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ABSTRACT In the laboratory, Argentine ant, Linepithema humile (Mayr), mortality was positively
correlated to the length of an aromatic cedar mulch section that had to be crossed before food could
be reached. When ants could access food without crossing the mulch, mortality was not correlated
tomulch section length. In the Þeld, Argentine ants showed a tendency to avoid aromatic cedarmulch
as a nesting substrate. In plant beds alongside buildings the number of ant nests (pockets containing
brood) found was not signiÞcantly different between aromatic cedar and cypress mulch. However,
when pine strawmulch around oak trees was replacedwith aromatic cedar or cypressmulch, a similar
number of ant nests was found in the cypress mulch as in the original pine straw, whereas numbers
in aromatic cedar mulch were signiÞcantly lower. Also, fewer ants were trailing on the trees sur-
rounded by aromatic cedar mulch compared with cypress mulch or the original pine straw. The
number of ants attracted to apple jelly baits placed alongside the buildings did not differ between
mulch types; neither did the number of ant trails crossing the mulch beds around the buildings. We
suggest that aromatic cedarmulchmayhelp control Argentine ants and reduce insecticide inputwhen
applied in combination with conventional control methods.
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THE ARGENTINE ANT, Linepithema humile (Mayr), a
species of South American origin, has successfully
invaded regions of the world with Mediterranean and
mild temperate climates. In the United States, it is
established in many southeastern states and in Cali-
fornia (Newell and Barber 1913,Ward 1987), where it
ranks among the speciesmost frequently encountered
in and around peopleÕs homes (Rust and Knight 1990,
Vega and Rust 2000). Colonies consist of networks of
numerous interconnected nests, frequently covering
entire neighborhoods. Relatively fast population
growth rates, diffuse nest structure and swift nest
relocation following disturbance make Argentine ant
infestations extremely difÞcult to control. Manage-
ment efforts rely almost exclusively on insecticides,
with limited success.
In addition to being a nuisance pest, the Argentine

ant also presents a major ecological threat by displac-
ing the native ant fauna of invaded areas (Ward 1987,
Holway 1998, Kennedy 1998). For example, Christian
(2001) demonstrated that Argentine ants are causing
a decline of large-seeded plant species in the fynbos
shrublands of SouthAfrica by eradicating ants that act
as seed dispersers for these plants. Numerous other
studies also address the ecological consequences of
Argentine ant invasions (Messina 1981, Beattie 1985,
Bond and Slingsby 1984, Vega and Rust 2000).

Argentine ants may nest in a large variety of sub-
strates (Passera 1994), but prefer the top 20 cm of
well-drained, loose matter, moving the nest vertically
as conditions change (Smith 1965, Markin 1968). In
residential settings, they are frequently found in land-
scaping mulch (H.E.M., unpublished data). Mulch
placement alongside buildings and around fruit trees
is common and may contribute to the presence of ant
colonies in locations where they are least desirable.
The wood of the eastern red cedar (also known as

aromatic cedar), Juniperus virginiana L., contains vol-
atile chemical constituents that appear to be toxic to
some insects. In a previous study we showed that
Argentine ants and odorous house ants, Tapinoma
sessile (Say), avoided aromatic cedar mulch as a nest-
ing substrate in the laboratoryanddiedwhenconÞned
to this mulch (Meissner and Silverman 2001). Other
researchers have also shown lethal effects of aromatic
cedar wood to the clothes moth, Tineola bisselliella
(Hum.), (Scott et al. 1918, Laudani and Clark 1954),
the black carpet beetle, Attagenus piceus (Oliv.), ter-
mites (Adams et al. 1988), and housedust mite, Der-
matophagoites spp. (Enomoto et al. 1999). Repellency
of the mulch was furthermore shown for the German
cockroach, Blattella germanica (Linn.) (Appel and
Mack 1989), and the red imported Þre ant, Solenopsis
invicta Buren (Thorvilson and Rudd 2001).
The effects of aromatic cedar mulch on Argentine

ant populations in the Þeld have never been tested. If1 E-mail: Jules_Silverman@ncsu.edu.
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efÞcacious, thismulchmayeasily be incorporated into
a residential ant management program to help reduce
insecticide use in the proximity of human dwellings.
We assessed ant mortality caused by voluntary

movement across aromatic cedar mulch in the labo-
ratory. Furthermore,we determined the effectiveness
of aromatic cedar mulch in suppressing Argentine ant
foraging activity and preventing the establishment of
nests outdoors.

Materials and Methods

Insects.Argentine ants used in this studywere taken
from laboratorycolonies established fromvariousÞeld
collections during 2000 in North Carolina. These col-
onieswere kept in plastic trays (40� 52� 8 cm, Panel
Controls, Greenville, SC), coated with Fluon (AD-1,
Northern Products, Woonsocket, RI) to prevent es-
cape. Ant colonies were provided with artiÞcial nests,
each of which consisted of a petri dish (15 mm diam-
eter) Þlled with dental plaster which was sculptured
to increase nest surface area, and glued on top of a
water-Þlled glass jar, from which a cotton wick con-
ducted water to the ants. A 25% sucrose solution,
artiÞcial diet (Nonacs and Dill 1988), and German
cockroaches were provided as food ad libitum.

Mortality because of Movement Across Mulch. In
laboratory experiments we determined whether Ar-
gentine ants would cross aromatic cedar mulch to
access food, and we assessed the impact of contact
with aromatic cedar mulch on survival. Plexiglas are-
nas (0.1 � 1.0 m) had a certain portion of their length
(76, 30, 15, 5, 2.5, or 0 cm) covered with a 1 cm thick
layer of aromatic cedar mulch (P&L Bark Inc., Page-
land, SC). Regardless of their length, the mulch sec-
tions were centered within the arenas and covered
their entire width.

Before addingmulch, 1,000workers and twoqueens
were placed inside one end of each arena with a nest.
Thenestwas a glass test tube (10 cm� 2 cmdiameter)
about one-half Þlled with water and plugged with
cotton, then wrapped with aluminum foil to exclude
light.Theantsweredeprivedof food for24h; thenants
outside the nest were collected with an aspirator,
mulch was placed, and the ants were released next to
the nest. Ants were provided 25% sucrose (�25ml) in
dispensers, positioned either one next to the nest and
a second one across the mulch on the far end of the
arena (set A), or only across the mulch (set B). Con-
sequently, in setBantshad tocross themulch toaccess
the sucrose, while in set A they were able to feed
without having to cross the mulch. Experiments were
conducted at 27 � 2�C, 50 � 10% RH, and a photo-
periodof12:12(L:D)h.Each treatmentwas replicated
four times. Dead ants on the end opposite the release
site were counted daily and removed from the arena.
At theendof theexperiment (day5), the total number
of dead and live ants in the arenas was counted and
percentage mortality was calculated.

Effect of Mulch Placed Alongside Buildings. We
determined in theÞeldwhether aromatic cedarmulch
would reduce Argentine ant nest site selection, and
thereby constitute an effective barrier to Argentine
ant movement. We identiÞed three large ofÞce build-
ingswith ahistory ofArgentine ant activity in anofÞce
park in Morrisville, NC. On 17Ð20 May 2001 we de-
termined that the pine needlemulch in the plant beds
surrounding these buildings was completely free of
Argentine ant nests (deÞned as any accumulation of
brood andworkers), yet workers were generally trail-
ing close by at all locations.We then replaced the pine
needle mulch surrounding the buildings with a 5 cm
thick layer of either aromatic cedar or cypress mulch
(P&L Bark, Pageland, SC) in alternating lengths of

Fig. 1. Regressionof percent antmortality (5-d total) against log of aromatic cedarmulch section length for setA(sucrose
on both ends of the arena) and set B (sucrose only on end opposite the nest). See Table 1 for regression statistics.
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10Ð30m. Cypress mulch was selected for comparison,
because it has a similar consistency to aromatic cedar
mulch and was shown in previous laboratory experi-
ments (Meissner and Silverman 2001) to be neither
toxic nor repellent to Argentine ants. The total area
coveredwith eachmulch typewas�200m2. Theplant
beds contained various ornamental shrubs, 0.5Ð1m in
height, which did not touch the building walls. No
insecticidewas applied during the course of the study.
We counted the number of nests found in each

mulch type on a biweekly basis between 27 July and
10October 2001.Also, thenumberof ant trails (clearly
visible lines of constant ant movement) crossing each
mulch type was counted every other week. In addi-
tion, we placed baits (petri dishes containing apple
jelly) alongside the buildings, either directly on the
mulchor on awindow sill (1mhigh above themulch).
This was done once every other wk at a total of 39
locations permulch type and bait height. The number
of ants attracted to the baits was counted 2 h after bait
placement, after which time the baits were removed.

Effect of Mulch Around Trees. In the same ofÞce
park as above, 24 oak trees (3Ð5 m high, and 20m
apart), planted in a row alongside a parking lot and
each surrounded by a ring of pine needle mulch (1 m
wide and 30 cm high), were assigned equally (eight
replicates) to the following three treatments: 1) pine
needle mulch replaced with cypress mulch; 2) pine
needle mulch replaced with aromatic cedar mulch; 3)
pineneedlemulch left in place undisturbed (control).
Presence or absence ofArgentine ant nests in the pine
straw surrounding the trees had been recorded before
the start of the experiment (3 August, 2001), and each
treatment was assigned Þve trees with and three trees
without ant nests; however, all trees had ants trailing
along the trunk from the base to the canopy. During
the experiment (between 9 August and 5 October
2001) we conducted biweekly inspections for pres-
ence of ant nests in the mulch. Furthermore, we car-
riedoutbiweeklycountsof thenumberof antspermin
crossing (in both directions) an imaginary line sur-
rounding the tree trunk at a height of 1 m. No insec-
ticide was applied during the course of the experi-

ment, and the mulch was left undisturbed by us,
except during data collection.

Statistical Analysis. For each set of the laboratory
experiment, a linear regression (PROC REG, SAS In-
stitute 1998) was performed on the total number of
ants that died during the 5 d of the experiment, against
the log10 ofmulch section length. The total number of
ant nests and trails found alongside buildings, and the
mean number of ants attracted to the baits were an-
alyzed with a mixed model analysis of variance
(ANOVA) (PROCMIXED, SAS Institute 1998), with
building and building by mulch treated as random
effects.
The number of ant nests found around trees was

totaled over all dates and compared betweenmulches
using ANOVA (PROCGLM, SAS Institute 1998) after
square-root transformation of the data, and subse-
quent least signiÞcant difference (LSD). The pres-
ence or absence of nests before the start of the ex-
periment was treated as a factor in the design of the
analysis. The number of ants per min trailing on the
trees was compared between mulches using ANOVA
(PROC GLM, SAS Institute 1998), after square-root
transformation of the data.

Results and Discussion

Mortality because of Movement Across Mulch. Ant
mortality was positively correlated to mulch section
length where sucrose was available only on the end
opposite the nest (set B), requiring ants to cross the
aromatic cedar mulch to feed (Fig. 1; Table 1). Con-
versely, mortality and mulch section length were not
correlated when ants were able to access the sucrose
without having to cross the mulch (set A). At the end
of the 5 d experiment, 20Ð30% of the ants had died in
the control (no mulch) treatments of both sets and in
all treatments of set A, whereas�80% of the ants were
dead in the arenas of set B containing 75 cm of mulch
(Fig. 1). Low mortality in set A may have occurred
becausemost ants consumedthe sucrosenear thenest,
rather than trailing across the slightly repellent and
toxic (Meissner and Silverman 2001) mulch to the
distal food source. In set B, greatermortality, together
with daily collection of ants at the position opposite
the nest (Table 2), indicates that ants were not suf-
Þciently repelled by the mulch to prevent them from
walking across it to obtain food (even though mortal-
ity was slightly lower at the far end of the longest
mulch band compared with the three shorter ones).
Similarly, Thorvilson and Rudd (2001) found only a

Table 1. Regression statistics for the effects of mulch section
length on ant mortality

df
slope
(�SE)

t P R2

Sucrose only on far end 1 303.9 (28.9) 10.50 �0.0001 0.83
Sucrose on both ends 1 46.4 (32.5) 1.43 0.17 0.04

Table 2. Number (� SEM) of dead ants found on the end opposite the nest in arenas containing aromatic cedar mulch sections of
different lengths

Control 2.5 cm 5 cm 15 cm 30 cm 76 cm

Sucrose on both ends
(Set A)

8.9 (2.2) 21.4 (4.5) 16.6 (5.6) 7.1 (3.6) 7.3 (2.3) 5.1 (1.5)

Sucrose on far end only
(Set B)

21.8 (4.0) 9.9 (3.0) 32.0 (6.8) 17.4 (4.9) 13.0 (3.3) 7.6 (1.9)

Data averaged over days and replications (n � 16); data include days 1Ð4 of the experiment.

852 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 96, no. 3



slight repellency of aromatic cedar mulch to the red
imported Þre ant and hypothesized that the repel-
lency was partially counteracted by the attractiveness
of food.

Effect of Mulch Alongside Buildings. Over all sam-
pling dates, only three nests were found in aromatic
cedar, comparedwith 26 nests in cypressmulch.How-
ever, the difference in the number of ant nestswas not
statistically signiÞcant (Table3; df�1,2;F�10.81;P�
0.08). The results can therefore not be considered
consistentwith the Þndings of our previous laboratory
experiments, where Argentine ants rejected aromatic
cedar mulch as a nesting substrate, while they readily
accepted cypress mulch (Meissner and Silverman
2001). The Þrst detection of a nest in aromatic cedar
mulch occurred 8 wk after the Þrst detection in cy-
press (Fig. 2). It is not known which of the numerous
chemical compounds in aromatic cedar wood are ac-
tive against theArgentine ant and how stable they are;
however, our previous laboratory study demonstrated
toxic effects of themulchonArgentineants, evenafter
themulchhadbeen agedoutdoors for 140d (Meissner
and Silverman 2001).
Likewise, the number of ant trails leading across the

mulch was not signiÞcantly different between mulch
types (Table 3; df � 1,2; F � 0.31; P � 0.63). This may
have occurred because aromatic cedar mulch did not
completely repel ants, as revealed in the above labo-
ratory experiment. Possibly, the magnitude of trailing
activity differences may have been obscured by ants
trailing below the surface and consequently being less

visible in cypress mulch, while in aromatic cedar
mulch ants may minimize exposure by trailing on top
of the mulch only. Further research is needed to test
this hypothesis.
Regardless of theheightofbait placement, thenum-

ber of ants attracted to the baits was not signiÞcantly
different betweenmulch types (Table 4; df � 1,2; F �
0.51; P � 0.55 for high baits; df� 1,2; F � 0.03; P � 0.88
for low baits). This again demonstrates that the ants
crossed aromatic cedar mulch at least to some degree.
However, the ants had to cover only relatively short
distances (�0.5m) to gain access to the baits. Because
of the generally low number of ants on the baits and
minimal trailing activity, wewere not able to ascertain
whether they traveled longer distances across the
mulch or if they had moved predominantly along the
building walls and other mulch-free areas.

Effect ofMulchAroundTrees.Trees surroundedby
aromatic cedarmulchhad signiÞcantly fewer ant nests
than trees surroundedbycypressmulchor theoriginal
pine needle mulch (Table 5; ANOVA df � 2,18; F �
3.75; P � 0.02). Cypress mulch was not signiÞcantly
different from the pine needle mulch, indicating that
replacement of the mulch did not affect ant popula-
tions, and that ants recolonized the mulch within a
short period of time. Presence or absence of ant nests
before the experiment did not inßuence whether
mulch was subsequently colonized (df � 1,18; F �
0.01; P � 0.94). One week into the experiment, the
number of nests in cypress mulch was already greater
than before the study, whereas in aromatic cedar
mulch the Þrst ant nest was not found until 5 wk into
the experiment (Fig. 3).
The number of ants trailing along the tree trunks

was signiÞcantly different betweenmulch types (df�
2, 21; F � 4.93; P � 0.02). Again, cypressmulch did not
differ signiÞcantly from the original pine straw,
whereas aromatic cedarmulchhad lower ant numbers

Fig. 2. Total number of Argentine ant nests found on
each sampling date in aromatic cedar and cypress mulch
alongside buildings.

Table 3. Number of ant nests and trails in aromatic cedar and
cypress mulch placed alongside buildings

Mulch
Nests Trails

Mean (� SEM) N Mean (� SEM) N

Aromatic Cedar 0.5 (0.5)a 3 2.6 (0.8)a 3
Cypress 4.3 (1.6)a 3 3.4 (1.0)a 3

Means within a column followed by the same letter are not signif-
icantly different (PROC MIXED; P � 0.05).

Table 4. Number of ants on baits placed at two different heights
on (or above) aromatic cedar or cypress mulch around buildings

Mulch

Bait Height

1 m high On ground

Mean (� SEM) N Mean (� SEM) N

Aromatic cedar 2.8 (0.8)a 39 1.8 (0.5)a 39
Cypress 4.1 (1.1)a 39 1.7 (0.7)a 39

Means within a column followed by the same letter are not signif-
icantly different (PROC MIXED; P � 0.05).

Table 5. Number of nests (totaled over the sampling period)
per tree and number of ants trailing on the trunks of trees sur-
rounded by aromatic cedar, cypress, or pine needle mulch

Mulch
Nests No. ants on trails

Mean (� SEM) Na Mean (� SEM) N

Aromatic Cedar 0.5 (0.2) 8 37.9 (4.5) 8
Cypress 2.9 (0.61) 8 64.3 (5.7) 8
Pine Straw 2.9 (0.35) 8 56.3 (5.4) 8

a Number of trees in each treatment.
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(Table 5). To a large part, this was probably a result
of the absence of nests in the aromatic cedar mulch.
However, given that acceptable alternative nesting
substrate (e.g., original pine straw)was still surround-
ing the aromatic cedarmulch, it may also indicate that
many workers avoided crossing the mulch.
We suggest that aromatic cedar mulch may reduce

the number of Argentine ant nests in certain, well-
deÞned areas, such as in plant beds, alongside build-
ings, around landscape trees, aroundpicnic tables, and
so forth, thereby also reducing ant activity in these
areas. Results from our laboratory study suggest that
prolonged contact with aromatic cedar mulch is det-
rimental to Argentine ants (Meissner and Silverman
2001). In situations where availability of nesting sites
is limited, aromatic cedar mulch may be used to re-
strict nesting possibilities even further, thereby de-
creasing ant population size. Klotz et al. (1997) pro-
posed that the use of repellents, in combination with
traditional methods, may lead to more successful ant
control in residential areas. We suggest that aromatic
cedar mulch may be incorporated into residential ant
management programs to complement conventional
methods and reduce insecticide input. Additional re-
search is needed to characterize situations where the
applicationof aromatic cedar ismost promising, and to
test its application in combination with other control
methods.
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