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Fig. 1. Experimental apparatus: Y-maze connected to two plastic containers.
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= HAREKERARARITENERTA ST EEEBE RRIGIGER Y RIS RIS  HrhaYEBf2 K (Polyvinylchloride,
PVC) L32B#HAE (Fluon) LIFHIEESEENEH - A - BBBAR2E ;B YRIE ; C: 188% ; D PVC ¥R ; E : ffl%;
F:igso
Experimental set-up for testing the turning behavior of fire ant workers. Experiments were performed using a Y-
maze connected to a nest through a rubber tube and disposable paper. A polyvinyl chloride (PVC) plastic sheet

coated with Fluon prevented ants from escaping. Labels: A, plastic container; B, Y-maze; C, rubber tube; D, PVC
plastic sheet; E, disposable paper; F, nest.

Fig. 2.

Blocked

B= HEBRKELIMERTIBUERELAEE Y REEANX (B) NEBABEARRZITEE Y HENAN (A) HiE
EELE R TIEmALHE -

Fig. 3. Experimental setup for training workers to forage from nest to the plastic feeding container at the right branch of
the Y-maze (B). The left branch (A) of the Y-maze was blocked to prevent workers from turning left.
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FR— HEAXEE (S. geminata) 72 Y BIERER PRI AESNAHETA - A ZAMEKER GF Y BE) B iF
HlfEEES ; C : ZATHAARE 5 D - EIREEEHE G Y BE) -

Table 1. Left/right-turn behavior of tropical fire ant (S. geminata) in a Y-maze. Abbreviations: A, first
experiment (clean Y-maze); B, control experiment; C, reversal experiment; D, cue-absent
experiment (new Y-maze); N, number of workers; P, P-value (binomial tests).

Entry A B C D
direction N P N P N P N P
Left (4?0947 ) (3%0377 ) (311577 ) (3692‘7 )

. 0 . (Y . (9 . (9
Right 873 0.097 364 < 0.0001 954 < 0.0001 172 < 0.0001
(52.1%) (63.7%) (68.5%) (63.5%)

VS SRR ARG A0 AT 215 2 ISR B E AT
A ERETT B HET 1 TR E R -

g~ &Etaoth

25 H4H ~ PEIAH ~ oA S sH B B o B 4H R
o e ROAER B R TR o B2 IBM SPSS
version 25 #itEkEE (IBM SPSS Statistics 25,
2021) #H{T_IE M E (Binomial tests) Ehi#ig T
g A B 2 S BIE /KAy 0=0.05 -

&R

T RUREV KR T AR sRpnay 2= 54l
AR > DR TR — R A iE Rtk - I ~ /2
AR B o E A SR AR

— ~ GEEFISRAT © 225 4HER

KiffgeiFEad Y BIEAEE » BT KIRTT Rl
Bp o HSeAIHZE AR R B KR Y B
EEEARENEEIRT - SSRETE R TEER
Y BUENE -  47.9% (N=804) T igisefs/ /i »
52.1% (N=873) TS » Tt/ riEBiAEL
B g 72 B (P=0.097) » ] HIEES K58 T i 0
A S R A R RAT

=~ Lg%
(—) #EmlsHEES

THRAE Ryl — B AR % - 2RI UGS
GRESFTEAHAY Y BB TR - 5 REUR
36.3% (N=207) T IR/ > 63.7% (N=364) T
fsgise e > [ TR CL B BEE = A A T
f#% (P<0.0001) -
(D) EEZHRAARER

Y BUEREE AR % 0 455RET 31.5%

~A44~

(N=117) Tigseis/cid > 68.5% (N=254) T i
A T el e B 2 5 (P<0.0001) -
(2) FERFrEHRER

{ER 2Ry Y 2T o sk T &
BENFERT%  GEREUR 36.5% (N=99) Ti%
BEFE/CEE > 63.5% (N=172) TS » [m)
HY TS = A oy T8 (P<0.0001) -

SEE

AWFELL Y BB SREG KRG B E R
G AR T El B DU 7 2T K i TR Y PR (R B2 Bl al
18 o B2 RN T & B A S KA
fRiF 122 B4R ERHYAE SR AT AL TR R /c s
SRS 2 5 - 45 Lai and Chao (2021)
W4 R —E  BIEV KRN T 2 TRy 7 [ 2 E
G R R i A ECA - BV K IR T H B i B
PEAEERIEHT » TIRAVER R RN ERERY (Lai et
al., 2022) - EPAEETMEVIRE - IBEERIVERER
FARL e —EANEIE R > Flaea &
TS E N Neoponera apicalis T » & DIjEHE
HARE > HEREEEEEETIT (Deneubourg et
al., 1986) o /b s B AR e (7 PE A B E R
W B ZE Y 2 (Schultheiss et al., 2015;
Mahavni et al., 2019) -

THRHINE BN & E (REES S R
B EEREEHE (social information) - H4h » Ti%t,
e HE S E (memory) - [ A (H 5 R 2
(individual information) - & HEFifEzH 2 EIEFEE
5 BESCREGIES (Almeida et al., 2018) - T.
i Pl AR EMEHEELEE EM '8 kIR
(Griter et al., 2011) - R » AWFFEIEHERREVTT K
A BRI R % > DY BUESISREVET K s
45 B o e Bl i i i A Ry )| ah% » T



51 2 & Formosan Entomol. 42: 40-48 (2022)

oESAGEERIE ? GREREHISRE -
4HakBerh TR A LB S A o o PEfI4R R Ry
Y HELASYEATHERMNY TIEIRE
(Wilson, 1962; Hangartner, 1969) » jjj_F T 558
HEmEERE RN Z RS R e AE T
BELL Bl

Ll H B BB R B & S AN S B AR T 28
B > TR 88 2 AR TTastat /oA s sl »
HIEA T g BB S SO R E e n R - B Y Y
EiGEE% - BEISSERRATA 7 SO R
e o TR E R TS 2 (I B & B2 SRk DA S A D
TRAYEZE - &5 RS/ DB TG B & 52 o
S8 TR ECR A - BRSO R L
B BIBE i (Lasius niger) TISIFH Y EH 5
SO BB S SRR T SENT - BRI R
& (Griiter et al., 2011) - Almeida et al. (2018)
SNV BE IR EHY Acromyrmex subterraneus
HEHE RS B S HEC R E R B S U 28T - W
TR A - (HgEEE I HE SR EX
s EREE (Almeida et al., 2018) - £ G0 A E
B R SFHECRAEZER > TIRAY R e Bk
ERE1 A/ RE - 40 Harrison et al. (1989) #H¥Z4h
H BB Y E S %S 1R Rl $1 8 (Paraponera
clavata) THEZEIEEEESE - 1A BRIV THEEAIK
FERAMBEREERENVCERE - BN LRE
Formica rufa Y1 F. uralensi BYHZT R 353 » &1
Z BRI TS RIEE L SEHE R E - A KR
TRl G018 (Rosengren and Fortelius,
1986; Salo and Rosengren, 2001) - KL EAER
WAHERGE A 31.5% TigESE (G % 52 /i
TR Rl A BRI TS B R BB TR - B
AR HEERH TR H Bl B A& sy
TIRRFRE S SR, ARSI TR
HAEWE - WREE LR DS HE S S MR
B8 I HAe R A &S SRR = Y
R (Griiter et al., 2011; 2015) -

= DL Y AR TR - BIfERR = B SE
HEFRIEZ T BE TIRHEE R A H I
N LIRRER FHEC IR R i 8 2 FTAS RV RS (K o (R8T
Y BESRERT - 5 36.5% Tl rE > ol A
TIETRER A R B TSR R -
40 Wendt et al. (2020) A5t BIEELIERFEE > A
B TIRA HER  FRECEARKEESEEEN
HERa  DIHRGEESR YA - 1o tF7esEi
FHLEERE RN Temnothorax albipennis TH% -

~45~

RE(E A ST ERE LY S IR B A s S R B LY
B 2 B— RSN TR RE DAREI 7 =R
81T (Stroeymeyt et al., 2011) - {F43 Y BUEHY
alBe T BT A LS R EREE R T T ) - St —
ORI T RERERY.

AFge s DUBE Y 1EER (Mona acrylic colour;
Master Business Systems Inc., Taiwan) ¥ 5 &
Tl TR » (HCER AN » THRTT R 2B R B
Ko TIRESRR e JIBRRHRC % » & N TR DL BfEd
R 2B REER) o IEAh - THRESRY/)N » RE SIS
Rt 2 E R RIBR Y & - B A RBRIRS
D (R E8IE2) smE iR TE 2 E A
GFET o MUK FE DLEE I8 g S 32 B B s AT Tl
B A B TRETITEREE MDA SR T
BRI R W i B Tk - 283¢
22 [ 4H B ERAS SR AT AT BT K gl i S R AR AT
FEEECEE - &OR—ERYIISRE - DIasii Y 2V
ERES - A TiRELFIH 52.1% (22 H4H) T2
63.5% (B E4H) - AT A - 20y BB TiREA
SeRTA A EREAVECHR - MERE DAL E fir « RAZH e iRER
HHE TIRAY S22 - DU R B ey o (il
TRy o AHFEREA Y AVE G UBRis 2l K i TI%AE
HEilEd A RE S SRS TR B R
LA B PR T B (s LAY B ey - HhEGET
e AMETEISERE AR TR BB . — > RKE
FHE—PRET -

e

BN R EE 2 R P IEEEE - IR KRt
FLERLEMENS ~ FRACR  BRERL - 5576 =05
HEIr(# - Y LA TR TR EAYTE -

5 [FSTRR

Aksoy V, Camlitepe Y. 2005. Use of idiothetic
information for left/right turning memory by
the
Bratislava 60: 197-200.

Almeida NGD, Camargo RDS, Forti LC, Lopes
JFS. 2018. Hierarchical establishment of

information sources during foraging decision-

ant Formica pratensis. Biologia,

making process involving Acromyrmex
subterraneus (Forel, 1893) (Hymenoptera,

Formicidae). Rev Bras Entomol 62: 36-39.



51 2 & Formosan Entomol. 42: 40-48 (2022)

Buehlmann C, Fernandes ASD, Graham P. 2018.
The interaction of path integration and
terrestrial visual cues in navigating desert
ants: what can we learn from path
characteristics? J Exp Biol 221: jeb167304.
doi: 10.1242/jeb.167304

Cosens D, Toussaint N. 1985. An experimental
study of the foraging strategy of the wood ant
Formica aquilonia. Anim Behav 33: 541-552.

Deneubourg JL, Aron S, Goss S, Pasteels JM,

1986. Random behaviour,

and number of

Duerinck G.
amplification processes
participants: How they contribute to the
foraging properties of ants. Physica D 22:
176-186.

Dupuy F, Sandoz JC, Giurfa M, Josens R. 2006.
Individual olfactory learning in Camponotus
ants. Anim Behav 72: 1081-1091.

Endlein T, Sitti M. 2018.

preference of leaf-cutting ants in the absence

Innate turning

of external orientation cues. J Exp Biol 221:
1-9.

Freas CA, Schultheiss P. 2018. How to navigate
in different environments and situations:
lessons from ants. Front Psychol 9: 841.

Fukushi T, Wehner R. 2004. Navigation in wood
ants Formica japonica: context dependent
use of landmarks. J Exp Biol 207: 3431-3439.

Gruter C, Czaczkes TJ, Ratnieks FLW. 2011.
Decision making in ant foragers (Lasius
niger) facing conflicting private and social
information. Behav Ecol Sociobiol 65: 141-
148.

Griiter C, Maitre D, Blakey A, Cole R, Ratnieks
FLW. 2015. Collective decision making in a
heterogeneous environment: Lasius niger
colonies preferentially forage at easy to learn
locations. Anim Behav 104: 189-195.

Hangartner W. 1969. Structure and variability of
the
geminata Fabr. (Hymenoptera, Formicidae).
Z Vgl Physiol 62: 111-120.

Harrison JF, Fewell JH, Stiller TM, Breed MD.

1989. Effects of experience on use of

individual odor trail in Solenopsis

orientation cues in the giant tropical ant.

~46~

Anim Behav 37: 869-871.

Huber R, Knaden M. 2015. Egocentric and
geocentric navigation during extremely long
foraging paths of desert ants. J Comp Physiol
A 201: 609-616.

Huber R, Knaden M. 2018. Desert ants possess
distinct memories for food and nest odors.
Proc Natl Acad Sci USA 115: 10470-10474.

Hunt ER, Dornan C, Sendova-Franks AB,
Franks NR. 2018. Asymmetric ommatidia
count and behavioural lateralization in the
ant Temnothorax albipennis. Sci Rep 8: 5825.
doi: 10.1038/s41598-018-23652-4

Hunt ER, O'Shea-Wheller T, Albery GF, Bridger
TH, Gumn M, Franks NR. 2014. Ants show a
leftward turning Dbias
unknown nest sites. Biol Lett 10: 20140945.
doi: 10.1098/rsb1.2014.0945

Jaffé K, Ramos C, Lagalla C, Parra L. 1990.
Orientation cues used by ants. Insectes Soc
37:101-115.

Knaden M, Graham P. 2016. The sensory ecology

when exploring

of ant navigation: from natural environments
to neural mechanisms. Annu Rev Entomol
61: 63-76.

Lai LC, Chao TY. 2021. Random choice of the
tropical fire ant in the enclosed space.
Taiwania 66: 73-78.

Lai LC, Chao TY, Chiu MC. 2022. Searching
behavior in the tropical fire ant Solenopsis
geminata (Hymenoptera: Formicidae). Zool
Stud 61: 26. doi: 10.6620/ZS.2022.61-26

Lai LC, Chiu MC, Tsai CW, Wu WJ. 2018.
Composition of harvested seeds and seed
selection by the invasive tropical fire ant,
Solenopsis geminata (Hymenoptera:
Formicidae) in Taiwan. Arthropod-Plant Inte
12: 623-632.

Lai LC, Hua KH, Yang CC, Huang RN, Wu WJ.
2009. Secretion profiles of venom alkaloids in
Solenopsis geminata (Hymenoptera:
Formicidae) in Taiwan. Environ Entomol 38:
879-884.

LiL, Peng H, Kurths J, Yang Y, Schellnhuber HJ.

2014. Chaos-order transition in foraging



51 2 & Formosan Entomol. 42: 40-48 (2022)

behavior of ants. Proc Natl Acad Sci USA 111:
8392-8397.

A, Lessig EK, Nonacs P. 2019.
Exploratory behavior of Argentine Ants

Mahavni

(Linepithema humile) encountering novel
areas. Insectes Soc 66: 653-656.

Miiller M, Wehner R. 1988. Path integration in
desert ants, Cataglyphis fortis. Proc Natl
Acad Sci USA 85: 5287-5290.

Nelson AS, Zapata GD, Sentner KT, Mooney KA.
2020. Are ants botanists? Ant associative
learning of plant chemicals mediates foraging
for carbohydrates. Ecol Entomol 45: 251-258.

Ness JH, Bronstein JL. 2004. The effects of
invasive ants on prospective ant mutualists.
Biol Invasions 6: 445-461.

Rosengren R, Fortelius W. 1986. Ortstreue in
foraging ants of the Formica rufa group —
hierarchy of orienting cues and long-term
memory. Insectes Soc 33: 306-337.

Salo O, Rosengren R. 2001. Memory of location
and site recognition in the ant Formica
uralensis Formicidae).
Ethology 107: 737-752.

Schultheiss P, Cheng K, Reynolds AM. 2015.
Searching behavior in social Hymenoptera.
Learn Motiv 50: 59-67.

Shen JX, Xu ZM, Hankes E. 1998. Direct homing

behaviour in the ant Tetramorium caespitum

(Hymenoptera:

(Formicidae, Myrmicinae). Anim Behav 55:
1443-1450.
Stroeymeyt N, Franks NR, Giurfa M. 2011.

AT~

Knowledgeable individuals lead collective
decisions in ants. J Exp Biol 214: 3046-3054.
Taber SW. 2000. Fire ants. Texas A&M
University Press, College Station. 308 pp.
Tsai YH, Wu WJ, Lai LC. 2015. Interspecific
aggressive interaction between two invasive
ant geminata and

species, Solenopsis

Paratrechina longicornis (Hymenoptera:
Formicidae) (in Chinese). Formosan Entomol
35: 49-67.

van Oudenhove L, Billoir E, Boulay R,

Bernstein C, Cerda X. 2011. Temperature

limits trail following behaviour through

decay in ants.
Naturwissenschaften 98: 1009-1017.

Vilela EF, Jaffé K, Howse PE. 1987. Orientation
in leaf-cutting ants (Formicidae: Attini).
Anim Behav 35: 1443-1453.

Wendt S, Kleinhoelting N, Czaczkes TJ. 2020.

Negative feedback: ants choose unoccupied

pheromone

over occupied food sources and lay more
pheromone to them. J R Soc Interface 17:
20190661. doi: 10.1098/rsif.2019.0661

Wilson EO. 1962. Chemical communication
among workers of the fire ant Solenopsis
saevissima (Fr. Smith) 3. The experimental
induction of social responses. Anim Behav 10:
159-164.

Zeil J, Narendra A, Stiirzl W. 2014. Looking and
homing: how displaced ants decide where to
go. Philos T R Soc B 369: 20130034.



51 2 & Formosan Entomol. 42: 40-48 (2022)

Route Learning and Memory of Tropical Fire Ant, Solenopsis
geminata (Hymenoptera: Formicidae) during Foraging

Li-Chuan Lai® and Tzu-Yen Chao

Department of Ecological Humanities, Providence University, Taichung, Taiwan
* Corresponding email: Iclai@pu.edu.tw

Received: 16 July 2022 Accepted: 13 October 2022 Available online: 4 November 2022

ABSTRACT

Ants use various cues and signals for navigation. In most ant species, workers use
pheromonal cues for orientation during their foraging journeys. In this study, the foraging
behavior of the tropical fire ant (Solenopsis geminata) was investigated through four types of
experiments. A Y-maze was connected to two plastic containers to create experimental
apparatus. Workers were trained to forage from their nest to the plastic feeding container
located at the Y-maze’s right branch. The results revealed that the workers did not exhibit a
leftward or rightward turning bias in the first experiment (clean Y-maze) conducted before
the training. After 1 week of training, the workers exhibited a significant right-turn
preference in the control, reversal, and cue-absent (new Y-maze) experiments, indicating that
the workers had learned and memorized the route to a food source during foraging. This
finding suggests that the pheromone trails left in the control experiment improved route
learning. When the workers encountered a situation in which conflicting information was
provided (reversal experiment) or pheromonal cues were absent (cue-absent experiment),
most used the right-turn memory. These results suggest that the turning memory can be
applied to assist S. geminata workers in making orientation decisions during foraging
activities. Thus, we speculate that S. geminata workers use both trail pheromones and route
memory to improve their foraging efficiency during foraging.

Key words: Solenopsis geminata, foraging, Y-maze, pheromone, memory
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