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ABSTRACT: The South Texas region has a historical record of occasional dengue outbreaks. The recent introduction of chikungunya virus to the Caribbean
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evidence of habitat and longitudinal preference of two vector species, Aedes acgypti and Aedes albopictus. A. aegypti was more prevalent in tire shop sites, while

A. albopictus was more prevalent in cemetery sites. In residential sites, the relative abundance of the two species varied with longitude, with 4. albopictus

being more abundant near the coast, and 4. aegypti being more abundant inland. There was also a temporal variation, with 4. aegypti declining in frequency

over time in residential sites. These results have implications for control strategies and disease risk and suggest a greater need for increased surveillance and

research in the region.
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Introduction

Vector-borne diseases are a critical worldwide issue.b2
Increased travel by people and range expansion of mos-
quitoes due to global warming has resulted in spreading
mosquito-borne pathogens to places where they have previ-
ously been eradicated or were nonexistent.>* Dengue virus is
one such pathogen. This virus has been reintroduced to pre-
viously eradicated locations, and is spreading to areas where
it has never been observed.” Dengue virus is a vector-borne
RNA virus from the family Flaviviridae that has become
one of the most common arboviral diseases in the world,
with an estimated 390 million people affected worldwide.*
Dengue virus historically has been transmitted in Northern
Mexico; however, there is an extreme disparity between the
infections rates of dengue virus in South Texas and Mexico.
From 1980 to 1999, over 60,000 dengue cases were reported
in Mexican border states, while Texas only reported 64
cases along the border region.’ Previously reported cases of

endemic transmission occurred during corresponding out-
breaks in Northern Mexico in 1995, 1999, and 2005. In late
2013, 10 positive cases were identified in Hidalgo County,
and another 11 positive cases were observed in Cameron
County, both of which are border counties. These data sug-
gest that dengue is an ongoing concern in South Texas and
the border region.

Chikungunya virus has shown a similar pattern as an
emerging pathogen. Prior to 2007, chikungunya virus was
localized in the Indian Ocean region, but since then it has
experienced a rapid spread throughout the world.1®!! Chikun-
gunya virus is an RNA, vector-borne virus in the togaviridae
family.!?"" In late 2013, there were reported cases of endemic
transmission in the Caribbean island of Saint Martin.!
This was the first reported case of endemic transmission in
the Western hemisphere. As of May 2014, this region has
reported over 100,000 suspect cases and over 4,000 laboratory

confirmed cases.!®
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Knowledge of distribution patterns, temporal abundance,
and habitat preferences of the disease vectors will allow public
health officials to more accurately predict the location and tim-
ing of potential outbreak events. Aedes aegypti is the primary
vector of dengue virus, although A. albopictus has been shown
to be capable of transmitting the disease as well.’~20 Both spe-
cies are also capable of transmitting chikungunya virus.>13715
Both species are commonly found in habitats that are asso-
ciated with human presence and activity.!! 4. aegypti and
A. albopictus share similar biological and behavioral character-
istics; they are both container-breeding mosquitos and often
compete with each other for resources.?’2> Many studies have
focused on these species in the Florida environment.?226-31
While these studies have suggested that 4. albopictus may
outcompete A. aegypti in more humid areas, they have also
suggested that in drier, hotter areas, 4. aegypti may be able
to persist.3® Studies have also shown a longitudinal variation
in the relative abundance of both species.’! This result was
hypothesized to be due to the relative lack of cover near the
coastline, resulting in a more favorable habitat for 4. aegypti.
In a study comparing the land categories of residential, indus-
trial, and commercial areas, 4. aegypti were more abundant
in residential areas than in industrial and commercial areas,
whereas 4. albopictus had the lowest abundance in residential
areas, followed by abundance in industrial and commercial
areas.?’

Although there have been numerous studies that have
examined both these vectors, there has been limited research
of these vectors in the Lower Rio Grande Valley, Texas
(consisting of Starr, Hidalgo, Willacy, and Cameron coun-
ties in Texas), a region that may represent a potential loca-
tion for introduction of diseases. South Texas, and specifically
the Lower Rio Grande Valley, is a subtropical region of Texas
similar to Florida,3? although historically it has a hotter and
drier climate. Factors that influence the abundance and distri-
bution of these two vectors in Florida may differ in this region
of South Texas. In addition, the Lower Rio Grande Valley
region is adjacent to Northern Mexico where endemic dengue
is present, while Florida is a peninsula that does not directly
border a country with endemic dengue. Immigration of indi-
viduals from Mexico may present a direct source of introduc-
tion of vector-borne disease. Previous research has identified
both vectors in this region.3 This research was conducted in
only one location and did not address how environmental fac-
tors such as distance from the coast, temperature, or humidity
may influence vector distribution.

We hypothesize that the relative abundance of the two
vector species will vary directly with distance from the coast.
The coastal region of Florida is more developed, making it
a prime habitat for 4. aegypti, while moving inland results
in increased cover and vegetation, a more suitable habitat for
A. albopictus. We hypothesized that the Lower Rio Grande
Valley would show a different pattern due to differential
development and land use, as well as local environmental

factors. We conducted a field survey for A. aegypti and
A. albopictus to examine habitat preference and abundance
based on habitat type, as well as changes in abundance and
distribution relative to distance to the coast. We examined
three habitat types, tire shops, cemeteries, and residential
areas, within six cities in the lower Rio Grande Valley along
a longitudinal gradient. We hypothesize that a greater abun-
dance of 4. aegypti would occur further away from the shore-
line, where there is less vegetation to provide shade, lower
humidity, and warmer temperatures. We also hypothesize
that we would find more A. aegypti in tire shops, similar to
patterns expected from studies in Florida.?22%3435 The cur-
rent study continues and expands on a previous study with

additional results and analysis.3®

Materials and Methods

Field sites. Eleven field sites were selected in South
Texas, within the cities of McAllen (3 sites), Weslaco (1 site),
Mercedes (2 sites), Los Fresnos (2 sites), Laguna Vista (1 site),
and Port Isabel (2 sites) (Fig. 1). The cities were chosen based
on their relative proximity to the Gulf of Mexico and the pres-
ence of different habitat types. Table 1 shows each site, along
with the type of habitat, coordinates, and mean temperature
and humidity during the collection periods, the number of
oviposition cups at each site, and the number of eggs collected
at each site. Trapping sites were classified as cemeteries, tire
shops, and residential areas. Cemeteries were well shaded with
well-tended lawns, many trees, but little understory vegeta-
tion. Tire shops had little to no shade but contained a number
of potential oviposition sites in used tires that were scattered
around the locations. Residential areas were well shaded, often
with many shrubs, or bushes, and many had well-tended lawns.
Ten to 20 oviposition traps were placed in shaded or protected
regions in the sites depending on the size of the site.

Field collecting. From May to August 2013, field col-
lections for A. aegypri and A. albopictus were conducted weekly
at the field sites. The collection period was based on previous
research indicating when the two mosquito species of inter-
est were most likely to be collected.®® Oviposition traps con-
sisted of a black cups filled with 300 mL of deionized water
and a wooden tongue depressor (stake) secured to the cup
with a binder clip. Wooden stakes were scored with a razor
blade prior to use to create a more realistic natural surface for
mosquito oviposition. All stakes were collected and replaced
weekly. Water in the cups was refilled as needed. Missing or
damaged cups were also replaced as needed. Temperature and
humidity for each site was recorded weekly during each field
collection, primarily between 8:00am and 10:00am, using a
handheld Kestrel probe. All stakes were returned to the labo-
ratory for inspection.

Eggs were counted on each wooden stake following
removal from the field. Eggs were visually identified as hatched
orunhatched when possible. Stakes containing unhatched eggs
were hatched in an aerated 1.0 g/L nutrient broth solution.
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Figure 1. The six city locations where field sites were established. Each city contained between 1 and 3 field sites. The approximate locations of the field

sites are labeled with an “X” on the map.

Stakes were submerged for 24 hours as described by Vitek and
Livdahl.%” After the eggs were hatched, larvae were counted
and placed in rearing pans at low densities (50 larvae per small
pan (9.75 X 7.75 in) or 150 larvae per large pan (13.5 x 10 in)).
Larvae were fed 0.1 g of liver powder ad /ibitum. Pupated
larvae were transferred into smaller containers, 10 pupae per
container, and left to emerge to adults. Adult mosquitos were
frozen and identified to species and recorded as A. aegypti or
A. albopictus. After hatching, wooden stakes were inspected
again and total number of hatched, unhatched viable, and
unhatched nonviable eggs were recorded.

A. aegypti has been shown to be at a competitive dis-
advantage when reared in the presence of 4. albopictus.>'%3®
Species identification was not conducted until adult emer-
gence. To negate the possibility that larval competition was

influencing the survivorship of one of the species, we also
examined total larval mortality and the number of 4. aegypri
adults from each rearing pan compared to the number of
A. albopictus.

Statistical analysis. Hatch rates were calculated based
on the percentage of viable eggs that hatched at each hatch-
ing attempt. Larval survival was calculated by dividing the
total emerged adults from the total number of hatched lar-
vae (counted immediately after hatching). Species percentage
consisted of the relative abundance of 4. albopictus to total
hatched larvae. Egg counts per week per trap were used as a
relative estimate of mosquito abundance.

Multifactor ANOVA was used to analyze the effect of
temperature, humidity, habitat type (tire, cemetery, residen-
tial), and proximity to the coast on mosquito abundance. Egg

Table 1. Site data from the field sites.

CITY HABITAT TYPE LONGITUDE MEAN MEAN NUMBER OF TOTAL NUMBER OF
TEMPERATURE (°C) HUMIDITY OVIPOSITION TRAPS EGGS COLLECTED
McAllen Cemetery 98.2350 30.1 63% 20 34.03
Tire Shop 98.2606 31.3 58% 10 215
Residential 98.2401 3341 52% 20 297
Weslaco Cemetery 97.9932 29.9 67% 20 1262
Mercedes Tire Shop 97.9151 29.8 69% 10 1752
Residential 97.9014 29.7 67% 10 2024
Los Fresnos Cemetery 97.4971 281 77% 15 905
Residential 97.4782 30 68% 10 379
Laguna Vista Residential 97.2568 29.7 67% 10 1369
Port Isabel Cemetery 97.2114 30.5 66% 10 909
Tire Shop 97.2098 29.8 69% 10 201

Note: Temperature and humidity were recorded weekly at each of the field sites during oviposition collections.
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collection data were log transformed to meet assumptions of
normality. When needed, pairwise comparisons were con-
ducted using Tukey—Kramer highest significant difference
tests. Species composition was analyzed using a multinomial
logistic regression, with longitude, habitat type, and epiweek
as potential factors, affecting the probability of eggs being
either A. aegypri or A. albopictus. Nonsignificant interactions
were removed from all statistical models to avoid inflation of
the degrees of freedom. All statistical analyses were conducted

using JMP version 11.0.%

Results

Field sites. The mean temperature was 30.2 °C, with
a standard deviation of 2.94 °C. The mean humidity was
65.47%, with a standard deviation of 11.7%. Both temperature
and humidity were correlated with the site longitude. Regres-
sion analysis suggests that temperature decreased significantly
F =5.068) relative to proximity to the coast, while humidity
showed a significant increase (= 14.034, P=0.0003) in sites
closer to the coast. Neither temperature (F =1.088, P=0.299)
nor humidity (F = 3.279, P = 0.731) were significantly cor-
related with the week of collection. In addition, using an
ANOVA analysis, neither temperature (¥ = 1.587, P=0.209)
nor humidity (F = 1.833, P = 0.165) differed between resi-
dential, cemetery, and tire shop field sites. Temperature and
humidity were included as variables in all subsequent analyses,
when possible.

Field collections. A total of 12,716 eggs were collected
from all field sites over the trapping period. The collection
numbers were converted into an egg/cup measurement for
each day, at each site, to account for any differences between
the total numbers of cups at each site. This number was used
for comparisons and analysis. The total number of cups at each
site did not significantly influence the number of eggs per cups
(F = 2.685, P=0.104). A multiple ANCOVA was used to
identify the influence of epiweek, habitat type (cemetery, resi-
dential, or tire shop), and longitude on the numbers of eggs
(transformed to meet assumptions of normality) per cup over
the entire collection period, with temperature and humid-
ity and covariates. Epiweek refers to epidemiological week,
beginning on Sunday and ending on Saturday, and is a stan-
dardized method of counting time intervals across years. The
overall ANCOVA was significant (F=6.40, P < 0.0001). Two
significant interactions were identified, habitat type*longitude
(F=10.068, P=0.0001) and longitude*humidity (F = 5.427,
P =0.0218). In addition, longitude (F = 8.567, P = 0.0042)
and habitat type (F=4.353, P=0.0153) were both significant.
Pairwise comparisons of the habitat types indicated that tire
shops were significantly different from cemeteries (with ceme-
teries having more eggs collected), while residential areas were
not significantly different from either. When habitat type was
considered, tire shops showed no significant difference with
the different longitudes, while both cemeteries (F = 32.310,
P < 0.0001) and residential areas (F = 14.110, P = 0.0005)

showed negative relationship between the increasing longitude
and the number of eggs (transformed) per cup (Fig. 2). Week
(F=1.032, P=0.312), temperature (¥ = 0.016, P = 0.901),
and humidity (¥ = 0.080, P = 0.779) were all nonsignificant
factors.

Species abundance and habitat preferences. Mortal-
ity rates of larvae were calculated by determining the total
number of hatched larvae in each pan and the final number of
emerging adults in each pan. Mortality rates of larvae per pan
ranged from 0% to 50%. Mortality was significantly higher
in pans with fewer larval (F = 8.970, P = 0.003). This was
primarily due to presence of fewer larvae in pans; a single dead
larva represented a higher percentage of the entire larval pop-
ulation. Mortality and relative percentage of 4. aegypti were
not correlated with each other (P = 0.393) and total number
of larvae and relative percentage of 4. aegypti were not corre-
lated with each other (P=0.119). These data suggest that com-
petitive interactions did not significantly influence the relative
numbers of 4. aegypti and A. albopictus used in the analysis.

The effect of habitat type, epiweek, and longitude on the
numbers of 4. aegypti and A. albopictus was analyzed with a
multinomial logistic regression, with nonsignificant interac-
tion terms removed from the analysis. The overall regression
was significant ()2 = 2778.465, P < 0.0001, df = 9), with an
R? value of 0.293. Two individual terms (habitat type and
longitude) were significant while epiweek was not, and all
two-way interactions were significant (Table 2). The reported
odds ratios indicate that increasing longitude approximately
doubles the probability of 4. aegypti mosquitoes (Table 3). In
addition, residential sites and tire shops had a higher prob-
ability of 4. aegypti mosquitoes than cemetery sites, and tire
shops had a higher probability of 4. aegypti mosquitoes than
residential sites (Table 3, Fig. 3). The significant interaction
between longitude and habitat type on the probability of find-
ing 4. aegypti is shown in Figure 4, indicating that residential
sites had a significant change in species composition relative
to longitude. Residential sites, and to a lesser degree tire shop
sites, also showed a decrease in A. aegypti probability over time

(Fig. 5).

Discussion

Overall, cemeteries had significantly more mosquitos than tire
shops, although residential sites were not significantly differ-
ent from either of the other locations. We observed the highest
proportion of 4. aegypti in tire shop sites, while the probability
of finding A. albopictus was greatest in the cemeteries. These
results are similar to studies in Florida, where habitat variables
in urban and rural areas were measured.?>2%34% These studies
showed that 4. aegypti had a positive association with urban-
ization variables (eg, building coverage) and a negative asso-
ciation with rural variables (eg, canopy and mixed vegetation
coverage). ‘The tire sites in our study consisted primarily of
concrete lots and covered garages, with little to no vegeta-
tion or bushes and trees for shade. Some of the tire shops had
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Figure 2. The number of eggs collected per cup (transformed via a log transformation to meet assumptions of normality) were significantly different based
on longitude in both cemetery and residential habitats, while tire shop habitats did not vary with longitude.

water collected in the piles of tires, but many of them were
completely dry for the duration of the field collections. The
cemetery and residential sites all contained substantial vegeta-
tion and trees that may provide shade. Many cemetery and
residential sites also had watering systems that would allow
these sites to remain moist even during long dry spells.

We hypothesized that we would see changes in both
abundance and relative species composition correlated with
increased longitude. This pattern was observed in Florida3!
on a smaller scale and was hypothesized to be due to local
temperature and humidity conditions and other abiotic fac-
tors. Our data support our hypothesis and suggest that
longitude may be correlated with mosquito abundance and
species composition, perhaps due to changes in temperature
and humidity, which were correlated with longitude. The

habitat types showed significant differences at varying lon-
gitudes (Fig. 2), with both cemeteries and residential areas
showing a decrease in overall mosquito abundance as lon-
gitude increased. This also corresponded with an increasing
probability of finding 4. aegypti in residential sites as longi-
tude increased (Fig. 4). While residential sites were similar to
cemetery sites with shading, vegetation cover, and watering
systems, there is a clear statistical difference between the two
in species composition, suggesting that an unknown (abiotic
or biotic) factor is influencing species composition. Casual
observation during the field collection suggests one possible

Table 3. The reports odds ratios for each of the independent
variables from the multinomial logistic regression analysis.

SOURCE ODDS RATIO

Table 2. Statistical results from examining the multinomial logistic Epiweek (per unit change) 1.001

regression larvae (A. aegypti or A. albopictus). Longitude (per unit chage) 2176
SOURCE DEGREES OF Chi SQUARE P VALUE Habitat Type

FREEDOM Residential:Cemetery 5.915

Epiweek 1 0.003 0.9534 Residential:Tire shop 0.093
Longitude 1 9.235 0.0024 Tire shop:Residential 5.834
Habitat Type 2 1719.035 <0.0001 Tire shop:Cemetery 40.228
Epiweek*Longitude 1 75.535 <0.0001 Cemetery:Residential 0.127
Longitude*Habitat Type 2 260.967 <0.0001 Cemetery:Tire shop 0.137
Epiweek*Habitat Type 2 29.981 <0.0001 Notes: All values were reported as significant. Each of the habitat types

Note: The 42 and significance values are reported from the Effect Likelihood
ratio test. Significant results are bolded.

represents a comparison of the odds ratios relative to one of the other habitat
types. The »? and significance values are reported from the Effect Likelihood
ratio test. Significant results are bolded.
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Figure 3. A contingency plot with the differences in collecting A. aegypti from the three different habitat types. A. aegypti were significantly more likely
in tire shop sites, while A. albopictus were more likely in cemetery sites. Residential sites were intermediate between the other two field sites. The
contingency values are based on the multinomial logistic regression results.
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sites. The 95% confidence interval of the fit is included in the graph. Modified from Champion and Vitek.3¢

40 l ENVIRONMENTAL HEALTH INSIGHTS 2014:8(S2)


http://www.la-press.com
http://www.la-press.com/journal-environmental-health-insights-j110

\

Aedes aegypti and Aedes albopictus in South Texas, USA

Site type
-+ Cemetery
1.0 = = Residential
= Tire shop
— O Cemetery
"g < Residential
A Tire shop
©
(7]
g ° ; e
— [m]
2 o) [ o :
- 0.6 o ~—0_ A 4 ¢
o T~
o o T T=a_
(o] e [m]
‘S o] o F -
c -,
o 04
o o o o
E’- (o] fo) [»]
¢ . 5
= o] o o
£ 02 8 - A T
o) Gk cmmm st
[ sam® o = o m]
a
o
0.0 o [m] 4 a o a a o a
20 22 24 26 28 30 32 34 36
Epiweek

Figure 5. The relative percentage of A. aegypti in different field sites, by epiweek. A decline in the percentage of A. aegypti is seen in residential sites.
Previous research® has observed this pattern in residential sites and park areas located in McAllen, TX, USA. This interaction is supported with the
multinomial logistic regression, where epiweek by itself was not significant (P = 0.9534), but did significantly interact with habitat type (P < 0.0001). The

95% confidence interval of the fit is included in the graph.

factor. There was little human activity in the cemeteries and
the tire shops during collection times, while the residential
areas had a large number of individuals outside that may serve
as potential blood meal sources. Different plant species com-
position may also be involved, as differential plant litter has
been shown to affect species composition.*? Residential areas
may have different plants communities than commonly found
in cemeteries.

Due to the overall significant decline in the probability of
finding 4. albopictus as longitude increased, our data suggest
that habitats for 4. albopictus may be more difficult to find with
increased longitude in South Texas, USA. Previous research
suggests that A. albopictus tolerance for high heat and low
humidity may be a limiting factor in their distribution.3%#:42
Temperature increased significantly with longitude while
humidity decreased significantly in our field sites. This may be
a controlling factor in determining 4. albopictus distribution in
the Lower Rio Grande Valley and would explain the decrease
in A. albopictus as longitude increased. The slight decrease in
the probability of collecting 4. aegypti in tire shops as longi-
tude increased habitats suggests that despite an overall higher
probability of finding 4. aegypti in these habitat, tire shops
may also be less suitable for 4. aegypti as temperature increases
and humidity decreases.

In addition to spatial variation, we found a significant
temporal component in the data. In the 2010 study,®® one
unexpected result was a change in relative species composition

over time. Despite uniform weather conditions, a significant
trend of decreased proportion of A. aegypti was observed in
2010. This could not be explained due to a change such as an
oncoming “rainy season” due to a lack of rainfall through the
entire year.’3 Our results in this study also identified a change
in species composition over time, although overall mosquito
abundance did not vary. Epiweek significantly interacted
with the habitat type to influence the probability of finding
A. aegypti. We were more likely to collect 4. aegypri in resi-
dential areas over the course of the collection period (Fig. 5),
a trend which was not as strong in tire shops (where 4. aegypri
were more likely to be found at all times). The field collec-
tion sites in the 2010 study consisted primarily of residential
areas and public parks, matching the pattern observed in this
study. The difference between cemetery and residential sites
again suggests an unidentified difference in these two habi-
tats, despite similar appearances.

Vector-borne diseases continue to pose a risk to human
health, and the increased prevalence of emerging diseases such
as dengue and chikungunya virus highlights the need for con-
tinued research in the biology and behavior of vector species.
Dengue virus is more efficiently transmitted by 4. aegypti,’
suggesting that residential areas far from the coast may be at
greater risk due to the increased proportion of 4. aegypri mos-
quitoes. In addition, the chikungunya virus strain that origi-
nated in the Indian Ocean and resulted in the epidemics in
India is more effectively transmitted by 4. albopictus.* If the
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Western hemisphere strain of chikungunya is similar to the
Indian Ocean strain, the relative risk of this disease may also
vary based on longitude. Knowledge of differential spatial and
temporal mosquito species patterns can assist in identifying
disease outbreaks and aiding in accurate disease diagnosis,
especially when diseases share similar manifestations and clin-
ical symptoms. As chikungunya spreads in the western hemi-
sphere and dengue continues to become more prevalent, vector
control efficiency and outbreak prediction may be enhanced
through understanding the mosquito population dynamics and
species distribution. Our data contribute to this understanding
by demonstrating the existence of differential habitat prefer-
ences, as well as spatial and temporal trends in the distribution
and abundance of 4. aegypti and A. albopictus in the region.
Continued research on these and other disease vectors in the
region will become more critical as existing and new pathogens
become more likely to be found in South Texas.
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