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Abstract 
During 1989-1990, surveys of artificial and natural water containers were undertaken to detect Aedes 
aegypti infestations in Townsville, Charters Towers, Mingela and Ravenswood localities. In doing this, the 
extent of interspecific association between Ae. aegypti and Ae. notoscriptus was measured on the basis of 
presence/absence data, and on their relative numbers. The distribution of these two species was 
significantly different (P<0.05 - <0.001), with containers having Ae. aegypti and Ae. notoscriptus 
breeding separately numbering more than the containers having co-breeding of the two species. This 
indicates a negative association. An analysis of the relative numbers of the two species by Sorensen's 
coefficient gave values from 0.15 to -0.751, indicating little or no association. Statistical modelling of 
container records indicated that immature densities of Ae. aegypti in the presence or absence of Ae. 
notoscriptus or other species were not significantly different. In contrast to research suggesting that 
competitive displacement may occur in the temperate regions of New South Wales, little evidence could 
be found for this under the north Queensland conditions where temperatures are higher. 
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Introduction 

                                                
† Studies were carried out at ‘Tropical Programme, Queensland, Institute of Medical Research, P.O.Royal Brisbane 
Hospital, Brisbane, Australia 4029. 

Aedes aegypti is recognized as the major 
vector of dengue viruses(1) globally (WHO, 

1986), whereas Kay and Aaskov(2) have 
shown that it is also a competent laboratory 
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vector of Ross River virus. On the other 
hand, the vector status of Ae. notoscriptus 
has risen in importance recently with the 
successful laboratory transmission of Ross 
River, Barmah Forest and Rift Valley fever 
viruses(3,4) and multiple isolates during the 
1994 Ross River epidemic in Brisbane(5). This 
species is also recognized as a major vector 
of dog heartworm, Dirofilaria immitis(6). 

Both Ae. aegypti and Ae. notoscriptus 
immatures have been recorded from a 
diverse range of artificial and natural habitats 
with the latter species perhaps with a greater 
propensity for utilizing natural sylvan 
biotopes(6,7,8) . 

From laboratory studies, Russell(9) 
demonstrated that in temperate areas, Ae. 
notoscriptus may have a competitive 
advantage over Ae. aegypti. During the 
course of field studies of Ae. aegypti in north 
Queensland between 1989-90, we also had 
the opportunity to examine the co-breeding 
of these and other species in a range of 
artificial containers in peridomestic habitats. 
By analysing the presence/absence records 
and by comparing the relative abundance of 
immatures, we were able to assess the 
evidence of competitive displacement in 
warmer tropical conditions.  

Materials and Methods 
Localities 
Townsville (19° 15'S, 146° 50'E) is a coastal 
city of approximately 121,000 people and 
Charters Towers, a provincial town with 
10,000 people lies 100 km south-west. The 
railway settlement of Mingela (pop. 80) and 
the former gold rush town of Ravenswood 
(pop. 180) are approximately 50 km and 90 
km east and south-east, respectively, of 
Charters Towers. 

Premises surveys 
House-to-house surveys were carried out 
from February to March 1989 in seven 
suburbs of Townsville and in all four 
localities from February to August 1990. 
Details of frequencies of different container 
types and numbers of immatures collected 
are presented elsewhere(10). Positive samples 
with up to 100 immatures in small-to- 
medium-sized containers up to 5 L capacity 
were sieved through a 100µm mesh net, 
upturned into a white tray and counted 
directly. Samples of over 100 immatures 
were usually estimated on the basis of a 50% 
sub-sample. 

For larger containers, e.g. 200 L drums, 
rainwater tanks, specialized nets were used. 
For drums, a 10 x 20 cm net of similar mesh 
size was swept once around the perimeter of 
the surface layer using the methods already 
described(11). A 20 x 30 cm net was swept 3 
times around the surface layer of rainwater 
tanks. Correction factors, estimated on the 
basis of mark-release-recapture studies of 
known numbers of Giemsa-stained larvae, 
were released into the larger containers and 
the proportions of the marked to unmarked 
larvae were used to establish correction 
factors for net samples(12). From this, absolute 
numbers were estimated. 

For identification, first instars were 
allowed to moult to seconds before 
examination, but second to fourth instars 
were identified directly at 40x magnification. 
Pupae were allowed to eclose to adults. 
Where both Ae. aegypti and Ae. notoscriptus 
were present in a container, the proportion 
of each was used to estimate the absolute 
numbers in the containers. 
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Measurement of interspecific 
association between Ae. 
aegypti and Ae. notoscriptus 
The method of Fager(13) detailed by 
Southwood(14) was used to explain the 
independence or association of the two 
species. If there is an association, one would 
expect to see different proportions of the 
positives for Ae. notoscriptus depending on 
whether Ae. aegypti was present or not. If 
there is no association, one would expect 
the same proportions for Ae. notoscriptus 
irrespective of the fact whether Ae. aegypti 
was present or not. Two by two contingency 
tables were drawn up with the most 
abundant species, Ae. aegypti positive, 
occupying cells a and c and corrected χ2 
tests were used to determine statistically 
significant differences. 

Cell d (neither Ae. aegypti nor Ae. 
notoscriptus present) was calculated on the 
basis of the positive containers only and not 
on the total number of wet negative 
containers. This was done to ensure 
uniformity of habitat under consideration as 
many wet biotopes, e.g. rainwater tanks, 
were screened or had recently been wet, 
e.g. tins, trays under plant pots, by rainfall or 
garden sprinkling. However, all wet 
containers, whether negative or containing 
other mosquito species, were recorded. 

The proportion of individuals occurring 
together was determined using Sorensen's 
coefficient I(15) as modified by Southwood(14). 
Here -1 means no association and +1 
means complete association. The following 
formula was used: 
     J 

I =  2 (             - 0.5) 
  A+B 

where J = number of larvae of Ae. aegypti 
and Ae. notoscriptus in positive containers 
where both species are present, and 

A and B = total larvae of both Ae. 
aegypti and  
 Ae. notoscriptus in all 
positive containers. 

Explanatory regression models were 
developed for the logarithms of numbers of 
Ae. aegypti immatures per positive 
container(16). Poisson multiple regression was 
used with the following explanatory models 
in mind: (i) a series of simple Poisson 
regressions in which the variables were 
considered separately (unadjusted model), 
and (ii) a fully adjusted model in which all 
possible explanatory variables were 
considered simultaneously. The variable 
considered in this context was co-breeding, 
but in the adjusted model, region, suburb, 
water volume, organic detritus, pH, 
temperature, degree of shade and rain 
during (or just before) the survey were also 
considered. 

Results 
A total of 567 containers were found positive 
for mosquito immatures from the 1349 
premises inspected (Table 1). Of these, 451 
contained Ae. aegypti, alone (270) or 
cohabiting with Ae. notoscriptus (138), and/or 
with other species (43). Sixty-five containers 
had Ae. notoscriptus as the sole species 
present. Fifty-one containers had Cx. 
quinquefasciatus Say, An. annulipes s.l. Walker, 
Ae. quasirubithorax (Theobald) group or the 
predacious Tx. speciosus (Skuse) or Cx. halifaxii 
Theobald alone or as mixed populations. 

      J 
I =  2 (               -  0.5) 
  A+B 
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The distribution of Ae. notoscriptus 
positive containers from all localities 
sampled in 1989-90 was significantly 
different (χ2 = 24.95, df = 1, P<0.001) in 
the presence (138/451=30.6%) or absence 
(65/116=56.0%) of Ae. aegypti. When this 
analysis was limited to Townsville containers 
for 1989 (χ2 = 4.98, df=1, P<0.05) and 
1990 (χ2 = 6.11, df=1, P<0.025), or for the 
rural towns (χ2 = 16.57, df=1, P<0.001), 
the outcome was similar. This result 
therefore provided sufficient justification to 
further explore any interspecific associations, 
especially with respect to repulsion, as 
product of cells bc (both species breeding 
alone) was greater than ad (both species 
cohabiting and other species present). 

The following numbers of wet 
containers with neither Ae. aegypti nor Ae. 
notoscriptus recorded for Townsville 1989  
and 1990, and for Charters Towers, Mingela 
and Ravenswood were 529, 710 and 866 

respectively. When these were substituted as 
for the values used in cell d, ad > bc all χ2 
analyses were significant to P<0.0001, 
indicating affinity. 

When the relative abundances of Ae. 
aegypti and Ae. notoscriptus were 
considered using modified Sorensen's 
coefficients (Table 2), the values were as 
follows, indicating little association between 
the two species: combined (-0.392), 
Townsville 1989(0.15), Townsville 1990 (-
0.01) and Charters Towers, Mingela, 
Ravenswood (-0.751). 

For the four major biotopes, plant pot 
bases, buckets, plastic ice cream containers 
and tyres (Table 3), simple Poisson 
regressions of logarithmic numbers of Ae. 
aegypti as the sole occupant or with Ae. 
notoscriptus and/or other species were non-
significant (P>0.1). 

Table 1. Distribution of Ae. aegypti and Ae. notoscriptus from positive containers found in Townsville 
(1989 and 1990) and for combined data for Townsville, Charters Towers, Mingela and Ravenswood 

Ae aegypti 
Survey Species  

+ -  Total 
P* 

All localities Ae. notoscriptus + 138 65 203 <0.001 

  -  313 51 364  

  Total     451 116 567  

Townsville 1989 Ae. notoscriptus + 42 12 54 <0.05 

  -  66 5  71  

  Total     108 17 125  

Townsville 1990 Ae. notoscriptus + 49 17  66 <0.025 

  -  96 11 107  

  Total     145 28 173  

Charters Towers, Ae. notoscriptus + 47 36  83 <0.001 

Mingela,  -  151 35 186  

Ravenswood  Total     198 71 269  
*Corrected χ2 test.  



Interspecific Association Between Aedes aegypti and Aedes notoscriptus in Northern Queensland 

Dengue Bulletin – Vol 23, 1999 77 

Table 2. Sorensen's coefficients of interspecific association between Ae. aegypti and Ae. notoscriptus in 
four north Queensland localities 

Locality J A + B I 

Combined 13,801 45,376 -0.392 

Townsville 1989 4,688 8,173 0.15 

Townsville 1990 5,504 8,173 -0.01 

Charters Towers, Mingela, 
Ravenswood 3,609 29,030 -0.751 

Table 3.Mean immature density (± standard deviation) per litre in containers with Ae aegypti alone, 
or cohabiting with Ae notoscriptus and other species, Townsville 1989-9 

and Charters Towers, Mingela, Ravenswood 1990. 

Alone Cohabiting Container 
type Ae.aegypti 

Temp(°C) 
Ae.aegypti Ae. notoscriptus 

Temp (°C) 

Plant pot 
base 89 ± 94(39) 25.7 

± 4.3 
107 

± 96(18) 
62 

± 66 
27.6  

± 2.3 

Bucket 21 
 ± 36(39) 

21.7 
± 6.2 

91 
 ± 36(17) 

23 
± 35 

21.9  
± 4.8 

Ice cream 38 
 ± 43(15) 

22.2 
± 5.3 

155 
± 80(13) 

108 
± 126 

24.2 
± 3.3 

Tyre 149 
± 52(34) 

21.6 
± 5.5 

116 
± 36(13) 

76 
± 67 

21.8  
± 6.8 

 
Discussion 
Hurlbert(17) pointed out that in order to 
measure the degree of association between 
two species, the analysis of presence-
absence data is preferable to that of relative 
numbers, whereas Southwood(14) indicated 
that both methods should be employed and 
examples discussed where values for cell d 
in the presence/absence analyses have been 
inflated through the inclusion of data for 
non-uniform habitats. We acknowledge that 
the inclusion of containers only found 
positive for mosquito breeding may result in 
an under-estimation of cell d (and 

consequently biasing the analysis towards 
significance and a negative association), we are 
assured that the containers under 
consideration are a homogeneous group. On 
the other hand, inclusion of all wet containers, 
some of which were definitely not suitable, will 
bias the analysis even more towards a positive 
association. This would lead us to concur with 
Southwood(14). Our corrected χ2 analyses for all 
localities suggest that Ae. notoscriptus prefers 
to fill niches not occupied by Ae. aegypti. 
There could be numerous reasons for this - 
from competitive displacement of immature 
stages(9) to different adult ovipositional 
stimuli(18) or pheromonal repellents(19). 
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In laboratory studies, Russell(9) found 
that Ae. notoscriptus had a marginal 
advantage over Ae. aegypti at 22°C but this 
situation was reversed at water temperatures 
of 28°C. Overall, he found that the 
predominant species in mixed cultures was 
usually at an advantage, but the hypothesis 
of competitive displacement was not proved. 
In our studies (mainly in water temperatures 
from 22-25°C, but reaching extremes of 10-
33°C), the modified Sorensen's coefficients 
indicated little or no association based on 
the relative abundance of the two species. 
The coefficients for Townsville and the rural 
towns of Charters Towers, Mingela and 
Ravenswood were different, influenced by 
the presence of large numbers of Ae. aegypti 
in key containers such as rain water tanks in 
these latter towns. The mean immature 
densities of Ae. aegypti were not depressed 
significantly in the presence of Ae. 
notoscriptus. Furthermore, statistical 
modelling of the container records against a 
variety of factors, including water volume, 
water quality as indicated by organic 
detritus, pH, temperature, shade, locality, 
predation and co-breeding(20), did not 
indicate the presence of other mosquito 
immatures to be significant. In both the 
unadjusted and adjusted models, only water 
volume and water quality remained 
significant. 

In our north Queensland sites where 
cohabitation of Ae. aegypti and Ae. 
notoscriptus occurred, the sites were usually 
shaded and under vegetation which 
provided an ample supply of nutrients. 
Drowned insects in various states of 
decomposition were also evident. Thus, we 
would conclude that these two congeners 
occupy a niche often characterized by 
abundant food resources. 

Although one would surmise that they 
coexist in stable equilibrium within the same 
trophic level, it should be noted that nothing 
is known of the aquatic feeding patterns of 
Ae. notoscriptus. Christophers(21) has 
described three modes of feeding in Ae. 
aegypti, i.e. filter feeding, gnawing and 
browsing. Nevertheless, since Ae. aegypti-
transmitted epidemics of dengue have been 
recorded for the region since 1879(22) and 
Ae. notoscriptus is an indigenous species, 
this in itself suggests that an equilibrium has 
been reached. Otherwise it would have 
been displaced. 
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