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Abstract

Ants are considered both predators and dispersers of seeds. Seed dispersal by ants is usually regarded as part of the ant-plant
mutualism. However, ants may play a dual role as both predator and disperser of non-myrmechorous seeds. Tropical fire ants
(Solenopsis geminata) have a granivorous habit (dyszoochory), with workers having been observed attempting to collect seeds
from numerous non-myrmechorous plant species. We excavated fire ant nests from four counties (Taichung, Yunlin, Chiayi and
Tainan) in Taiwan. We then gathered the seeds that were harvested by the ants, and found seeds of 37 species belonging to 12
plant families. Most of the seeds were non- myrmechorous herb seeds, including 16 species of the Poaceae family. The majority of
the seeds harvested in Taichung by the fire ants was Panicum maximum, in Yunlin it was Chamaesyce hirta, Eleusine indica and
Paspalum conjugatum, in Chiayi it was Pouzolzia zeylanica, Chamaesyce hirta and Dichanthium annulatum, and in Tainan it was
Amaranthus patulus, Dactyloctenium aegyptium and Digitaria sanguinalis. We conducted seed preference experiments, and found
that grass seeds such as Dichanthium annulatum, Panicum maximum, and Paspalum orbiculare were readily removed by the fire
ants. The ant’ s choices seemed to be influenced by the weight of the seed. Seeds heavier than 0.56 mg were harvested
preferentially, while seeds weighing between 0.07-0.43 mg were rarely retrieved. In our seed germination experiments, the
germination rates of seeds from Pouzolzia zeylanica, Dactyloctenium aegyptium, Panicum maximum and Paspalum conjugatum
collected by the fire ants were significantly higher than those from mature seeds left on the plants, while the germination rate of
seeds from Amaranthus patulus was significantly lower. It is worth noting that fire ants seemed to prefer the seeds of introduced
species to those of native species. The results in this study show that seed removal and harvesting by workers of S. geminata may
impact the abundance and composition of a plant community in Taiwan, especially that of native grasses in fields infested with S.
geminata.
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Fig. 1. Seed preference experiments. (A) Seeds are placed on a cardboard. (B) Seeds are then covered with a plastic

petri dish. (C) The entrance hole (approx. 0.5 cm in diameter) in the rim of the petri dish. (D) The distance

between seeds and the fire ant nest is 1 meter.
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Fig. 2. The proportion of seeds from 12 plant families collected by Solenopsis geminata.
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Table 1.

Seeds collected by Solenopsis geminata from four different areas in Taiwan

. . . Areas

Plant families Species Chinese name Taichungg Yunlin Chiayi Tainan
Moraceae Broussonetia papyrifera” TRt ++ +++ ++ ++
Urticaceae Pouzolzia zeylanica FKE FHH+
Portulacaceae Portulaca oleracea Bl +
Chenopodiaceae ~ Chenopodium serotinum INEE SR e+
Amaranthaceae ~ Amaranthus viridis Lig e ++

Amaranthus patulus = +H++
Fabaceae Mimosa pudica EEE +

Alysicarpus ovalifolius BT ++

Indigofera spicata (YN +++

Indigofera hirsuta FEARE +
Euphorbiaceae Chamaesyce hirta TR E +++ +H++ At b

Chamaesyce hyssopifolia SN ++

Chamaesyce prostrate RAEKE, +++

Flueggea virosa’ FACE Bt + t++

Phyllanthus amarus INRHR ++

Phyllanthus urinaria BN ++
Malvaceae Malvastrum coromandelianum 343 ++

Sida cordifolia [EEESTIFAC +
Convolvulaceae  Ipomoea pes-tigridis JUTE +
Solanaceae Solanum torvum’ BRI + +
Cyperaceae Cyperus compressus FRfEIbEL ++
Poaceae Brachiaria subquadripara VO4- B ++ +H++

Cenchrus echinatus FEAEE +

Cynodon dactylon Yo AR ++

Dactyloctenium aegyptium BRI ++ S+

Dichanthium annulatum e ++++

Digitaria sanguinalis EFE FH+ A+

Digitaria violascens LHRER ++ ++

Echinochloa colona i + ++

Eleusine indica LR +H++ +++

Eragrostis amabilis mE e+

Eriochloa procera EER 4+

Panicum maximum RE 44+ it

Paspalum conjugatum WE-E ++++

Paspalum distichum e R + +

Paspalum orbiculare [EEEey i +++ + +

Setaria viridis SRR +++ ++

*tree or shrub.

+ Number of seeds is less than 20.

++ Number of seeds is between 21 and 100.
+++ Number of seeds is between 101 and 500.
++++ A large quantity of seeds (> 500).
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Table 2. Mean seed weight as calculated in the seed preference experiments

Plant species Chinese name Seed weight” (mg)
Pouzolzia zeylanica BKE 0.24
Amaranthus patulus =i 0.27
Chamaesyce hirta TR E 0.07
Dactyloctenium aegyptium BRI 0.28
Dichanthium annulatum LR 0.56
Digitaria sanguinalis EE 0.68
Eleusine indica LFRE 0.43
Panicum maximum RE 0.86
Paspalum conjugatum WHE 0.22
Paspalum orbiculare ESR 1.24

* .
Mean measures from 100 seeds per species.
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Fig. 3. Removal (number of seeds remaining) by Solenopsis geminata in (A) Taichung. (B) Chiayi. PAM: Panicum
maximum; PAO: Paspalum orbiculare; DIA: Dichanthium annulatum; DIS: Digitaria sanguinalis; PAC:
Paspalum conjugatum; ELI: Eleusine indica; DAA: Dactyloctenium aegyptium; POZ: Pouzolzia zeylanica;
AMP: Amaranthus patulus; CHH: Chamaesyce hirta in the seed preference experiments.
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Fig. 4. Seed germination rate of eight plant species collected from tropical fire ant nests and plants. POZ: Pouzolzia
zeylanica; AMP: Amaranthus patulus; CHH: Chamaesyce hirta; DAA: Dactyloctenium aegyptium; DIA:
Dichanthium annulatum; DIS: Digitaria sanguinalis; PAM: Panicum maximum; PAC: Paspalum conjugatum.
Data with an asterisk have a significant difference (chi-square tests, p < 0.05).
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H BV K e IR o B s o UL 8 L Y Y R 5
T B HE RS - BRI
fiitE Yt 1 - AbH5FE45 R EL Carroll and Risch
(1984) FHAMHMLL - T E R PE SR
FH S B AR A B K iR (R AT R AR AR
EYIE 05 F R (Cynodon) ~ & &
(Paspalum) ~ HREEE (Setaria) ~ F/\FE
(Dactyloctenium) BVEF 5 E (Brachiaria)
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Chauhan et al. (2010) H{¢2 K igEFE T
PE R AR MR AT HARRE - RN EVT K%
R ERE (Digitaria ciliaris) (93%) » H
REFFHE (Eleusine indica) (88%) HATE
(Echinochloa colona) (75%) - [£4) » Risch
and Carroll (1986) /&0 KX Ffd 1
BRI - FIRER MR ey 2
VES 7 ikl N EN SRS S L
BB KRR BRI S R E AR
T E BT 0 AR R R R A S
J& 5 (Bt AT RE AR ~ U EERE T A AEAR TR R
T B T8 - [FRE BN SR By
ffii o PRIEL » DAESSEE oy B fEFHa#
Eilfe{HREE - {H3U Retana et al. (2004)
BH5E - 1l m] B [EI R S FiR M tE i TV LR
BRI -

AR ] 3t Lt e 86 1A 350 e 3 B B A A - 2R
T DU A Y BV K S i (s U R Y R FL A
FrEEIAEARE - 2R KIRITEREN
REMET  EMHWEE ) BRLELE 2
FAAIZRE TGRS - B0 (E I AE YAERY
GHR > 2P i SRS 2 o Rt IR R R (B AR
5o EMSHEHERATE - ZR RSN
=R ERAERFENEECE - Risch and
Carroll (1986) ¥ 5275 &F 24 K ik Ay & HIEL
5T - B IR R T B
A IEESEE ~ BBV YIRES - Hh4h
Gross et al. (1991) EREBONILELEVT HiEA
SRRy ZE R R (Meranoplus) HIKHH
& (Pheidole) IHENET » HHBEHENA
R B e - PRIk SO A [SI Y R ) A T A P
25 o R ARIHSE S K i i (R i R
T BRI ESRE - B KRk
fm U S Y R B - R & T A 2= 2 R
» ] B AR IR B P B R B - A JE S
(seed availability) HFf -



HIRATE TR el - DI KIRE &
HA BB RIS T - (R eS8 Y 10
TR - B T RN 3 TR B R AT
T EIEEEVT KRN ET - Bk - BENE
P DU I R U R B R i 2 AR A - 5
Bl - (HFAIMERE EHIRRAVE T - TIREEEIRR
EHERENTAET - RE LG 8 H TR
2]~ BE - AR IR R BRI
BT RE R A IR AR SN BB BER SRR - B
s DKIRME - U - 2R
ERERUR & 10 HEYEESE K
I > B KB B R Se USRS 1 - PR
A2 R EAEEEE - L1[H Carroll and
Risch (1984) frfdfmiratbat - iz 212k
KRR UCEEAR EE T B A ellEE =
F}& 0 B B 5 25 B e 25 B A W)+ - Diaz
(1996) f5H » HHENFEL T2 » W
B~ SESERAIIEICRE  RER & A EIR
R HY)E (secondary metabolites) FE
= LHEHE4LYE (alkaloid) - Idu and
Onyibe (2011) F#&E 48 FEARAFEFFrEpk
7y BHfER 12 EARARE T EA £V -
I ERE AR S - SRS E
Bl RIUEEE s m s DR AT
(Carroll and Janzen, 1973) - eiEF AT E7EH
TEPUERE A K I S - Ry ol 20 KU EE Y
TEFLAREAG % - R - HHDK S 1Y
fim &F AT RE 2 T+ N T & il 7 BB B2 W E &2
2 [LE M ERARRE TR - BB K
¥ 10 EEYE T ARFEENZR - (B
LXK IR T PTRE R ERY 10 £ 11 H
EHETT » R 2B SF SRR B AR
R - BE /D - )OEREEPA
B3 e SRV R T RS R PR B R A BB
H BV KR RE T T B IR fI RE A E
Z o NhERB AN RS TE T HIR B i -

FrEER i Y EEeWER K
B T HERY R B RCRAEIME S - SoalERiFE
Ry N 3 Bh% 5 Bh [ TE2 TIRSME B EaRY
Sl B o 7R EARIZRILFERZE 2T - BEX
BETE 1/NIFN » BIREREFTATE T #iESE -

EHOKIREAE T E RS S0 =M
Yoyl B R 3k ~ BEREMAIREG R - FRAE
BEIEE - /KBTS R - BAEfE T RiT iR
Hp o 22 P B 2 N i B0 K B S e
TR HEEfORE - RFREEIREM - B
AT - SRR AR 2= T =
BEFR B REM 5 T ATRINA B 585 = #h
R g o AE R b BV K I 2 e R
T RS E A YA TR R A
FEEE > 41[5) Seaman and Marino (2003) f£3E
B R R AR AN — PR BE SRR A P A > BFZEA
4L K& (Solenopsis invicta) ¥fjRTET-HY
fmsr - At FTEEH 5 TR REE RGN E REAHE
PIETE T BRI A REVSEE (Ambrosia
artemisiifolia) F11L3E— =L (Solidago
altissima) » DA ARG GRS S/ D B
K HIE (Amaranthus retroflexus) ~ B3R
(Poa annua) %2 (Chenopodium album) »
SR BARADIRWE B SR 1
BRI ~ FRRELEE -

Hughes and Westoby (1992b) 475 H,
BE T IE e T IR B R E T RN
2 RBREN &M (optimal foraging
theory) Bt 5] DL A7 I RET N REAS B8 KRR
ST T ERERY) (Schoener, 1971) > K
RUTE - REFR ML 4G IB IR AV AE B & x = Y/ N AU T
¥ BUBIR S —RUEEFRYBE T - K%
(BSREEE AR T - (EABHFEEE R IR > i
HOKIERIETE YRS ~ EEAC R B R 1
BB AAMET (> 0.5 mg) FI&HOKIEHESE
HYFRRE ~ SRR i1 Ry N A 1
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(< 0.5 mg) » BUREVT KRR ST HE g
R Fei AR T Tl TR MU 2 s B
iy K i B R 4 Y (RN 2 — - Kaspari
(1996) & PG (R /NGy iss 1 B2 78 /N
¥ BEBUROR YIS IEE A NV B BAE T B i
oo N B KB T N 2 e A
(polymorphism) - (K| HLAEMR A FE A/ N ]
BLJEE o BV KSR (R A e s R T 2R
i B A BROK IR FH SR 2 TR R R 2
% » WA LIREME LB AR T
R EE B S5t B BV DK e Ty 25 BB T R
T TS or sl R - BV K HERE i
TR E AT Ry 8 MBS T35 SR R s
B A SEHE - o HERER R S NAYEE T
F (42%)~ KZE (57.33%) FIFIHE (69.33%)
It 3 MAEM T MREEERZKE
(98%) » TH-T-3FEF ARG HAE S AR LRy
TET o AT RIGEERE S K il S AR SR T
HIETE S (seed viability) (UFRZE2E -
R A RER RS - Leal et al. (2007) #5Fi
HAEHRTCRE SRS E ) [HiREE
SRER - E > AN - SR - B
iy K g B P EOAY T IR H R - HEHIE
H A BB BR 5 0] g B R A - A 98 m P RE AV K
73 © FB/KE ~ BB ~ REFIW H R {ri%
SRR AT RERR A - T IR oK e
% > SR EL I T Y S SRR B S A E R B
AT - R SRR B R TS SRR Al
E(ERPEMR EAVEEE T - HEAE R ATRE 2 =
[& (Amaranthus) TEY)#EE T 2 RIRIRER
(dormancy) (Aufhammer et al., 1994) -
Crisraudo et al. (2007) DL 9 fH & EiEYfET
AT - feH R BT AR AR IR
REFTRR VR AR GRS AHE - Ab7EHE
RDK R S AN H BT ZLEUIEER
HEIRRE - et it AR B E B PR AT RER 2
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DIGAERE T ERR IR » B3R R(E -

Crist and MacMahon (1992) IR
FKiEE Pogonomyrmex occidentalis 1T 1%
A ] S AR o o RPN~ BRIEIEL B
Ry 88% » o8 R i AE e 1IF - RERE
I TN ~ BB o A FT SR A
K e i R [ B Y SRR A A o 0 DA
BERAVAE T-JE 25 o KRl SO IR 2 By
TETINE - B e R ~ (R T - T
I3~ BRI SRRV I - SR AT RLRDK
5% HU B 1 2 2 i AV fE + o Tennant and
Porter (1991) 3% 5= ER{E N g BEEHYEV K
BB A (AL KIRAY B YIRRAE R » 45 HEVT K
LA EBS B YAOR T - 5 30% » By AIRAL
SKERAT 8 £ o (RIIL - AHHFTHHIZL K g
iR ARTE T BMERE /SRS - E
T Ry KB FZE B YIRIRR 2 — » &%l
BRI By - DRI A I e B PO T -
TEIERSERS o BhAN - AIHITER SRV S A E A
I B REE S A M T K M R R IR
iR I S Ry Y 22 [E 2R - Al REfE i
TR AEFESRFE ] BEAFET#5 - &
& o T REERNEREN - TR gERER= St
B~ o AR R B R - AR
T HE B 55 AR T - fF- 38 2 (%t FT RE IR fie
EIEOLIR BRI EE L AR - B TERE R
g ERE O REYYEERNERZ
— o RIS RE G K R T 4 X FE AT R ST
HURLR S » KRS AP SR R FARAAVERER - i
HABEREAK 7285 SRRt
T M EEZERRERSR - fl SR DISEEF - IR
TEREEFENHET - B 5SS
SRS (Egley, 1990; Thompson et al.,
1997) = E{T KR R S UL BR A O MR i B
PIFYAT Ko BT B R T4 - 20K it 2
Ol AV AR e — B A BN R
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2002) - AWIFEEA) SR ZEET KRR
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TE TSRS 5 KRS T8E
o BRI - BRI MAEEY)
T EEERRAE M HRAY - SRR -5
KR T LR > i T REDRT ~ BB £
REMEVAEAFZER] > MR IR A RHIEL
TEVIRES S IR - INIL AR e — 2
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AU FOR R E AT E 5T NSC 101-
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Preliminary Study of Seed Harvesting by the Tropical Fire
Ant, Solenopsis geminata (Hymenoptera: Formicidae), in
Taiwan

Yu-Chen Chen!, Wen-Jer Wu?, and Li-Chuan Lai'"

! Department of Ecological Humanities, Providence University, Taichung City, Taiwan
% Department of Entomology, National Taiwan University, Taipei City, Taiwan

ABSTRACT

Ants are considered both predators and dispersers of seeds. Seed dispersal
by ants is usually regarded as part of the ant-plant mutualism. However, ants
may play a dual role as both predator and disperser of non-myrmechorous
seeds. Tropical fire ants (Solenopsis geminata) have a granivorous habit
(dyszoochory), with workers having been observed attempting to collect seeds
from numerous non-myrmechorous plant species. We excavated fire ant nests
from four counties (Taichung, Yunlin, Chiayi and Tainan) in Taiwan. We then
gathered the seeds that were harvested by the ants, and found seeds of 37
species belonging to 12 plant families. Most of the seeds were non-
myrmechorous herb seeds, including 16 species of the Poaceae family. The
majority of the seeds harvested in Taichung by the fire ants was Panicum
maximum, in Yunlin it was Chamaesyce hirta, Eleusine indica and Paspalum
conjugatum, in Chiayi it was Pouzolzia zeylanica, Chamaesyce hirta and
Dichanthium annulatum, and in Tainan it was Amaranthus patulus,
Dactyloctenium aegyptium and Digitaria sanguinalis. We conducted seed
preference experiments, and found that grass seeds such as Dichanthium
annulatum, Panicum maximum, and Paspalum orbiculare were readily
removed by the fire ants. The ant’s choices seemed to be influenced by the
weight of the seed. Seeds heavier than 0.56 mg were harvested preferentially,
while seeds weighing between 0.07-0.43 mg were rarely retrieved. In our seed
germination experiments, the germination rates of seeds from Pouzolzia
zeylanica, Dactyloctenium aegyptium, Panicum maximum and Paspalum
conjugatum collected by the fire ants were significantly higher than those from
mature seeds left on the plants, while the germination rate of seeds from
Amaranthus patulus was significantly lower. It is worth noting that fire ants
seemed to prefer the seeds of introduced species to those of native species. The
results in this study show that seed removal and harvesting by workers of S.
geminata may impact the abundance and composition of a plant community in
Taiwan, especially that of native grasses in fields infested with S. geminata.

Key words: non-myrmecochorous, Solenopsis geminata, dyszoochory, Poaceae,
preference
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