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Functional morphology of puffing behavior in
pufferfish (Takifugu obscurus)
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Abstract: As a defensive behavior of escaping from the predators, sudden inflating (“puffing”) has been found in all
members of the pufferfish sister taxa Diodontidae and Tetraodontidae. However, the mechanism of inflation is largely
unknown. To further understand the inflation behavior of Tetraodontidae, morphological dissection, X-ray and staining
methods were conducted to investigate morphological variations and functional adaptation during the inflation in
Takifugu obscurus. The results indicated that after receiving stimulation, Takifugu obscurus quickly and frequently
swallows water or/and air into the flexible but tough sac, which is a distinct portion of the specialized esophagus. For
adapting the inflation, the anterior and posterior joints of the sac and the digestive duct are tightened by special
musculature; and the structure and arrangement of the skin of the body, as well as the abdomen muscle bundles are
particularly modified to be elasticated; more over, even the backbone and the nerve are ready for flexible positioning
change. This study provides some important information about the inflation mechanism of the Takifugu obscurus in
sucking and expelling water/air during the puffing behavior, which would be helpful to further understand the neural
control mechanism of pufferfish inflation.
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Figs. 1-8 The beginning of expelling and the change of body shape in unflated and inflated pufferfish (Takifugu obscurus)
1o UefFBLG 20 HOKEBG #km oK EAL; 3: RIKAAET; 4. IURGEERET; 5 RIKEEMTT; 6: MU AN
M 7. RIS 8: NS AN,
1: Sustaining phase; 2: Expelling phase, the arrows indicate the places where water flow out; 3: the dorsal of the uninflated pufferfish; 4: the

dorsal of the inflated pufferfish; 5: the lateral of the uninflated pufferfish; 6: the lateral of the inflated pufferfish; 7: the ventral of the uninflated

pufferfish; 8: the ventral of the inflated pufferfish..
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Fig. 9 The change of fish volume after inflation on
different standard length pufferfish (Takifugu
obscurus)
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10—14  WEGURJ7 iR R T AR AIE
Figs. 10-14 The morphological characteristics of the abdominal sac of pufferfish (Takifugu obscurus)
10: ARG LA (h-M; eso-fril; ab.s-<ME; st-H: /M r-HE): 11 KB NRIEA: 12 SEIRMHAEIEES: 13
AP EIE, BIERE: 14: B IEANLETRITUR.
10: The form of alimentary tract (ph-pharynx; eso-esophagus; ab.s-abdominal sac; st-stomach; i-intestine; r-rectum); 11: The inner wall of the

basal region of abdominal sac; 12: The inner wall of the bottom region of abdominal sac; 13: The joint of abdominal sac, esophagus and stomach;

14: The arrow shows the cardiac sphincter.
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K 15—18 Ukt ol MBI SR I UK AT i AR
Figs. 15-18 Inflation behavior were simulated on the hungry and full pufferfish (Takifugu obscurus)
15: LRI IR RIS ALIE: 16 PRI IKURIALIE: 17 WErm iR IE: 18: e ik UR i
15: The alimentary tract in unflated and hungry pufferfish; 16: The alimentary tract in inflated and hungry pufferfish; 17: The alimentary tract in
unflated and full pufferfish; 18: The alimentary tract in inflated and full pufferfish.

x 1 BUFRAHKSAIFEEAEASKOTN
Tab.1 The change of the total length of pufferfish (Takifugu obscurus) after inflation

A5 JiK 4K (em) ik 42K (cm) AR IS (om)

Group Total length before inflation Total length after inflation Shortened length
—4 11.3+0.5 10.8+0.4 0.4+0.1
el 18.2+0.8 17.1+0.7 1.1+0.2
=4 22.5+0.8 20.2+0.9 2.3+0.1
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19—30 QR JTIK S AT EBAA S A AL . Rk, BEMIPh & FE R &4 4L
Figs. 19-30 The change of abdominal loose connective tissue, skin, lateral abdominal nerve and dorsal spine in
unflated and inflated pufferfish (Takifugu obscurus)
19: JRAHTIBFAZE AR ZY: 20 BRARGE AR SN G 21 IRAURMIBRAR GE AR AN 2N 22: IR IRINE 8 Bk Al lml iy /Nl s 232 ik
S (RO RE S R R S BLSE I /N s 24 BEAT B R /N 25 IRAHTEAERERS: 26: IKAURBEHMIES: 27 KTt 310 28:
MAG MR ZE 3 A 29: HKACHT IR 5 4 22 (P27 Sk R) TR s 30: KA M di i 1o 22 (P81 28 5 Sk T R) RO TROR o

19: The loose connective tissue in an uninflated state; 20: The structure of the loose connective tissue; 21 The loose connective tissue in an

inflated state; 22: The ventral skin in an uninflated state with the retractile spines; 23: The ventral skin in an inflated state with the erect spines; 24:
The skin spine stained by Alizarin red S; 25: The vertebral column in an uninflated state; 26: The vertebral column in an inflated state; 27: The
nerves in the lateral peritoneal cavity in an uninflated state; 28: The nerves in the lateral peritoneal cavity in an inflated state; 29: The zoom for the
nerve in Fig.27 the arrow shows; 30: The zoom for the nerve in Fig.28 the arrow shows.
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31—35 WELURTT L o3 A K KR IR BTS2 4L
Figs. 31-35 The arrangement and change of ventral muscle after inflation in pufferfish (Takifugu obscurus)
31: RN A kB CT, 8L FCL, WigUL: PCLJSHIL: CV, JEMINL: 32: MENIREDIE: 33: PUILorAi(BRBENL): 34: MWL (2
ERBEULRIETAL): 35: MRAUSAIIEEL L.
31: The schematic diagram of ventral muscle CT, m.cutaneus transversalis; FCL, front m.cutaneus longitudinalis; PCL, posterior m.cutaneus

longitudinalis; CV, m.cutaneus ventralis; 32: The transverse section through the two layers of cutancous; 33 The arrangement of the whole

longitudinal muscle; 34: The arrangement of ventral muscle(no front m.cutaneus longitudinalis); 35: The shape of the longitudinal muscle in inflated

state.
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