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Abstract: Green spaces in urban areas can play a key role in protecting wildlife. However, the presence of

wildlife in urban areas can lead to human health risks. Although the presence of the rodent species Oligory-

zomys flavescens (hantavirus reservoir) has been recorded in cities of Argentina, its population dynamics in this

type of habitat is still unknown. Here, we evaluated: (1) long-term spatial and temporal patterns of O. flavescens

abundance and how these patterns were influenced by weather factors and (2) the seroprevalence of hantavirus

and the identity of the viral lineage circulating in the population that inhabits the Costanera Sur Ecological

Reserve, a protected area in the city of Buenos Aires. Genetic results confirmed that the pathogenic ANDES

Central Lechiguanas virus is present in O. flavescens populations inhabiting this urban reserve. Abundance of

O. flavescens showed interannual and seasonal fluctuations, with maximum values in winter and spring and

minimum ones in summer and autumn. Summers with the highest abundances of O. flavescens were preceded

by warmer winters, while winters with lower abundances were preceded by warmer summers. On the other

hand, accumulated precipitations in the previous 6 months positively affected winter abundance. These results

could help the authorities in charge of the green spaces of Buenos Aires to identify priority areas and times of

the year for the implementation of preventive measures that minimize the contact of rodents with visitors. Such

measures could be intensified when winters are warmer than normal, and summers are cooler and wetter than

normal.

Keywords: Rodents, Seroprevalence, Population dynamics, Urban ecosystem, Meteorological variables,

Control measures, GAM models

INTRODUCTION

Parks and other types of green spaces immersed in the

urban matrix are providers of ecosystem services of crucial

importance for the promotion and conservation of biodi-

versity (Bolund and Hunhammar 1999; Shanahan et al.

2015). They are important suppliers of wildlife habitat in

the urban landscape (Zhou and Chu 2012) and can play a

key role in wildlife protection (Nielsen et al. 2014). In

addition, they contribute to people’s well-being by

encouraging recreation, reflection and social interactionCorrespondence to: Emiliano Muschetto, e-mail: emuschetto@hotmail.com
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(Shanahan et al. 2015). However, despite these widely

recognized benefits, the health risks associated with the

presence of wildlife in urban areas have been explored in

only a limited number of studies (Riley et al. 1998; Ma-

tuschka et al. 1996; Mahan and O’Connell 2005; Dizney

et al. 2010; Chernousova 2013).

Rodents are intermediate hosts of numerous species of

parasites and reservoirs of virus and bacteria that may

spillover to humans and their domestic animals (Begon

2003; Meerburg et al. 2009). In urban ecosystems, most

ecological and parasitological studies have focused on

synanthropic rodent species (Cueto et al. 2008; Hancke

et al. 2011; Himsworth et al. 2013; Froeschke and Matthee

2014; Cavia et al. 2015), although wild species are often

present (Cavia et al. 2009; Chernousova 2013) and

responsible for various emerging infectious diseases.

In Argentina, in the central-eastern part of the country,

O. flavescens is the main reservoir of ANDES Central

Lechiguanas virus (AND Cent Lec) (Suárez et al. 2003), the

causal agent of hantavirus pulmonary syndrome, a severe

disease often fatal in humans (Martı́nez et al. 2010). In

addition to the AND Cent Lec, two more lineages have

been found in this area, the ANDES Central Buenos Aires

near the river regions and the ANDES Central Plata which

was characterized from cases from both sides of the Rı́o de

la Plata River (Argentina and Uruguay). Nucleotide and

amino acid identities among AND lineages ranged from

76.5 to 86.6% and 91.9 to 96.9%, respectively (Padula et al.

2000a). Studies on populations of O. flavescens have been

conducted in natural environments (Gómez Villafañe et al.

2012; Vadell and Gómez Villafañe 2016; Maroli et al. 2018)

and agricultural ecosystems (Mills et al. 1991; Busch and

Kravetz 1992; Suárez and Bonaventura 2001; Bonaventura

et al. 2003). Although the occurrence of this species was

reported in cities of Argentina (Gómez et al. 2008; Cavia

et al. 2009), there is a lack of data on their population

dynamics in urban habitats, as well as the influence of

environmental factors on their abundance is unknown.

Ecological studies that contribute to the understanding of

the factors and mechanisms responsible for population

fluctuations can help to predict how the population may

respond to changes in the environment and aid in devel-

oping policies and practices that may allow reducing the

likelihood of associated zoonotic diseases.

In the city of Buenos Aires, O. flavescens have been

recorded in large green spaces (surface areas over 25 ha)

located in the basin of the Rı́o de la Plata and Riachuelo

rivers, the two rivers that surround the city (Cavia et al.

2009). Among these green spaces, the presence of this

species is particularly important in the Costanera Sur

Ecological Reserve, a protected area that, because of its

location in the urban matrix and its large area (350 ha),

receives between 10,000 and 30,000 visitors every weekend,

who carry out various activities including, recreation,

sports (mainly walking and cycling), relaxation, biological

research, photographic safaris, etc. The general objective of

this work was to study the population dynamics of this

species in order to obtain information that may help in the

design of measures aimed to reduce the health risk to the

reserve visitors. To this end, we evaluated (1) the spatial

and temporal variation in abundance of O. flavescens over

10 years; (2) the effect of weather factors on abundance;

and (3) the seroprevalence of hantavirus and the identity of

the viral lineage circulating in the population.

MATERIALS AND METHODS

Study Area

Fieldwork was conducted at the Costanera Sur Ecological

Reserve (34�360S, 58�270W), Buenos Aires, Argentina. This

reserve is a coastal protected area, next to the Rı́o de la

Plata River, located a few blocks away from the heart of

the city and government buildings, and built by gaining

land to the river using demolition debris and river silts

(Marcomini and López 2004). The reserve encompasses

350 ha, with a mean annual temperature of 17.6�C, and

mean annual precipitation of 1062 mm. The reserve

contains a complex mosaic of habitats including tall

grasslands, humid prairies and shallow floodplain lakes

mixed with small woods of Tessaria integrifolia and Salix

humboldtiana, and coastal bushy patches dominated by

Ricinus communis, Baccharis salicifolia and Erythrina cris-

ta-galli. The community of small rodents (species < 500 g)

in this area is dominated by the sigmodontines O. fla-

vescens, Deltamys kempi and Scapteromys aquaticus, the

caviid Cavia aperea and the non-native murines Mus

musculus and Rattus norvegicus (Teta et al. 2007). The

study was conducted in three different habitats: 1) tall

grasslands (Cortaderia selloana); 2) forest of T. integrifolia,

Ligustrum lucidum and Ligustrum sinense; and 3) coastal

bushy areas (locally known as ‘‘matorrales ribereños’’),

dominated by the exotic R. communis and the native

species B. salicifolia and E. crista-galli.
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Rodent Survey

Rodent trapping surveys were carried out in two phases

(Table 1). In the first phase, eight capture sessions were

conducted seasonally during two consecutive periods: the

first one included trappings in April (middle autumn), June

(early winter), October 2004 (middle spring) and February

2005 (late summer), while the second included trappings in

May (late autumn), August (late winter), November (late

spring) 2005 and February 2006 (late summer), in the three

habitats mentioned above. In this phase, we used two or

three transects, spaced at 150 m, of 20 Sherman live traps

in each habitat during each trapping survey, with a capture

effort of 540 trap-nights and 360 trap-nights in each

trapping survey for the first and second period, respec-

tively. We decided to remove at random one transect per

habitat due to logistic and safety reasons. Transects were

randomly assigned once at the beginning of the first cap-

ture session in April 2004 and then repeated until the last

sampling in February 2006. Traps were active during three

consecutive nights.

In the second phase, 25 capture sessions were con-

ducted in edge habitats (coastal bushy areas, roadsides and

edges of ponds) throughout spring 2008 to winter 2014. In

this phase, the number of transects ranged from one to six

transects per sampling (N = 99, Table 1). Transects were

randomized in each capture session, although some were

repeated between samplings due to the limitation of

available space to arrange them. The length of transects and

the distance between them varied in some samplings, but

the minimum distance between transects was always

150 m. The trapping effort varied between 135 and 480

traps-nights according to each sampling, and traps were

active during four consecutive nights. In both phases, traps

were baited with peanut butter and cow fat and the distance

between neighboring traps was 10 m.

Captured animals were marked with a numbered ear

tag for individual identification and then released at the

point of capture. Animals were treated in accordance with

the guidelines of the Sociedad Argentina para el Estudio de

los Mamı́feros (Giannoni et al. 2003).

We used trap success (TS) as an index of O. flavescens

abundance. Trap success was calculated for each season

using the formula TS = [number of captures/(number of

traps 9 number of nights) - ½ a] 9 100, where a is the

number of shut traps without captures (Seber 1973).

Weather data including monthly precipitation (mm),

days per month with precipitation, and minimum and

maximum temperatures (�C), were retrieved from the

Buenos Aires bureau of Statistics and Censuses (https://

www.estadisticaciudad.gob.ar/eyc/?cat=128).

Hantavirus Detection

Captured rodents were anesthetized before taking blood

samples from the retroorbital capillary plexus. Animals

recaptured a second, third or fourth time during a 4-day

trapping event were not bled again. Blood samples were

immediately carried to the National Microbiology Institute

Dr. Carlos Malbrán to be screened for Andes (AND) virus-

specific immunoglobulin G (IgG) antibodies using enzyme-

linked immunosorbent assays (ELISA), as previously de-

scribed by Padula et al. (2000b). Meanwhile in the field, our

team waited for approximately 2 h the results of this test,

and then all antibody-positive animals were sacrificed and

lung samples were preserved at - 30�C to be transported to

the laboratory where they were stored at - 80�C until

tested. Seronegative individuals were released at the point

of capture. Total RNA was extracted from lung tissues of

seropositive rodents. Reverse transcription (RT) procedure

and hemi-nested polymerase chain reaction (PCR) were

performed to amplify a partial fragment from hantavirus

genome (Nichol et al. 1993). The S segment (N protein 396

nts) and the M segment (Gn protein 368 nts) were

amplified and sequenced for comparisons with AND Cent

viral RNA from previous human cases and rodents cap-

tured in the study area (up to 100 km away). Multiple

nucleotide and amino sequence alignments were done

Table 1. Number of Seasonal Trapping Surveys of O. flavescens

Conducted from Autumn 2004 Until Summer 2006 (Phase 1) and

from Spring 2008 Until Winter 2014 (phase 2) in Costanera Sur

Ecological Reserve, city of Buenos Aires, Argentina. The Total

Number of Transects per Season is Reported in Parentheses.

Year Summer Autumn Winter Spring

2004 – 1 (3) 1 (3) 1 (3)

2005 1 (3) 1 (2) 1 (2) 1 (2)

2006 1 (2) – – –

2008 – – – 3 (5)

2009 1 (3) 1 (4) 1 (5) 1 (3)

2010 1 (2) 1 (3) 1 (3) 1 (3)

2011 1 (3) 1 (5) 1 (5) 1 (5)

2012 1 (3) 1 (5) 1 (5) 1 (4)

2013 1 (4) 1 (4) 1 (4) 1 (6)

2014 1 (6) 1 (5) 1 (4) –
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using MEGA 5 software package (http://www.megasoftwa

re.net).

Seroprevalence is reported as the proportion of indi-

viduals with hantavirus antibodies (seropositives) over the

total number of blood samples analyzed.

Statistical Analysis

To analyze what factors influenced abundance of O. fla-

vescens for the first phase, we fitted a generalized linear

mixed-effect model (GLMM) with Poisson error distribu-

tion using the lme4 package (Bates 2010) for R software (R

Development Core Team 2013). The response variable was

the number of different individuals of O. flavescens in each

trap line. Habitat type (coastal bushy areas, grassland and

forest), season (spring, summer, autumn and winter),

period (2004–2005 and 2005–2006), weather variables and

their interactions were included as explanatory variables in

the GLMM. Monthly rainfall and mean, minimum and

maximum temperatures during the month before each

trapping survey were considered. These variables were also

used with time lags of 3 and 6 months. Also, the accu-

mulated precipitations in the last 3 and 6 months prior to

each sampling were analyzed. Since abundance was re-

corded on the same transects every season, a random factor

(transect) was included. The DGC multiple comparison test

(Di Rienzo et al. 2002) was used to analyze differences

between factor levels when necessary.

Intra- and interannual changes in the estimated

abundance of O. flavescens (trend and seasonality) in edge

habitats over the entire study period were evaluated

through generalized additive mixed models (GAMM) with

a Poisson distribution, using data from for the first and the

second phases (autumn 2004 to winter 2014). We used

GAMM models because they accommodate smooth, non-

linear changes over time in population size (Fewster et al.

2000). Since the number of animals that were caught de-

pended on trap-effort and it was not constant in each trap

line, we used the logarithm of this value as Poisson offset

according to Zuur et al. (2009). Two GAMM models were

tested. A base model tested O. flavescens abundance versus a

smoothed function of time: monthly variation with 12 le-

vels (intra-annual) and year variation (interannual),

whereas the second one included seasons, weather variables

and their interactions as explanatory variables. The highest

order interactions and factors were removed sequentially

until we reached the model with the lowest AIC. A random

factor (transect) was included with temporally auto-cor-

related errors with a separate fit for each transect. GAMMs

were conducted using the mgcv package (Wood 2011) for R

(R Development Core Team 2013).

RESULTS

A total of 233 individuals of O. flavescens were captured

with a trapping effort of 12,754 trap-nights. Hantavirus

antibodies were detected in 6% (14/233) of the captured O.

flavescens individuals. All seropositive individuals were

captured during the reproductive season (spring–summer,

Table 2, Fig. 1a, b). The viral genome could be detected

and amplified, in one of 14 seropositive individuals. A

comparison of the 396 nt generated from the N–S segment

showed high nucleotide identity (97.28–100%) with AND

Cent Lec virus obtained from human cases occurred in the

study area with an amino acid identity of (100%). The

nucleotide and amino acid similarity with rodent AND

Cent Lec virus was 95.39 and 99.18%, respectively

[Lechiguanas (LEC) virus strain, Af028022]. Also, a com-

parison of the 368 nt generated from the Gn–M segment

showed high nucleotide identity (97.2–99.24%), with an

amino acid identity of 100%. The nucleotide and amino

acid similarity of this segment with rodent AND Cent Lec

virus was 98.73 and 100%, respectively.

Table 2. Capture Data and Characteristics of 14 O. flavescens

Individuals Serologically Positive for ANDES Central Lechiguanas

Virus in Costanera Sur Ecological Reserve, city of Buenos Aires,

Argentina.

Year Season Sex Reproductive status Body mass (g)

2004 Spring Male Scrotal testes 30

2004 Spring Male Scrotal testes 35

2005 Spring Male Scrotal testes 24

2005 Spring Female Opened vagina 22

2005 Spring Male Scrotal testes 20

2006 Summer Male Scrotal testes 27

2008 Spring Male Scrotal testes 15

2008 Spring Male Scrotal testes 15

2008 Spring Male Scrotal testes 23

2008 Spring Male Scrotal testes 20

2008 Spring Male Scrotal testes 15

2008 Spring Male Scrotal testes 16

2013 Spring Male Scrotal testes 17

2013 Spring Male Scrotal testes 34
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http://www.megasoftware.net
http://www.megasoftware.net


Population Dynamics of Oligoryzomys flavescens

In the first phase of the study (2004–2006), O. flavescens

showed the highest abundances in winter and spring

(Mean ± SE = 1.63 ± 0.41 and 2.21 ± 0.62, respectively)

and the lowest ones in summer and autumn (0.51 ± 0.13

and 0.60 ± 0.21, respectively, likelihood ratio test

(LRT) = 31.22, df = 3, P < 0.001). Seasonal pattern was

similar for the three habitats and in both study periods

(P > 0.05). The coastal bushy areas showed the highest

abundance of O. flavescens (2.33 ± 0.35), followed by the

tall grassland (0.95 ± 0.21) and the forest (0.43 ± 0.13,

(LRT) = 14.02, df = 2, P < 0.001). Abundance differences

between habitats were maintained in both study periods

(P > 0.05). Oligoryzomys flavescens abundance was influ-

enced by the difference, compared to normal values, of

accumulated rains in the 3 months prior to the sampling

period (LRT) = 14.46, df = 1, P < 0.001). This variable

was positively associated with O. flavescens abundance and

explained both the increase in abundance recorded in

winter 2005 (when the rainfall during the previous autumn

was 183 mm higher than normal) and the subsequent de-

crease the following spring due to a drought period re-

corded during the previous winter (189 mm lower than

normal, Fig. 2).

Regarding the intra- and interannual variations in O.

flavescens abundance in edge habitats throughout the entire

study period (phase 1 and 2), we observed an interannual

fluctuation (F = 20.93, estimated degrees of freedom

[edf] = 6.87, P < 0.01) with maximum values between

2006 and 2008 and minimum values between 2012 and

2014 (Fig. 1c). In turn, intra-annual abundance cycles were

observed (F = 6.33, edf = 3.92, P < 0.01), with maximum

values between June and September (winter in the South-

ern Hemisphere) and minimum between March and May

(late summer and mid-autumn) (Fig. 1d). These intra- and

interannual variations represented 47% (adjusted R2) of O.

flavescens abundance fluctuations.

When weather variables were included, the highest

abundances of O. flavescens in summers occurred when

they were preceded by warmer winters (higher values of

minimum temperature than normal, F = 9.22, edf = 1,

Figure 1. Seropositive individuals (represented as dots) by years (a) or months (b) and inter- (c) and intra-annual (d) trends in O. flavescens

abundance [inset: as a function of the logarithm of O. flavescens abundance, f (O. flavescens)] from autumn 2004 to spring 2014 (phase 1 and

phase 2) in Costanera Sur Ecological Reserve, city of Buenos Aires, Argentina. Smooth functions (solid lines) for a typical month (May) or year

(2011) with 95% credible region (gray area) estimated for (c) interannual and (d) intra-annual trends. The question mark shows the lack of data

during 2007.
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P < 0.01, Fig. 3). In addition, abundances recorded in

winters were lower than normal when they were preceded

by warmer summers (F = 6.10, edf = 1, P = 0.01, Fig. 3).

Oligoryzomys flavescens abundances were greater during

winters that presented the highest accumulated rainfall in

the previous 6 months (F = 13.27, edf = 1, P < 0.01,

Fig. 3), and lower in springs that were preceded by wet

periods (with higher accumulated rainfall in the previous

6 months, F = 10.79, edf = 1, P < 0.01, Fig. 3). In addi-

tion, there was a decrease in the abundance of O. flavescens

over the 10 years studied (F = 76.28, edf = 1, P < 0.01,

Fig. 3) that could not be explained by the climatic variables

analyzed. All these factors affected O. flavescens abundance

in a linear way (the better smooth function for all

explanatory variables was the linear one). By incorporating

the seasons and weather variables into the model, we were

able to explain 60% (adjusted R2) of the fluctuations in O.

flavescens abundance.

DISCUSSION

Abundance of O. flavescens in an urban reserve in the city

of Buenos Aires showed interannual and seasonal fluctua-

tions with maximum values in winter and spring and

minimum values in summer and autumn. In addition to

seasonal differences, these fluctuations were associated with

variations in weather conditions that partially explained

interannual variations. Moreover, there was a decrease in

the abundance of this rodent throughout the study period

that could not be explained through the weather variables

analyzed. Oligoryzomys flavescens was more abundant in the

edge habitat corresponding to the riparian thicket within

the reserve. On the other hand, genetic results confirmed

that the pathogenic AND Cent Lec virus is present in O.

flavescens populations inhabiting this urban reserve. The

high virus similarity with those obtained from human cases

registered in localities as far as 100 km away from the study

area suggests the existence of connectivity between the

populations of O. flavescens from this urban reserve and the

surrounding ones. This could be explained by the passive

transport of individuals through the rivers (see below).

We found seasonal abundance variations in O. fla-

vescens, pattern which is commonly observed in small ro-

dents (Singleton et al. 2001; Stenseth et al. 2003; Andreo

et al. 2009; Vadell et al. 2014). In our study, maximum

abundance was recorded during winter and spring, whereas

this species in a near protected area (Maroli et al. 2018) as

well as other species of sigmodontine rodents typical of

agricultural ecosystems in central Argentina (i.e., Akodon

azarae and Calomys laucha) reach their highest abundances

before the beginning of frosts during late autumn and

winter (Crespo 1966; Zuleta et al. 1988; Mills et al. 1991;

Busch and Kravetz 1992; Andreo et al. 2009). This lag could

be due to the location of the study area in a coastal envi-

ronment in close proximity to the city of Buenos Aires,

which would temper climatic conditions and generate a

microclimate where frosts are rare. As a consequence, the

Figure 2. Abundance of O. flavescens (trap success ± SE) from autumn 2004 to summer 2006 (first phase) according to habitat type in

Costanera Sur Ecological Reserve, city of Buenos Aires, Argentina.

E. Muschetto et al.



main cause of mortality would not be due to winter frosts,

and the decline in population abundance would be due to

death of overwintering individuals during late spring and

summer. This would generate a maximum abundance peak

during winter and spring, when individuals born in two

successive reproductive seasons are still present simulta-

neously.

The interannual variation in the abundance of O. fla-

vescens was partially explained by the minimum tempera-

ture and the precipitations recorded with a delay period of

Figure 3. Seasonal abundance of O. flavescens [expressed as a function of the logarithm of O. flavescens abundance, f (O. flavescens)] from

autumn 2004 to spring 2014 (phase 1 and phase 2) according to weather variables in Costanera Sur Ecological Reserve, city of Buenos Aires,

Argentina. Only the significant relationships are reported. The figure shows the adjusted values proposed by the model for a typical transect

with 95% credible region (gray area).
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two seasons. The minimum temperature recorded during

winter and summer would be affecting the abundance of O.

flavescens in the summer and the following winter,

respectively. Thus, when more benevolent winters or

summers occur (higher minimum temperature or lower

minimum temperature, respectively), the abundance of O.

flavescens in the next summer or winter would be higher.

This would indicate that for this species in these urban

ecosystems there are two critical seasons. In general, for

small rodents in temperate climates, it has been described

that the winter season represents the critical time for their

survival, with increased mortality associated with winter

frosts (Crespo 1966; Garsd and Howard 1981, 1982; Mills

et al. 1991; Calisher et al. 2005). The low efficiency in

thermoregulation as a consequence of the small body size

of sigmodontine rodents would make them vulnerable to

low temperatures in the cold seasons (Crespo 1966; Andreo

et al. 2009) but also to high temperatures in the warm

seasons. Regarding the decreasing trend in the abundance

that could not be explained by the weather variables, it is

possible that it was related to cycles of abundance that

exceed the study period and/or to local factors and man-

agement decisions that occur within the reserve and/or

inbreeding depression due to isolation. Accidental fires and

intentional floods on the flooded plains and lakes occurred

during the study period, which would have an amplified

effect on inbreeding depression of these rodents as a con-

sequence of some degree of isolation in which they would

be in this urban reserve.

The precipitations recorded in the previous months

would also have an important role in the observed fluctua-

tions. The effect of rainfall in previous seasons has been

widely studied in many species of rodents, both at a seasonal

(Ernest et al. 2000; Stenseth et al. 2003; Calisher et al. 2005;

Madsen et al. 2006) and at an interannual scale (Meserve et al.

2003; Stenseth et al. 2003; Holmgren et al. 2006). In a rural

area of central Argentina, Andreo et al. (2009) described a

delay period of one or two seasons in the response of pop-

ulation densities of A. azarae to precipitation. The delay may

be due to the relationship between vegetation cover and

precipitation either during the same season or during the

previous season (Ernest et al. 2000), which increases the plant

biomass and consequently increases food availability and

shelter for rodents. In addition, the greater abundance ob-

served during the winters preceded by rainier summers can

be the consequence of the influence of the flooding pulses

occurred upstream in the delta of the Rı́o de la Plata River. It

is likely that during these periods, which usually occur during

the summer, immigration of individuals that may travel on

floating plants (passive transport) may increase (Chiappero

et al. 1997).

Our results suggest that individuals of O. flavescens

would make a differential use of the studied habitats. These

rodents showed greater preference for habitats that pre-

sented a tree-shrub stratum, such as the riparian thicket,

and, to a lesser extent, for grasslands, than for those with

low vegetation cover, such as the forest understory. Similar

results have been observed by other authors in another

natural protected area (Maroli et al. 2015; Vadell et al.

2016). This preference would be based on the fact that their

long tail and hind legs are possible adaptations to scansorial

habits and would favor their life in habitats where the tree-

shrub stratum predominates (Massoia and Fornes 1965;

Udrizar Sauthier et al. 2010; Maroli et al. 2015). In general,

in natural reserves, the habitats that receive a greater

number of visitors are those that are close to water courses

(rivers, streams, etc.) because areas for recreation, rest and

in some cases camping are usually available. Therefore, the

preference of O. flavescens for these habitats in the

Costanera Sur Ecological Reserve could increase the risk of

hantavirus pulmonary syndrome transmission as a conse-

quence of the greater probability of rodent-person contact

allowed by such habitats.

The fact that almost all seropositive individuals were

males is in agreement with previous studies in sigmodon-

tine rodents that suggest a horizontal virus transmission

mechanism where adult males are more likely to become

infected (Glass et al. 1998; Douglass et al. 2007; Vadell et al.

2011). This is probably because aggressive contacts among

males increase the probability of transmission (Padula et al.

2004). In addition, as was also observed by Mills et al.

(2007), seropositive O. flavescens individuals occurred

during the reproductive season (spring–summer), when

aggressive interactions are supposed to increase. By last, the

fact that 7 of 14 seropositive individuals were clustered

during the period of high abundance registered between

2006 and 2008 could be suggesting a positive relation be-

tween abundance and number of infected individuals, and

therefore an increased risk for transmission to humans

(Maroli et al. 2018). The opposite relationship was found

for this species in Argentina (Mills et al. 2007) and other

sigmodontine rodents in North America (Abbott et al.

1999; Douglass et al. 2001). However, it is necessary to

point out that sample sizes of antibody-positive O. fla-

vescens in this study were small, and additional studies will

be required to confirm these observed trends.
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In general, natural reserves, particularly those within

an urban matrix, have the main objective of promoting

both human well-being and community awareness of the

importance of regional biodiversity conservation. In this

context, the dilemma arises as to whether or not manage-

ment strategies should be applied to control native species

that inhabit natural reserves, because the species may rep-

resent a risk to the health of visitors and local workers.

However, beyond the decisions, information on the ecology

of native species is indispensable for their management

(Singleton et al. 1999). This requires long-term studies that

can provide information that contributes to the knowledge

of the ecology of these species and are useful for decision

makers in the government.

In addition to contributing to partially filling the gap

of existing knowledge regarding the ecology of O. fla-

vescens, these results will also contribute to the under-

standing of what causes population fluctuations in large

green spaces present in the urban landscape of the city of

Buenos Aires. These results can be used to determine when

to take preventive measures. For example, preventive

measures may be maximized when warmer than normal

winters and cooler and wetter than normal summers occur.

These measures could include the closure of certain areas to

the public, the generation of a buffer zone between recre-

ational areas and the surrounding vegetation to prevent

rodents from approaching people, or removal of individ-

uals that are positive for hantavirus. Some of these man-

agement measures have been proposed by Vadell et al.

(2016) for the control of Oligoryzomys nigripes in another

natural reserve in Argentina. We consider that the imple-

mentation of strategic prevention measures would at pre-

sent minimize the likelihood of rodent-person contact and

thus the transmission of diseases to visitors of this urban

reserve. These measures would not affect the conservation

of this species or others related through the food web

(raptors, opossums, etc.).
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Vadell MV, Gómez Villafañe IE, Cavia R (2014) Are life-history
strategies of Norway rats (Rattus norvegicus) and house mice
(Mus musculus) dependent on environmental characteristics?
Wildlife Research 41:172–184

Wood SN (2011) Fast stable restricted maximum likelihood and
marginal likelihood estimation of semiparametric generalized
linear models. Journal of the Royal Statistical Society: Series B
(Statistical Methodology) 73:3–36

Zhou D, Chu LM (2012) How would size, age, human distur-
bance, and vegetation structure affect bird communities of ur-
ban parks in different seasons? Journal of Ornithology 153:1101–
1112

Zuleta GA, Kravetz FO, Busch M, Percich RE (1988) Dinámica
poblacional del ratón del pastizal pampeano (Akodon azarae) en
ecosistemas agrarios de Argentina. Revista Chilena de Historia
Natural 61:231–244

Zuur AF (2009) Mixed Effects Models and Extensions in Ecology
with R, New York: Springer

Long-Term Study of a Hantavirus Reservoir Population in an Urban Protected Area, Argentina


	Long-Term Study of a Hantavirus Reservoir Population in an Urban Protected Area, Argentina
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Rodent Survey
	Hantavirus Detection
	Statistical Analysis

	Results
	Population Dynamics of Oligoryzomys flavescens

	Discussion
	Acknowledgements
	References




