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Waving frequency of male Ilyoplax pusilla (Dotillidae) in relation to body size, density

and season
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ABSTRACT: The cheliped waving frequency (number of
waves per min) of individual male /lyoplax pusilla (Brachy-
ura, Dotillidae) during the reproductive season was investi-
gated in terms of body size, temperature and season at two
sites where the density at one site was ca. 3 times higher
than that at the other site. The waving frequency in the high-
density site was ca. 1.5 times higher than in the low-density
site. The males waved more intensely in the middle repro-
ductive season, but the seasonal change in the waving fre-
quency was not strongly related with the air temperature.
There was also no clear association between the body size
and the waving frequency, which is contrast with the positive
association so far known for several ocypodoid species in-
cluding 7. pusilla. Among body size, site (high or low densi-
ty), temperature and research period, site (i.e. the population
density) was the most important factor to predict the waving

frequency.
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HHEmIcAERT 22 7= ERloEo£ < @,
BRI Z ) X3 A VIR O[89 waving display (WL
waving) %, TICEGEHICIRT.
FREME A3 T 1 5 directed waving &, FFiE
FHTFITA & M 78 O undirected waving 238 5 A3,
I N Dwaving b, ME~DRKE EMEKNDZES] D
BN dH 5 E STV S (Crane, 1975). undirected
waving D L & CGEALRERY 72 b O AR & &
OEH 4 2 EDRRIZ>WTIZ, IEOMHBIMED & %
ZEPHISN TV (Hyatt, 1977; Kawano & Henmi,
2016). & 5 I directed waving 12 WV T3, €D
SAESE W S E N A 2 E BB SICE -
T W % (Backwell et al., 1999; Callander et al., 2012;
Sanches et al., 2017; Vega-Trejo & Backwell, 2017).

ZFH=ERaxy 5 =RoOF 34 = Iyoplax
pusilla (De Haan, 1835) (%, e KHIEA) 12 mm D/
Mon=Tdbb, WikikoFEOhEHICE#ES
5. AR, BhoHIKPrTTOBEREIcEL LT
IS, SHEOC AR O waving (Kitaura & Wada, 2006)
ZITH T EMEN TV S (Fh - fIH, 1992).
Z @ waving BHIEEITITH 1T W B HERETIC I3
BIELPTWVIEBLHMSNTW S (Ohata & Wada,
2009). F 7o B A3 T o o WIS ) TAT D directed
waving (%, undirected waving IZlL-~_XTH 5 iz 2 D
FAREAS im0 (Wada, 19815 ) « FIH, 1992). Th
5D END, waving D L S 1, HENHEEFES
I5 bcEEsRHNEbL b bDEALNS. Ll
C DwavingD i L & DMEK DR+ 4 XD FHilc
Lo TEDEIITHRLZNE, FIH=TEINFE

C @D waving IZ 13,
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T LSBT Wi n, —FTFIH=0
W, EREGTclMoEKEZ 45 &
waving JFE DS E 18 2 T EMP S MITHE > TV D
(Ohata & Wada, 2008). CD Z &n 5, WA THEE
DEVWETATHE, KL ArX bHKTED
wavingBHE A E 1> TV B T EM TSN B 23,
ZD T & AR LTI W,

KT, F 37 = OEE AR & REEAE
EHIT BV T, HEE A D waving $HEE & B5is 0 fi op
I, waving IS LT, RO K 1 X,
JBE R DERE, ZFEIENEZ 2 aH 5 &
ZHME L.

W FEBLUEE

FIaR LA 20l (33°41°N, 135°24'E) ITH
PFHETF I =0k EM» SAEEREOE W E S
A CEmEIfLIcs @S @ +12em) EfEWEC
A (+17~19em) ZFHEM LI L, 2MAM O
PR IZF210mTH 5. WAL, 20194E5~9H D
WREhc R o2 HiE %8 (I 5/19-20, 11: 6/17-18,
I0I: 7/2-3, 1V: 7/16-17, V: 8/1-2, VI: 8/16- 17, VII:
8/29-30, VIIL: 9/27-28) % CTHhE L7z, 7/ZL 72
ERNI6IIMRKD Iz F T H =D iGN E SN
¥, WAk L.

A H o e ol 1 R R 5 2 RFf % &
TOWRIN T, HEME R D waving JHEE O B &, #H
IEEMER D FERENE 217 - 7o, M LIS E Ak O
JE13, SFEAHET, 25X25 em* DX % 5 v 5 4
W10 MEREE L, DX ol b 7G5l {8 (455 & i & B
Do (M & 7o @ HEARIER) Ty v b L
fo. HEMEIR T & @ waving 851 (3, I EIG B (A5
ZAHw v b LeRKEERTH4m’ XN T, £
o 1K % 2 A T 25 Tl waving [B1 5% G L
7o, FHERIE z OEERMEL, s AHEZ 2 ¥ 2
THPDE L7, 2o oBig, B, mH, ik
EDOFHL E Twaving® R o N WK & 585
&3, T OREMERT R L7z,

KA H T, FARKR, FHARG%047,
HEK TR O3ME], M E13~15mO5EZHIE L
7.
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571, waving EDENGA45% LI ETH - 7o 1~VIT
Wor—sz2Hwe, #HEMA (E5EEKERE
) - FHEW - FER O TUR « WA D il % 5
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Z1T - 72, waving DEFHI2SHIE S N, BIE R A
2T WA H > o, BlEShi
waving [0 5 & INE K, BRIk Z 4+ 7 € 5 MIH
WCEL, HWEED R TV Y Omicies ERCEL
TN 217 - 72, 783 waving [815%5 0 DA D 7 —
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N2 METFIVE LT
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waving 585 & DO B & Spearman @ NIEALHH BE £2 54
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KR ETEIERE - waving BADEIE « waving 88
EOFEHEIL

PO SR E, PHAE Y o 1~ A5 26°C Fi &
T, TOHBIV~VIIIIN30CE BT SR E 10,
VT 370 72 O 26°CRIitR & 75 - 7o (Fig. 1).
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Fig. 1. Air temperature (mean with standard error) in
each research period of I to VIII. The arrow
indicates that the weather was rainy. The

weather on other periods was fine.
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1 Period
5" *_____#———Q—Q e SR & (b) Fig. 4. The average waving frequency (number of
E 3 \ waves per min) at the high-density site (circle,
‘E & solid line) and low-density site (triangle, dotted
T + __________ line) in each research period of I to VII. A
s g E T — o 4 ........... b o
2 ; --------- + numeral and the bar on each plot indicate the
0 number of males examined and the standard
t [ o N ¥ n n u
Period error, respectively.
Fig.2. Number of active crabs (a) and number of
active males (b) in the quadrat (25X25 cm?) o HMEBERE L D b WERE AR L2, &0
(r.nean. and stal.ldar'd error) at the hlgh-(.iens%ty 1 T~ VI (3 HS R 00 7\ A3 BEE <, o a Isk
site (circle, solid line) and the low-density site . b n
(triangle, dotted line) in each research period of AR DAY 3 (5 DL 2R L1z,
I to VIIL HEAE (& o D waving [E{R D EI & 13, SEEEHTIR
I~VIH £ T©A1313100% T, VITHRIZ 10% & 2%
@ g L7 (Fig.3). —HIREEE T, I~1113100%
"""" & ' . N
=a Y ! TH - 1h, VD SO H, VIIIZIE50% K
w1 '-__ lI R
fE ” a WETIETRL, VLT 0% & 75 - 72 (Fig. 3).
71 3 |
2 waving flil (& @ & & 3 45% LI D 1~VITiH i & 1
= |
_g " B BHED 1534720 O waving HIFE 1, DI fEA
Z 10 40 A B T 30~50 /5y, A B T 11~281a]/%)
g » \ LY, BTEEWIE b AT EREER O 1.5
g » feoms &R L (Fig. 4).
10 K
a ik
Co1om v v oW oW R ywavingBECHTEEY A X - B SR - BE
Period D&
Fig. 3. Proportion of waving males in the active males AICITHED < E FIVERDKER (Table 1)
at the high-density site (circle, solid line) and &, I D waving AFE O Tl iT e b 5 < %;% LTu
the low-density site (triangle, dotted line) in D RFEHAT, FI~8DEFLICEENT
h h peri f1 111, "
each research period of I to V Wi RICECEEBL T V0 AT, 1~4
fIoEFMCEENT VR, TN 522 DHIAZE
VI D & 7 87T &K< 78 5 72 (Fig. 2a). Wil 29A 2 & AICHVNE L, WENLMRIT 5 EREL
WOV HEEOMEEBEETH -7 (Sign test,  AICHEEZ 72, KIROD

n=6, p=0.02). HiI 7% B o M@ & 1 R
(125%25cm?) &, KHEEH I LW %@L T
2~ E IZIERIL TH - o, SEEHTR
I~V T 9o~10M A& T, VIO & 6 f KT &
K< 78 -7 (Fig. 2b). WFNOMAEL & & SEaE

WEINSh-TcbDD (5
V%3, 2%t 4, 55%E7, 9% 10, 11512, 13%} 14, 15
*16), FHEH LHAMAE W L ST € F VLIS TE
WICAICER DS (5 v 7 5%7, 9% 10, 1134
12, 133%6F 14, 15%6016). (A1 ZoEEE/NE < (5
YUK 2, 3554, 546, 7XF8, 9%t 11, 105612, 135
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Table 1. Values of Akaike’s information criterion Table 3. Spearman’ correlation coefficient between the
(AIC), ranked in increasing order calculated waving frequency and the carapace width of
from generalized linear models for predicting males in the high-density site and the low-
the waving frequency of adult males (wave/ density site in each period of I to VII. Blank
min) with respect to the Site (high- or indicates no data.
low-density .s1te), Perlo'd (‘If\/H), and CW High-density site Low-density site
(carapace width). Null indicates null model Period
which only contains the intercept. AAIC n Is P n ts P
indicates the difference of AIC value from the I 45 —0.16 0.30 16 —005 0.75
best model. I 50 —0.07 053 30 —0.05 0.61

I 30 0.06 0.73
Rank Model AIC AAIC IV 51 —005 057 50 —0.04 070

1 Site, Period 7196.6 0.0 \ 50 —0.11 043 50 —0.05 0.75
2 Site, Period, CW 7198.3 1.7 VI 50 —006 028
3 Site, Period, Temp 7198.4 1.8 vie 50 —009 037 20 —005 038
4 Site, Period, Temp, CW  7200.1 3.5

5 Site, Temp 7749.4 552.8

6 Site, Temp, CW 77513 554.7 High density site Lowe denslty site

7 Site 77569  560.3

8 Site, CW 7758.6 562.0 - "

9 Period, Temp, CW 8231.1 1034.5 " s
10 Period, CW 8360.1  1163.5 o . - perlod!
11 Period, Temp 8452.4 1255.8 b LI .'. »
12 Period 86513 14547 » ’-"Lb = <
13 Temp, CW 9302.1  2105.5 s 0 vee * °®
14 CW 9359.5 2162.9 £ R . ’
15 Temp 9605.1 2408.5 § o, ST " e P omwmabm
16 Null 9672.3 24757 5 " . % -

2 L » St 7t .y
&0 . o & :. i -

Table 2. Coefficient table showing the results of the * % ..'.5. s t . Perlod v
best model calculated from generalized linear : . > g:: :: e o‘..“:'
models for predicting the waving frequency w .. : w .’ "1‘ -
of adult males (wave/min). The coefficient 0 1 i .
for Site (low-density) indicates the intercept R T R
difference from high-density site, and the Carapace width fmm)
coefficient for Period II-VII respectively
indicate the intercept difference from Period I. Fig. 5. The waving frequency (number of waves per

min) relative to carapace width in waving

Estimate SE males at the high-density site and the low-

Intercept —0.583 0.019 density site in the research periods of I and V.

Period II 0.369 0.024 Spearman’s correlation coefficient: 7= —0.16,

Period IIT 0.286 0.029 p=0.30 for high-density site in Period I, rs=

Period IV 0.257 0.024 —0.05, p=0.75 for low-density site in Period

1}22223 XI g?(l)g ggi: I, s=—0.11, p=0.43 for high-density site in

Period VII 0.032 0.026 Period V, rs= —0.05, p=0.75 for low-density
Site (low) —0.598 0.016 site in Period V.

$8). N2 b EFICIFAEHE LFHEHD 2o
HZHE L TEEh TV, N2 b EF VORI
% (Table2) 1Tk % &, (RF I T O waving H1 %

15, 14%416), BUATIZAICEZ L EHZbDD (5
V7 14%416), FHEHE E O A G DLE TIRE
ICAICEHIME 12 (5 v 7 15642, 344, 5%F6, 7
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R A X o BEE « BEIEALD 5 A FcF T4 =D waving $E

HEWVIE D, FHEI~V Twaving B &<, <
DTNV HEE] 3B - 72 (Fig. 4)

P AR & DR Y A X & waving BHE
LoV TS, mFMICEELHBEERA SN
72/ - 7o (Table 3, Fig. 5).

Wz =

AFEH o F o7 =T, waving 21T 5 HEE A
DEIA R, ARMBOsS~9AFTTR, 5~8AIC
EOLWEIEER LA, 9F I - TaBicdinl
1ot FUHEBEMTT T4 = D waving & D 4
EaEAH > S510H £ T~ ER« FIH (1992)
1Z, waving@EOE & IZ4~THETEL, 8HITIR
AP sE L TVWA. DF D waving DK
A TSRS, 201941 327 4RRTIC N TR » H
BN e &m0 & IIARED EHE
ICHEERNEET 5 EERL TV,

HEM R AR T waving DHBHEE (1432472 O D waving
\EO 3, wavingflEkOEI &N EVS~8H T HIF
W RN A Nz, T1bbe~T7H IRHEKKY
HEREL, SAE8ARINLD bEWHERBAA
SNtz TS LHEROSEES A 57
g cHEMEKS, 7 o8 H % TlrHEK
=<, waving B O PEIIC X 2E W IF 5RO EAL
LRMBFTLEGLTWEL, FEEE, — i E
FINT K BIENTRE SR 5 &, waving JHEL 1T 5 50
BOFBRIMMTH L EIREan, vA<xF
¥4 D | M Leptuca pugilator T &, & & @ w7k 43,
AL ISCHILE TREED EFIcfE- TE %
2T EDMFSNTVS (Allen ef al., 2012). L L F
T = HEDIRT waving DI L S ORI S ZAL L,
AR S LICIRIE & A EBEZ T T
Mot B8F5L255~35CoHMTHNIF
waving D L & BASIRICEE SN S T &5 L [k
KiThblTwabDEALN5.,

ST I (1992) 1%, HEEMHRAKCE D TIT
directed waving 122\ C = OHIE D RFHEAL % H~
TWaAM, Thick s & 5~6 A¥IH)F TLHETIK
, 6ATa~TA A ZTEL, SRR
undirected waving DHHE D FHIZ L E L UTWVW B,
S F Dl oEicxt 9 BREITE), D F O directed

waving 3 L WA IZ, undirected waving & 7 #§1C
BoTWBEFRS.

waving DL 1E, SE L & REEE L TS
MILECRA SN, EEEEO T PREREEL D &
ML < wavingSfrb i, FEEE, —BALEIE
E 7IVIT & B waving I O PN, & &R,
(KR O E WD IR bl BT 5  LaURa N
fo. FAA=TRE, BMLOEEEOKNZVIRE
waving DEAEIEINF %5 & BHI 51TV S (Ohata
& Wada, 2008). & & < 13, FLHEMEA»RZ <
75 - Tl % O HEMRER D waving SHE DS m & - T 7
bOEEZOND., E5HICF ITH=TIF, waving
DR AT TR 2 5513 D 5 (Aizawa, 1998)
D, C DR S B LI T O waving BT O 5 X 1<
BELTwsEAbILbTEs. DL, G
FEIH D J5 78 waving BEE O & WEK ST S 5 R
WiE Y, EEOEENISNRN IS5 LT
b, #L < waving 9 2l {1 © HFEF T 565 R,
LK O waving HEEZE B> TW0WB EA BT
LHERETH 5.

waving JE & E{ADE Y 4 XL DBIRIC >V T
i3, ¥4 < % FHOL pugilator T, 1KY 4 X &
waving B & S IE D HBANEZ 7RI 2 E A S A
IN TV D (Hyatt, 1977). N7 & ¥ ¥4 3 % F Aus-
truca lactea T &, undirected waving O circular waving
i, KA X DB A H 5 (Muramatsu,
2011). 7oA FF T NT Y VF TR F Austruca
perplexa D directed waving %, KU A & /N (4
THE L 7o & TARBEROTTHHEMNE W & &N
TW 5 (Tina & Muramatsu, 2019). & 5ICF TH =T
b, Kawano & Henmi (2016) 13, HEDIEY A XK
XV IE EwavingHES BV EERLTVS, &
ZADBESEIOFER S 513, F 34 = D1 D waving
R RS A X LIRS BARA A S e, miEHIC
BHBESHBENREES» -2, ALFIH=TH
DIMBL, TOXIMEVHLESNIERFSE LT,
waving S EE D W A RFfH] (FALREED O#E WS 5
boLlEbn s, SO E T/RE N7 waving B
FE O R A 25y 78 0126 L, Kawano & Henmi
(2016) T/R S N7z waving $AE O BT HERET 11043 &
V. SlERE 23BN O 7 — #1213, waving
VDA oftEiz gtz oz L, Kawano &
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Henmi (2016) @ 1047 ] D BIZL R HIIT (& waving LA}
OTE) WA FESETE) 2l 580G Tn
BHHEMED S 5. SNBSS N fc waving JE &K
H A XEDORFRE, HLIEEE wavingic HE s ¥
TWAEEITE, REMER &/NEEE SR UL =
Twavingz L CWB I EERT HDTH S, KA
flE iR & /NRUIEAR & [6] USHEE T wavingd 2 D 1, F
I =D b - TV 5 waving D [d] I ¥ GE (Aizawa,
1998) BH > TVWBEA L ENTE S, T1b
B waving Z O A EGbE XD & T HHEH,
INEUEMA & REEIR S waving BHE S CTL 2 DT
b5,

W =

AWML ELED 512 M7, BIE A% Wi
RO ERRBRERFOTE  Sdh & RREMmIaEt
YIEIIgEE kg, OISR O 2 IR A
W 2 72\ e USRS B R D ER R IT IR <
WEL T3, £k 2Z0EAEREDT & FRIESR
B AERED S BRI L THER SRR -
7o, L CHEERT S,

W< &
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