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Ochlerotatus albifasciatus in Rain Pools of Buenos Aires: Seasonal
Dynamics and Relation to Environmental Variables

Sylvia Fischer™*, M Cristina Marinone, Nicolas Schweigmann™+

Departamento de Ciencias Biol égicas, Facultad de Ciencias Exactasy Naturales, Universidad de Buenos Aires, Pabellon 1,
Ciudad Universitaria, C1428EHA Buenos Aires, Argentina

Theimmature stages of Ochlerotatus al bifasciatus devel op in temporary pools. The present study aimsat evaluating
the seasonal dynamics of the aquatic stages of this mosquito, also analyzing the relationship among their presence
and breeding success to some relevant climatic and environmental variables in the ephemeral rain pools of an
urban park. Nineteen cohorts of O. albifasciatus that devel oped synchronously after rain eventswererecordedin all
seasons. The proportions of mosquito-positive pools were significantly higher during the fall-winter period thanin
the spring-summer months (p < 0.001). The presence of this mosqguito specieswas positively related to the amount of
rain (p < 0.001), whereas negatively correlated to air temperature (p < 0.05) within a 5.2 to 29.7°C range. The
distribution of the number of cohorts per pool throughout the year was grouped (variance/mean: 3.96), indicating
that these habitats were not equally suitable as breeding sites. Theimmature stages of O. albifasciatus were detected
in pools belonging to all of the categories of surface area, depth, duration, vegetation cover, and insolation.
However, the proportion of pools where immature mosquitoes were detected was positively and significantly related
to surface, depth, duration, and vegetation cover. On the other hand, the proportion of mosquito-positive pools was
higher at an intermediate insolation degree. Our results suggest that although preimaginal stages were present in
all seasons, high temperatures may be unfavorable to larval development, and substrate vegetation may regulate
water temperature. The positive relationship between the proportion of mosquito-positive pools and pool size and
duration might reflect a strategy of O. albifasciatus to accomplish immature development.
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Ochlerotatusalbifasciatus (Macquart, 1838), formerly
known as Aedes (Ochlerotatus) albifasciatus (Reinert
2000), isawild floodwater mosqguito widely distributed in
the Southern region of South America, whose range
extends from Southern Brazil and Boliviato Tierra del
Fuego (Bachmann & Bejarano 1960, Prosen et a. 1960,
Forattini 1965). Owing to itsinsistent attacksto man and
domestic mammals (Forattini 1965), it is considered one of
the most bothersome species of the region (Prosen et al.
1960). Early studies (Del Ponte & Blaksley 1947, Manso
Soto & Martinez 1948, 1949) reported great abundance of
adults aswell as dense aggregations of immatures of this
species in swampy areas and temporary aquatic habitats
of Buenos Aires City. This mosquito has public health
importance, since western equine encephalitis virus has
been isolated from wild specimens caught during the
outbreak registeredin 1982-1983 (Mitchell et al. 1987), and
under laboratory conditionsit has proved to be acompe-
tent vector of thisvirus (Aviléset al. 1990).
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The presence of immature stages of O. albifasciatus
is associated with fluctuations in the flooding of aquatic
habitats and rainfall amount (Gleiser et al. 2000a,
Fontanarrosa et a. 2000). Females lay drought resistant
eggs on the humid soils that surround temporary water
bodies. Once embryonic development is complete, the
eggs may enter diapause or hatch synchronously if
covered by water for at least 3 h (Gleiser et al. 2000b).
Larval devel opment time showsawiderange of variation,
from aminimum of 6 daysin the summer (at a mean air
temperature of 24°C), up to 32 daysinthewinter (at 13°C)
(Fontanarrosaet al. 2000). Themortality of immature stages
has been evaluated under |aboratory conditions (L uduefia
Almeida & Gorla 1995), but field estimates have never
been reported.

In Cérdoba province, larvae and pupae have been
detected during thefall-winter period (Almirén & Brewer
1994), whereasin Buenos Aires provincethey have been
found from spring through fall (Maciaet al. 1995). Inthe
rain poolsof parksinthecity of BuenosAires, theimmature
stages of this mosquito not only occur year-round
(Fontanarrosa et a. 2000), but they are also the most
abundant insects (Fischer et al. 2000).

Theknowledge of the environmental factorsregulating
larval abundance and developmental success under
natural conditions is fundamental to achieve effective
mosquito control. The breeding sites of O. albifasciatus
have been characterized as shallow temporary water bodies
(Prosen et al. 1960), of variable size, either natural or
artificial, with or without vegetation (Almirén & Brewer
1996), generally located in floodplains (Forattini 1965).
Several authorshave referred to microhabitat characteris-
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tics associated with the presence of this species (Macia
etal. 1995, LuduefiaAlmeida& Gorla1995, Fontanarrosa
et al. 2000). However, intensive studies of all larval habi-
tats of a whole urban park have never been carried out.
The present study analyzes the seasonal variationsin the
abundance of immature stages of O. albifasciatus as a
function of climatic variablesand the number of available
habitats, and evaluates the association of characteristics
of these pools with the presence of this speciesin a park
of Buenos Aires City.

Study area - Buenos Aires is located in a humid
temperate climatic region, with an annua mean temperature
of 17.6°C, annual mean relative humidity of 71%, and an-
nual mean of 1089 mm rainfall. Saavedra Park (34°33' S -
58°29'W) is located near the northern boundary of the
city, lying on the piped course of Medrano Stream, which
runsin awest-east direction on the main axis of the park.
Theirregular topography of the park, extending over ap-
proximately 13 ha, favorsthe formation of agreat number
of ephemeral pools after rain. These water bodies range
from 0.1to 600 m2in surface area, 1to 24 cmindepth, and
last from one week to several months depending on the
climatic conditions (Fischer et a. 2000). The substrate
vegetation of the poolsismainly grass (Gramineag), which
is periodicaly cut. Trees differentially shade the pools,
some of which receive direct insolation throughout the
day, others part of the day, whereas some remain in the
shade most of thetime. Owing toitslocationin adensely
populated urban area, the park is extensively utilized for
recreation and pools are highly disturbed. Owing to the
proximity of pools, weassumethat climatic variables, such
as temperature and rainfall, affect them uniformly
(Schneider & Frost 1996).

MATERIALSAND METHODS

A total of 91 rain pools, identified in a preliminary
phase of the study, were studied between June 1998 and
May 1999. M aximum depth and surface area of each pool
were determined weekly. Each pool was assigned to one
of three insolation categories by estimating the propor-
tion of exposure to direct sunlight throughout the day.
The vegetation cover of the substrate was also assessed
for each pool by differentiating among three categories:
no grass cover, half of the pool surface covered by grass,
and almost the whole substrate with vegetation cover.
The number of opportunities on which each pool
contained water was used to estimate its duration. In the
summer and in the fall, the presence of water was
controlled threetimesaweek, in order to eval uate whether
mosquito cohortswere ableto completetheir devel opment
in the different pools.

Immature mosquitoes were sampled weekly with a350
pm mesh hand net, dragged along the bottom, on asingle
immersion that covered the longest axis of each pool. An
80 ml plastic dipper was used to sample the shallowest
pools. The number of samples collected was proportional
to the surface of each water body (from 5 to 160 dips).
During the summer, the samples were taken within five
daysafter eachrainfall in order to warrant the detection of
all cohorts. Quantitative samples were taken from each
pool from late August 1998 until the end of the study
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period. The samples were fixed in situ in 5% formal de-
hyde and subsequently stored in 80% ethanol. Immature
mosquitoes were identified to species (Darsie 1985), but
only the information on O. albifasciatus is herein ana-
lyzed.

The number of cohorts that developed throughout
the study year in each individual pool and in the whole
park were computed. The frequency distribution of the
number of cohorts per pool throughout the year was ana-
lyzed in order to assess the suitability of the different
pools as breeding sites. The variance to mean ratio was
used to assess the distribution pattern of these frequen-
cies. The Chi square test was used to assess whether the
frequency distribution pattern deviates from randomness
(Elliot 1977).

The total number of pools present on each sampling
date was determined, and the proportion of mosquito (O.
albifasciatus) positive pools at the beginning of each
cohort wasthen cal culated. These proportions were com-
pared by means of atest of proportions for several inde-
pendent samples (Fleiss 1981).

The relative abundance of larvae in each pool was
cal culated by multiplying the surface areatimesthe mean
number of larvae per dip. Therelative abundance of each
cohort was estimated by adding the larval abundance in
every pool. The correlations between the relative abun-
dance of larvae and the number of mosquito-positive pools
(where immatures were detected) on the one hand, and
with the number of successful pools (where larvae attain
their fourth stage) on the other hand, were al so computed.

The relationship between rain amount and the appear-
ance of acohort wasexplored in order to assessthe thresh-
old rainfall volume that triggers the devel opment of new
cohortsof O. albifasciatus. Rainfallsweregroupedinthree
categories. < 10 mm, 10 to 20 mm, and > 20 mm, and the
proportion of rains that triggered cohort development in
each category was cal culated. These proportionswere com-
pared by means of atest for several independent, quantita-
tively ordered proportions (Fleiss 1981).

The number of mosquito-positive pools for each co-
hort was correlated to daily maximum and minimum air
temperatures at the estimated time of egg hatching, as
well asto the number of pools present on the date of first
detection of each cohort. Meteorological records were
provided by the National Meteorological Servicefor Villa
Ortuzar Observatory (ca. 3km from the park).

Larval survival - The breeding success of each co-
hort in each pool was assessed by recording the pres-
ence of fourth stage larvae. Although the presence of
pupae provides a better estimation of survival, it was not
documented for each brood. The seasonal proportions of
successful pools were compared by means of a test for
independent proportions (Fleiss1981).

Aiming at comparing the success of cohorts raised
under contrasting climatic conditions, the relative abun-
dance of immature O. albifasciatus was assessed at their
onset and at the fourth larval stage, both of awinter and
a summer brood in al of the pools. Comparisons were
made by means of atest of proportions for two indepen-
dent samples (Fleiss1981).
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Relationships with environmental variables - The
relationships between the presence and the success of
immature stages of this mosquito with surface, depth,
habitat duration, vegetation cover of the substrate, degree
of insolation, and weekly mean air temperature were
studied. Several categories were established for each
variable according to thefollowing gradients. surface area:
0-1,1-10, 10-100, > 100 mZ; depth: 1-5, 6-10, 11-15, > 15¢cm;
insolation: shade, half shade, open sun; vegetation cover:
lacking, scarce, totally covered; and permanence: < 11,
11-20, 21-30, > 30 dates. Mean air temperatures were
calculated for the 7-day period preceding thefirst sampling
of each cohort. All variables were firstly screened by
univariate analysis using tests for independent
proportions (Fleiss 1981), whereas those that showed
significant relationships to mosquito presence were
included in alogistic regression analysis, performed with
the S-plus V.6.02 statistical package (S-plus 2001). The
logistic regression was performed by the sequential
method, using the Chi square test to assess differences
between models. In this case, no variables were included
intheinitial model, and new modelswere then elaborated
by adding the variables one by one. The variable that
produced the highest difference between the beforehand
model and the actual model wasincluded, and the process
repeated for the remaining variables. The model was
considered compl ete when any new variable produced no
significant differencesat a0.01 probability level.

Only the dates of first detection of larvae for each
cohort wereincluded in the analysis, either for the whole
year or seasonally grouped, in order to detect differences
among climatic periods. The relative importance of the
predictor variables of breeding success after colonization
was assessed through a logistic regression analysis
performed only on mosguito-positive pools. Thisanalysis
was not applied to the breeding success of the spring
cohorts since these data did not meet the assumptions of
themodel.
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The correlations between larval abundance and the
evaluated environmental variableswere also explored for
two representative dates of the winter and the summer.
The non-parametric Spearman rank correlation coefficient
was used in al cases.

RESULTS

The number of temporary aquatic habitatswas highly
variable either among seasons or between consecutive
weeks (Fig. 1). The maximum habitat availability was
observed during the winter (median = 46 pools), whereas
in the spring of 1998 the number of aquatic habitats was
minimal (median = 6 pools). During the summer and the
fall of 1999, the number of aquatic habitatswasintermediate
(with medians of 21 and 17 pools respectively).

Nineteen cohorts of O. albifasciatuswererecorded in
all seasons along the study year. The proportions of
mosquito-positive pool s reached higher values during the
fall and thewinter (0.55 and 0.53 respectively) than during
the spring and the summer (0.23 and 0.33 respectively)
(Fig. 1). Thetest of proportionsfailed to show significant
differences between the spring and the summer. Except
for two dates corresponding to the lowest proportions of
pools that were positive for mosguitoes, the differences
between thefall and the winter were non-significant either.
During the spring-summer period the proportion of
mosquito-positive poolswas significantly lower (p < 0.001)
than in the fall-winter period (except for the already
mentioned two dates).

Thetotal relative abundance of larvae showed apositive
correl ation with the number of mosquito-positive pools(rg
=0.85, p < 0.001, n = 14), and with the number of pools
wherelarvae attained thefourth stage (rg=0.78, p< 0.001, n
=14). Fifty-eight rain eventsexceeding 1 mm wererecorded
throughout the study year in Saavedra Park. Out of 29 rain
eventsbelow 10 mm, only asinglerain (6 mm) originated a
cohort of O. albifasciatus. Rainfallsbetween 10 and 20 mm
produced mosquito broods in 45% (5/11) of the cases,
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Fig. 1: weekly variation in the number of pools of the whole park and proportions of pools with mosquito larvae at the beginning of each
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whereas 72% (13/18) of therainfdls exceeding 20 mminiti-
ated the development of this species. Hence, our results
indicatethat the proportion of rainfallsthat triggered cohorts
of O. albifasciatus increases significantly for growing
volumesof precipitation (p < 0.001).

Egg hatching was detected in August at aminimum air
temperature of 5.2°C, andin March at amaximum of 29.7°C.
The total number of mosquito-positive pools was
negatively and significantly (p < 0.05) correlated to
minimum (rg=-0.48), mean (r,=-0.48) and maximum air
temperatures (rg=-0.47).

Larval survival - The accumulated number of
mosquito-positive poolswas 678 (each pool counted once
for each cohort), and only 32% of these poolslasted until
larvae reached the fourth stage. Similar percentages of
successful pools were observed in the winter and in the
fall (43% and 41% respectively), aswell asin the spring
and in the summer (15% and 14% respectively). The
percentages of the winter-fall period showed significant
differences with the spring-summer season (p < 0.001).

Thetotal abundance of mosquito immatureswas about
fivetimeslower in August than in March. However, while
13% of the immatures recorded at the onset of the
development of the August cohort attained the fourth
larval stage, only 4% of theindividual s of the March cohort
reached thelast larval stage. Therefore, our dataindicate
that in the winter the proportion of surviving larvae was
significantly higher than in the summer (p < 0.001). Pool
drying wasresponsiblefor the mortality of 21% of larvae
in August, and 36% in March, whereas the remaining
mortality, which may be partially ascribed to a drastic
decrease of the water volume, was similar in both seasons
(65% and 60% respectively).

Relationships with environmental variables - Imma-
ture stages of O. albifasciatus were detected, at least once
in 51 out of the 91 studied pools. Cohorts that did not
complete their preimaginal devel opment were only found
in eight water bodies, whereas in the 43 remaining pools
the number of cohorts detected ranged from oneto 16. The
maximum number of successful cohortsobservedinasingle
pool was 13. Most of the pools (65%) where mosquitoes
were never detected were ephemeral, and appeared less
than five times during the study period. The frequency
distribution of mosquito-positive poolsfor the whole park
throughout theyear, wasgrouped (3.96 variance/meanratio,
p < 0.001), indicating that these pools were not equally
suitable as breeding sites for this species (Fig. 2).
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Fig. 2: frequency distribution of the number of cohorts detected in
each pool of the park throughout the study year.
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Immature stages of O. albifasciatus were found in
every category of the evaluated pool variables. A
significant increasein the presence of larvae, represented
by the proportions of mosquito-positive pools and
successful pools, was observed for growing values of
surface area, depth, duration, and vegetation cover. The
pools receiving intermediate levels of insolation were
positive in a higher proportion than those pools getting
either low or high levels of insolation. Although not
significant inall cases, thistrend a so holdsfor thedifferent
seasons separately considered (Fig. 3). Differing from all
other climatic periods, in the summer the degree of
insolation was significantly related to the proportion of
mosquito-positive pools, while dimensions were not.

Thefinal modelsfrom thelogistic regression analysis
are given in the Table |I. The presence of mosquito
immatures showed a positive association with depth and
vegetation cover, while anegative association with mean
air temperature and insolation year-round. The
rel ationshi ps between mosquito presence and the sel ected
variables differed among seasons. Pool dimensionswere
the only significant variables useful to predict the
proportion of mosquito-positive pools in the winter and
the spring, while substrate vegetation and temperature
were also significant inthefall. On the other hand, during
the summer season, the presence of O. albifasciatus was
positively related to substrate vegetation and negatively
associ ated to insolation. Breeding successwas positively
associated to surface areaduring the wholeyear, whilein
the summer and in the winter, mean air temperature was
positively associated aswell (Tablell).

The relative abundance of larvae was positively
correlated to the surface areaand depth of the poolsduring
the winter and the summer, whereas it only showed a
negative correlation with the degree of insolation in the
summertime (Tablelll). Theabundance of O. albifasciatus
immaturesin the breeding sitesfailed to show significant
correlations with any of the other evaluated variables.

DISCUSSION AND CONCLUSIONS

The year-round presence of immature stages of O.
albifasciatusindicates that the climatic conditions of the
city of Buenos Aires are not limiting to the devel opment
of this species. Thus, differences in habitat availability
may be partially responsible for the detected seasonal
fluctuationsin the proportion of mosquito-positive pools.
Both rainfall and temperature regimesinfluence the number
and duration of pools in Saavedra Park. As already
observed by Fischer et al. (2000), periods with similar
accumulated rainfalls (winter and spring) but different
temperatures, differed markedly in the number of rain pools
formed, owing to arapid absorption of water by the dry
ground together with an accel erated evaporation at higher
temperatures.

Because of its ease of measurement and its high
correlation with larval abundance, we consider that the
number of mosquito-positive poolsisagood indicator of
the abundance and success of the different broods. The
higher quantity and proportion of mosquito-positive pools
recorded during the winter correspond to a maximum
availability of environmentsand to minimum temperatures,
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whereas the very low abundance observed in the spring
of 1998 was clearly associated with a drought. The
accumulated rainfall during this season was about half of
the 30-year mean record for the spring in Buenos Aires
city. Therefore, such climatic conditions may be
considered critical for the development of this species,
owing to the rapid desiccation of habitats (Fontanarrosa
et a. 2000). Thelow abundances of immature stagesof O.
albifasciatus recorded during the summertime that
followed the drought may be aconsequence of the gradual
decline of egg viability with time (Luduefia Almeida &
Gorla 1995) and/or of the absence of recent oviposition.
Future investigations should evaluate whether the fall
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recol onization depends on the egg-bank remaining in the
soil or on adult dispersal from adjacent areas.

In general, rains less than 10 mm did not trigger the
development of new cohortsin the study area. Our results
agree with the rainfall thresholds estimated for poolsin
the Buenos Aires University City by Fontanarrosa et al.
(2000) for the samefall-winter season (16 to 17 mm). How-
ever, for the spring-summer period the rainfall threshold
required to initiate a cohort in Saavedra Park was lower
than the value estimated by these authors (25-30 mm).

The extreme temperatures recorded during the winter
season in Buenos Aires did not seem to limit egg hatch-
ing and preimaginal development. Likewise, results on
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Fig. 3: proportions of mosquito-positive pools and successful pools for each category of surface area, depth, duration, vegetation cover,

and insolation degree.

TABLE |

Logistic regression analysis of the mosguito-positive pools in Saavedra Park (OR-Cl 95%)
Season Depth Temperature Vegetation Insolation Surfacearea
Wholeyear 24 0.8 4.2 05
(N =678) (1.9-3.2) (0.8-0.9) (2.6-7.0) (0.8-0.3)
Winter 37
(N =233) (2.7-5.4)
Spring 38
(N =85) (1.7-8.5)
Summer 11.0 0.1
(N =161) (3.0-40.3) (0.0-0.5)
Fall 4.0 0.8 5.0
(N =199) (2.3-6.9) (0.7-0.9) (2.2-11.3)

OR: oddsratio; Cl: confidenceinterval
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TABLEI

Logistic regression analysis of the pools where Ochlerotatus
albifasciatusreached thefourth larval stagein SaavedraPark
(OR-CI 95%)

Season Temperature Surfacearea
Wholeyear 2.6

(N =217) (1.8-3.8)
Winter 31 22

(N =100) (1.5-6.5) (2.2-3.9)
Summer 25

(N=23 (1.1-6.2)

Fall 39

(N =81 (2.9-8.1)

OR: oddsratio; Cl: confidenceinterval

TABLE I

Significant correlations between larval abundance of
Ochlerotatusalbifasciatus and environmental variables of the
poolsin Saavedra Park

Variable R (Spearman) p
Winter cohort (N = 17)
surfacearea 0.81 p < 0,001
depth 0.83 p < 0,001
Summer cohort (N = 14)
surfacearea 0.89 p < 0,001
depth 0.62 p < 0,05
insolation -0.53 p <0,05

populations of O. albifasciatus from Cérdoba province
suggest that cold temperatures and short day lengths
preclude neither larval development (Almirdn et al. 2000)
nor gonotrophic activity (Favaet al. 2001). Thesefindings
are not surprising given that the distribution of this
speciesextendsasfar south asto the cold-temperateisland
of Tierra del Fuego (Bachmann & Bejarano 1960).
Nevertheless, our result conflictswith the conclusions of
astudy performed in Buenos Aires province, where high
water level fluctuations at minimum winter temperatures
(6.3°C) were considered to limit hatching (Macia et al.
1995).

The negative relationship between the presence of O.
albifasciatus and the insolation degree during the
summertime, as shown by the results from the logistic
regression and by the negative correlation between
mosquito abundance and the degree of exposure to sun,
suggest that the high temperatures of this season in
BuenosAirescity (30°C mean maximum) are unfavorable
to the egg hatching of this species. These observations
are coincident with those reported by Maciet al. (1995)
for Buenos Aires province. On the other hand, thelogistic
regression showed the existence of apositiverelationship
between larval survival and air temperaturein the summer,
which suggests that in pools where hatching occurs
(mostly shaded and/or having substrate vegetation), water
temperatures are within the favorable range for this spe-
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cies. Anyhow, such conclusion deserves experimental
corroboration.

Two of our observations corroborate the opportunis-
tic reproductive strategy of O. albifasciatus: the massive
mortality of immature stages (mainly owing to the disap-
pearance of breeding sites before the preimaginal devel-
opment can be accomplished), and the detection of imma-
ture stageswithin all categories of size, duration, insola-
tion, and vegetation cover of the studied pools.

The frequency distribution of the number of cohorts
occurringin every single pool (Fig. 2) indicatesthat some
of them have a higher chance to become breeding sites
than others do, thus suggesting that some environmental
variables favor the presence of this mosquito. For the
whole study period, the presence of immatures of this
species was related to increasing pool size categories,
abundant substrate vegetation, and decreasing levels of
exposure to the sun. The positive association found be-
tween mosquito presence and pool size (given by depth
or surface area), for thewhole year, aswell asfor all sea-
sons except the summer, could be explained by a selec-
tion by mosquito females of those breeding sites that
maximizethe survival probabilitiesof their progeny, given
the extremely ephemeral nature of the studied pools.

Differingfromtheresultsreported by Maciaet a. (1995)
on breeding sites near La Plata (Buenos Aires province),
where this species seems to prefer sunny environments,
but in coincidence with the observations made by
Fontanarrosa et a. (2000) on pools of the city of Buenos
Aires, the present study of alarger number of poolsindi-
cates that the highest abundance of larvae occurred in
shaded pools, specially in the summer season. The posi-
tive relationship between the presence of preimaginal
mosquitoes and increasing substrate vegetation may be
explained by a shade effect within the pool that reduces
water temperatureto acertain extent (Fischer, unpublished
observations), also increasing the availability of shelter
from potential predators.

Although both the richness and the abundance of
predatory insectsincreased in the summertimein the stud-
ied environments (Fischer et a. 2000), the low abundance
of immature O. albifasciatus recorded during this season
was unlikely associated with the presence of predators,
since high numbers of immature Culex spp. weresimulta-
neously collected in these pools (Fischer et al. 2000). Fu-
ture research should evaluate whether the seasonal fluc-
tuations in the abundance of O. albifasciatus have some
kind of relation to the presence of different predatory in-
sects and algae observed in the pools. Coming studies
should also assess the population dynamics of this spe-
cies at a broader geographic scale within the urban dis-
trict. The knowledge of the microhabitat conditions that
favor the presence of O. albifasciatuswill permit abetter
understanding of the environmental requirements of this
species, and therefore the development and application
of better control methods.
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