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Abstract

The term “sugar,” in Japan, refers to caster sugar (superfine sugar, in American English),
which is composed of sucrose, invert sugar and other minor constituents. However, this form of
sugar is scarcely used abroad for both daily use and research use. This study compared the
preference of Formica japonica for caster sugar and sucrose. Moreover, we investigated
concentration-dependent preference for caster sugar and sucrose. A negative binomial GLM
analysis did not show any significant difference between caster sugar and sucrose. However, a
pair-wise Wilcoxon rank sum test showed a significant difference (P < 0.05) between 10%
sucrose and the control (water), and between 50% sucrose and the control, while a significant
difference was observed between 50% caster sugar and the control, and between 80% caster
sugar and the control. These results suggested that the concentration-dependent response

patterns to sugar observed for Formica japonica may differ between caster sugar and sucrose.
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FEILT VOB Th & 72 W STV S (Klotz & Moss, 1996; Josens et al., 1998;
Mailleux et al., 2000; Silverman & Roulston, 2001; Sunamura et al., 2011; Wada-Katsumata et
al, 2011; Hojo et al., 2014), N DAL TIL, L L TR o —AZHWTEREZ LT 54
BN D0vd 5 (Klotz & Moss, 1996; Josens et al., 1998; Mailleux et al., 2000; Silverman &
Roulston, 2001)7%, HAREWNTIX MibhE | <0 TWHRIR) ZHWiz & ENTWAE T Y EOFZEN
DI TR W2 X, 220, 1973; Sunamura et al, 2011; BEEi4, 2013; 1k et al, 2014; RiE,
2016), iEH, HAR TR WX EAREZIET 2 L2 W e s R TR L7z THOHE)
2, EAMETHL O, LSNP ET HAA 70— ADHOETHLDIFHATHD, ZHET
WFZelc LT, EEBEORSYIE. 97.8% RN A 7 m— A 1.3 %ML, 0.8%A3K%y. 0.02%7)3K
THDHEND(ER,1994), EHIC LA, T AVREARIEO—FETHSH AL 77— KK
JSERZTZENDDLZ NG, FEHIHKRT 27 2 VBOZ U7 EBMEICEEN TS EE
2D, TVEOWEEZED S LT, ihsthofiE+ 227 a—2 L FAREEZFLC D E LT
W TRWDEAS I IN?

I-C1L35~40% (May, 1985; Pivnick & McNeil, 1985), IV /XF TlE60% D A 7 11— AVRIEH
T X —RINRTHR K TH 5 & Wit T % (Roubik & Buchmann, 1984), —77, 7 V2T 5
BE DK EE FZBR & £ 9 WTFE T, 20~25% DIPBEEIED L <V BTV % (288, 1973; K% et al,
1973; Daane et al.,, 2006; Wada-Katsumata et al, 201173, 10%<°50% DK 2 FV T B HFSE
t & U (Klotz & Moss, 1996; Sunamura et al, 2011), HFZEIZ L > THHEREDIES >E N K& <,
ZLMERBICHEDOREAZRINL TND EZE2 bND, b L, FEORERZ ORI L - TEREDN
RESRBRDO1T, BEOMFERREHKE L TS 2A 27TV R EREL 8D, TV
BOWPEERORREIZET 2 B LIZHMEAMG LN TV W LIFERRREE S 2 5,

7 v~ 7 U (Formica japonica)|l I EIEDESCHB AL T LI ENALNTVLEAR & 1
R, 1990; /NE, 2012), HADKX G CARBPHR SN TV A REER CH D Z &b (7 V

T =B N= 2RIV —, 2008), WAWAIRBIEOIEE L TEITIN TV 5 (B A 13X, Fukushi,
2001; Akino et al., 2002, 2004; Aonuma & Watanabe, 2012), =D X 9 285515, AL
oY <7 U ERFFRMEHZ L T, A7 n—2 & EAREISH T 2R HEICHEBERZENHDNDINE 5 )
ERALNCTAZEEMRENET S, S5, Z7av~7 U OWHERROIEEICHT 5@ H%E
HOCTHZ & BIFIEEME T 5,
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AT IRA RIS 24 BTN KRFRE (1L OM) % v v X A (B R T E R X FR T,
N 35°08'17", E 136°55'35") & ZDELN T 5, ZDF v L /8A 1%, A HETOFOLEIZH D 22 H
SENEAICE TN TV,

ek

Y~ 7V iR (Formicinae) Y~ 7V J&(Formica) 7 v Y~ 7 U (Formica japonica)ld H A3\
AR VBT — 2 X—=2ER T —7,2008) L, AFSHEARE R CICLHERINDOIFETHD
I & i, 1994),

— B EbRE & X, HRMICIE S T =2 —ETh oIz L, BARIZBW T EAETH D, L
FRESREME OEE T, Lo b W LBt A FE 5720, BEXa LT HIREEEERZIRY
T TRIET 2 (50K, 1994), ABFFETHW - BTk stoboTch s, £, K
WFZECHWZ A2 7 b— 23 el TR U #1(Wako Pure Chemical Industries, Ltd. ) D3
Bkt DTH D,

R

FBRIF 2015 4E 8 A 12T~ 7o, EABEAZBHM/KMIlL-Q /K, AA I URTRRASH) THEM L. 10%,
20%. 50%. 80% b FIMERIRAERK LTz, [AIBRIC, A7 o — AR BIER LTz, E=—/14RIZ 6
ai®d 2y b EAN, FICHERE R H3IC2 5 L 12 LTz, 50% & 80% ITKEEE A F Ao 72
e, Yy —liZay hraRIS T TOay FATREEN LAZTR oI Lz, EREE R
O —ADERED Y Nk, 7av~T UORENLEERFHHCT V4 ACEE L, B2 E
TG 40 3RIZK Ty b DEREWR > TWDT U 2R L. TO8EHx-, ZhEz 1ty
L, BET 10 KEfT- 72, 7 VHOREB S ONEEPERT 5720, 7av~T VLSO T U
A LT DT Lo Tz,

fEMT R IE

T2 MEHTIE R 2.15.0 Z W, b7 —2 2 HnT, A7 Y GLM L AD ZHH 70
GLM @t #1772 o 7=, & 512, BT LT w 4 vy v VENFiR E (Pairwise comparisons using
Wilcoxon rank sum test) Z 7= 6t il 21772 o 7=, ZEEIZEIT 5 pEAHIED FiEE LT BH
#%:(Benjamini & Hochberg, 1995)% 7=,

o, Bon2T — 2 ERWTY b3y Y VNENFIRRE & AW o xt g 21772 o 7,
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R

ATV GLM @ AIC (% 293.77 (Table 1), & ® 34 GLM fight > AIC 1% 281.72 Th -7z
(Table 2), AIC 2MEV, B D “IAA GLM f#fr OfE R %2 LN Ik ~%, 22 ha—/voKIizxL
T, AR O T 7 av<=T UREBICEE > T =(Table 2), LxL A7 o— ARk L F A
ROMIC, AREREWVITERD bivZeh - 7=(Table 2),

Table 1 R7 Y GLM OfER

“Sugar solution”lZ A7 B —2&H L WIE EEEOREK AT T, FEINN O IR O E Z =T,
(AIC: 293.77)

Table 1. The result of Poisson GLM. “Sugar solution” means the solution of sucrose or caster

sugar. The figures in parentheses indicate solution concentration (%). AIC is 293.77.

Estimate Std. Error z value Pr(>|zl)

(Intercept) -1.845 0.584 -3.158 0.0016 **
Sugar solution (10%) 1.897 0.619 3.065 0.0022 **
Sugar solution (20%) 1.946 0.617 3.153 0.0016 **
Sugar solution (50%) 2.686 0.597 4.501 0.0000 ***
Sugar solution (80%) 2.079 0.612 3.396 0.0007 ***
Caster sugar -0.107 0.189 -0.567 0.5709

Signif. codes: 0 “***(0.001 **0.01 *’0.05°°0.1°’1

Table 2 A D "IH5H GLM DR

“Sugar solution”(T A7 v —Z&H H VI EEFEDOWIK AR, FHRINNOBUEI TR ORRE 2R3,
(AIC: 281.72)

Table 2. The result of negative binomial GLM. “Sugar solution” means the solution of sucrose

or caster sugar. The figures in parentheses indicate solution concentration (%). AIC is 281.72.

Estimate  Std. Error zvalue Pr(>|z]|)

(Intercept) -1.811 0.613  -2.955 0.0031 **
Sugar solution (10%) 1.875 0.665 2.820 0.0048 **
Sugar solution (20%) 1.947 0.662 2.942 0.0033 **
Sugar solution (50%) 2.698 0.643 4.197 0.0000 ***
Sugar solution (80%) 2.074 0.658 3.152 0.0016 **
Caster sugar -0.175 0.255 -0.685 0.4934

Signif. codes: 0 “*** (0.001 “** 0.01 “*’0.05°70.1°" 1
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AR A OB A O R OFE R, a2 o — ORI LT, HBE 50%& #EE 80% T

BRENED L (Table 3), 7o, EEAFEORE 10%I2% LT, RE 50% & RE 80% THE
7RO HiT-(Table 3), A7 1 —ARIEZ AWIZGE ORI OFE R, 2> s a—roKicxt
LT, IRE 10% & IR 50% CTHE 220588 b7 (Table 4),

Table 3 _EABEIZBITE TV 4y Y VEMFIHEPairwise comparisons using Wilcoxon rank
sum test) & FV 7ok Hik

ZEICEB TS pEMIED 7 E LT BH #%(Benjamini & Hochberg, 1995) % Fv 7=,

Table 3. The result of pairwise Wilcoxon rank sum test of the caster sugar. BH (Benjamini &

Hochberg, 1995) method is employed as a method for adjusting p-values.

0% solution 10% solution 20% solution 50% solution

10% solution 0.651

20% solution 0.232 0.347
50% solution 0.033 0.033 0.232
80% solution 0.033 0.067 0.564 0.239

Table4 A7 v—RZBIFTB T 4 var Y VIBEMFIREPairwise comparisons using Wilcoxon
rank sum test) % i\ M7= XL

Z BB 5 pEfiED ik L LT BH #Benjamini & Hochberg, 1995) % 7=,

Table 4. The result of pairwise Wilcoxon rank sum test of the sucrose. BH (Benjamini &

Hochberg, 1995) method is employed as a method for adjusting p-values.

0% solution 10% solution 20% solution 50% solution

10% solution 0.023

20% solution 0.124 0.425
50% solution 0.027 0.938 0.425
80% solution 0.124 0.660 0.862 0.660
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BoneT =2 EHOTHIER LR, a2 brn—ok(A7e—2A0ar ta—, |k
FHED =y ha— O HIZx LT, A7 v —ATIHRE 10% CHERZP<0.05)08 b=
OO, EAFEITRE 10% THRERENA LD - T=(Table 5), L7rL, 2> ha—/LdOK(AY

n—ADay btu— EAFEOa ha— L OE IR LT, A7 m—ARE 50%E . LA
DIFE 50% . AR (P<0.05)07D 57z (Table 5),

Table 5 A7 u—2t EA¥ELEZHAWZY 2 Vay Y VBN E(Pairwise comparisons using

Wilcoxon rank sum test) % FiV 7z xF Ebig

ZEIIZEB 5 pfEMED KL E LT BH k(Benjamini & Hochberg, 1995) % FV /=, ST A~
m—2A, CIZEPMELRT, ZOROEMEITAROREZ R,

Table 5. The result of pairwise Wilcoxon rank sum test of the caster sugar and sucrose. BH

(Benjamini & Hochberg, 1995) method is employed as a method for adjusting p-values. “S”

indicates the sucrose. “C” indicates the caster sugar. The figures 0, 10, 20, 50, and 80 indicate

solution concentration.

0.S 0C 108 10.C 208 20.C 50_S 50_C 80_S
0_C 0.690
10_S 0.039 0.045
10_C 0.451 0.737 0.060
20_S 0.160 0.281 0.425 0.425
20_C 0.164 0.313 0.425 0.431 1.000
50_S 0.045 0.056 0.960 0.084 0.425 0.472
50_C 0.039 0.045 0.629 0.056 0.281 0.281 0.629
80_S 0.155 0.281 0.629 0.376 0.831 0.831 0.642 0.392
80_C 0.039 0.056 0.476 0.100 0.737 0.635 0.431 0.358 0.960

B

FENTIZER\WN T, AT Vv GLM & AD I3 4 GLM ffir 21778 - 7223, AO "534 GLM O
1% 9 TAIC MEL | THIOBSATREWET L TH- T2, BAO TH/A GLM % W 7= i o5 5L,
7aY<w7 Y TIEAZa—A L EARFEORGPEIZE L T AEREWVTRD b hoTo, L,
FEZ Ll g va Y VAR E &2 W 7o st iR OfE R, ERECIZ 2 ba— 1 oKIZx LT
50%. 80%, A7 m—ATIL10%. 50%DIHHAIR CHERANRBO bz, S 62, 2O
HEELOTT a7 ) NENFIREZ AWt g 1770 o7& 2 A, EAETIEH =2 hbr—1
DKIZH LT 50%, A7 B—ATIL 10%, 50%DWHHAKR CHERENHBO b=, ZDZ &
5, FAME A7 o —RxT D7 uY~T U ORE/ ST — 0T, BEICL > TR D AR VR
BN, Sk, BRDWRLZEL-BET LR, AT F VR EE TR HRHL, LAKEE
27 a—=2&FFE L P> TIONZEEICHRFT20E R H L LE 26T,
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KIFFe DT — 2 W3 5 & (Fig. 1, Table 5), LLFOIGRAE 2 HiLd, A7 m— A TIIARRE
THL7aY~T7 VIIHAZEMT D2 LN TELN, EABETIIRENEE S & HAZEM LT
K75, EVIETH D, STy FrOmfEEREL LT, 7Y~ 7 URLEFIOT
WEBRFME T ORMERIE LW EB X TS, £io, WEEEEN TR OR S0, ZORFOK
A, T VEOITENGEEEZ BEZ TVWD I EHEZEIALNLIENL, 2ZIV ot EREZE LIE
BREFIH 2 S Tl EEZ TV D,

FATHRGED NS I DT VAT, b U — 0 — I HEERORE & & HIZ LR35 2 L3k
5TV 5 (Blithgen & Fiedler, 2004), 7 v¥~7 U OL5EIOFERA2 K25 &, LA 27 1—
At 50% &9 EIREISRIFERE NS OO, & BITREOE(L & & IR EMIC EH LT
WHDIT T RSZ ) ThD, FEABEOT —ZITIE, ML BEZX N BB R 6T, 7
2Y~7 U OREORMEMHICE L X, KEREEES LD, BIOREIC S EREITR-720 95
2l IORDFEREITROLENRDD EEZEZ DN, £, [IRXH YD | Kiffl7e K OREE
Kb TF—2b L. 7 U DOFEMRITINCONTH T — 2 b T AR ERSH D L EZ TN,

Fig. 1 2MOFEEL. TORERXT R uY~7T U ORI

SiFAZr—2, ClZEAWEZRT, XEIOBEIIHKOREZ T, Yaii=y b boray
~T7 VDU —h—$ERT,

Fig. 1. The preference of Formica japonica for two types of sugar and four levels of
concentration. “S” indicates the sucrose and “C” indicates the caster sugar. The combinations of
solution concentration and sugar types are shown in the X-axis (e.g., “10_S” means 10%

sucrose solution). Y-axis shows the number of worker of Formica japonica on the cotton.
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