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Abstract

Invasion of red imported fire ants (Solenopsis invicta) was first reported in Taiwan in 2003 with infestation mainly located in
Taoyuan, Taipei and Chiayi Counties. Current control strategies of fire ants in Taiwan involve intensive bait broadcast supplemented
with single-mound injection, which is believed practical on lowering spread of fire ants but considerably expensive in term of bait
purchase and highly vulnerable to weather conditions (e.g., wet seasons). Development of efficient and self-sustaining control
methods therefore holds the key for successful long-term containment of fire ants in Taiwan. Seeking and reinforcing native
species as natural enemies is one of many that not only satisfy such criteria but also potentially elevate the resistance level of target
environment against species invasion, an ecological process termed as ' ‘biotic resistance’ ' . Preliminary field observation
indicates that highly territorial gray black spiny ant (Polyrhachis dives) attacks fire ants in an active fashion when encountering,
suggesting the potential of biotic resistance, and, however, the relevant information of this native ant remains poor. The present
study reveals that P. dives are highly aggressive towards S. invicta at individual-level competition, and that, at group-level
competition, P. dives possess extremely patrolling behaviors followed by mass attack against S. invicta once they locate the nests of
S. invicta. Our data further indicate that mortalities of S. invicta nests can reach up to 70% due to interspecific competition even S.
invicta have access to the food source before P. dives do. These findings, along with some additional behavioral observations,
suggest that behaviors of such kind displayed by P. dives may play roles reducing the establishment success of S. invicta, thus
ensuring the control efficiency by maintaining the level of biotic resistance of a given area.
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Table 1. The classification and definition of three behavioral phases between ant species (modified from Rao and

Vinson, 2009)
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frozen cricket

plastic valve \ / plastic valve

S. invicta nest

Central foraging arena

honeydew

P dives nest
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Fig. 1. Design of setup for interspecific competition of study ants, which consists of artificial nests for Polyrhachis
dives and Solenopsis invicta, respectively, as well as a central foraging arena with frozen crickets and

honeydew as food sources.
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Table 2. The average frequencies (%) of behavioral phases when workers of two species encounter under the

individual competition experiment

P. dives vs. major S. invicta

P. dives vs. minor S. invicta

Behavior of

Behavior of

Behavior of Behavior of

P. dives S. invicta P. dives S. invicta
Aggressive 58.745a 37.495a 67.813a 29.833a
Defensive 36.953b 61.742b 28.733b 69.981b
Disturbed 4.302¢ 0.7625¢ 3.449¢ 0.185¢

Percentages followed by the same letter within a particular treatment (column) are significantly different at p =

0.05
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No. of ants

,,»"'/injured./ dead S. invicta

> " injured/dead P. dives

P. dives vs.

P. dives vs.

major S. invicta minor S. invicta

B= FERgEmERIA/NAIERERERGR TR G TELERE -
Fig. 2. The comparisons of the casualties when the two ant species encounter (Polyrhachis dives vs. minor
Solenopsis invicta; Polyrhachis dives vs. major Solenopsis invicta, respectively).
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Fig. 3. The mortalities of Polyrhachis dives and Solenopsis invicta under different experimental treatments. (R
represents the treatment with Solenopsis invicta occupying the central foraging arena first; S represents the
treatment with nests of two ant species being connected to the central foraging arena simultaneously; G
represents the treatment with Polyrhachis dives occupying the central foraging arena first; numbers following
the letter indicate different group sizes of Polyrhachis dives).
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Fig. 4. The mortalities and distributions of cadavers of Polyrhachis dives and Solenopsis invicta under the treatment
with Solenopsis invicta occupying the central foraging arena first.
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Fig. 5. The mortalities and distributions of cadavers of Polyrhachis dives and Solenopsis invicta under the treatment
with Polyrhachis dives occupying the central foraging arena first.
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Fig. 6. The mortalities and distributions of cadavers of Polyrhachis dives and Solenopsis invicta under the treatment
with nests of two ant species being connected to the central foraging arena simultaneously.
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Interspecific Competition between Gray Black Spiny Ant
(Polyrhachis dives) and Red Imported Fire Ant (Solenopsis
invicta): Evaluation of Ant Species with Biotic Resistance
Potential

Yueh-Hua Wu', Hung-Way Hsu', Cheng-Jen Shih!, and Chin-Cheng Yang®

! Department of Entomology, National Taiwan University, Taipei, 10617, Taiwan
% Master Program for Plant Medicine, National Taiwan University, Taipei, 10617, Taiwan

ABSTRACT

Invasion of red imported fire ants (Solenopsis invicta) was first reported in
Taiwan in 2003 with infestation mainly located in Taoyuan, Taipei and Chiayi
Counties. Current control strategies of fire ants in Taiwan involve intensive
bait broadcast supplemented with single-mound injection, which is believed
practical on lowering spread of fire ants but considerably expensive in term of
bait purchase and highly vulnerable to weather conditions (e.g., wet seasons).
Development of efficient and self-sustaining control methods therefore holds
the key for successful long-term containment of fire ants in Taiwan. Seeking
and reinforcing native species as natural enemies is one of many that not only
satisfy such criteria but also potentially elevate the resistance level of target
environment against species invasion, an ecological process termed as “biotic
resistance”. Preliminary field observation indicates that highly territorial gray
black spiny ant (Polyrhachis dives) attacks fire ants in an active fashion when
encountering, suggesting the potential of biotic resistance, and, however, the
relevant information of this native ant remains poor. The present study reveals
that P. dives are highly aggressive towards S. invicta at individual-level
competition, and that, at group-level competition, P. dives possess extremely
patrolling behaviors followed by mass attack against S. invicta once they locate
the nests of S. invicta. Our data further indicate that mortalities of S. invicta
nests can reach up to 70% due to interspecific competition even S. invicta have
access to the food source before P. dives do. These findings, along with some
additional behavioral observations, suggest that behaviors of such kind
displayed by P. dives may play roles reducing the establishment success of S.
invicta, thus ensuring the control efficiency by maintaining the level of biotic
resistance of a given area.

Key words: biotic resistance, gray black spiny ant, interspecies competition,
invasive species, red imported fire ant
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