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PREFACE

Biologists who wish to publish the results of their
investigations have access to a large number of journals. For a
variety of reasons, however, the editors of wmost of these
journals are wunwillinyg to accept articles that are lenygthy or
contain infeormation that is preliminary in nature, HNevertheless,
some materiat of this type could be of immense interest and value
to other sclentists, and should be published. For this reason,
the School of Biology at the Western Australian |Institute of
Technoloyy has decided to produce a series of occasiona) papers,
Although the first few papers will be produced by members of the
School of Biology, it is hoped that other scientists who have had
some association with the School will submit material for
consideration, Regardless of the source of any contributions,
all papers will be considered by an editorial board and
appropriate referees. AVl publications will be funded by
external agencies,

Dr B.G. Collins
Head of the 5chool of Biology,






CONTENTS

Abstract v - - PP ven
Introduction.. - vea aea cva
Methods - e . e cee

Plot Selection and Ant Spraying..
Ant Sampling Techniques ... ves
Treatment of Data ... e .o
Results ‘e ves ces e aes
Ant Distribution Plot ves vas

Spray Monitoring Plots ... e

Discussion ...

Ecology of Iridomyrmex humilis...

Influence of Spraying on Ants ...

Acknowledgements ...

Referances

-

t0

i0

20

21

22






THE INFLUENCE OF SPRAYING ON ARGENTINE (JRIDOMYRMEX HUMILIS)

AND NATIVE ANTS (HYMENOPTERA : FORMICIDAE)

J.D. MAJER* AND R. FLUGGE*

ABSTRACT

Experiments and observations on the ecology of the Argentine ant
(iridomyrmex humilis} and the effect of heptachlor spraying on
this, and native ant species were performed over a 1 year period.

The aim was toi—

a) Investigate the distribution pattern of the Argentine
ant and to retate this to that of sympatric native
ants, and

b) To investigate the immediate effect of spraying on
Argentine and pative ants and to follow the subsequent
recovery in ant fauna over a 1 year period.

The ant was observed colonizing large contiguous tracts of land.
It exhibited a summer foraging peak but activity decreased
greatly and distribution became more localised during winter,
Only eight species of native ants were found in the |ridomyrmex
humilis dominated plot which was studied (low species richness
and most ants sampled were Iridomyrmex humilis ({low species
evenness). Some native ant species in the plot occurred in gaps
in the Argentine ants' distribution, others were distributed
independently of this ant and Adlerzia froggatti was positively
associated with Iridomyrmex humilis.

Jet spraying of 0.5% heptachlor totally eradicated |Iridomyrmex
humilis and two other species of ants in one plot, Ir idomyrmex
humilis had not returned by the final survey date, almost 1 year
later, Its range had largely been replaced by the meat ant,
ir idomyrmex purpureus. As a result of this finding, some
possible methods of 1limiting [ridomyrmex humilis by replacing it
with native ants are suggested.

%* School of 8jology, Western Australian Institute of
Technology, Bentley, Western Australia, 6102.



INTRODUCT {ON

The Argentine ant, Iridomyrmex humilis, was first described in
1868 from specimens collected in Argentina, its probable centre

of origin, It is a ¢tramp species and has successfully
established itself around the world, although it is most
successful in areas between 30° and 36° latitude North or South

{Fluker and Beardsley, 1970). Publications concerning the
establishment of this ant have emanated from such diverse regions
as Southern California, U.5.A. {Woodworth, 1980), Hawaii (Fluker
and Beardsley, 1970), Bermuda {Haskins and Haskins, 19653
Crowell, 1968; Lieberburg, Kranz and Siep, 1975}, South Africa
(Hattingh, 1945), and Australia {(Pasfield, 1968),

The first Australian record of this ant was in Victoria in 1939;
by 1941 it had been reported From Albany in Western Australia
{Jenkins, 1948; Anon, 1973). It soon spread to other localities
such as Perth and Bunbury, as a result of colony dissemination by
man's activities, Within a locality the ant showed a remarkable
capacity to expand its rangey a 500 square metre outbreak in
Bunbury expanded to 12 hectares in less than 3 vyears ({Anon,

1973).

The occurrence of Argentine ants is considered undesirable for a
number of reasons. It tends aphids and other Homoptera for their
honeydew sources and, in doing so, encourages these sap sucking
insects., An additicnal consequence of the ants' presence is that
it deters beneficial insects such as coccinellid beetles and
parasitic wasps from 1limiting Homoptera numbers in orchards
(Jenkins, 1948). Its Homoptera tending and beneficial insect
deterring habits can result in the deterijoration of orchard trees
(Jenkins, 1948; Jenkins and Forte, 1951), The ant is also
considered to be a household pest both because Jt swarms
throughout dwellings (Jenkins, 1948) and also because it may
transmit disease (lIpinza-Reyla, Figueroa and QOsorio, 1981).

Another concern is that because Iridomyrmex humilis displaces
those species of native ants which may disperse and bury plant
seeds, the normally beneficial myrmecochorous ant - seed
interaction (Bery, 1975} may be disrupted., Bond and Slingsby {in
press) in South Africa, have demonstrated that where Iridomzrmex
humilis is present seeds are carried by ants for shorter
distances than elsewhere, are no longer buried and, as a result,
are often eaten by predators.

Also of potential ecological importance is the fact that
Iridomyrmex humilis out—competes and displaces native ants from
its territory. This has been reported in California {Erickson,
1971}, Bermuda {Crowell, 1968}, South Africa {(Hattingh, 1945) and
Australia (Forte and Greaves, 1953).

In view of the serious threat of the Argentine ant in Western

Australia, a programme of control has been in force since the
late—~1940's, The ant was included in the schedule of the Vermin
Act in 1948 and in 1949 & joint campaign to control the ant was
undertaken by the Departments of Health and Agriculture, From
1954 onwards responsibility for control of this ant was shifted
to the Argentine Ant Act which, although rewritten several times,
continues to the present day (Anon, 1973). There has been a



progression of chemicals used to control this species from
arsenical baits in the first instance, through DDT, dieldrin,
chlordane to the currently used chemical, heptachlor (Jenkins,
1973}, spraying [s generally performed by treating the ground
with a grid pattern of pesticide in such a way that ants cross
the grid-lines whilst foraging and are poisoned {Forte and
Greaves, 1853). In areas of dense underygrowth the entire area
may be jet-sprayed since ants are less likely to cross grid=lines
in a more layered habitat.

The use of chlorinated hydrocarbon pesticides to control
Argentine ants has Dbeen criticized for a number of reasons.
Amongst these are the documented effects of the pesticide on
native ants (Forte and Greaves, 1953), other wildlife (Jenkins,
1969, 1973) and also the possibility of residues accumulating in
the enviroment (Porter, 1982). This may be true for ODT,
dieldrin and chlordane although heptachlor volatilizes over a
relatively short period of time; 90% of residues may be lost
within 3 days (Taylor, 1979).

since the original Argentine ant research was performed in this
State, a considerable body of information has accumulated on the
taxonomy and ecology of native ants (see Majer and Chia, 1980).
It was felt that benefit may arise from repeating some of the
original Argentine ant observations in the light of this improved

knowledge of the Western Australian ant fauna.
The aim of the present work is as follows:—

1) To investigate the distribution pattern of |ridomyrmex
humilis and to relate this to that of sympatric native
ants, and

2) To investigate the immediate effect of spraying on
Argentine and native ants and to follow the subsequent
recovery of the ant fauna over a 1 year period.

The results of the second part of this investigation may provide
information which may be used In devising alternative control
strategies, possibly involving native ants.

METHODS
plot Selection and Ant Spraying

An infestation of Iridomyrmex humilis on Burswood Island, Perth
was selected for investigation. It extended from the Swan River

foreshore, where Jlow growing native vegetation and introduced

grasses were found, across a road into an area of land-fill which

was solely covered with introduced grasses.

A 26 metre x 76 metre plot was marked out within the ant
infestation area in order to elucidate the distribution patterns
of Argentine and other ants. This plot was designated "ant
distribution plot" and extended 12 metres into the native
vegetation/grassland heath area and 64 metres into the
landfill/grassiand area {(Figure 1).

It was originally anticipated that the entire ant distribution



plot would be treated for Argentine ants., However, the difficult
terrain and availability of labour necessitated spraying only the
native vegetation/grassland on the foreshore side of the road.
This area was jet-sprayed with 0.5% heptachlor in mid-February
1984 in an attempt to ensure complete eradication of |Iridomyrmex
humilis. The more commonly practised grid-spraying method was
considered unsuitable for this area in view of the large amount
of rubble and plant growth present, The location of the sprayed
area in relation to the ant distribution plot is shown in (Figure
2}.

The position of the sprayed area enabled two 28 metre x 12 metre
sub-plots to be selected within the ant distribution plot for
subsequent monitoring of post-spray changes in ant distribution,
One plot was situated on the foreshore side of the road and was

des ignated Wsprayed heath plot, the other was in the
grassland/land-fill area and was designated ''unsprayed grassland
plot" In view of the different terrain and ant fauna in these
two plots, a second unsprayed plot was selected. This was also

in the native vegetation/grassland area, just south of the
sprayed heath plot. jt was designated "unsprayed heath plot!.
The distribution of the three spray monitoring plots is shown in
Figure 2,

Ant Sampling Techniques

The ant distribution plot was gridded out at 4 metre intervals
and wire pegs were placed at each intersect. A& plastic sleeve
was inserted next to each wire into which a pyrex pitfall trap
was placed, Pitfall traps comprised 15cm long, 1.8cm internal
diameter test tubes containing a 10ml mixture of alcohol and
glycerol (70/30v/v). Following a 1 week settling-in period the
traps were run for 7 days from 2hth — 31st Janvary, 1983, The
ants contained in the pitfall traps after these sampling periods
were hand sorted and counted in the laboratory using a stereo-
microscope. The ant collections were identified to species level
where possible, when ant species were obtained that had not
previously been described they were elther coded with the Western
Australian institute of Technology (J.D.M.) code numbers or, if
voucher species were deposited there, with Australian National
Insect Collection (ANIC) codes,

Data obtained from the ant distribution plot were also used as the
pre-spray sampling period data for the sprayed heath and
unsprayed grassiand plots. These two plots were resampled
immediately following spraying on 17th - 24th February, 1983,
The wunsprayed heath plot was sampled for the first time between

10th — 17th March, 1983, so no data for the pre-spray sampling
period are available for this treatment. Hereafter, all three
plots were sampled simultaneously during April, August and

October, 1983 and January, 1984,

Treatment of Data

The species of ants obtained from the ant distribution plot were
plotted on individual 7 x 19 pitfall trap grid diagrams in order

to visually assess their overall distribution patterns.

The overall ant community in this plot was described in three



PROPOSED BURSWOOD

ISLAND BRIDGE

EAST PERTH

F1GLRe 1
POSITION OF ANT DISTRIBUTION PLOT, UNSPRAYED HEATH PLOT (a},
UNSPRAYED GRASSLAND PLOT (b) AND SPRAYED HEATH PLOT (c) IN

RELATION TO SWAN RIVER AND EAST PERTH.

-5 -



rRi1VER

40 LIt

“
v
-
>
>
m
o
>
o
m
»

I 2 345 67

- uapweyed heath

po

> plot

TRACK
Re)
-
on
£ [uaprayed grassiand ::E:
- plot >
XX
_ (=]
E
: i
o b
a 2
o
[
L]
FIGURE 2

LARGER-SCALE MAP OF ANT DISTRIBUTION PLOT, UNSPRAYED HEATH PLOT,
UNSPRAYED GRASSLAND PLOT AND SPRAYED HEATH PLOT SHOWING LIMIT OF
HEPTACHLOR SPRAYED AREA. THE PITFALL TRAP CO-ORDINATE ROWS (a - v} AND

COLUMNS (1 - 7) ARE ALSO SHOWN.




waysi—

1)  Ant species richness (§) — the tota) species obtained
in the plot,

2) Ant species diversity (H') — a measure which expresses
both the number of species present and the relative
numbers of each species. it was calculated by the

following formula:

H' (decits) = (N log N =Z.nilogni) / N
i

where N is the total number of ants in the traps and ni
is the number of each individual species.

3)  Ant evenness index (J') — a measure of the
apportionment of Individuals between the wvarious
species present. It was calculated by the following
formula:

J' = H' (decits) / log S.

The influence of iridomyrmex humilis on the distribution of other
ants present in the plot was investiyated by the use of 2 x 2 chi
square contingency tables. This test was only performed on the
more frequently found ants, The remainder were investigated by
visually comparing their distribution pattern with that of
{ridomyrmex humilis.

The seasonal trends and post—spraying changes in ants in the three
spray monitoring plots were investigated by plotting the
following parameters against sampling times

} Total number of ants caught.

}  Mean number of ant species per trap.
) Ant species richness (S).

)

1
2
3
b Ant species evenness (J').

RESULTS
Ant Distribution Plot

Nine species of ant were obtained in the ant distribution plot.
Their distribution patterns are shown in Figure 3, | r i domyrmex
humilis was the most abundant species (4B2 ants trapped) followed
by Adierzia froggatti (317 ants), Cardiocondyla nuda (106),
iridomyrmex purpureus (45), and Monomorium sp. JOM 102 (35). Two
other Iridomyrmex sSpp., Anisopheidole antipodum and Pheidole
latigena were found in low numbers in the plot.

The plot species richness {S), diversity (H') and evenness (J")
values were 9, 0.58 and 0.60 respectively.

Inspection of Figure 3 reveals the tendency of Iridomyrmex

humilis to colonize wide areas; it was present in every row of
the ant distribution plot. Its density was lowest in the heath



part of the plot, to the west of the road, and also to the
extreme east of the plot. It is perhaps noteworthy that
Cardiocondyla nuda reached its highest density in the heath part
of the plot (Figure 3).

The c¢hi square test was only performed on the distribution
patterns of Adlerzia froggatti, Cardiocondyla nuda and Monomor ium
sp. JDM 102, The test indicated that Adlerzia froggatti was
positively associated with Iridomyrmex humilis {chi square = 6.41
p < 0.056) whilst the distribution of the other two species was
independent of that of Iridomyrmex humilis.

Visual inspection of Figure 3 indicates that Anisopheidole
antipodun occurred in a lacuna in the |Iridomyrmex humilis
distribution, while [Iridomyrmex purpureus was found in areas
where |ridomyrmex humilis was sparse or absent,

Spray Monitoring Plots

The January pre-spray survey of the sprayed heath and unsprayed
grassland plots is shown in figure 4. 5ix species were found in
the former plot and five in the latter.

The February post—spray samples are shown in Figure 5§ {the
unsprayed heath plot was surveyed in mid-March). Comparison of
ant numbers and species present in the January (Figure 4) and
February (Figure 5) unsprayed grassland plot indicated that ant
activity had not changed appreciably during the 1 month perlod.
By comparison only two species of ants, Cardiocondyla nuda and
Iridomyrmex humilis, remained active in the sprayed heath plot.
The catch in the unsprayed heath plot (Figure 5) resembled that
in the sprayed heath plot prior to spraying (Figure 4). This
suggests that, despite the absence of pre-spray samples from the
former plot, these two plots were well paired,

The April samples are shown in Figure 6. Ant numbers had
generally decreased in all plots and this was probably associated

with the cooler seasonal conditions, It is interesting to note
that although Iridomyrmex humilis was not trapped in the sprayed
heath plot, Iridomyrmex purpureus had extended its distribution

and the hitherto absent Adlerzia froggatti was now present.

The August data are shown in Figure 7, Ant activity was at a
very low level and no ants were trapped in the unsprayed heath
plot. A single Iridomyrmex humilis was trapped in the sprayed
heath plot and Iridomyrmex sp. 18 {ANIC) was once again present
here, Ant activity had started to increase in October (Figure 8)
due to the oncoming warmer conditions. No ants were active in
the sprayed heath plot.

The result of the final, January 1984, survey are shown in Figure
9. Iridomyrmex humilis appeared to have been eliminated from the
sprayed heath plot and Pheidole latigena and Iridomyrmex agilis
were trapped in low numbers. The most striking feature of the
plot was the fact that the previously restricted |ridomyrmex
purpureus (Figure 4) was now present throughout the plot. The
nunbers and types of ants trapped in the two unsprayed plots
(Figure 9) were now comparable with those found in the previous
summer {Figures 4 and §5).
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Figure 10 compares the percentage composition of each ant species
in the sprayed heath plot in January, 1983 with that 1 year
later, It indicates a change from dominance by Cardiocondyla
nuda and Iridomyrmex humills to dominance by I ridomyrmex
purpureus (the meat ant); both of the former two species were
eliminated from the plot after spraying. Two other species,
Iridomyrmex agilis and Pheidole latigena had maintained their
restricted abundance following spraying while the less abundant
Iridomyrmex sp. 18 (ANIC) was no longer present 1 year after
spraying.

Figure 11 shows the plot values of total ants trapped, total
species trapped (S), mean number of species per trap and ant
species evenness (J') plotted against sampling time, Ant species
diversity (H') is not shown here since the trends were similar to
those of ant species richness,

With the exception of species evenness, all unsprayed plot
variables declined in winter and returned to the higher summer
values during the following summer, Ant species evenness values
fluctuated throughout the year but returned to close to their
initial values by January 1984 (Figure 11 ).

Although sprayed heath plot values were comparable with those in
the unsprayed plots during January 1983, the numbers of ants
trapped, the number of species trapped and the mean number of
species per trap all) declined to very low levels after the heath
plot was sprayed, while these variables exhibited similar
seasonal trends to those in unsprayed plots, they had not
returned to the higher unsprayed plot values by January 1984
(Figure 11 ). Ant species evenness initially increased following
the spraying to levels greater than those generally found in the
unsprayed plots. In October 1983 and January 19B4, however, the
sprayed heath plot values were much lower than those in the
unsprayed plots.

DISCUSSION

Ecology of iridomyrmex humilis

wWhile knowledge of the ecology of Iridomyrmex humilis Is well

documented in the northern hemisphere (Makin, 1968; 1370},

published information on its ecology in Western Australia is
limited to descriptive comments (Jenkins, 1948; Jenkins and

Forte, 1951}, The ecological information on the ant and its

relationship with native ants is therefore discussed here in

order to provide quantified information for this 5State.

The distribution of Iridomyrmex humilis in the ant distribution
plot (Figure 3) indicates that it can colonize large contiguous
tracts of land. This pattern is quite unlike that exhibited by
most other native ants whose distribution Is usually in the form
of small discrete blocks, interspersed with colonies of other ant
species (Briese and Macauley, 1977: Majer, unpublished data).
The reason why Iridomyrmex humilis can occupy such large tracts
of land is that queens establish nests adjacent to existing ones,
hence expanding the existing range of the species. Workers
continue to forage between nests occupied by different queens

- 10 -
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resulting in the formation of an encrmous compound colony or
community (Makin, 1968).

The ants' activity Is influenced by temperature and humidity. it
is extremely active in the summer while In winter its activity
declines and it seeks dry sheltered conditions (Jenkins and
Forte, 1951). The seasonal life cycle of the species has been
elucidated in California by Makin (1970). There,  worker
production starts about mid-March and numbers increase to their
highest level in October before decreasing steadily over the
winter months, Haney (1984) reports that in Californian
orchards, when temperatures drop to 10°C, the ants consolidate
their nesting sites into two main areas, the primary nest at the
base of citrus trees and the secondary nest which may be in the
tree itself, In summer the ants once again expand their range.

The present data for the unsprayed grassland plot (Figures 4 - 9)
confirm the summer foraging peak of Iridomyrmex humilis. During
January and February 1983 high numbers were trapped, reflecting
high foraging activity. Their presence in almost every pitfall
trap in this plot (Figures 4 — 5) confirms the widespread nature
of the ant during the summer months. The numbers trapped during
the cooler months of April, August and October 1983 dropped
(Figures 6 = 8) and the ant became much more localised within
this plot, thus confirming the Californian observations on
reduced winter numbers and distribution range, By January 1984
numbers and distribution had returned to levels similar to those
observed 1 year previously,

The composition of the ant community in the ant distribution plot
is most unlike that found where Iridomyrmex humilis is absent,
For instance, comparable one-off pitfall trap surveys in
undisturbed areas with no Argentine ants would be expected to
yield well in excess of 30 species {9 in this survey) and with
evenness index values of around 0.75 (0.60 in this survey)
(Majer, 1983). These atypical richness and evenness values may
partly be attributed to the site being highly disturbed although
even in annual rye grass (Lolium rigidumn) pastures at Katanning,
W.A., Twigg (1982) sampled 19 species of ant. The low richness
values in the ant distribution plot must therefore be attributed
in part to the presence of |ridomyrmex humilis,

The displacement of native ants by Iridomyrmex humilis Is clearly

shown when ant distribution patterns are compared to those of

Iridomyrmex humilis in the ant distribution plot (Figure 3). For
instance, Anisopheidole antipodum and |ridomyrmex purpureus were

only found in areas where Iridomyrmex humllis was absent or rare

and many other species which are normally expected to be found in

such areas (eg Rhytidoponera spp., Camponotus spp. and Melophorus

spp.) were completely absent, The remaining species in the plot

were presumably those which, for one reason or another, were able

to tolerate the presence of jridomyrmex humilis. No conclusive

explanation may be advanced for the positive assoclation between

Iridomyrmex humilis and Adlerzia froggattl although it may be

assoc lated with their similar habltat requlrements. Bond and
Slingsby (in press) in South Africa have noticed a similar co-~

existence between Iridomyrmex humilis and Tetramor i um

quadrispinosum.

_]9_



Although exhibiting considerable overlap in territory,
Iridomyrmex humilis were trapped in lower numbers where
Cardiocondyla nuda was present, The latter is also a tramp
species but it is not clear how much the reduced Iridomxrmex
humilis numbers were due to antagonism between species or to
their differing habitat optima.

influence of Spraying on Ants

Consideration of the heptachlor spraying trial should take
account of the fact that the entire Argentine ant outbreak area
was not sprayed and also that the Jjet—-spraying rather than the
grid-spraying technique was used; the method was therefore not
typical of that used by the Argentine Ant Unit.

The post-spray surveys indicated that Iridomyrmex humilis was
totally eradicated from the sprayed heath plot after August 1983,
Spraying was accompanied by an Intial reduction [n the abundance
of Cardiocondyla nuda, Pheidole latigena, Iridomyrmex agilis,
Iridomyrmex purpureus, and Iridomyrmex sp. 18 {ANIC) (Figure 5),
Iridomyrmex purpureus commenced spreading into the vacated
foraging space by April 1983 (Figure &) and occupled most of the
plot by January 1984 (Figure g}, The overall change, one vyear
after spraying, was a complete replacement of Cardiocondylia nuda
Iridomyrmex humilis and |rldomyrmex sp. 18 (ANIC) by Iridomyrmex
purpureus. There was no overall change in the abundance of
Iridomyrmex agilis and Pheidole latigena when the pre-spray and
January 1384 catches were compared (Figure 10).

Forte and Greaves (1953) have noticed similar trends following
ant  spraying in their plots, Iridomyrmex perthensis and
Melophorus turneri perthensis increased following spraying and
Iridomyrmex suchieri was eradicated. They attributed these
trends to the similar habitat requirements of I ridomyrmex
suchieri and |ridomyrmex humilis and the different foraging
strategies of Iridomyrmex ~perthensis and Melophorus turneri
perthensis. Similar explanations may apply here and the large
size of Iridomyrmex purpureus workers may lessen their
susceptibility to residual heptachlor of low concentration,

In terms of total ants trapped, total specles trapped, mean
number of species per trap and ant specles evenness (Figure 11)
the sprayed heath plot had not recovered to the pre-spray level,
even after one year, The paucity of speclies per trap suggests

that the habitat is not yet saturated with ants. It is expected
that more species will colonize the sprayed heath plot or existing
species will become more widespread within the plot, The

important question is whether one of these species will be
iridomyrmex humilis. The current situation is very desirable
since the incumbent native ant may protect the area from
iridomyrmex humilis invasion. In Bermuda, Lieberburg, Kranz and
Seip (1978) have noted that Pheidole megacephala, while normally
losing territory to Iridomyrmex humilis, may under certain
circumstances replace the latter specles. Possibly if
iridomyrmex humills colonias could be weakened by pesticide
spraying (Jenkins, 1973), pesticlde baiting (Makin, 0Q'Neal and
Collins, 1974), by insect growth regutators (Edwards, 1982) or by
pheromone disruption, this species could be replaced by native
ants which may be able to hold territory against subsequent re-
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