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KA BEBRAT IASIA], /NS VD 2 %) S o A9 48 =
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Fig. 1 Device for observing the behavior of infauna
A: water inlet 1; B: water inlet 2; C: water inlet 3; D: water outlet 1; E: water outlet 2; F: water outlet 3;
G: independent upper layer; H: independent middle layer; I: independent bottom layer;
J: smaller cubic container; K: transparent side; L: adjustable infaunal chamber.
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Fig. 2 Device diagram of artificial cave to quantify behavior
M: sediment; N: burrow of polychaete; O: polychaete.
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Fig. 3 Dissolved oxygen measuring device

1.4 RNEBEDPEEHNITHAELIRRRENEM
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(1) %l =) € 47 3 & (axial crawling velocity,
ACV, cm/s): Svbdsihm efr iy, LAV EsE A

Z R TIE R

ACV =D/t
X, ACV (em/s) R~ F- 2l ) ICAT U ¢ (s) %
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(2) 72 [m] AR A K (radial undulating frequency,
RUF, pulse/min): 0% £ 7 H 5072 1a] &2 AR 32 8l
I, PR Be— N0 AL AL I ] P 1% 38 Bl Tk
BOPR Ry A28 1) AR AR

T Ao XS A SR — i W) (1) P D A B A Bt
BT B AR R AR R, A5G AR AR I ] T
AR ] R

(3) Z /K i (pumping volume, PV, mL): 1T
U R VAN =) NI U R G ANG RSP ST B T e 'y
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=Ry iR NITR/ TS E R WANG N 03 =i T/
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HEATIC SR, 45 Gria 2l B ) AR R A AR R
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PV=SxD,
K, PV (mL)Ky—E i 5K AL S (em®) Wy
TR B Dy (cm) Sy 7 B BRAE— 22 B [ P
1 Bl i 2

(4) 7K # & (pumping rate, PR, mL/min): ¥}

o PRSI [1] PN AR 2R K B R R 2K R

PR=PV/t
A, PR (mL/min) A KHEZ; ¢ (min) kL KHF
)3 PV (L) 537 if (1] A ) 52 7K e

(5) ZIKACE (pumping efficiency, PE, mL/pulse
8¢ mL/em): WU L Vb 442 ) e AR — R sl 1) €A 7

1 em B9EKE
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(6) N T3 7 M FH (surface area of artificial
burrow, Sy, cm?): A T 7N 2 T ST T A
Sy=nxdxL-2wXL
Ko, Sy (cm®) MR RE TR L (cm) MK EE; d

(cm) W IRRHE HAS; w (cm) A IEEE ) I 6 7
1.5 HIELESHH

fii [l SPSS 23.0 Seitsr#rftatrgids, LA
XA 2577 2243 B (two-way  ANOVA )3 X4 Bl >
A% 1 RAAS TR BT U 2 114 48 ) kS AR RN Al 1) € B
] AR AR . AT . S KR
KA. B FRERVE I ROR R AR B Y R
A HAE N 2 i DL 2R 7 2253 8 &2 Duncan
ZHE EHITHN 2 5 B E M A, XY P<0.05 B
INhZERRE,

2 HRE5HH

21 #FEERRTE

I B2 R RIL AR X XU AT L 2 44 ] b AR A3 4% 1) 52
WG E 4 B, WU R 7 2200 ek W, i R
PRATR B 52 ) 5 3 (P<0.05), 17 RILAS FREAK 5 1R
J 22 AR IS AR .3 (P>0.05) o BUIT VD A 448 0]
RS AR B A T 8 T s T T e o B AR 1 4
K, B mERAARR I BRI B, 25 C
i VNS (R R El L SV N R S T = I
41 pulse/min; T 15 CH}, KA V7 p94% m)
fRAFCR B ik, A 27 pulse/min,

45 W RHIHE large size o
~ 5 40l OFHE medium size "3 ¥=SD b b b
E 2 =/ small size a T
) % 35r a aba ]
% & 30+ a2 5 0
g_a” 25¢-
&S 20t
KE 5k
R
= g 10+
Ws 5k

0 L 1 )

15 20 25
¥EEE/°C temperature

P 4l 2 RURILRS Xof XS EAT ] > o A i A (AT 2 ) 52 i
Fh AN TR S8 7 R () RS AR ) IR o i1
Bim 2z 5 8.3 (P<0.05).
Fig. 4 The influence of temperature and size on the radial
undulating frequency of Perinereis aibuhitensis

Data with different letters are significantly different among
different temperatures in the same size (P<0.05).

22 HEEITEE

L TR RNLARS X UL AT B > i A 1) @A T S8 1) 5%
MK 5 Frn. AR ZEF 200 RM, g, M
& IR B 19 22 BAE FH 2 ) 5 25 (P<0.05), 11 LB
SN 35 (P>0.05) 0 KEMK D EAE 15 CHRAFT
ol ICA T B = T 20 CH 25 C&MT
(&l 1] €A T 1 (P<0.05), /NEIAG YL #AE 25 C 4%
PR Al AT BB 2 T 20 C AR T RS
] J€17 L (P<0.05).

0.50 m CHEHE large size

= RS medium size n=3; x+SD

0.45F = /N3iA% small size
’v?é‘ 0.40 |
g3
S8 035¢ a
# 0030} L
5 o
2 5020}
%% 015}

0.10+

0.05}

0

20 25
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Fig. 5 The influence of temperature and size on the axial
crawling velocity of Perinereis aibuhitensis
Data with different letters are significantly different among
different temperatures in the same size.
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L FRITANL A X XL AT ] /> e 422 ] A AR o ity o 1@
PR NG 1 iR, R ZE 25047
FE, RO R DL RO R S RO A8 AR R AR
fia] 2 FR: 2 7K T 3 52 ) B 25 (P<0.05); 1 ik B TR
K& 10 28 A FH X8 Bl 1) @ AT 2R 7K B 52 e AN f 2
(P>0.05), FifiEAS 38K, FAGEF 2 Y
HEFA AR 1) AR PR 2R K G 3R B A T P T T
7 4 16 JEA 7 22 /K R A 20 C A fermy, {H 2 ] —
FRAK AN [ BE 1] 22 54t 3 (P<0.05) .
2.4 fZmEEKRFNGERITHE

U B2 T RS R XU AT [l U 2 o K AR ) B2 AR R il
) JEAT B 8] A R M AN 26 2 IS o RFAN [ LA WL AT
PR VD 2% 76 AN [R) IR R T B3 R 1R 428 ) S AR B Bl ) €A 7
F ) AT XU R J7 22508, 45 R KW, A% . IR
R SRS AC HAE R RS R R B 25 (P>0.05) .
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Tab.1 Theinfluence of temperature and size on the pumping rate of radial undulating and axial
crawling motion of Perinereis aibuhitensis

n=3; x+SD; mL/min

12 1)K FE K 3 % pumping rate of radial undulating motion

HEE/C Al e1T /K % pumping rate of axial crawling motion
temperature  Jeyikk Jarge size  HELAR medium size /NEA% small size  KHLHME large size T LK medium size  /NAK small size
15 4.89+0.70" 4.00+0.56 2.41+0.39 3.15+0.85 2.234+0.40 1.13+0.14
20 6.69+0.98" 4.09+0.85 2.10+0.41 3.67+0.71 3.22+0.15 1.58+0.38
25 9.80+1.79° 4.19+0.26 2.13+0.19 2.824+0.31 2.254+0.20 1.46+0.04

e R A —H N BREAS TR AR B 2 ] 22 5 1B 3 (P<0.05).

Note: Data with different letters are significantly different from each other in the same column (P<0.05).

F* 2 IREMHAEX N E &G RE 5 A F0 5 [ 81T B 8 i 220
Tab.2 Theinfluence of temperature and size on theradial undulating duration and axial crawling duration
of Perinereis aibuhitensisin a day

n=3; x£SD; h/d
B/ C 4% ) 2 AR B} ] radial undulating duration 4 1) €47 B} ] axial crawling duration
temperature KIS large size " HIME medium size /PNIAE small size KA large size " HELAE medium size /NAE small size
15 15.84+1.88 10.81£2.75 14.03+1.72 3.57+1.29% 4.00+1.21 2.86+0.87
20 15.49+1.02 13.51+£2.08 12.45+1.91 2.65+0.52* 3.89+0.36 4.3440.31
25 14.94+1.90 17.34+0.28 11.91+1.51 6.33+0.90° 5.71+£0.75 3.57+0.47

TE: SRRl AR A 7] 7 BE AR ELAH 2 (8] 22 5 1 3 (P<0.05).

Note: Data with different letters are significantly different from each other in the same column (P<0.05).

AR AR 1) R PR 4 ) 347 i 2K il 1 A T B (]
25 ZK=E

ek TR A X XL AT Pl v 2 g A 1) 7 FR: Al
[ EAT A K BRI 3 FiR . WK E 245
BT, AKX P iz 3l 7 2 K it 345 ) i
F(P<0.05), T i B2 A A BT 1 38 B AR
Fiz g s K B BT RZ R B35 (P>0.05) o A%
A, A2 ) A AR AN A ) IC AT A9 B R B K =R,
I HLAR ) e AR R K 2 I 3 T ) AT 280K i,

e 1) FEAR B R Fe R IR K S i ) €A T R R e K2R
IR 9 1% .
26 HZEKE

T TR AR X W07 [T > e o 2 7K Tt A 52 i) I,
Bl 6. AN T2 Hr 3B, MR Y5200 = Tk
BE . RS S S EAE R U R VD A —
R 2R K 5 Tl A FIA R L B B 3 T a8 3 1
%, 1E 25 CHE, REA& A 1 d W EHRKE A
10.01 L/d, T/ AN 1.86 Lid, FHZEE 5 %o

3 BEMHENREEDEEXREERERRMEIETRAKENZN
Tab. 3 Theinfluence of temperature and size on the pumping rate of radial undulating and axial crawling motions
of Perinereis aibuhitensisin a day

n=3; x+SD; L/d
HEE/C 12 AR ZE K i pumping volume of radial undulating motion %l 7] €47 ZE /K & pumping volume of axial crawling motion
temperature gk Jarge size  HUHLA% medium size  /NAS small size  KHUAK large size  HHIAR medium size /NEAR small size
15 5.16+0.33 2.59+0.95 1.91+0.41 0.80+0.09 0.54+018 0.20+0.08
20 6.28+0.93 3.31+1.08 1.61+0.46 0.80+0.08 0.75+0.42 0.35+0.01
25 8.96+0.75 4.36+0.23 1.69+0.32 1.04+0.09 0.4440.11 0.30+0.03
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REGEMINZ 40 X 7T E IR TR AR kAT

14 m KHHE large size

© 1A% medium size 35 ¥ESD N DN e 2 "
121 m/Hi#% small size MR ZE T 22500, 45 Bon, TR XTBERR LR | IV M
10r iR 6 F1 &R I SR R R B2 35 (P>0.05); T

JEE 5 KUK 9 58 ELAE TR A 1 A0 U R0 7 280
S AN 3 (P>0.05) . AR U, Bl & IR 19 T
R HUAR G R, Uk BT A 7 B SRR SR
S ETR RS, ELARS XE FR R AR
M B2 T30 JEE A9 82 W), e TR R 2 S 7 IR

K E/(L/d) total pumping volume

15 20 25
1RE/°C temperature

6 AR X LA [l 0 7 5 R K e S
V& ] — MU S [ JLBE ) 22 53 A (2. 25 (P>0.05).
Fig. 6 The influence of temperature and size on the total
pumping volume of Perinereis aibuhitensis

There is no significant difference in the same size among
different temperatures (P>0.05).

27 EFAHE
TR P TR Xt Uiy Bl b 3] 7 77 R sk

2.8 RAKBBEBE

kIS X LT Pl U 7 2 7K I i A I (L 1Y)
MR 7, WK 2R, Bk . TEEE .
T IR 28 B FH 05 i 34 B 28 (P<0.05) . Bifi 7
TR TR, BRSO R, U K A B (E
WA R, HAEHE R 0.46~2.98 mg/L,

&4 REMAENRERDERNEFRERHAENIG
Fig. 4 Theinfluence of temperature and size on the dissolution efficiency of nutrientsin the tube of Perinereis aibuhitensis
n=3; X+SD; pg/(cm*d)

WA size IREE/C temperature M2 £ phosphate WA 2 £ nitrite % % ammonia nitrogen ALY sulfide
FeHiAE 15 109.80+1.47° 5.69+1.69 40.45+8.34 10.93+3.23
large size 20 105.18+5.09° 5.08+1.84 55.50£13.09 11.24+4.00

25 139.21+5.58" 6.02+0.05 60.56+10.90 15.40+2.92
kg 15 50.26+6.52 1.3040.45 55.49+3.29 7.99+2.03
medium size 20 54.94+5.36 1.16+4.93 60.14+7.76 9.44+1.59

25 42.15+5.07 1.45+0.58 34.92+5.58 13.51+1.59
INELAK 15 25.25+7.11 0.77+0.30 26.09+5.58 1.69+0.61
small size 20 16.32+6.62 1.84+0.61 34.92+5.51 2.46+0.23

25 26.64+5.39 1.07+0.46 27.62+4.01 3.70+0.61

TE: Rl — 51 AR A 7] 7 BE AR ELAH 2 8] 22 5 1 3 (P<0.05).

Note: Data with different letters are significantly different from each other in the same column (P<0.05).

T RHUE I /N RS XU [ VD e, AEAS TR
FRA [ 2 AR 32 B 4328 Bl s 1] MR K e 242 il
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gy ROk il B 5 HAR N - P[RR

3 itig
3.1 REMMEX WK E D EITAKRIM
it S M AR W) R e R T AR, wT R

SRR e B AR Hoh
W) AT Ryt 2 Bt 3R 4 A8 Ak AR AT g,
W B AR (Metapenaeus mastersii) FEAR IR 15 3l
SR, TR T LR R R R AT, 35
PMERASAET, 27 X EF(Penaeus japonicus)iz 5§,
/b, HLE R i ] £ B 2 SE PO FEAHESE R,

IF, WUk AR W AT R R R A IR R R P
RIATR AR o Y I — g i, ek B8 T v
A3k fifj (Megalobrama amblycephala)%)i i B iF UK
MU 2SR Y U R, AT Sk i Y Ui
TR B R T R TR 2 R T
2 34 CH}, #(Cyprinus carpio)%) i) i Kt sh
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Fig. 7 The influence of temperature and size on the threshold
value of dissolved oxygen concentration when
Perinereis aibuhitensis pump water

Different letters in the same size denote significant difference
among different temperatures in the same size (P<0.05).
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Abstract: Infauna have developed physiological and behavioral strategies to cope with the stresses of sedimentary
environments. Of the two, behavioral strategies are more important because they create microenvironments in the
burrows which are essential for the survival of burrowing benthic animals. However, the few relevant published
studies have not clarified the relationship between behavioral strategies and the microenvironment of benthic
animal burrows. In the present study, we used a behavioral observation device to study the effects of temperature
(15 °C, 20 'C, and 25 C) and body size [large size (2.2+0.2) g, medium size (1.5+0.2) g, and small size (0.7+
0.2) g] on the behavior of Perinereis aibuhitensis in the burrow. We also investigated the water exchange, nutrients,
and dissolved oxygen in the burrow. The results showed that temperature had a significant effect on the radial un-
dulating frequency of P. aibuhitensis (P<0.05), which increased with increasing temperature. Further, body size
had a significant effect on the axial crawling velocity of P. aibuhitensis (P<0.05). The axial crawling velocity of
large P. aibuhitensis decreased with increases in temperature, whereas the axial crawling velocity of medium and
small P. aibuhitensis increased with increasing temperature. The temperature and body size had no significant ef-
fect on the radial undulating and axial crawling duration (P>0.05); however, body size had significant effects on
the pumping volume, pumping rate, and nutrient dissolving efficiency (P<0.05). The pumping volume and nutrient
dissolving efficiency increased with increases in body size. Moreover, the maximum pumping volume of P. aibu-
hitensis was 10.01 L/d in the group of large individuals and the maximum dissolution efficiency of phosphate,
nitrite, ammonia nitrogen, and sulfide in the burrow were 109.80 pg/cm?®/d, 6.02 pug/cm?/d, 60.56 pg/cm?/d, and
15.40 pg/cm?/d, respectively. Radial undulating motion is the main action in moving and pumping. The dissolved
oxygen threshold of pumping behavior in P. aibuhitensis is consistent with optimality theory, which is designated
the “optimal dissolved oxygen obtainment strategy” in this study. It showed an upward trend with increases in
temperature and body size. This study showed that small P. aibuhitensis individuals moved more actively than
large ones at high temperatures or under low dissolved oxygen levels, indicating that they might have a higher
tolerance for these conditions. The large P. aibuhitensis individuals showed a superior ability for bioirrigation at
high temperatures. It was likely that dissolved oxygen in the burrow was the key factor driving the initiation of
pumping. The release of nutrients from sediment is an additional effect resulting from the polychaetes pumping
water to get sufficient oxygen.

Key words. Perinereis aibuhitensis; behavior; burrow microenvironment; bioturbation; pumping water; dissolved
oxygen threshold
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