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SR 2018 4F 8 A H Vg v K 2k il K SR
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B, RVET IR e ra T IR IR AR SR A8 o TEBEES
JKJ%FE (40.5 L, 45 cmx30 cmx30 cm)® 3% 7 d,
FEUR B M (24£0.5) °C, RN 30, JEREJE WA
12L: 12D, 24 h FRZiFA, AR sk A
(5.5+0.5) mg/L, &FKTF 08:00 £ M B pyJE =
447 (Ruditapes philippinarum), %M 3 h 52 fE
KFRMIERR, JFHK 173,
1.2 LW SAHE

BIRGE R T, FEYLPRIE R S B T . Ak
Fmi R [ RARUAH G AR TR R K
(100.0+£5.0) mm, n=192]]HF 4555 . T =Pl ¥
BEAE 2 mg/L VAN AV il 80U B2 TOTR AT, I
AZDYFF 4 mg/L Dl EARRRUEHOE® AE K
®E, Haf A KNEMEKREN 5~6 mg/LP),
DA S 358 3 AN AL BRAH, ¥ i 80Tk B 43 301 ok
(2.5+0.5) mg/L . (4.5+0.5) mg/L #1(6.5+0.5) mg/L,
3 3 7 3 AR K R R ke A I i SR
B2, MATE A E SRS mE AR, =
PR B AE A5 1 A SR B 0 g 7K P Y 15 min &
BT 46 4 ) 523 B AL FHZH 45 64 HUEF T 5256,
Herfr, 32 UG EC 6 4 S (i 1 N o
BURHT 8 H ARSI AKX 43, 32 HHES =LA
FEA ST o 4 347 WL 22 B¢ h 245 3k (Hikvision,
DS-2CD864, China) . ‘.7~ #x (Philips, 2331, China) .
WLEL K WG FE (H A2 60 cm, & 50 cm)Fl & H (60
emx50 cm)ZH (B 1),

SEIGHKE =R TR 24 h, SRS O
() = e 188 43 S A v ok L g R 1) SO 52 A 194 Al
KR 30 co)idi B 15 min, WLEEAH i A &5 f9 3
RIS IR AL 5 R s & 42, SRIFHL
o B AR % SR A 45 min. AT A A KRN
(2420.5) °C, #HIE N 30, FAF TR P AAIE KA

fif KRR T o FOHERSS AR R =R T
Tk b, DL 1 mL —REEFEHT =% 78
B SR SR AU R Mk L 500 pL, ZJE
TR A ) RO P ZH Y, BT 1.5 mL B0
H, REBARATRA . KRBT 4 CHrE
24 h J7 3000 r/min 2.0 10 min B EISR, A
—80 CUKAH HP-AFRFIN . 45 LTI AT I 32 R
A7 4 31 S50 8 A AR 43 300 S0 R 7 1 W B K R A6
FES 60 min J5 LA R (1) 5 3k SR 42 R Ah B i 3k EL D

JHFFER A i o
[

SRR PSPV
A, WEHRER; B, ZLAMBASHL; C. BEAR (20 cmx20 cm).
Fig. 1 Observation system used in the agonistic
behaviors study
A. Monitor; B. Camera; C. Trapdoor
(lengthxwidth: 20 cm*20 cm)
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Tab.1 Thedescription of agonistic behaviors

17 %L E behavior

AT MR description

HEI move to
iR move away
BN chelipeds display

— HUEREIT 55— H 8 One crab approaches the other crab

KA AT MG S — R 5142 One crab moves away directly from the crab in an aggressive interaction
L5k T 17 7R Chelipeds are held out in front

T — R alp REE T $T X J7 One crab hits out at the other with one or both chelipeds

47 strike
JeHL grasp &@H%E&E%Wﬁﬁﬂ@%ﬁﬂ N %Eﬁﬁﬁﬂ[‘ﬁ)ﬁ.
One crab uses its chelipeds to pinch the carapace, chelipeds or legs of the other crab
#EHE push T S K %55 #EFF One crab pushes its opponent using its chelipeds
JE€ X7 climb on — HEes) ) 4b— LR B 77 One crab climbs on top of the other crab

(AT el HERMIC EXT )M,
14 ABIEHRAE

] A b R F & AL B 25 (glucose  oxidase-per-
oxidase) Ml 2, JHBE I SR FH B - B AR LE 5 1k
(anthrone-sulfuric acid colorimetry) 2£, FLFR K
F NBT HA{%7:(NBT colorimetry)il % . Ifil. b [
R 260 W A 2L R R R BRSO mmol/L, B Ik B R
ik me/go B WO (A H H B - A s B AR
FEHL(Synergy2, BioTek, 3€[H), #K FH &l hL
A T AR B iR G i
15 HiESH

SRR P4 TP A {E PR E 22 (X £SD) KR,
X AN [R5 i 80U B = iR T AR (] 4 21472
PR BRI G b Hp S ) R 2R IH 27 25 40 B
(one-way ANOVA), J5 2243 §r b /n A7 78 22 5 B,
KA Duncan IR HEITZH LI, FFESFHRH

o
N
(=)

n=32; x+SD

w
o
T

[\
S

—
(=]
T

4+ 3|-4%£2 ¢ (8] /min duration of fights

(=

2.5 4.5 6.5
YAfREIR BE/(mg/L) dissolved oxygen

Levene’s Kiie, & 22455, WIS HE BOF- AR
Y S IE 52 B 3 DL i SR B A 31y
H S, X g s A BT & AT AU 2R O 22 5
Hr(two-way ANOVAS), £ 4K F Bonferroni’s
R o SRHBCATAEAS t A6 50 53 B 3 52 v )
FH R AT R E N 22 5. iR
P<0.05 fF2h 22 5 i 2 KF, B0l 73 A B A R A 4K
4 SPSS 21.0,

2 HRE5HH

21 AEBRBERET=KABTESIHER
FIETE R )i

ARV SR BTN =M 1 1 4 L R i)
E) A4 st B UL 2 NI Pon] LU Y, Bl 7
AR BE I T R, =M T 4 S R S i ) 4 3t
SR EHT R, 2.5 mg/L Fil 4.5 mg/L A4

[ 3% strong I 55 weak
[ %4 moderate [ JE% 55 very weak

100

2.5 4.5 6.5
WA B /(mg/L) dissolved oxygen

4+ 3|38 B [ 45]/% proportion of interaction scale

12 AS[RIVA S AR BE T B 4 SF A2 I 1] (o) A4 ) 52 B2 L A5 (b)
T 18 S R G 3 5 8 I o) AN [ b B[] 22 S Wk 35 (P<0.05).
Fig. 2 Duration of fights (a) and proportion of interaction scale (b) between different dissolved oxygen concentration
Different letters indicate significant difference among different treatment groups (P<0.05).
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(4 3 F 22 ] (X, s=12.71 min; 7, =29.04 min)
BELT 6.5 mg/L 4 41( X, s=35.13 min, P<0.05)
(F 2a). TEMREN 2.5 mg/L Af, 4|50 322
AT <HPIMARE, WHAEN
4.5 mg/L B}, Gr3pig BRI g e S £
fFA N 6.5 mg/L I, e 3ba g7 DL erh A A sim ol
F (& 2b).
22 AEABBERETZERFENSEITH
HIIE 3 AT LA e, I o e e B 1 3

—_

(=]

(=]
1

n=16; x£SD *
L JEIR cheliped display

80 [ U move away
E= I move to
60

I FH winer B )
2k loser .
b

S
(=]

[\
(=]

JEBEflFT R/ Y EX non-contact behavior
=

2.5 4.5 6.5
VAfRE W /(mg/L) dissolved oxygen

SRR TR TR BRI, AT o (AT
R A2 fih P ) 2 B UCER I 2 N (P<0.05) . 4515
fiff ARV BT TR 2 0 O I A A e P A 7 o
fil PR AT S 25 5 58 (P<0.05), o, A 1y etk
T R AR AT R e BRVBR I 1A S B it B
HmFARCE, Bl 0 B 1 e+ B 5 R & IR,
“HERC AT I R BR B Z 38 (& 3a), BEAE
R YEE, Heh T € X T A R BIK
B = 5 n 53 & T R 428 M0 (K 3b).

(o))
(=]

n=16; x+SD *
1 #E#& push
| J& XI5 climb on
mm Y2 B grasp
B ;47 strike
1 :F) 3 winer
I 3 kI loser

S
W

W
(=]

—
W

BEfAT /K EL contact behavior <

(=]

2.5 4.5 6.5
VS fR4E MR B /(mg/L) dissolved oxygen

B3 ALV fifk S T JEE ] 285 R G U 4 3 e R v AR Ml PE AT Sy () R Ml AT 2y (b) & BRUCEL
R M AT S AT RUR B R R BT AR AT <RI, I X R R
AR R 5 5 B 3 R S [ s it S B T AR 2 A7 D e 22 5 12 35 (P<<0.05), R a)/NE P BEFRIR A IV i A W T
RIGCE AT BB % 57 .35 (P<0.05). RIS ] — VA ifk Sl B T R 38 1 2 O =2 TR0 47 oA 38 IR 80 2% 53 Wik 3 (P<0.05).
Fig. 3 Mean times of non-contact behavior (a) and contact behavior (b) performed during fighting
between winner and loser at different dissolved oxygen concentrations
Non-contact behaviors include “move to”, “move away”, “chelipeds display” and contact behavior consists of “strike”, “grasp”,
“climb on” and “push”. Different uppercase letters indicate that there is a significant difference in the number of performances of
winners at different dissolved oxygen concentrations (P<0.05), different lowercase letters indicate that there is a significant difference
in the number of performances of losers at different dissolved oxygen concentrations(P<0.05), and * denotes a significant difference
that the number of behavioral performance between winners and losers at the same dissolved oxygen concentration (P<0.05).
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PR 8] P58 HAE FH i 25 M — e B PR I L ol
I EEL 78 2 AN FLIR 25 5 (P<0.05), H1IE 4 Al %0, Bl
U R FERRAIR,  — iR 7 188 i 9k £ v 2 46
L RR R B 4 T, EREIRVR EEREAR, bt 54
S FE AR & ) i 2 R (P<0.05) . [Al—i i
AURIETS, Fe3baiALAR R R & 3y T4k ek
-, 4.5 mg/L 1 6.5 mg/L AbBRL B 5 22 55
F(P<0.05), 7E 2.5 mg/L AbFHZH 4|1 5 A I

SRR EP>0.05)( 4a), 4|1 6.5 mg/L
Ab FHLZEL Ot 96K B R A i AR T AR AL, 2.5
mg/L Fl 4.5 mg/L AbFAL il bk 2 rh A 20 & 22 5
A2 (P>0.05); 43| J5 Y = PEM T bk B Hp g
2] W O Sk LV A SR VR B G 0 B 3 R 41K (P<0.05);
] — Vi ff R T, 4=k I b B2 v R A A 1Y
R T A, A A R 25 e
2 (P<0.05)(1&] 4b). Bifi & Vs fife Sk B Tt s, 43
543 5 = PeR TR A A M b L LR Y R R
X, F—@mAkE T, F3b 5018 mike h
FLIER & b1 W3 5 T4 2L KO- (P<0.05)(J#] 4c)
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Tab. 2 Effect of dissolved oxygen (T) and fight (Z) on the concentrations of
glycogen in hepatopancreas, glucose and lactate in haemolymph

A5 & dependent variable S [ source of variation FI HE dfl, df2 Y52 MS F P
T 2,31 6.516 60.328 0.000
LR . Z 1,31 2.322 21.497 0.000
glycogen in hepatopancreas
T=Z 2,31 0.388 3.592 0.034
T 2,31 4.594 63.268 0.000
. P
ML 5 6 i z 1,31 11.765 162.026 0.000
glucose in haemolymph
T=Z 2,31 0.249 3.429 0.039
T 2,31 57.610 176.992 0.000
J]fllm\ﬁ':f:' 7L Z 1,31 26.903 82.652 0.000
lactate in haemolymph
T=Z 2,31 1.397 4.291 0.018

T R AR A R A, Z Fom 43l b3 T<Z REFEWIE WS BEAEH, I R 3R 5 i i 3 (P<0.05).

Note: T denotes the dissolved oxygen and Z denotes the fight treatment as well as the TxZ denotes the interaction between dissolved oxygen

and fight. P-values in bold indicate significant results (P<0.05).
3 it

TER RS AAE FT, fEREE KR BT
KR, BB KA ER . 1T
N DA R AR 2 A i i 2h PO e R b A
77 [G 5 B% MR (Procambarus clarkii) . 38 ¥ % Jp diF
(Homarus americanus) . E K417 (Pseudocarcinus
gigas) 5 W58 th R B, B SR 52 H 52 )
Py S AT R E BN EP B A AR S R
gerp i B R ARSI, Hoad B S AR s R
KRR S 34T R EP BRI R
JiF A% 2% S5 % (Pagurus  bernhardus) 548 JFE 47 i LA
KRB EEMEWRE T, dEimpE S} 6
F . ARWGE R, Bl 1 A S T A, =0
8 A ) A 2 i R P Sk 5, S RS [R]
WERRAR, AT o R BRSO B > e
Shrr, MERIE R THE MR, B R R
AR SHATY L e EX AT R, RIS E S
TG ER, T[] T A A 2, I 38 G J s B AR ) X
F B EPY, X —45 5 5 % (Carcinus mae-
nas)!* i BF 5 25 SR MR o LI 6 1 S 3 O TR 1,
JHE ) 25 R0 R I 22 ) 42 VAT SRy B 2% S i W 4
i, X —&5 55 % R (P, bernhardus) i 58 1R,
M W] BE 5 G AR IR AR R T A2 1A R G,
i — PRIk,

7 sy iy 4 347 R 5 LR B e, HopE R
VR = TR AT AR AT A A, A A A

ST R B IE AT SRR R AR AR R e, IR
SRR 4 SO0 R R N B I
R BEVE K AR S PR e L R, ARERAMA Y
AEECIRAS H 517 0 RBUE VIS, LR IE LA
TGN W A AR =4 22—, AT s e TG AR T I AR
(s B, FEAF I b, BEE T R RRAL, =
PERR 18 1) JH W D o AT, 2 R LR 5 o
B, X 5 (C. maenas) W AFFE AL, EIIE
SAABE A R FLER M ) T S 3R B
2.5 mg/L AbFA [ 4 3} i) (] F5E BEAIR T 4.5 mg/L
AbERZE, (B HFLRR K B 5 T 4.5 mg/L Ab B,
% 5 rh B LB (Eriocheir sinensis) R FE A2,
I AT 2 B ECIRAS FHUA TG AR 5, fE
PR AR EL AR 5, AR 8] 4 2] BT 55 19 B
A T A gs, Ik, S0 R E A R
G 31 i ] SRy ARG 2 1A BE R, 00 6.5 mg/L AbFH
41, PUAFLER & i, VLUA7E gl ad 2 = ek
1 () e N B LA ER o

PN S I RO St i 1R N S Rk
WERY & & S TR KF, 4.5 mg/L I
6.5 mg/L AbFRZH v A e ) 1 e A AR T )
RiKSF, X5 Su ZPHRgHRse 4l BAHR, £UI7E
4.5mg/L. 6.5 mg/L IEMFEIRE T, Fr3ladfirh =
AR 18 1) R i AR B 4 W R L 4 s Bt i
o TEVRSEWE 2.5 mg/L B, 43 =00k
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®) Sp m32 745D 4 314 before fighting FEY, AR b R WA AR AE A S AR P A AT
Y 5 L e fghing B, ARG, =k T4 S I L
sE F . WRHY fr i B T4 S KR, ELR 5 -4
EES b r S ) 46 S S S SR B, L R
55 of : A R 2 B R, B 4 SRR
=i BRYCHC RN, A 9 i BEFC T 1R 0 73
" i
0 2.5 45 6.5 gr LRIk, RS B AR ORI R, iR
Orop s e deshedon T UV USRS, A O AR MO AL
) . 0l efore Fghing PRFLRR BRI, B ARS S B RIRE,
M r LA 4 1R A1 S (A7 R . WA EREE R A
Eeor | ) PRAE BRI 2 5 1 5 B0 S AT e R
& 3 [1]1 Scott J P, Fredericson E. The causes of fighting in mice and

ﬁ

25 4.5 6.5
VEfRE YR FE /(mg/L) dissolved oxygen

K4 R[RNA R T =R T B 4 2L i S TR R () |
i 2 A 2 4 (o) FFLIR (o) i 2B 1k
KRG g FR A ) A SR L A ST =R T AR ]
HI2E 5, /NG FRFIR AR W A T
Gl JE AR (1 22 5, * R F] — VAR SR BE R A3k AT R A
K22 5+ i % (P<0.05).
Fig. 4 The changes of glycogen in hepatopancreas (a), glu-
cose (b) and lactate in haemolymph (c) before and
after fighting of Portunus trituberculatus under different
dissolved oxygen concentrations
Capital letters indicate the difference between individuals
of swimming crabs before fighting in different dissolved oxy-
gen concentrations. lowercase letters indicate the difference
between individuals after fighting under different dissolved
oxygen concentrations, and * indicates significant difference
before and after fighting under the same dissolved oxygen
concentration (P<0.05).
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Effect of dissolved oxygen on agonistic behavior and ener gy
metabolism of the swimming crab (Portunus trituberculatus)

LI Yesen"?, LIU Jingjingl’ 2 SU Xianpengl’ 2 WANG Fangl’ 2

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266235, China

Abstract: Fighting and cannibalism in crabs are key factors that limit their production and economic potential.
Fighting between crabs is not only affected by biological factors, such as gender and size, but also closely associ-
ated with the environmental conditions in which they live. As a common environmental factor, dissolved oxygen
significantly affects the physiological metabolism of animals, subsequently changing the fighting behavior of in-
dividuals. To study changes in fighting behavior and energy metabolism of the swimming crab (Portunus tritu-
berculatus) under different dissolved oxygen conditions, we used an observation system for fighting behavior that
was constructed in our laboratory. The fighting behavior of swimming crabs was quantified under different con-
centrations of dissolved oxygen [(2.54£0.5) mg/L, (4.5+0.5) mg/L, and (6.5+£0.5) mg/L]. Changes in glycogen in the
hepatopancreas, as well as changes in glucose and lactic acid in hemolymph, were measured. The main results
revealed as following: (1) With a decrease in dissolved oxygen concentrations, the fighting duration of the swim-
ming crabs was significantly reduced, with the minimum value observed in the 2.5 mg/L treatment group, which
was significantly lower than that in the other treatment groups (P<0.05). Meanwhile, the fighting intensity be-
tween individuals also continuously decreased. (2) The frequency of fighting incidents for the swimming crabs
significantly decreased with the decrease in dissolved oxygen, and the frequency of contact behavior and
non-contact behavior among the winners in the three treatment groups were significantly higher than those of the
losers in the fighting process (P<0.05). (3) With the decrease in dissolved oxygen concentration, the levels of
glucose and lactic acid in the hemolymph of the swimming crabs were significantly increased, and the level of
liver glycogen was significantly decreased (P<0.05). (4) After fighting, the liver glycogen level of the swimming
crabs significantly decreased, whereas within the hemolymph, the glucose level significantly increased and the
lactic acid level was significantly higher than what it was before fights (P<0.05). The experimental results showed
that the intensity of anaerobic respiration, energy supply efficiency, and lactic acid accumulation of swimming
crabs were increased under hypoxia stress, which resulted in the decrease in fighting willingness and fighting in-
tensity of the swimming crabs. Therefore, differences in energy metabolism may be one of the physiological
mechanisms leading to differences in fighting behaviors under stress.
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