x + 4.260 - - 2
Te. cutcutia y = 0.310x + 3.060 - - 2
Te. palembangensis y = 0.225x + 2.705 0.987 <0.02 4
Te. turgidus y = 0.351x + 4.410 - - 2
Ca. irrubesco y = 0.111x + 2.271 0.997 <0.01 5
Ca. lorteti y = 0.094x + 2.250 - - 2
Ca. travancoricus y = 0.078x + 4.225 0.97 <0.001 6
r  correlation coefficient, p  correlation test probability, n  number of data.
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Table 2-3. Regression equations between total length (y, in mm) and days after hatching (x) for eight
Southeast Asian brackish and freshwater (Tetraodon  and Carinotetraodon ) species that spawned in the
Shimonoseki Marine Science Museum Aquarium (Doi et al., 2015)
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Fig. 2-3. Relationship between egg diameter and growth coefficient in eight Southeast Asian brackish and freshwater
puffers that spawned in the Shimonoseki Marine Science Museum Aquarium.

Tetraodon biocellatus  (Te. b .), Te. cochinchinensis  (Te. co .), Te. cutcutia  (Te. cu .), Te. palembangensis  (Te. p .),
Te. turgidus  (Te. t .), Carinotetraodon irrubesco  (Ca. i .), Ca. lorteti  (Ca. l .), and Ca. travancoricus  (Ca. t .). Squares
and circles indicate Tetraodon  and Carinotetraodon  species, respectively. Solid and open marks indicate that the eggs
were either protected or not protected by males, respectively. Regression equation: y (growth coefficient) = 0.120x (egg
diameter) + 0.11 (Doi et al., 2015).
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Table 3-1. Spawning and subsequent developmental data for eight porcupine puffers of genera Allomycterus, Chilomycterus, Cyclichthys and Diodon, spawned in the aquarium (Doi et al., 2015) 

Al. pilatus Ch. antennatus Ch. reticulatus Ch. schoepfii Cy. orbicularis D. holocanthus D. hystrix D. nicthemerus 

Establishment date Jun. 2002 Mar. 2004 Dec. 2012 Apr. 2006 Aug. 2001 Feb. 2003 Dec. 2003 May 2006 

Spawning date Dec. 2003, Jan. 2004 Apr. 2008 May 2013 May 2008 Jun. 2004 May 2004 Jul. 2005 Oct. 2007 

Aquarium size (m3) 3.4 1.1 4.2 1.1 1.1 9.8 16.2 3.4 

Salinity (psu) 34 35 34 35 34 35 34 35 34 35 34 35 34 35 34 35 

Water temperature  18 23 25 23 25 23 26 18 

Light/dark (hours) 12/12 11/13 11/13 11/13 12/12 12/12 10/14 12/12 

Lightning equipment fluorescent lamp fluorescent lamp fluorescent lamp fluorescent lamp fluorescent lamp mercury lamp mercury lamp fluorescent lamp 

 40 W × 2 40 W × 2 40 W × 2 40 W × 2 40 W × 2 250 W × 1 250 W × 2 40 W × 2 

Water surface illuminance (lx) 1000 900 540 900 900 1000 5000 1000 

Approximate n. spawned eggs 3000 3000 100000 5000 1000 2000 100000 1500 

Egg type adhesive demersal isolated epipelagic isolated epipelagic isolated epipelagic isolated epipelagic isolated epipelagic isolated epipelagic adhesive demersal 

Fertilized or not fertilized unfertilized unfertilized fertilized* fertilized fertilized fertilized fertilized 

Egg diameter (mm)** 1.76±0.16 (n=23) not measured 2.18 (n=1) not measured 2.24±0.08 (n=181) 2.12±0.11 (n=21) 1.90±0.05 (n=20) 1.99±0.04 (n=12) 

Larval total length (mm)** 3.47±0.13 (n=23)  3.53±0.09 (n=48) 2.51±0.39 (n=16) 3.00±0.07 (n=20) 3.98±0.27 (n=3) 

Other porcupines kept D. nicthemerus Ch. antillarum D. holocanthus Ch. antennatus Ch. antennatus absent Ch. reticulates absent 

  in the same aquarium  Ch. schoepfii D. hystrix Ch. antillarum Ch. antillarum  D. liturosus

Distribution*** southern Australia central West Atlantic circumtropical western North Atlantic Indo-West Pacific circumtropical circumtropical southern Australia 

 Tasman Sea,    

 New Zealand****        

*Fertilized with a male Ch. antillarum (Doi et al., 2015). 

**Measured with a micrometer attached to a microscope. 

***According to Leis (2006) and Froese and Pauly (2014).

****Leis (2006) suggested a possibility that fish from New Zealand is a different species. 
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Fig. 3-1. Adhesive demersal eggs and hatched larvae of Allomycteruspilatus
(Doi et al., 2015) . Adhesive demersal eggs with a mean diameter of 1.76 mm 
(A) , and line drawing of hatched larva with a mean total length of 3.47 mm for 
Al. pilatus(B). Adhesive demersal eggs on pebble/sand substrate (red ellipse) 
with a mean diameter of 1.99 mm (C) and hatched larva with a mean  total 
length of 3.98 mm for D. nithemerus(D). Head and trunk of both larvae are 

bars indicate 
1mm.
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Fig. 3-2. Parental Cyclichthysorbicularisin the exhibition aquarium. The aquarium (1.1 m3; 
0.75 1.00 1.50m) in which the parental Cy. orbicularis were maintained and spawned (A);
parents nestling to each other on the bottom on day before spawning (B) (Doi et al., 2015).
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Fig. 3-3. Cyclichthysorbicularisegg and hatched larvae. One day after spawning (2.2 mm in 
diameter) (A, live); hatched larvae in day 2 after spawning (3.5 mm TL), (B, live) and (C); 19 
hours after hatching (3.5 mm TL) (D); two days after hatching (3.5 mm TL) (E); five days after 
hatching (3.7 mm TL), (F, live). Scale bars indicate 1 mm (Doi et al., 2015).  
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Fig. 3-4. Cyclichthysorbicularisyoung fish. 17 days (7.6 mm TL) (A), 23days (9.8 mm TL) 
(B), 39 days (20.8 mm TL) (C), and 69 days (about 25 mm TL) (D, live) each after 
hatching (Doi et al., 2015) .
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Total length (mm)
SD* Range n

3.5 0.1 3.2-3.7 48
19 hours 3.5 0.1 3.4-3.7 11
1 3.6 0.1 3.3-3.8 11
2 3.6 0.1 3.5-3.7 11
3 3.7 0.1 3.5-3.9 10
4 3.8 0.1 3.7-3.9 9
5 3.7 0.1 3.5-4.0 10
6 3.9 0.1 3.7-4.0 8
7 3.9 0.2 3.4-4.0 9
8 3.8 0.1 3.6-4.0 5
9 4.3 0.1 4.2-4.4 3

17 7.6 - - 1
23 9.8 - - 1
39 16.9 5.5 13.0, 20.8 2
43 14.6 2.3 11.9-20.0 10
44 13.4 2.0 11.1-16.6 7
45 15.6 2.4 12.7-19.3 7
49 20.0 - - 1

*Standard deviation.

71

Days
hatching

Mean

Table 3-2. Growth of Cyclichthys orbicularis  until 49 days
                 after hatching (Doi et al., 2015)



Young  y = 0.295x + 2.046

Larvae  y = 0.052x + 3.518
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Fig. 3-5. Growth of Cyclichthysorbicularisto 49 days after hatching. Growth rate to 9 days after 
hatching and that from 9 days to 49 days are  indicated by regression equations between total length 
(y) and days after hatching (x) (Doi et al., 2015).
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