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ABSTRACT. The species composition, abundance, and distribution of mosquito larvae in tires were deter-

nined on 3 dates at a relatively large rural tire dump (about 300,00O tires) in southeastern IL (Jasper County).

Several observations at this site differed from those in previous reports about mosquitoes in tireyards, including

1) a relatively high percentage of tires positive for Aedes triseriatus larvae in an open-field area,2\ a greater

abundance of Culex pipiens than Cx. restuans in late-season collections, 3) a seasonal change in the distribution

of Aedes atropalpus larvae in tires from open field and edge of woods areas, and 4) the presence of Ae. albopictus
as a major late-season species. Ae. albopictus adults were captured in sod-baited gravid traps along the edge of
a wooded rioarian area 200 m from the tire oile.

INTRODUCTION

Tire dumps are foci for the proliferation and dis-
persal of mosquitoes, potentially causing public
health problems that range from an increase in nui-
sance complaints to an increase in the transmission
of mosquito-borne pathogens (Reiter and Sprenger
1987, Mitchell et al. 1992).'flre interjection of non-
indigenous mosquito species like Aedes albopictus
(Skuse) into rural and urban tireyards can change
blood-feeding patterns and diel activity and, in
some cases, initiate interspecific competition for re-
sources (Restifo andLanzaro 1980, O'Meara et al.
1995). Conversely, waste tires can significantly im-
pact larval and pupal developmental rates relative
to other types of natural and artificial containers
(Gomes et al. 1995). This, in turn, can affect adult
size, fecundity, flight capability, and feeding behav-
ior, all of which are related to the vectorial capacity
of a mosquito species (Haramis 1984, Baumgartner
1988).

Tireyards seldom provide uniform habitats for
mosquito larvae. For example, tire position and ori-
entation influence the distribution and abundance of
mosquitoes (Novak et al. 1990, Morris and Rob-
inson 1994). Furthermore, the ecological setting of
a tire pile can have a dramatic effect on species
composition. For example, in IN and IL, Ae. tri-
seriatus (Say) larvae are usually collected from
shaded tires near trees or in woodlots, whereas Ae.
atropalpus (Coquillet) larvae are typically collected
from tires in open areas (Beier et al. 1983, Berry
and Craig 1984, Baumgartner 1988). In contrast,
Culex restuans Theobald and Cx. pipiens Linn. are
often found in tires from a variery of habitats. Lar-
val habitat segregation has been reported in other
tireyards (Andreadis 1988) and is probably the re-
sult of a combination of factors including oviposi-
tion preference, nutritional characteristics of the lar-
val habitat, temperature, and/or distribution pattern
of predators and pathogens.

Most midwestern studies on mosquitoes in tires
were conducted before the introduction of Ae. al-

bopictus, a species with a broad oviposition pref-
erence for natural and artificial containers in rural
and urban areas. In the spring of 1994, mosquito
samples collected by Kent Johnson (a Field Inves-
tigator for the Illinois Environmental Protection
Agency) from a relatively large rural tire dump in
Jasper County, IL, were identified as Ae. albopictus
at the Illinois Natural History Survey. We began
collecting mosquitoes at the Jasper County tire site
in Sept. 1994 in order to: 1) determine the species
composition and abundance of mosquito larvae at
a site where Ae. albopictus had been recently dis-
covered, 2) examine the variation in species popu-
lation dynamics from one year to the next and from
early season to late season, and 3) compare mos-
quito larval distribution in tires stored along the
edge of woods to that in tires stored in open areas.
There were 2 additional reasons for providing a de-
tailed record of mosquito species present at this
site. First. as the Illinois Environmental Protection
Agency had mandated the complete removal of
tires from this site, any future investigations to de-
termine the impact of tire removal would require a
record of the mosquito composition and abundance
in the area before tire removal. Second, data on
species composition could be useful in understand-
ing vector ecology, especially as the Centers for
Disease Control and the Illinois Department of Pub-
lic Health were actively testing pools of adult mos-
quitoes collected at the site for various mosquito-
borne viruses (Mitchell et al. 1996).

MATERHLS AND METHODS

Description of tire site and sampling methods:
The tire dump at the Jasper County site (38o52'N,
88'9'W) consisted of randomly stacked tires in 2
open field areas and one area along the edge of a
woods. In the open field, tires were stacked either
in a large, oval-shaped tire pile (about 125,0O0-
150,000 tires) or in several serpentine lanes (about
75,000-100,000 tires) through a meadow. At the
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northernmost end of the field, there was a circular
pile of tires (about 25,000-50,000 tires), with abour
one half of the perimeter of the tire pile adjacent
to a tree-lined riparian area. Most of the tires in this
ecotone area were shaded for at least part of the
day and contained decaying leaf debrii. The ma_
jority of tires (75-8OVo) in all areas were passenger
or light truck tires, although larger tires were scat-
tered throughout all the tire piles.

The first collection of mosquitoes from tires at
the site was conducted before the onset of tire re-
moval (September 21, 1994). By the next collection
date (June 12, 1995), about one half to two rhirds
of the large oval tire pile in the open area had been
shredded and shipped off the site. The final collec-
tion of larvae occurred after the removal of the en-
tire oval tire pile and about one third to one halfof
the open-fleld tire lanes (August 18, 1995). Ap-
proximately I month later, the tireyard cleanup was
completed. The processing and removal of tires at
the Jasper County site progressed from the large
oval tire pile to the serpentile tire lanes and then to
the shaded tires. During the cleanup, tires from
open and edge areas were not mixed.

Tires selected for sampling were from the perim-
eters of all large aggregates in the open field and
along the edge of the woods. Around the large,
oval-shaped tire pile at the southern end of the open
field, samples were taken about every 2O m. Two
or 3 of the tire lanes in the open field were sampled
about every 10 to 15 m on each collection date.
Tires from the smaller pile adjacent to the woods
were sampled about every 5 m.

The entire contents of tires were removed with
plastic cups and large-bulb pipettes. The material
was sieved through a flne-mesh screen (40 meshes
per cm) to retain larvae and pupae, including most
lst instars. In the laboratory, pupae were separated
from larvae and placed in containers with plastic
lids. Adults that emerged in these cups were re-
moved and identified within 1-2 days after eclo-
sion. The larvae from each tire were transferred to
individual enamel pans and reared to the 4th instar.
At this stage, all Culex and most Aedes larvae were
preserved in TOVo ethanol for identification later.
Anopheles species were separated from the other
species and reared to the adult stage for identifi-
cation. The Aedes larvae were carefully inspected
to distinguish between Ae. triseriatus and Ae. hen-
dersoni Cockerell andAe. atropalpus andAe. epac-
tius. A subsample of Aedes larvae was allowed to
pupate and identified as adults.

Gravid traps: Two standard CDC gravid traps,
baited with Kentucky bluegrass sod infusion, were
placed in the woods at 175 and 200 m from the
circular tire pile. Adult mosquitoes were collected
on August 18, 1995, after 18 h and later identified
in the laboratory. The sod infusion was prepared by
adding 2 pieces of 15 x l5-cm sections of sod to
about 15 liters of water in a l9-liter plastic bucket.
The mixture was aged for 2 davs under ambient

temperatures (27-33"C) and one half of the solution
and one piece of sod were placed in each gravid
trap tub.

Statistical analysis: The number of larvae of
each species per tire and the number of larvae of
each species per tire that was positive for that spe-
cies from open and edge-of-woods areas were
transformed by logarithm (x + l) for analysis of
variance tests. The comparison of the mean number
of larvae per tire between areas is an index of larval
abundance based on all the tires sampled in that
area, regardless of whether they were positive for
that species. A comparison of the mean number of
larvae per positive tire is essentially a mean for
only those tires having that species. Statistical anal-
yses of the number of larvae per positive tire were
not conducted on data for which there were fewer
than 3 positive tires. Means and standard deviations
are reported for the unffansformed data.

Differences in positive tires (percentage of tires
sampled in an area that were positive for a partic-
ular mosquito species) between open-field tires and
shade tires were determined by assigning a value
of I to positive tires and a value of 0 to negative
tires for each species and analyzing by Fisher's ex-
act test (a : 0.05).

To determine whether significant 2-species as-
sociations occurred in tires, chi-square analyses of
expected and observed co-occurrences were con-
ducted. The observed co-occurrence (percentage of
positive tires) for every 2-species combination in
each test was compared with the expected co-oc-
currence (the product of observed probabilities for
each species).

RESULTS

Abundanc e, prev alenc e, and habitat s e gre gation
in pooled data: On all collection dates, all wet tires
sampled from the perimeters of the various areas
were positive for mosquito larvae. Occasionally, a
tire was dry, in which case the next closest tire was
sampled. A brief inspection of dry tires revealed
that most had punctures or rips in the tread or side-
wall.

The pooled data from the 3 collections over the
2-yr period (Table l) indicate that overall species
abundances (percent of the total number of larvae
collected) at the tire site in descending order were:
Cx. pipiens (3O7o), Ae. atropalpus (22%), Ae. tri-
seriatus (l9Vo), Cx. restuans (lsEo), and Ae. albo-
pictus (lOVo). Each of the remaining species was
l7o or less of the total number of larvae collected
and included An. punctipennis (Say), Cx. territans
Walker, Cx. salinarius Coquillett, An. barberi Co-
quillett, Orthapodomyia signifera (Coquillett), and
Toxorhynchites rutilis septentrionalds Syar and
Knab. The percentages of all tires surveyed that
were positive for particular mosquito species for the
pooled data differed from those based on the order
of abundance: Ae. atopalprs were in TlVo of tlre
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Table l. Total number of larvae collected and percentage of tires positive for a species in tires from the-open field

(n = 59) and along the edge of the woods (n : 31) in iasper County, IL, 1994-95. The last column is the sum of

both areas and 3 collection dates.

Open field Edge of woods Total

Percentage
Number of of tires

Species larvae Positive

Percentage
Number of of tires

larvae positive

Percentage
Number of of tires

larvae positive

Aedes albopictus
Ae. atropalpus
Ae. triseiatus
Culex pipiens
Cx. restuans
Cx. salinarius
Cx. territans
Anopheles punctipennis
An. barberi
O rthopodomyia s i gnife ra
Toxorhynchites rutilis

septentrionalis

tt'7
597
22

986
414
25
25
J I

0
I

o

2 l
45

9
t 7
19
6
2

l 5
0
I

0

259
205
668
128
129

t 7
l 8
t 2
l 5
l 1

4

20
t 9
l 5
8
5
2
I
:)
J

J

I

3'�76
802
690

t , t t 4
543
42
43
49
l 5
t 2

1

4 7
64
24
25
) 4

8
j

20
J

4

1

tires sampled, Ae. albopietus were in 46Vo, Cx. pi-
piens were in 287o, Ae. triseriatu,s and Cr. restuans
were in 27Vo, and An. punctipennis were in 22Vo.
The remaining species were found in less than 1O7o
of the tires. The location of the tires affected both
abundance and prevalence of mosquito species
based on the pooled data. The 3 most abundant spe-
cies in the open-field tires were Cx. pipiens, Ae.
atropalpus, and Cx. restuans, whereas, in tires
along the edge of the woods, they were Ae. triser-
iatus, Ae. albopictus, and Ae. atropalpus (Table l).
The 3 most prevalent species (based on the per-
centage of positive tires for a particular species) in
the open field were Ae. atropalpus, Ae. albopictus,
and Cx. restuans, whereas, in tires along the edge
of the woods, they were Ae. albopictus, Ae. atro-
palpus, and Ae. triseriatus.

Seasonal variation and species distribution: TllLe
pooled values (Table 1) tended to mask temporal
variability in mosquito abundance and distribution,
particularly between the early- and late-season col-
lections (Thbles 2-4). The mean numbers of larvae
per tire and per positive tire (only those tires with
a particular species) were not significantly different
between the 2 late-season collections in 1994 and
1995 for Ae. albopictus and Ae. triseriatus, al-
though there were significant differences between
the 2 late-season collections for Ae. atropalpus and,
Cx. restuans.

On both late-season collection dates (Tables 2
and 4), Ae. albopictu,s had more larvae per tire from
the edge of the woods than from the open fleld.
Furthermore, the percentage of positive tires for Ae.
albopictus varied between the 2 areas in the 1995
late-season collection (Table 4) and marginally so
(p = 0.06) in the 1994 collection (Table 2). The
number of Ae. albopictus larvae was about 3O-4OVo
greater in tires from the edge of the woods than
from the open field in both years, respectively.
However, in positive tires, the mean number of lar-

vae per tire from the 2 areas did not significantly
differ in either late-season collection. Although Ae-
des albopictus accounted for only a moderate per-
centage of the total number of larvae collected on
both late-season dates in 1994 and 1995 (9 and
l9Vo, respectively), it was widely distributed, being
present in about TOVo of the tires. Aedes albopictus
were relatively rare in the early season collection,
with no obvious difference between tires from the
2 areas (Table 3).

Aedes triseriatus also had a greater mean number
of larvae per tire from the edge of the woods rel-
ative to the open field in the 1994 late-season col-
lection (Table 2), but it was only significant at the
lOVo level in 1995 (Table 4). Unlike for Ae. albo-
pictus, the mean numbers of Ae. triseriatus larvae
per positive tire were significantly different be-
tween the open and edge-of-woods areas in 1995
and marginally so in 1994 (P : 0.06). Differences
in the numbers of larvae per positive tire indicate
that either the number of eggs oviposited in the tires
or survivorship in tires from the 2 areas were dif-
ferent. From our data, we are not able to distinguish
between the 2 possible causes of differential larval
abundance.

Aedes triseriatus also differed from Ae. albopic-
/as in that the percentage of positive tires did not
significantly differ between areas in either late-sea-
son collection, despite the pronounced differences
in numbers of larvae per tire or per positive tire (as
discussed above). Some of the positive tires were
located about 30O m from the edge of the woods
in the open field.. Aedes tiseriatus accounted for 13
and 40Vo of the total number of larvae and 33 and
35Vo of the positive tires in the late-season collec-
tions in 1994 and 1995, respectively (Tables 2 and
4). In the early-season collection (Table 3), Ae. trt-
seriatus larvae were found exclusively in tires from
the edge of the woods, wit}t about 607o of those
tires being positive for that species. This species
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Table 2' Mean number of larvae per tire, mean number of larvae per tire positive for a species, and percentage oftires positive for a species in tires from the open field (n = 22) ni from the edge of the woods (n = ll) in Jasper
County, IL, September 1994.

Species Location
Mean no, of

larvae per tire

Mean no. of
larvae per

Percentage
of tires

P positive tire P positive p

Aedes albopictus

Ae. atropalpus

Ae. triseriatus

Culex pipiens

Cx. restuans

Cx. salinarius

Cx. territans

Anopheles
punctipennis

An. barberi

Orthopodomyia
signifura

Toxorhynchite s rutilis
septentrionalis

Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods

3.7 + 5.8
9.4 + tt .3 0.03
4.1  +  9 .7
1.5 + 2.5 0.49
o.9  +  L .7

22.3 + 53.5 0.05
40.o + 64.6
10.4 + 26.0 0.13
tt.o + 29.2
14.0  +  31 .8  0 .96
l . l  +  3 . 0

O NA'
0.1 + 0.4
1 .6  +  5 .4  NA
0.6  +  1 .2
o.2 + 0.4 NA

0
0.6 + 1.4 NA

0.05 + 0.2
0.4 + 0.9 NA

0
O N A

6.3 + 6.4
10.3  +  l l .4  0 .28
8.2 + 12.7
4.O + 2.7 0.47
3.O +  2 .1

49.O + 74.3 0.06
62.9 + 72.1
22.8 + 36.6 0.17
24.2 + 40.5
3t.o + 47.O 0.78
4.2 + 4.8

O N A
z

18 NA
2.3  +  1 .O

I N A
o

3.5 + 0.7 NA
2.O + 1.4

l N A
0
O N A

59.1
90.9 0.06
50.0
36.4 0.4'l
27.3
4s.5 0.3r
63.6
4s.s 0.33
45.5
36.4 0.63
27.3
o  >0.1
4.5
9.1 >0.05

27.3
r8.2 0.58
0

18.2 >0.05
4.5

18.2 >0.05
0
O N A

I NA = Not analyzed due to a zero value, absence of vaiance, or fewer than 3 positive tires (for mean per tire or mean per positive
tire). Fisher's exact test was used to test differenes between percentages of tires positive for a species in each area.

Table 3. Mean number of larvae per tire, mean number of larvae per tire positive for a species, and percentage of
tires positive for a species in tires from the open field (n = 27) and from the edge of the woods (n : lO) in Jasper

County, IL, June 1995.

Species Location
Mean no. of

larvae per tire

Mean no. of
Iarvae per

positive tire

Percentage
of tires
positive PPP

Aedes albopictus

Ae. atropalpus

Ae. triseriatus

Culex pipiens

Cx. restuans

Cx. salinarius

Cx. territans

Anopheles
punctipennis

An. barberi

Orthopodomyia
signifera

Toxorhynchites
rutilis septrionalis

Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods

o.5
0.4 0.80
9.4
10.7 0.80

3.9 NA

NA
19.9
1.6 0.27

NA
4.4

NA
1 . 5
1.3  0 .36

1.3  +  0 .6
1 . 0

13.8  +  8 .8
t2.o + to;l

0
5 .0  +  3 .8

0
0

l 9 . l  +  3 1 . 8
)
0
0

Z J

o
2.6  +  t .6

4.O
0
o
0
0
0
0

l l . l
NA' IO

88.9
o.54 100

0.0
NA 60.0

0
N A O

33.3
NA 10.0

0
N A O

10.0
N A O

29.6
NA lO.O

o
N A O

0
N A O

0
N A O

0 . 1
0 . 1

12.3
12.o

3 .O

6.4
0.5

o.9

0 .8
o.4

-
+

+

+

0
+

0
0
+

+

0
0
+

o
+

I

o
o
0
o
o
0

NA

>0.50

0.28

<0.05

NA

>0.10

NA

>0.10

>0.1o

NA

NA

NA

NA

NA

' NA = Not analyzed due to a zero value, absence of vrimce, or less than 3 positive tires (for mean per tire or mean per positive

tire). Fisher's exact test was used to determine significant differences between the number of positive tires in each rea.
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Table 4. Mean number of larvae per tire, mean number of larvae per tire positive for a species, and percentage of

tires positive for a species in tires from the open field (n : 10) and from the edge of the woods (n : 10) in Jasper

County, IL, August 1995.

Mean no. of
larvae

Location per tire P positive tire P positive P

Mean no. of
larvae per

Percentage
of tires

Species

Aedes albopictus

Ae. atropalpus

Ae. triseriatus

Culex pipiens

Cx. restuans

Cx. salinarius

Cx. territans

Anopheles
punctipennis

An. barbei

Orthopodomyia
signifera

To xo rhy nc h ite s rutili s
septentrionalis

Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods
Open field
Edge of woods

3 . 1  +  4 . 5
15.5  +  16 .0
17.5  +  15 .5
6.9 ! 8.7
o.4 + o.7

39.3 + 73.7
to.1 + 32.4
1 .4  +  3 .2

0.o
0
0

1.9 + 5.3
0
0

o.2 + 0.6
0 .6  +  1 .6

0
0.8 + 2.5

0
o.7 + 2.2

0
0.4 + 1.3

6.2 + 4.7
t7.2 + 15.9
17.5  +  15 .5
13.8  +  7 .3

1 .3  +  0 .6
98.3 + 92.6
35.7 + 58.3
4.7 + 4.7

0.0
0.0
0

8.5 + 10.6
0
0
2

3.0 + 2.8
o
8
o
7
0
4

50
90

100
50
30
40
30
30
0
0
0

20
0
0

10
20
0

lo
0

10
o

t0

NA

NA

NA

NA

NA

NA

NA

o.o2

0.05

o.09

0.58

NA

NA

NA

0.53

0.19

o.82

0.05

0.60

NA

0.05

<0.05

o.66

NAl

NA

>0.05

>0.05

>0.05

>0.05

>0.05
rNA : Not malyzed due to a zero value, absence of variance, or fewer than 3 positive tires (for mem IEr tire or mem per positive

tire). Fisher's exact test was used to test differences between percentages of tires positive for a slrecies in each rea.

exhibited the only early-season significant differ-
ence between open-field tires and tires along the
edge of the woods in terms of number of larvae per
tire and percent positive tires.

In the 2 late-season collections of 1994 and
1995, Ae. atropalpus accounted for 5 and 25Vo of
the total number of larvae in tires and were in 45
and 75Vo of the tires surveyed. There was a signif-
icant increase in the number of Ae. atropalpus per
tire between 1994 and 1995 (P : 0.0O1). The
pooled data (Table l), as well as the late-season
collection in August 1995 (Table 4), indicated a
greater number of larvae and a higher percentage
of positive tires in the open field for Ae. atropalpus.
This trend was not apparent in the early-season col-
lection (Table 3) or in September 1994 (Table 2).
The number of larvae per positive tire did not differ
between the 2 areas on any of the collection dates.
Aedes atropalpus was the most prevalent species in
the early-season collection in 1995 (Table 3) (pres-
ent in 92Vo of all tires surveyed) and was equally
abundant and distributed in tires from the open field
and from the edge of the woods (accounting for
63Vo of all the mosquito larvae collected in June
1995).

Tlre Culex species exhibited considerable vari-
ability in abundance between the 2 late-season col-
lections (Thbles 3 and 4); however, none of the Cu-
/ex species showed a pronounced habitat segrega-
tion as with the Aedes species. The overall per-
centages of total number of larvae collected

(abundance) and of positive tires (prevalence) of
Culex species in 1994 were 5OVo abundance and
58Eo prevalence for Cx. pipiens, l87o abundance
and 42Vo prevalence for Cx. restuans, lqo abun-
dance and l8Eo prevalence for Cx. salinarius, and
lVo abwdance and,6Vo prevalence for Cx. territans.
In 1995, the overall abundance and prevalence (in
parentheses) for Cx. pipiens were l2vo (3O7o) and
for Cx. salinarius,2To (lo7o). Culex restuans and
Cx. territans were not present in the late-season
collection in 1995. Furthermore, there were signif-
icantly more Cr. pipiens larvae per tire in 1994
than in 1995 (P < O.O0O1). The Culex data were
extremely variable due to the occasional collection
of recently hatched egg rafts and their sporadic dis-
tribution. Culex pipiens was absent early in the sea-
son (Table 3) but was abundant in the later season
collections (Thbles 2 and 4). Culex restuans had an
opposite seasonal abundance, being present early in
the season (25Vo of the total number of larvae col-
lected) and either absent (Table 4) or less abundant
than Cr. pipiens later in the season (Table 2). The
incidence of Cx. temitans and Cx. salinarius was
so low that little can be said about their distribution
and abundance or seasonal changes in these factors.

Aedes albopictus and Culex territans were rela-
tively rare in the early-season collection (Table 3).
Culex pipiens, Cx. salinarius, An. barberi, Ortho-
podomyia signtfera, and Toxorhynchites rutilus
septentrionalis were not collected from any of the
tires sampled in early 1995. Anopheles punctipen-
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nis was also not abundant in any of the collections,
but it was consistently recovered from tires both in
the open field and along the edge of the woods in
both late-season collections. In contrast, An. bar-
beri was recovered only from tires along the edge
of the woods, although it was relatively rare (Tables
2 and,4\.

Species associations: Chi-square tests for all
possible 2-species associations revealed that none
were significant; therefore, the 2-species assortment
of mosquito larvae in tires appears to be random.
However, the co-occurrence of Ae. atropalpus and
Ae. triseriatus in tires from the edge of the woods
appeared to have an effect on the number of Ae.
triseriatus larvae per tire based on the pooled data
from the 2 late-season collections. In the open-field
tires, the mean numbers of larvae for Ae. triseriatus
were 2.7 and 1.5 larvae per tire in the presence and
absence of Ae. atropalpus, respectively, whereas
along the edge of the woods there were 4.6 and
124.4 Ae. triseriatus larvae per tire in the presence
and absence of Ae. aftopalpas, respectively. Anal-
ysis of variance indicated a significant difference in
mean number of Ae. triseriatus latvae due to lo-
cation (P : 0.0001), co-occurrence with Ae. ato-
palpus (P : 0.0002), and the interaction of tllLe 2
factors (P : 0.0001). Thus, the presence of Aa.
atropalpus larvae had little impact on Ae. triseria-
tas numbers in the open field; however, in tires
along the edge of the woods, the presence of Ae.
triseriatus and Ae. atropalpus in the same tire was
marked by a signiflcant reduction in the number of
Ae. triseriatus larvae. The nature of this interaction
or whether it is a statistical aberration cannot be
determined from our field data.

Collection of adults in gravid traps: Two gravid
traps were placed along the tree line at 175 and2OO
m from the tire pile (August 17,1995). Three spe-
cies were collected Ae. albopictus, Cx. pipiens, and
Ae. triseriatus. There were totals of 128 females
and 2 males of Ae. albopictus, 34 females of Ae.
triseriatus, and 57 females and 1 male of Cx. pi-
piens.

DISCUSSION

Several observations at the Jasper County site
differed from those in previous reports of mid-
western tireyards (Beier et al. 1983, Berry and
Craig 1984, Baumgartner 1988), including 1) a rel-
atively high percentage of tires positive for Ae. tri-
seriatus in open-field areas, 2) a greater abundance
of Cx. pipiens than Cr. restuans in late-season col-
lections. 3) seasonal variation in the abundance and
distribution of Ae. atropalpus larvae in the tireyard,
and 4) Ae. albopictus as a major late-season spe-
cies. Furthermore, sod-baited gravid traps collected
Ae. albopictu,s at least 200 m from the tire pile,
indicating that this species either forages along the
edges of wooded areas or has become established
in natural (treeholes) or artificial (cans, buckets, and

other debris) containers along the edge of the
woods. A survey of larvae from a large basal tree-
hole and 2 artificial containers recovered onlv Ae.
triseriatus larvae.

Although Ae. triseriatu.r was more abundant in
the shaded ecotone tires than in the exposed field
tires, the percentage of tires positive for this species
did not differ between the 2 areas in the September
1994 and. August 1995 collections. A small per-
centage of Ae. triseriatas adults may disperse into
open areas and oviposit, thus increasing the poten-
tial risk to humans that live near tireyards of
LaCrosse encephalitis (Berry and Craig 1984, An-
dreadis 1988). Some of the tires positive for this
species in our study were farthest from the woods
(200-3OO m). The l6-75-fold difference in mean
numbers of Ae. triseriatus larvae per positive tire
between tires along the woodland ecotone and
those in the open field indicates either that fewer
eggs were oviposited in the open-field tires or that
there was greater mortality in these tires. In a pre-
vious study, when Ae. triseriatus larvae were found
in exposed tires, their abundance was usually one
third of that in shaded tires (Beier et al. 1983). Ad-
ditional studies will be necessary to determine the
cause of this difference in larval abundance due to
tire placement.

Several investigators have noted a greater abun-
dance of Cx. restuans than of Cx. pipiens in tire-
yards despite a prevalence of Cx. pipiens in the
surrounding environment, especially late in the sea-
son (Baumgartner 1988, Beier et al. 1983, Berry
and Craig 1984, Andreadis 1988). This was not ob-
served in our study, although we did not determine
the relative abundance of Culex adults in the sur-
rounding area. Berry and Craig (1984) noted that
thLe Culex preference for tires may vary with the
age of tires. We recorded a change of early-season
abundance by Cx. restuans to a late-season abun-
dance by Cx. pipiens at the Jasper County site in
1995. This pattern is common in urban habitats in
central IL (Lampman and Novak 1996a). Based on
our results, pooled data from early- and late-season
collections should not be used to infer a preference
of Cx. restuans for tires (Baumgartner 1988, Beier
et al.  1983).

Although most studies indicate that Ae. atropal-
pus is primarily restricted to open areas (Beier et
al. 1983, Berry and Craig 1984), it is occasionally
found in shaded tires (Andreadis 1988). In Jasper
County, the high abundance and wide distribution
of Ae. atropalpus in open-field and ecotone tires in
the early-season and very-late-season collections
may reflect a strategy by this species to exploit a
variety of habitats before other species are abun-
dant. Aedes atropalpus has several characteristics
that favor a rapid exploitation of early-season hab-
itats. For example, at least a portion of the first
generation may be produced autogenously, and
some eggs are oviposited on the surface of the wa-
ter and therefore do not necessarily require a flood
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to hatch, as do the eggs of Ae. albopictus and Ae.
triseriatus (Beny and Craig 1984). The only biting
species that we noted during the June collection at
the tireyard was Ae. atropalpus, which was partic-
ularly abundant early in the season. This may in-
dicate that this species has a shorter diapause in this
area than Ae. albopictus and Ae. triseriatus. Berry
and Craig (1984) found that Ae. atropalpus was
present in early June (before Ae. triseriatus) in
northern IN, but their data suggest that Cx. restuons
is the earliest colonizer of tireyards. In our collec-
tion (southeastern IL), Ae. atropalpus was the most
abundant species in June and was equally distrib-
uted throughout the tireyard. There was a signifi-
cant increase in Ae. atropalpus abundatce from
1994 to 1995, which supports the conclusion that
this species can rapidly dominate a tireyard (An-
dreadis 1988).

Aedes albopictus was, in general, more frequent-
ly encountered in tires along the edge of the woods
than in tires from the open field, which agrees with
other studies on the habitat distribution of this spe-
cies (Peacock et al. 1988). The majority of recap-
tured marked Aedes albopictus adults at a tireyard
was also found along the edge of the woods (Nie-
bylski and Craig 1994).In southeastern FL, Ae. al-
bopictus is a dominant container species in rural
areas or areas with undeveloped tracts of land
(O'Meara et al. 1995). Since Ae. albopictus and Ae.
triseriatus share a preference for tires along the
edges of woods, the potential for an interaction be-
tween these species is high. At the Jasper County
tire site, Ae, albopictus was less abundant than Ae.
triseriatus in the tires along the edge of the woods;
however, Ae. albopictu,s was more widely distrib-
uted in both the edge and open-field tires.

The pooled data provided an index of the relative
abundance and prevalence of each mosquito species
at the tire site in Jasper County; however, they tend-
ed to mask seasonal differences. For example, Ae.
albopictus was a rare species in early 1995, yet it
was the 3rd most abundant and 2nd most prevalent
species later in the season. In Louisiana, pupal den-
sities ofAe. albopictus are generally high from June
through September (Willis and Nasci 1994). The
low early-season abundance of Ae. albopictus in
our study may be due to a high winter mortality of
eggs (Hanson and Craig 1995) and/or a slower de-
velopment due to the cooler IL femperatures. Sim-
ilarly, Ae. triseriatus was collected exclusively in
tires from the edge of the woods, albeit in relatively
low numbers, in June 1995, but it was the most
abundant edge-of-woods species by dugust 1995.

The distribution of mosquitoes in a tireyard is
primarily influenced by the age, size, and physical
sffucture of the tire dump; the heterogeneity of the
environment; weather conditions (temperafure and
rainfall); availability of suitable bloodhosts; and the
bionomics and behavior of the associated mosquito
species (Novak et al. l99O). Habitat segregation, a
difference in larval abundance, and/or prevalence

in the open and edge-of-woods tires was docu-
mented in one or more collections for Ae. albopic-

tus, Ae. triseriatus, and Ae. atropalpus' In some

cases (e.g., Ae. albopictus and Ae. atropalpus), the
mean numbers of larvae per tire and the percent-

ages of positive tires were significantly different be-
tween the open field and ecotone areas, but the
mean number of larvae per positive tire was not
different between the 2 areas. This probably indi-
cates that the gravid female selected specific areas
to oviposit, but when she oviposited in a less pre-
ferred area she still oviposited a normal comple-
ment of eggs. Conversely, when the mean numbers
of larvae per tire positive for a species differed be-
tween open tires and ecotone tires (e.g., Ae. tri-
seriatus), this indicated that either the gravid fe-
male oviposited fewer eggs in one area or there was
a differential survival (Beier et al. 1983). Our ex-
perimental design does not allow us to differentiate
between these two options. Habitat segregation may
also be seasonally labile. For example, Ae. atro-
palpus was equally distributed between open-field
and edge tires early in the season and was more
frequently found in open tires later in the season.
The difference in this case may be the amount of
shade. Very early (June 1995) and very late (Sep-
tember 1994) in the season, there was less foliage
present, thus reducing the amount of shade, es-
pecially in comparison to the August 1995 collec-
tion.

At the Jasper County site, there was an absence
of signiflcant 2-species interactions in regard to
co-occurrence, unlike in the report of Beier et al.
(1983) in IN. They found a negative interaction be-
tween Ae. triseriatus and Cx. pipiens in shade tires
and a negative interaction between Ae. atropalpus
and Cx. restuans in open-field tires. The differences
between the two studies may be due to smaller
sample size on our part, differences in the species
composition, and/or the physical structure of the
tireyards. Beier et al. (1983) also pooled early- and
late-season collections from several different sites,
which may have created statistical artifacts. Sur-
prisingly, we did find an apparent association in our
study between Ae. atopalpus and, Ae. triseriatus.
The 2 species were usually in equal numbers when
collected together or separately from tires in the
open field; however, when collected together from
tires along the edge of the woods, there was a dis-
proportionately lower number of Ae. triseriatus lar-
vae than of Ae. atopalpus larvae. The low number
of Ae. triseriatus larvae was not found in tires from
the same edge of the woods area when Ae. trise-
riatus was present bttt Ae. atropalpus was not. The
absence of an association between these species in
open-field tires is probably because the number of
Ae. triseriatus larvae in each tire was already low,
regardless of the presence or absence of Ae. atro-
palpus. However, from our data, we were unable to
determine the cause of the variation in larval abun-
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dance when these 2 species were found together in
tires along the edge of the woods.

The capture of Cx. pipiens, Ae. albopictus, and
Ae. triseriatus in gravid traps placed in the woods
indicates that adults of these species either move at
least 200 m away from the main tire dump or are
well established in containers in the woods (Lamp-
man and Novak 1996b). The latter explanation is
unlikely as we only found Ae. triseriatus in natural
and artificial containers in the woods. The relative
proportions of species caught in the gravid traps
was unlike the abundance and prevalence of larvae
in the tireyard. The most abundant species in the
tires, Ae. triseriatus, was underrepresented in the
gravid traps, and, Ae. atropalpus, which was abun-
dant in the tires, was not collected in the gravid
traps. This may indicate that Ae. atropalpus adlults
are not foraging in woods, unlike Ae. albopictus.
Alternatively, the factors attracting Ae. albopictus,
Ae. triseriatur, and C.r. pipiens to the gravid traps
may not affect the searching behavior of Ae. atro-
palpus. Aedes albopictus are known to readily dis-
perse from tire sites to nearby wooded areas (Nie-
bylski and Craig 1994).
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