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Abstract: Floodwater mosquitoes provoke nuisance due to their mass emergence. Citizen 
complaints about outstanding events of mosquitoes in urban areas are usually reflected 
in local media and could be potentially used as data. Our objective was to build a 
temperature dependent function to characterize the immature development time of 
the floodwater mosquito Ae. albifasciatus in Tandil (Argentina), and validate it using 
citizen complaints in local media and field collected mosquitoes. The development time 
obtained ranges from 5-47 days at 30-7° C, respectively. During 2000-2021, nine mosquito 
abundance peaks were identified through local journalistic records. For these events, 
the estimated hatching date was successfully associated with a previous precipitation, 
with a maximum difference of two days. The precipitation identified as the trigger for 
egg hatching ranged from 15 to 121 mm. Then, to associate mosquito news with the 
target species, female mosquitoes were captured by a battery-powered aspirator in 
green areas of the city during September 2019-June 2021. Six mosquito abundance peaks 
were detected in which Ae. albifasciatus accounted for 97.3% of the captures. Among 
them, journalistic records were able to detect the largest two; i.e. in our study above 15 
mosquitoes in a five minute collection. Citizen complaints related to nuisance or vector 
species could be valuable retrospective data for researchers of different fields.

Key words: Culicidae, floodwater mosquitoes, immature development time, journalistic 
records, mosquito abundance peaks, passive data collection.

INTRODUCTION
Floodwater mosquitoes deposit their eggs 
singly on moist soil when the water recedes and 
hatch when submerged later due to the rain, 
river overflow, tidal, or irrigation (Horsfall 1963, 
Clements 1999). The hatching process occurs 
within minutes or hours, depending on the 
species, and this synchronization could produce 
mosquito abundance peaks due to the mass 
emergence. Some floodwater mosquitoes were 
described as bothersome biters responsible 
for most mosquito nuisance complaints and 
recognized as the most serious pests in a given 
region due to their abundance. Some well-known 
examples are Aedes sollicitans in North America 

(Shone et al. 2006), Aedes sticticus in Europe 
and North America (Schäfer & Lundström 2006), 
and Aedes vexans throughout the globe (Trpis & 
Shemanchuk 1970). 

In South America, the floodwater mosquito 
Aedes albifasciatus is present in Bolivia, 
Paraguay, Chile, Brazil, Uruguay, and Argentina 
(Forattini 2002). In the latter, it is the most 
widely distributed mosquito species, found 
up to Tierra del Fuego (Rossi 2015), and was 
highlighted as one of the most abundant 
species in different climatic regions (e.g. Gleiser 
et al. 1997, Vezzani et al. 2006, Grech et al. 2019). 
It was incriminated in the transmission of the 
western equine encephalomyelitis virus, and 
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also was found infected with bunyamwera 
and Saint Louis encephalomyelitis viruses 
during enzootic periods (Contigiani et al. 2016). 
It is also considered a potential vector of the 
dog heartworm Dirofilaria immitis (Vezzani et 
al. 2006). In addition, they can cause allergic 
reactions (Docena et al. 1999) and reduction on 
milk and beef production due to the nuisance 
they provoke to livestock during abundance 
peaks (Ludueña Almeida & Gorla 1995, Gleiser 
et al. 1997).

Sc ient i f i c  research  incorporat ing 
observations by citizens, creates opportunities 
for ecological research at spatial and temporal 
scales unattainable by research teams 
(Dickinson et al. 2012, Bonney et al. 2014). The 
most remarkable examples are those covered 
under citizen science initiatives, in which active 
communication of the project and its results was 
crucial in stimulating media and public attention 
(Kampen et al. 2015, Pernat et al. 2022). In other 
cases, spontaneous complaints by inhabitants 
about nuisance species reflected in local media 
also contributed with valuable and unique data, 
although these be without any intention of 
scientific contribution. Some clear examples are 
the earlier detection by citizen complaints of 
Aedes albopictus in Spain (Aranda et al. 2006), 
and Aedes aegypti in Madeira (Portugal; Almeida 
et al. 2007) and Tandil (Argentina; Vezzani 
et al. 2022). From traditional newspapers to 
online platforms, local media are still the most 
important source of local information, playing 
a key role in people’s daily life and helping 
them to be active citizens (Möhring 2019). This 
interaction between media and citizens might 
creates, in certain circumstances, an opportunity 
to use journalistic news dealing with citizen 
complaints as an alternative data source. 

The effects of the temperature on immature 
development have been studied for many 
mosquito species, including Ae. albifasciatus 

(Ludueña Almeida & Gorla 1995, Silver 2008). 
This knowledge could be used to project 
floodwater mosquito abundance peaks using 
local meteorological data as input. However, 
Ae. albifasciatus showed different development 
rates for populations from different climatic 
regions (Garzón & Schweigmann 2015), 
suggesting that immature development times 
could not be extrapolated from one latitude to 
another. The main objective of this research was 
to characterize the immature development time 
of Ae. albifasciatus in an intermediate city of 
temperate climate. With this aim, we developed 
a model using available data of this mosquito 
species from other latitudes, and then we used 
two different proxies (i.e. journalistic news and 
field collections) to validate it. Finally, both 
approaches were compared to address the 
question: Are journalistic records any good for 
detecting mosquito abundance peaks? 

MATERIALS AND METHODS
Study area 
This study was carried out in Tandil (37º04’S 
59º08’W; Figure 1a), Buenos Aires province 
(Argentina), in the center of the Tandilia mountain 
system on its northeast slope, where agricultural 
and livestock exploitation is developing in 
conjunction with mining and tourism (Campo 
et al. 2010, Guzman Ramos et al. 2015). Tandil is 
an intermediate city, not only by its population 
size (>130000 inhabitants) but also because it 
plays a strategic role between rural areas and 
urban networks, and due to its strong influence 
on the region and the country (Albaladejo et 
al. 2017, Bolay & Kern 2019, Migueltorena 2019). 
The region has a temperate continental climate 
with annual accumulated precipitation reaching 
892.6 mm, and mean annual temperature of 13.4 
°C, with mean monthly values ranging from 6 
°C in winter to 20.5 °C in summer (Campo et 
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al. 2010). Regarding culicid fauna of the city, 
there are only published records of artificial 
container mosquitoes (Vezzani et al. 2022), but 
Ae. albifasciatus was the only species observed 
in abundance and biting in open recreational 
areas (D. Vezzani, personal observation).

Model fitting
Data about the relationship between Ae. 
albifasciatus immature development time and 
the temperature were searched among papers 
available in Scopus, PubMed, Scielo, and Google 
Scholar. This information was found for Ae. 
albifasciatus populations from two different 
climatic regions of Argentina, one at the north of 
Tandil (Ciudad Autónoma de Buenos Aires, CABA; 
34º55’S 58º22’W) and the other at the south 
(Sarmiento city; 45º36’S 69º05’W) (Figure 1a). For 
CABA, 20 data (i.e. temperature-development 
time) from Fontanarrosa et al. (2000) and 50 
data from Garzón & Schweigmann (2015) were 
obtained, whereas for Sarmiento 38 data were 
extracted from Garzón & Schweigmann (2015). 
For each data set (two for CABA and one for 
Sarmiento), we fitted a negative exponential 
function following Fontanarrosa et al. (2000), 
that estimates the immature development time 
as a function of the temperature, ƒ(T). Both 

functions for CABA were averaged to obtain a 
new model. These calculations were done using 
the open source software R 3.5.1 (R Core Team 
2018).

Then, the historical mean monthly 
temperatures of both cities and Tandil were 
obtained from Climate-Data.org (2021) and 
analyzed (Figure 1b). As the monthly average 
temperatures between CABA and Sarmiento 
resulted similar to those of Tandil, we proposed 
that the immature development time of Ae. 
albifasciatus in Tandil will be an average 
between those observed in CABA and Sarmiento. 
Therefore, to obtain the model formulation for 
Tandil, the functions of CABA and Sarmiento 
were linearized applying natural logarithm, and 
for different values of temperature the average 
development time between both localities was 
calculated. Then, we fitted these values with a 
linear function and finally, the development time 
in Tandil was obtained applying an exponential 
transformation. 

Model validation with journalistic records 
For the period 2000-2021, a database of 
meteorological and journalistic records 
was created. For the former, the mean daily 
temperature and the daily accumulated rainfall 

Figure 1. a) Study area. Geographic location of Tandil and the other localities mentioned in the text (CABA and 
Sarmiento). b) Historical mean monthly temperatures of CABA, Sarmiento and Tandil (period 1982-2012).
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were provided by the National Meteorological 
Service. For the journalistic records, all news 
related to mosquitoes published in the local 
media El Eco de Tandil were searched in a digital 
database and classified as follows: municipal 
fumigation campaigns, dengue, insects 
associated with garbage, and complaints from 
citizens due to mosquito bites in green spaces. 
The news associated with mosquito abundance 
peaks in open areas of the city were identified 
and used as validation data. 

Then, considering the date of the journalistic 
record as a proxy of the period in which the 
mosquito abundance peak occurred, the 
function ƒ(T) was used to identify the previous 
rainfall event that produced the beginning of 
the larval development (i.e. egg hatching). For 
this, the procedure detailed in the Figure 2 was 
applied. In brief, for a given peak, the temperature 
of the report date was used to estimate the 
date of egg hatching, assuming a constant 
temperature. Then, the mean temperature for 
the period between the report date and the 
estimated hatching date was calculated and 
compared with the temperature of the report 
day. If the temperature difference was < 1 °C, the 
nearest rainfall event was identified; else, the 
procedure was repeated until a difference < 1 °C 
was obtained. Finally, for model validation we 
calculate the difference (in days) between the 
estimated hatching date and the precipitation 
record date; e.g., if the value is zero the model 
fits perfectly with the journalistic record.

Model validation with field records
The main bias of journalistic records as source 
of mosquito data is the identification of the 
mosquito species. To associate those mosquito 
news with Ae. albifasciatus, adult mosquitoes 
were collected from September 2019 to June 
2021. Weekly captures of five minutes were made 
using a battery-powered aspirator adapted from 

Vázquez-Prokopec et al. (2009) in two major 
parks of the city, namely Banderas and Monte 
Calvario, used by citizens as recreational green 
spaces. Additionally, a five minutes capture with 
the battery-powered aspirator were performed 
in any of 16 other green spaces of the city, each 
day that some of the authors perceive mosquito 
bites. All captures were made on vegetation or 
other structures present in the parks such as 
benches or small edifications. In the laboratory, 
mosquitoes were killed by freezing, separated 
from debris and females identified under a 80x 
stereomicroscope using the taxonomic keys by 
Rossi et al. (2002).

Figure 2. Scheme of the procedure used to identify 
the hatching date of Aedes albifasciatus using the 
journalistic records [or the beginning of field captures] 
and the proposed function ƒ(T) for Tandil city.
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From this field information, the beginning 
dates of Ae. albifasciatus abundance peaks were 
identified, and the function ƒ(T) was applied 
following the procedure of Figure 2 to identify the 
rainfall event that produced the egg hatching. 
As with the journalistic record, we calculate 
the difference (in days) between the estimated 
hatching date and precipitation record date for 
model validation. Finally, the results obtained 
using journalistic and field records during the 
matching period (September 2019-June 2021) 
were compared. 

Goodness of fit
We estimated the error of the fitting of the models 
by the coefficient of determination R2 (Zar 1996) 
in two instances. First, for the averaged function 
of CABA using all field data for this locality from 
Garzón & Schweigmann (2015) and Fontanarrosa 
et al. (2000). Second, for the proposed function 
for Tandil using our journalist and field records 
for the locality.  

RESULTS
The models that allow estimating the immature 
development time of Ae. albifasciatus for 
other localities are expressed by the following 
functions:

CABA, ƒ(T) = 130.121678 e-0.1205685 T

Sarmiento, ƒ(T) = 65.36165 e-0.073339 T 

where T is the mean air temperature. The 
coefficient of determination for the averaged 
function of CABA was R2=0.89. Since the mean 
monthly temperature of Tandil resulted similar 
to the average between CABA and Sarmiento 
(Fig. 1b), we proposed that the immature 
development time of Ae. albifasciatus in Tandil 
can be modeled averaging the development 

times of CABA and Sarmiento. The model 
obtained was: 

Tandil, ƒ(T) = 92.2223811 e-0.09695375 T

According to this function for the Ae. 
albifasciatus population from Tandil, once 
the eggs have hatched, the development time 
ranges from 5.03 days at 30° C to 46.78 days at 7 
°C (Figure 3). 

A total of 51 journalistic records related 
with mosquitoes in Tandil during the period 
2000-2021 were found. Among them, 18 dealt 
specifically with mosquito abundance peaks in 
open green areas, and considering duplicated 
news on consecutive days, only 9 events 
were identified (Table I). For these events, 
the hatching dates were estimated using the 
proposed function ƒ(T). Each of these events 
were successfully associated with a previous 
precipitation, validating the proposed function; 
4 events with the exact date of the previous 
precipitation and the others with a maximum 
difference of 2 days. The precipitation identified 
as trigger for egg hatching ranged between 15 
and 121 mm, and adding the accumulated values 
of the previous ten days ranged 37-137 mm.

During September 2019-June 2021, a total 
of 1949 female mosquitoes were captured in 
235 collections by battery-powered aspirator in 
18 green open areas of the city. All individuals 
belonged to 3 floodwater mosquito species. The 
overwhelming majority were Ae. albifasciatus 
(97.3%), followed by Psorophora cyanescens 
(1.6%) and Aedes crinifer (1.1%). Field captures 
allowed to identify 6 Ae. albifasciatus 
abundance peaks (Table I; Figure 4). For these 
events, the difference between the estimated 
hatching date using the proposed function ƒ(T) 
and the previous precipitation was 1 day (4 
events), 2 days (1 event) and 5 days (1 event). 
In general terms, field data validate the model. 
The precipitation identified as trigger for egg 
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hatching ranged between 8 and 53 mm, and 
adding the accumulated values of the previous 
ten days ranged 8.6-82.1 mm. Using pooled data 
of our journalistic and field records (see the 
Table I), the coefficient of determination for the 
proposed ƒ(T) for Tandil was R2=0.95.

Finally, among the 6 peaks detected by 
field sampling, only the greatest 2 were noticed 
by the local media, reaching 30 and 98 mean 
individuals captured in five minute collections 
(Table I, Figure 4). In contrast, the 4 peaks 
unnoticed by local media recorded values below 
15 mean individuals captured in five minute 
collections. Both peaks displayed by the news 
had a delay of 3 and 9 days regarding field data.

DISCUSSION 
This study intended to incorporate conceptual 
frameworks from mosquito ecology, alternative 
forms of data collection, and the importance of 
local media in an intermediate city. A function 
describing the development time of a floodwater 
mosquito in a given city was adjusted starting 
from published data of two other localities (one 
colder and one warmer), and was then validated 
with two decades of available journalistic news 
in a local media. As previously stressed, the 
main limitation of this kind of approach is the 
mosquito species identity in journalistic records. 
In other cases of spontaneous complaints, as 
for the conspicuous dengue vector Ae. aegypti, 

Figure 3. Aedes albifasciatus 
larval development time as a 
function of the temperature 
in CABA and Sarmiento 
using available data from 
Fontanarrosa et al. (2000) 
and Garzón & Schweigmann 
(2015). The proposed function 
for Tandil was obtained 
averaging the development 
times between CABA and 
Sarmiento. Linear and negative 
exponential curves are shown 
in a) and b), respectively. 
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the simple pictures captured by neighbors with 
their smart phones allowed to reach mosquito 
species identification (e.g. Vezzani et al. 2022). 
But contrary to most of citizen science projects, in 
which participants had the opportunity to submit 
mosquito material for further scientific analysis 
(see Kampen et al. 2015), in our approach the 
news about complaints do not allow mosquito 
species identification. In the current study, it 
was unavoidable to carry on field samplings to 
corroborate mosquito species in the laboratory. 
During the 22 months of active survey, the only 
species that reached perceivable abundances 
in open green areas was Ae. albifasciatus. As 
was stressed by Kampen et al. (2015), passive 
mosquito surveillance does not replace active 
survey, but may provide a background alert 

system for triggering active surveillance when 
necessary, designing less costly and more 
effective activities. 

Floodwater mosquitoes are bothersome 
when a mass emergence occurs, regardless if 
they are transmitting a particular disease at 
any given time. In addition to interrupting the 
normal development of outdoors activities, 
when mosquitoes are abundant they cause 
allergies, either skin reactions during mosquito 
bite or asthma and rhinitis probably due to body 
allergens (Cantillo & Puerta 2021). So, floodwater 
mosquito abundance peaks could produce from 
allergic reactions to pathogen transmission 
and citizen irritability due to aggressive bites. 
The function obtained for Ae. albifasciatus 
development at local level could serve to predict 

Table I. Validation data for development time function using journalistic records and field sampling. Aedes 
albifasciatus abundance peaks in Tandil detected by journalistic records (period 2000-2021) and by field sampling 
(September 2019 – June 2021), and estimation of the hatching date and the nearest precipitation using the 
proposed function ƒ(T). Shaded rows highlight events detected by both journalistic and field records.

Source
Date of 

abundance 
peak (d0)

Final temp. 
used in f(T)

(°C)

Estimated 
development 
time (Days) 

Estimated  
hatching 
date (dh)

Nearest precipitation 
(>5mm) PP 

accumulated 
10 previous 
days (mm)

Date
[difference 

with dh]
Volume 

(mm) 

Journalistic record Mar 9, 2001 21.83 11.08 Feb 26, 2001 Feb 28, 2001 [+2] 100 3.2

Journalistic record Mar 14, 2006 17.28 16.72 Feb 25, 2006 Feb 23, 2006 [-2] 26 11

Journalistic record Jan 7, 2010 20.53 12.37 Dec 26, 2009 Dec 25, 2009 [-1] 34 79.1

Journalistic record Oct 9, 2010 11.06 29.66 Sep 9, 2010 Sep 10, 2010 [+1] 37 45.7

Journalistic record Mar 22, 2017 16.26 19.22 Mar 3, 2017 Mar 2, 2017 [-1] 43 94

Journalistic record May 4, 2017 13.69 25.52 Apr 8, 2017 Apr 8, 2017 [0] 121 9.1

Journalistic record Jan 15, 2019 19.73 14.02 Jan 1, 2019 Jan 1, 2019 [0] 33 58

Field sampling Feb 28, 2020 18.46 15.85 Feb 12, 2020 Feb 13, 2020 [+1] 53 29.1

Field sampling Jun 19, 2020 10.12 34.58 May 15, 2020 May 20, 2020 [+5] 23 0

Field sampling Nov 3, 2020 14.2 23.02 Oct 11, 2020 Oct 10, 2020 [-1] 8 0.6

Field sampling Jan 15, 2021 20.05 13.41 Jan 2, 2021 Jan 4, 2021 [+2] 10 33

Journalistic record Jan 19, 2021 19.63 14 Jan 5, 2021 Jan 5, 2021 [0] 49 43

Field sampling Feb 28, 2021 19.85 13.76 Feb 14, 2021 Feb 13, 2021 [-1] 29 18

Field sampling Apr 3, 2021 16.76 18.99 Mar 15, 2021 Mar 16, 2021 [+1] 50.6 0.4

Journalistic record Apr 12, 2021 17.45 17.02 Mar 26, 2021 Mar 26, 2021 [0] 15 53.9
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these floodwater mosquito abundance peaks and 
thus, activate some preventive actions. Although 
massive fumigation is not recommended out 
of a disease transmission context (WHO 2012), 
a municipal warning could alert neighbors to 
avoid green spaces or using personal repellents 
for a few days. Also, if an important mosquito 
abundance peak is predicted, piping works on 
key floodable areas could prevent subsequent 
flooding thus eliminating important mosquito 
breeding sites, as was observed by Fontanarrosa 
et al. (2000). In this sense, mosquito surveillance 
involving citizens (with or without intentionality) 
has great potential to assist local health 
authorities, but also face many challenges in 
ensuring translatable outcomes to improved 
public health policy and practice (Souza et al. 
2022).

The media can play different roles related 
to passive forms of data collection for scientists. 
In some citizen science projects related with 
mosquito monitoring, media activate the 
participation by drawing initial attention to 
the project; e.g. the Mückenatlas in Germany. 
In addition to quantitative media coverage, 

the mosquito affectedness of the resident 
population also influences citizen participation 
(Pernat et al. 2022). In our case, in which 
there is no citizen science project associated, 
neighbors’ complaints were spontaneous and 
the inconveniences caused by mosquitoes 
were the solely reason of the general public 
involvement. Unnoticed mosquito peaks by local 
media could be attributed to different factors. 
At first, a relative low interest by journalists to 
inform complaints regarding mosquito bites, 
depending on the number of current news to 
write about. Another factor could be the climatic 
condition. In cold weeks, neighbors wear warmer 
clothes, green open areas are less visited, and 
mosquitoes have lower biting activity. However, 
this does not seem to be the case considering 
that some unnoticed mosquito peaks were in 
summer (February 2020 and 2021). Finally, other 
confounding factor could involve the COVID-19 
pandemic effects; for example, the mosquito 
abundance peaks of June and November 2020 
could be unnoticed due to restrictions to use 
open green areas for recreational activities 
during this period. In brief, our results strongly 

Figure 4. Aedes albifasciatus abundance peaks detected in Tandil by field sampling during the period September 
2019 – June 2021. Each value is the average number of individuals captured per 5-min aspiration event in 18 green 
open areas. The dates with arrows indicate the beginning of the abundance peak.
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suggest that there is a threshold of mosquito 
abundance that provokes citizen complaints; in 
our study above 15 mosquitoes in a five minute 
collection. In accordance, the last peak observed 
began with a mean number of 12 individuals 
and remained unnoticed by the news until a few 
days later when captures reached higher values.

Regarding the precipitation volume that 
trigger Ae. albifasciatus egg hatching, it was 
observed around 16-17 mm in the fall-winter 
period, 25 mm in the spring, and 30 mm in the 
summer by Fontanarrosa et al. (2000). However, 
we detected mosquito abundance peaks 
activated by precipitations so limited as 8 mm 
in spring and 10 mm in summer. It is relevant 
to mention that local conditions of the soil 
could determine if a given precipitation will 
produce a mass emergence of mosquitoes. For 
example, Fontanarrosa et al. (2000) observed 
that new cohorts started when the soil had 
dried completely before the rain. This, and other 
unexplored variables (e.g. elevation, availability 
of nutrients, etc) were not considered here and 
will be matter of future research.

As science progress, human and financial 
resources are limited whereas data requirement 
increases, turning passive forms of data 
collection into a resource increasingly used by 
scientists (Kampen et al. 2015). Another passive 
form of data collection, like those based on 
Internet search activity, might be more sensitive 
than our approach; for example, providing useful 
signals of disease activity ahead of standard 
healthcare-based surveillance methods (Aiken 
et al. 2020). However, local media are tied to 
a specific territory, i.e. are primarily focused 
on covering circumscribed geographic areas, 
and this matters to the local community 
(Möhring 2019). In consequence, local media 
in intermediate cities, and probably even more 
in small towns, has a central role in reflecting 
any citizen complaints. When these complaints 

are related to species perceived as nuisance 
or dangerous (e.g. mosquitoes, ticks, rats, 
scorpions, bats, snakes), they could be used as 
data. In other words, local media can be full of 
valuable retrospective data for researchers of 
different fields. 
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