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ABSTRACT

Mus musculus, Rattus rattus and Rattus norvegicus are pests in poultry farms, causing
economic losses and transmitting diseases. Control is commonly conducted through anti-
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coagulant rodenticides, but this control is not effective through time. We aimed to assess

the effect of rodent exclosure on long-term success of rodent control in poultry farms of the
pampean region, Argentina, and to evaluate indirect estimators of rodent abundance. In
both exclosure and non-exclosure sheds rodent abundance decreased significantly after
eradication but mice populations showed a recovery, suggesting that the eradication was

KEYWORDS

Rodent pests; poultry farms;
exclosure; eradication;
recolonization; footprint
indices; abundance

not complete. Rats did not recover, but the low abundance found at the beginning of the

experiment does not allow an accurate conclusion.

1. Introduction

Because of their high reproductive potential and
adaptable behavior, many rodent species are major
pests in agricultural or urban habitats. Abundant
food, mild environmental conditions and the
absence of predators allow commensal rodents to
reach high densities (Brown et al. 2002; Zhang et al.
2003), causing significant losses in grain production
and damages to stored food and buildings. ‘Some
rodent species are also involved in the epidemiology
of several diseases of humans and domestic animals
and may carry diseases among wild, domestic and
peridomestic habitats (Elias 1988; Meerburg et al.
2004; Singleton et al. 2005).

In rural habitats of central Argentina, most native
rodent species. 'do “not reach plague densities,
whereas commensal Mus musculus (House mouse,
Linnaeus 1758), Rattus rattus (Black rat, Linnaeus
1758) and R. morvegicus (Norway rat, Berkenhaut
1769) often reach high densities. These commensal
species are common in animal production farms,
particularly in poultry farms on which they are pri-
marily found inside or around chicken sheds and do
not show strong seasonal variations in abundance
because of reproduction throughout the year
(Gémez Villafane et al. 2001; Mino et al. 2007). In
these farms, these rodents cause economic losses by
consumption of chicken food, contamination, dis-
ease transmission, and by killing small chickens.

Some native species are also found on farms but
are less abundant, particularly the small vesper

mouse (Calomys laucha, Fischer 1814) in chicken
sheds and the pampean grassland rodent (Akodon
azarae, Fischer 1829) along weedy fences that sur-
round the perimeters of farms (Mino et al. 2007).
Even less common are the vesper mouse (Calomys
musculinus, Thomas 1913), the reservoir of the
Junin virus, the etiological agent of Argentine
Hemorrhagic Fever (Parodi et al. 1959; Sabattini
et al. 1977), and the rice rat (Oligoryzomys flaves-
cens, Waterhouse 1837), the reservoir of orthohanta-
virus, the etiological agent of Hantavirus Pulmonary
Syndrome (Lépez et al. 1996; Levis et al. 1998). In
spite of their low abundance, these two last species
involve a serious risk to farm workers, who enter
sheds without protection and can be exposed to the
inhalation of viral particles scattered among the sun-
flower or wheat husks that usually cover the floor of
sheds. In these habitats, rodents also pose a serious
sanitary risk as transmitters of several other diseases
to humans and domestic animals, including lepto-
spirosis, salmonellosis and trichinosis (Acha and
Szyfres 1986; Calderdn et al. 1999; Seijo et al. 2002;
Lovera et al. 2017), and they act as reservoirs for re-
infection by diseases after cleansing and disinfection
of chicken sheds (Rose et al. 2000; Pocock
et al. 2001).

Although chemical control is a common practice
in central Argentina, previous surveys found 97%
and 70% of farms infested by house mice and rats,
respectively (Gomez Villafane et al. 2001; Ledn et al.
2007). The source of infestation of poultry farms by

CONTACT Maria Busch €) mbusch@ege.fcen.uba.ar
© 2018 Informa UK Limited, trading as Taylor & Francis Group

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
&3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114


http://crossmark.crossref.org/dialog/?doi=10.1080/09670874.2018.1530485&domain=pdf
http://www.tandfonline.com

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

2 (&) R CAVIAET AL

M. musculus is not clear, because farms are dis-
persed within a matrix of crop fields in which this
species is rare (Ledn et al. 2010), and genetic studies
suggest low genetic exchange among populations,
particularly between those that are separated by
more than 0.5km (Ledn et al. 2010). An alternative
hypothesis to active dispersal is that humans intro-
duce M. musculus individuals during the transport
of chickens or their food (Ryan et al. 1993). Rats, by
contrast, move more extensively, and infestation of
a new farm most likely occurs from other farms
(Gomez Villafane and Busch 2007). The mean dis-
tance between nearest neighbor farms in the area is
0.58km (range: 0-1.7km), and according to Taylor
(1978) and Hardy and Taylor (1979), normal daily
movements of rats are between 0.2 and 1.26km and
can reach 3.3 km/day when looking for food.

Many efforts to prevent rodent infestations in
farms include removing food and shelter or mini-
mizing potential food sources, but in sheds in which
domestic animals are kept and fed, rodent proofing
is the most important preventive measure. When
rodents have invaded and settled in farm buildings,
efficient control can usually only be achieved by the
application of rodenticides (Pelz and Klemann
2004), but the effect of this control is frequently
temporary because of the recolonization from the
surroundings (Singleton et al. 1999; Pelz 2003;
Brown and Tuan 2005), which depends on the
mobility of the species and the characteristics of the
surrounding habitat. Failure in rodent control may
also be associated with the existence of resistance to
anticoagulants (Guidobono et al. 2010). Therefore,
eradication and the prevention of reinvasion are
crucial to the effectiveness of control measures over
time. One method to reduce the effects of rodents
in post-harvest stores and intensive animal produc-
tion units is the use of physical barriers and fences
(Singleton et al. 1999), which may be used in com-
bination with traps (Singleton et al. 2005). To
improve rodent control in these systems, knowledge
of whether reinfestation comes from outside or
from resident individuals who are not affected by
control measures is crucial, in addition to reliable
abundance estimates both before and after control is
applied. Abundance assessment in this case must
not require much time or money investment and
may not involve direct contact of personnel with
rodents. In this context, the use of infestation indi-
ces based on signs of presence or footprint records
over different type of materials may be useful
(Ahmad et al 1995; Coto 1997; Aplin et al. 2003;
Shahwar et al. 2015, 2016), but these indices must
be calibrated through removal trapping experiments
coupled with routine rodent monitoring by tracking
tunnels (Brown et al. 1996).

To contribute to more effective management of
rodent control in farms, the goals of this work were
the following: 1- To assess the effect of physical bar-
riers on rodent population recovery through time
after intensive eradication; 2- To obtain relations
between direct (through captures) and indirect
(based on footprints) estimates of rodent abundance.
The hypothesis tested was that population recovery
after control measures was by recolonization from
the surroundings, and the prediction was that after
intensive eradication of rodents, chicken sheds sur-
rounded by physical barriers would not be colonized
or be colonized later than non-exclosure sheds.

2. Materials and methods
2.1. Ethics statement

Trapping, handling and euthanasia were performed
according to the procedures. and protocols of the
Argentine National Law for Animal Care 14346 and
the Ethics Committee for-Research on Animals of
Laboratory, Farm and obtained from Nature of the
National Council" for Scientific and Technological
Research (CONICET, resolution 1047, section 2,
annex II): This work is part of the projects approved
by the National Council for Scientific and
Technological Research (PIP 1410), the Universidad
de Buenos Aires (UBACYT 20020100100512) and
the National Agency of Scientific and Technological
Promotion (ANPCYT, PICT 33513), which were
evaluated by an ethics committee. We did not
conduct experiments with humans or labora-
tory animals.

2.2, Study area and characteristics of the farms

The study was conducted in poultry farms located
in Buenos Aires Province, Argentina (34°17" S,
59°14" W), between April and December 2008. This
area is located in the pampean region, characterized
by a temperate climate (mean annual temperature of
16°C and mean annual rainfall of 1000 mm) and
grassland-type vegetation that is currently replaced
by crops. Poultry farms are surrounded by a matrix
of crop fields and pastures (Mino et al. 2007; Ledén
et al. 2010).

The study was conducted in two poultry farms
that were representative of the farms of the area and
whose owners gave the consent to conduct the
work. These farms were devoted to breeding broiler
chickens, occupied approximately 1ha and were sur-
rounded by wire fences under which a well-devel-
oped weed community occurred. Neighboring fields
were devoted to agriculture or livestock breeding. In
both farms, large, integrated breeding companies
provided the farmers five-day-old chicks, medicines
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Figure 1. Schematic representation of a farm shed (a) and photos of the external aspect of a farm shed without (b) and with
exclosure (c). (d) Diagram of the position of a sheet attached to a wooden post.

and food. Chickens were maintained in breeding
sheds at a comfortable temperature using either heat
or cooling and received food and water ad libitum;
food was offered in feeders that hung from the ceil-
ing, and an automatic device provided water. After
45-50 days, chickens were removed for sale. During
the next 15-20days, sheds were prepared for. the
arrival of new chickens, including the-application of
rodenticides in some cases | (GOmez  Villafane
et al. 2001).

In the studied farms, sheds were constructed with
galvanized steel sheet-walls of approximately 40 cm
in height, extended to the ceiling by a non-rodent
proof wire mesh (more than 0.5 cm wide). The ceil-
ing consisted of expanded polystyrene sheets or
hanging canvas, and the roof was made of galvan-
ized sheets. The floor of the sheds was covered by
sunflower or rice husks. On the outside walls of
sheds, canvas curtains were left hanging from the
roof to the floor or were rolled up depending on
the outside temperature (Figure 1). Rodents could
enter sheds through the wire mesh but also through
spaces between galvanized sheets or by burrowing
below them.

One of the studied farms (Farm 1) had two
breeding sheds, one 101 m x 12m (Shed 1) and the
other 78m x12m (Shed 2), separated by an
approximately 10m area covered with grasses and
weeds that grew spontaneously. The distance to the
perimeter of the farm was approximately 2m for
Shed 1 and 10m for Shed 2. The other farm (Farm

2) had 4 sheds of similar construction and width
that ranged from 50 to 100m in length and were
12m in width. Only two sheds were located near
the boundary of the farm, Sheds 1 and 4; whereas
internal paths surrounded the others. Weedy areas
also separated the sheds.

2.3. Sampling design and experimental methods

Relative abundances of mice and rats were estimated
in all sheds of each farm using a Footprint Index
(FI) before eradication and exclosure. Footprint
indices have been previously and extensively used to
assess densities of different rodent species (Brown
et al. 1996; Ahmed and Fiedler 2002) and are gener-
ally obtained using tiles coated with ink or talcum
powder (Shell Guide to Rodent Control, 1987;
Promkerd et al. 2008). In a previous work, we tested
different coatings and selected chalk powder
(Goémez Villafane et al. 2001), which was also used
to assess rodent abundance in poultry farms in
Pakistan ( Shahwar et al. 2015, 2016).

Footprints were recorded in tracking stations
consisting of a 15cm x 50cm hardboard coated
with a thin layer of chalk, protected by a half plastic
tube (10cm height) to prevent the spoiling of the
tracking powder by rain (Figure 2). Tracking sta-
tions were placed at 10 m intervals along the exter-
nal walls of sheds. We did not place tracking
stations inside the sheds because access to the inter-
ior of sheds was not possible during all stages of
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Figure 2. (a) Diagram of the half plastic tube and the cardboard used to register footprints. The half plastic tube was placed
over the cardboard. (b) Rodent footprints on chalk powder and (c) Density of footprints for Footprint Scores (FS)=1 to 4.

FS =0 when no footprints were recorded.

chicken development; however, according to previ-
ous works (Gémez Villafane pers. com.), footprint
records outside and inside sheds do not differ
because mice and rats construct burrows and tun-
nels along the walls, with entrances at both sides.
We also observed mice running along the outside
walls of sheds, between the wall and the curtains.
The total number of stations depended on the shed
size (from 10 to 18). Rodent footprints were
recorded at each tunnel 4 days after the installation.
Footprints of rats and mice were discriminated by
size (longer than 2cm for rats and up to 1cm for
mice, Klapdor et al. 1997), but we could not distin-
guish between rat species (R. rattus or R. norvegicus)
or among mouse species (M. musculus, A. azarae,
Calomys spp., O. flavescens). At each tracking sta-
tion, we scored footprints on a scale from 0 to 4:
0=no tracks, 1=Iess than 25% of the board cov-
ered with tracks, 2=1from 25 to 49% of the board
covered with tracks, 3=from 50 to 74% of the
board covered with tracks and 4 =more than 74%
of the board covered with tracks (Shell Guide to
Rodent Control 1987), Figure 2. Then, we obtained
a mean value (FI) for each shed (Gémez Villafane
et al. 2001).

After the first footprint record, one shed at each
farm selected at random was surrounded by a phys-
ical barrier (exclosure). that consisted of zinc flash-
ing placed at approximately 1 m from the shed wall,
with approximately 80cm projecting aboveground
and 40 cm extending belowground. Zinc sheets were
240m long and 1.20m high and were tightly
attached to wooden posts that were placed inside
the exclosure, to prevent rodents from climbing
(Figure 1). Although they can eventually go deeper,
Norway rats generally dig tunnels and burrows up
to 30 cm belowground (Smith 1996). These rats can
also jump to a height of 75 cm, but their movements
are practically restricted to the ground (Montes de
Oca et al. 2017). Ship rats are good climbers but
were scarce on the studied farms, and even when

present, the smooth surface of the zinc sheets pre-
vented climbing. Physical - barriers were  built
between April 23 and May 6.in Farm 1-and between
May 14 and June 25 'in “Farm 2 (autumn).
Exclosures surrounded the-entire perimeter of each
of the experimental sheds but were interrupted by a
door, which was-also built with zinc sheets closely
attached to wooden frames to prevent rodent entry
when closed. This door was required to allow nor-
mal work of the farm, such as movement of chick-
ens, supplying food and personnel work. Swing
doors were installed at the ends of the exclosures to
allow drainage of rainwater accumulated in ditches
along the sheds. Although farm owners frequently
left the doors open during the arrival and removal
of chickens, exclosures covered at least 98% of the
shed perimeters, and 100% of the perimeter border-
ing neighbor fields. Exclosure sheets were removed
at the end of the study (December).

During the 5weeks of the exclosure period, we
conducted intensive eradication of rodents by trap-
ping and poisoning inside all sheds of both farms,
with an interval for estimating abundance by foot-
prints (Table 1). Trapping effort included 446 cage
trap-nights (traps 15X 16 X 31cm), 874 Sherman
(8 X9 x23cm) trap-nights and 637 snap trap-nights
in Farm 1 (2 sheds) and 546 cage trap-nights, 1189
Sherman trap-nights and 1481 snap trap-nights in
Farm 2 (4 sheds). At each trapping period, traps
were set active for three consecutive nights. Traps
were baited with a mixture of bovine fat, rolled oats
and peanut butter. The anticoagulant used for poi-
soning was bromadiolone, (3-[3-(4’-bromobifenil-4-
il)-3-hidroxi-1-fenilpropil]-4-hidroxicumarina),
which is frequently used in the poultry farms of the
area. We used a commercial bait of wheat grains
coated with a formulation of 5mg of bromadiolone
per 100mg of coloring, attractant and other inert
compounds to give 0.05mg bromadiolone/g bait.
During the eradication period, we applied approxi-
mately 2.55kg of bait per shed, distributed along
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Table 1. Summary of the study design. Fl: Abundance evaluation through the Footprint Index. Removal: Rodent removal by

trapping and poisoning.

Farm 1 1st FI 1st Removal 2nd FI 2nd Removal 3rd FI 4th FI 5th FI
25/4 29/4-2/5 13/5 20-23/5 17/6 23/9 23/12
5-9/5 26-30/5
Farm 2 1st FI 1st Removal 2nd Removal 2nd FI 3rd FI 4th FI -
16/5 30/5-3/6 1-4/7 11/7 23/9 23/12
17-20/6 4-7/7
24-27/6

walls and in the ceiling inside PVC tubes or plastic
cages (the number of bait stations depended on
shed size, ranging from 10 to 30).

After the eradication period, we assessed three
more times, every two-three months, the abundance
at each shed of each farm by footprints (Table 1).
The study period began in autumn and was
prolonged to early summer. Because of logistical
problems, we could not sample between the end of
May and mid-June.

2.4. Rodent abundance estimators

We wused one estimator based on footprints
(Footprint Index) and three based on trapping
(Trap Success, Number of individuals captured and
Hayne estimator). We also estimated rodent density
accounting for the number of individuals and the
shed area.

Footprint Index (FI): Mean of scores of individual
tracking stations per shed.

These estimations were conducted separately for
mice and rats.

Trap success (TS): Number of individuals
captured/[Number of traps™ Number of nights]. We
considered the total number of Sherman“and snap
traps placed for small rodents and cage and snap
traps for rats, because mice are too small to activate
cage traps and rats are too large to enter Sherman
traps. Both rats and mice were captured with
snap traps.

Number of individuals captured: Total number
of accumulated - individuals captured during the
sampling sessions.

Hayne estimator: ~For this estimation, we
conducted linear regressions between the capture at
each day of sampling and the accumulated capture
throughout the eradication period, as the dependent
and independent variables, respectively. The abun-
dance at the beginning of eradication was estimated
using the x intercept when no captures occurred,
as the ratio between the intercept and the slope of
the regression (Seber 1982). This estimator provided
a minimum number of individuals (because rodent
eradication was also performed through poisoning)
present at the beginning of eradication.

Density estimation (Individuals/ha): According to
the estimators of the number of individuals present

in each shed (after the number of animals captured
and the Hayne estimator), we estimated rodent
density per shed, accounting for their size.

2.5. Data analyses

To analyze whether the effectiveness of rodent
control through time differed between exclosured
and non-exclosured sheds, we used Generalized Least
Squares Mixed Models in ‘which the Footprint Index
of each shed was the response variable and the
explanatory variables were the treatment (exclosured,
non-exclosured) and the time  (with four levels
corresponding to sampling dates) as fixed factors,
with the farm as a random factor to account for the
repeated measures (in time and for many sheds) that
were performed in each of them. We only considered
sampling sessions that were separated by the same
time interval in both farms. We also included inter-
action terms. This analysis was conducted separately
for mice and rats using R software (R Core Team
2013) with the Ime4 package (Bates et al. 2015).

The relations between the Footprint Index and
trapping estimations of mice and rat abundance
(TS, number of individuals caught, Hayne and dens-
ity estimators) were established through Type II
quadratic regression analysis (Statistica 6.0). The
coupled estimations of abundance through trapping
and footprint records (Brown et al. 1996) were
obtained considering FI values recorded within a
week before the beginning of trapping. For Farm 1,
in consequence, we had 2 sheds measured at 2 times
(1st and 2nd FI) whereas for Farm 2, we had 4
sheds measured only one time. Considering both
farms, the number of observations was 8.

For mice, footprint records were regressed with
captures of all mice species, with only M. musculus
captures and with only A. azarae captures. For rats,
footprint indices were compared for both species (R.
norvegicus and R. rattus) and only for R. norvegicus,
because R. rattus was captured in only two sheds.

3. Results

We captured a total of 236 animals from 3 com-
mensal species, M. musculus, R. rattus and R. norve-
gicus, and 4 native species: A. azarae, C. laucha, C.
musculinus and O. flavescens. The number of
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Figure 3. Variation of the Trapping Success of the different rodent species during the removal period for Farms 1 and 2.

animals captured per shed varied from 13 to 75.
Mus musculus was the most abundant species, con-
tributing 68 and 78% of the total captures in the
two sheds of Farm 1 and 30, 48, 90 and 82.7% in
the four sheds of Farm 2. Rattus norvegicus was cap-
tured at least once in all sheds (with percentages of
captures that ranged between 2.5 and 17%); whereas
R. rattus was only present in both sheds of Farm 1.

Akodon azarae, the most abundant species in crop
field borders, was in 5 of 6 sheds of both farms with
percentages ranging from 2.5 to 40% of total cap-
tures. Oligoryzomys flavescens, C. laucha and C.
musculinus were only captured in Farm 2, represent-
ing less than 5% of captures. The last two species
were captured at the end of the eradication period,
when M. musculus was not captured.
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Figure 4. Variation of the mean Footprint Index for mice (including M. musculus and native species) and-rats during the sam-
pling periods for exclosured and non-exclosured sheds of both farms. The arrows below the x-axis indicate the periods of
removal (in gray for Farm 1 and in black for Farm 2). The upper arrows show the moment of finalization of exclos-

ure building.

Table 2. Results for the analysis for mice and rats of the
effect of exclosure (Treatment) on population abundance
(Footprint Index) variations through time after removal. In
bold, significant effects are highlighted.

numDF denDF F-value p-value
Mice
Intercept 1 15 56.456 <0.001
Treatment 1 15 0.167 0.689
Time 3 15 41.421 <0.001
Treatment: Time 3 15 0.262 0.852
Rats
Intercept 1 15 5.648 0.031
Treatment 1 15 0.398 0.538
Time 3 15 9.827 0.001
Treatment: Time 3 15 2.034 0.152

3.1. Abundance variation through time
according to trapping methods

The TS of all rodent species showed a decrease dur-
ing the eradication period in both exclosured and
not exclosured sheds. In both farms, all species
reached TS values <0.02 (Figure 3). The number of
rodents estimated at the beginning of the eradica-
tion period by the Hayne method showed strong
variation among sheds (from 12.2 to 84 individuals
per shed) and was similar to the total number of
rodents captured (Appendix).

3.2. Abundance variation through time
according to footprints and evaluation of the
effect of exclosure in the population recovery

After the period of eradication, the FI of both mice
and rats decreased in all sheds of both farms. In
Farm 1, mice FI values were near 0 after eradication
but then recovered to an average of 2.4. Rat FI val-
ues did not recover until the end of the experiment
(Figure 4). In Farm 2, a similar trend was observed,
and mice FI recovered to average values near 3,

whereas rats showed-a 0 value until the end of the
experiment (Figure 4).

According to- the Generalized Least Squares
Mixed Models, the effect of time on mice FI was
significant, whereas the effect of exclosure and the
interaction between time and exclosure were not
significant (Table 2), indicating that exclosured and
non-exclosured sheds showed similar variations in
mice‘abundances throughout the experiment (Figure
4).. The mice Footprint Indices decreased signifi-
cantly between the first sampling (before eradica-
tion) and samplings 2 and 3 (p < 0.001), whereas at
the last sampling (December), the FI did not differ
from initial values (p=10.480), showing a recovery
in abundance.

For rats, as for mice, an effect of exclosure on
abundance was not detected, and the trend of abun-
dance variation through time was similar for exclos-
ured and non-exclosured sheds (Table 2, Figure 4).
All FI values after eradication were significantly
lower than initial values, showing that these species
did not recover after eradication (p<0.001 for
all times).

3.3. Relations among footprint indices and
trapping estimators of rodent abundance

Footprint indices of mice were positively and signifi-
cantly related to mice density but not to other trap-
ping estimators or to TS values (Table 3). For rats,
footprint indices were positively and significantly
related to rat and R. norvegicus TS, to the number
of rats captured, to the Hayne estimator of the
number of R. norvegicus and to rat density. Rat
density estimators based on the trapping success
(TS) showed better adjustment to Footprint indices
(FI) than the other capture estimators (Table 4).
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Table 3. Results of the Type Il regression models for the relation between trapping estimators of total mice and M. musculus
abundance and Footprint Indices of mice. We show the values of coefficients for the regression of the different trapping
estimators as dependent variables and the Fl as the independent variable. TS: Trapping Success; Capt: Number of individuals
captured; Hayne: Number of individuals estimated by Hayne; Dens: (Number of individuals captured/shed area in hectares).
Mice: M. musculus + A. azarae + C. laucha + C. musculinus + O. flavescens. Mm: Mus musculus. r*: Correlation coefficient;
p: p-value; I: Intercept; S: Slope. In bold, significant relations are highlighted.

Mice TS Mm TS Mice Capt Mm Capt Mice Hayne Mm Hayne Mice Dens Mm Dens
r 0.36 0.05 0.28 0.14 0.30 0.18 0.53 0.35
P 0.1 0.59 0.18 0.37 0.16 0.29 0.04 0.12
| 0.04 0.07 —6.22 1.42 —12.41 —3.55 —-311.49 —209.52
S 0.04 0.01 1297 8.40 15.51 10.58 235.61 178.16
N 8 8 8 8 8 8 8 8

Table 4. Results of the Type Il regression models for the relation between trapping estimators of abundance and Footprint
Indices of rats. We show the values of coefficients for the regression of the different trapping estimators as dependent varia-
bles and the Fl as the independent variable. TS: Trapping Success; Capt: Number of individuals captured; Hayne: number of
individuals estimated by Hayne; Dens: (Number of individuals captured/shed area in hectares). Rats: Rattus norvegicus and
Rattus rattus, Rn: Rattus norvegicus. r*: Correlation coefficient; p: p-value; I: Intercept; S: Slope. In bold, significant.relations are

highlighted.

Rats TS Rn TS Rats Capt Rn Capt Rats Hayne Rn Hayne Rats Dens Rn Dens
R? 0.79 0.73 0.46 0.47 0.52 0.55 045 0.54
P 0.00 0.01 0.06 0.06 0.04 0.03 0.07 0.04
| —0.02 —0.01 0.34 0.54 0.64 0.16 15.50 7.87
S 0.14 0.10 12,51 9.38 13.97 11.54 97.01 85.14
N 8 8 8 8 8 8 8 8

4, Discussion

In this work, we conducted an extensive eradication
of rodents, both by trapping and poisoning,
which was effective in reducing abundance until
3—-4 months for mice, whereas rats did not recover
their numbers until the end of the experiment,
8months after the beginning of eradication.
Significant reductions in rodent activity . after
anticoagulant applications without eradication by
trapping were also achieved in poultry farms of
Pakistan (Shahwar et al. 2015). Our results were
independent of the treatment for both mice and
rats, suggesting that the exclosure did not prevent
the recovery of mice populations, in contrast to the
expectation according to our hypothesis. This result
suggests that mice eradication was not complete and
recovery was due to reproduction of remnant indi-
viduals. Rats did not recover in any treatment until
the end of the experiment, but the low abundance
found at the beginning of the experiment does not
allow an accurate conclusion.

This result is consistent with previous results that
found that M. musculus populations isolated on
farms most likely recover after control by reproduc-
tion of surviving individuals (Le6n et al. 2007; 2010;
2013). For rats, we found low numbers on both
farms before eradication, decreasing the chances
of recovery from remaining individuals, whereas the
absence of recolonization might be a consequence
of low density in the surrounding fields.

An alternative explanation for the absence of
differences between treatments is that exclosures

were not effective in preventing reinvasion, because
farm owners frequently left the doors open during
the arrival and removal of chickens (which occurred
every 45days and lasted 1-2days). We considered
that during most of the study period, 98% of shed
perimeters were closed, and only at the end of
the experiment, the farmers removed the sheets of
the exclosures because they caused an increase in
temperature near the sheds; however, the entrance
of rodents to sheds because of incomplete exclosure
could not be discarded. To harmonize rodent exclu-
sion measures with the management of the farm,
surrounding the entire area of sheds instead of each
of them individually would be an improvement,
resulting in more practical movement of farm work-
ers and less cost. Rodent management should also
be improved through the implementation of control
programs oriented not only to technical aspects but
also toward farmer behavior and attitudes, because
farmers usually minimize the damage caused by
rodents or consider that the costs of a more effective
control are not compensated by the benefits. This
type of program does not exist in Buenos Aires
Province, and farm owners perform rodent control
individually.

FI values were significantly related to at least one
trapping estimator of abundance for both mice and
rats, suggesting that the index is useful to monitor
infestation without sanitary risks to personnel.
The positive intercepts of the regression of FI
versus trapping estimators suggested that rodents
were detected by the powder tracks even when in
low abundance.
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Standard management of rodents in farms of the
area, with periodic application of anticoagulants,
does not prevent rodent infestation even in the
short-term (Gémez Villafane et al. 2001), whereas in
the present work, the effect of intensive culling was
sustained at least 4months. The combination of
rodenticide application with trapping methods
decreases the risk of selecting resistant individuals
who may recover the population (Guidobono
et al. 2010).

Initially, we wanted to assess consumption of
food and mortality of chickens, but obtaining reli-
able data from farm managers was impossible.
According to our estimations of the number of
rodents (rats and mice) per shed, the consumption
of chicken food in highly infested sheds could be
approximately 40kg during the breeding period
(45 days). Compared with the global cost of feeding
all the chickens of a shed, rodent consumption
might appear insignificant, but considering that they
also inflict damages to building structures and pre-
sent sanitary risks to humans and domestic animals,
rodent control is justified in the most effective man-
ner. In one of the studied farms, we found M. mus-
culus  individuals infected with  Leptospira,
highlighting the risk that the presence of rodents
2017).
According to our study, FI values greater than 1 are
indicators of rodent abundance levels that imply a
high probability of occurrence of Leptospira,
Brucella, Trichinella and metacestodes on  farms
(Lovera et al. 2017).

Although we studied only 2 poultry farms, many
farms of the area have similar levels of infestation,
and in consequence, our results may also be applic-
able to other farms.

Our conclusions about the absence of an effect of
exclosures on population recovery ‘must not be gen-
eralized, because we assessed the exclosures under
particular conditions,. which could be highly
improved. Barriers could be effective when imple-
mented during shed construction, before rodent col-
onization, and could minimize the use of toxic baits
and reduce unwanted effects on non target species.

poses for farm workers (Leén et al

Acknowledgements

We are greatly indebted to the farm owners that allowed
us to work in their farms, the Azo and Noriega families.
Maria V. Vadell revised the English version. This work
was funded by Error! Hyperlink reference not valid.
(ANPCYT, Grant number 33513), Consejo Nacional de
Investigaciones Cientificas y Técnicas (CONICET, PIP
1410) and Universidad de Buenos Aires (UBACYT
20020100100512) grants.

INTERNATIONAL JOURNAL OF PEST MANAGEMENT . 9

Disclosure statement

We declare no conflict of interest.

References

Acha PN, Szyfres B. 1986. Zoonosis y enfermedades
transmisibles comunes al hombre y a los animales.
[Zoonoses and transmisible diseases common to
human and animals]. Washington DC: Scientific
Publication 503. 2nd ed. Pan American Health
Organization (PAHO).

Ahmad E, Hussain I, Brooks JE. 1995. Losses of stored
foods due to rats at grain markets in Pakistan. Int
Biodeterior Biodegradation. 36(1-2):125-133.

Ahmed MS, Fiedler LA. 2002. A ‘comparison of four
rodent control methods in Philippine experimental rice
fields. Int Biodeterior Biodegradation. 49(2-3):125-132.

Aplin KP, Brown PR, Jacob J, Krebs CJ, Singleton GR.
2003. Field methods for rodent studies in Asia and the
Indo- Pacific. Canberra,. Australia: Australian Centre
for International Agricultural Research. 223 pp.

Bates D, Maechler- M, Bolker BM; Walker SC. 2015.
Fitting linear mixed-effect models using lme-4. J Stat
Softw. 67:1-48.

Brown KP, Moller H, Innes J, Alterio N. 1996.
Calibration of tunnel tracking rates to estimate relative
abundantes of ship rats (Rattus rattus) and mice (Mus
musculus) 'in_a New Zealand forest. New Zealand
Journal of Ecology. 20:271-275.

Brown PR, Chambers LK, Singleton GR. 2002. Pre-sowing
control of house mice (Mus domesticus) using zinc
phosphide: efficacy and potential non-target effects.
Wildl Res. 29(1):27-37.

Brown PR, Tuan NP. 2005. Compensation of rodent pests
after: control of two rat species in an irrigated farming
system in the Red River Delta, Vietnam. Acta Oecol.
28(3):267-279.

Calderén G, Pini N, Bolpe J, Levis S, Mills ], Segura E,
Guthmann N, Cantoni G, Becker ], Fonollat A, et al.
1999. Hantavirus reservoir hosts associated with peri-
domestic habitats in Argentina. Emerg Infect Dis. 5(6):
792-797.

Coto H. 1997. Biologia y Control de ratas sinantrépicas
[Biology and control of synanthropic rats], Buenos
Aires. Argentina: Editorial Abierta, 206 pp. Spanish.

Elias DJ. 1988. Overview of rodent problems in develop-
ing countries, FAO. Plant Protect Bull. 36:107-110.

Go6mez Villafane IEG, Bilenca DN, Cavia R, Mino MH,
Cittadino EA, Busch M. 2001. Environmental factors
associated with rodent infestations in Argentine poultry
farms. Br Poult Sci. 42(3):300-307.

Goémez Villafane IE, Busch M. 2007. Spatial and temporal
patterns of brown rat (Rattus norvegicus) abundance
variation in poultry farms. Mamm Biol. 72(6):364-371.

Guidobono JS, Leén VA, Gémez Villafane IE, Busch M.
2010. Bromadiolone susceptibility in wild and labora-
tory Mus musculus (house mice) in Buenos Aires,
Argentina. Pest Manag Sci. 66:162-167.

Hardy AR, Taylor KD. 1979. Radio tracking of Rattus
norvegicus on farms. https://doi.org/10.1016/B978-0-08-
024928-5.50084-1

Q&

970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026


https://doi.org/10.1016/B978-0-08-024928-5.50084-1
https://doi.org/10.1016/B978-0-08-024928-5.50084-1
Author Query
AQ1: Please provide the volume number and page range.


1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083

10 (&) R CAVIAET AL

Klapdor K, Dulfer BG, Hammann A, Van der Staay FJ.
1997. A low-cost method to analyse footprint patterns.
] Neurosci Methods. 75(1):49-54.

Ledén VA, Guidobono JS, Busch M. 2007. Abundancia de
Mus musculus en granjas avicolas, efectos locales vs.
efectos espaciales [Mus musculus abundance in poultry
farms: local vs spatial effects]. Ecologia Austral. 17:
189-198. Spanish.

Le6n VA, Fraschina J, Busch M. 2010. Population subdiv-
ision of house mice (Mus musculus) in an agrarian
landscape. Consequences for control. Can J Zool. 88(5):
427-435.

Leén VA, Fraschina J, Guidobono JS, Busch M. 2013.
Habitat use and demography of Mus musculus in a
rural landscape of Argentina. Integr Zool. 8:18-29.

Le6on VA, Manabella Salcedo I, Fraschina J, Busch M.
2017. Rol de Mus musculus como transmisor de leptro-
spirosis en ambientes de produccién avicola del Partido
de Exaltacion de la Cruz, Provincia de Buenos Aires.
[Role of Mus musculus as transmisor of leptospirosis in
poultry farms of the Exaltacion de la Cruz Department,
Buenos Aires. Province]. Poster session presented at
XXX Jornadas Argentinas de Mastozoologia, November
14-17, Bahia Blanca, Argentina. Spanish.

Levis S, Morzunov SP, Rowe JE, Enria D, Pini N,
Calderén G, Sabattini M, St Jeor SC. 1998. Genetic
diversity and epidemiology of hantaviruses in
Argentina. J Infect Dis. 177(3):529-538.

Lopez N, Padula P, Ross C, Lazaro ME, Franze-
Fernandez MT. 1996. Genetic identification of a new
hantavirus causing severe pulmonary syndrome in
Argentina. Virology. 220(1):223-226.

Lovera R, Ferndndez MS, Jacob ], Lucero N, Morici C,
Brihuega B, Farace MI, Caracostantogolo J, Cavia R.
2017. Intrinsic and extrinsic factors related to pathogen
infection in wild small mammals in intensive milk cat-
tle and swine production. PLoS Negl Trop Dis. 11(6):
€0005722. https://doi.org/10.1371/journal.pntd.0005722

Meerburg BG, Bonde M, Brom FWA, Endepols S, Jensen
AN, Leirs H, Lodal ], Singleton GR," Pelz HJ,
Rodenburg TB, Kijlstra A. 2004. Towards sustainable
management of rodents in organic animal-husbandry.
NJAS. 52:196-205.

Mino MH, Cavia R, Gémez Villafane IE, Bilenca DN,
Busch M. 2007. Seasonal ‘abundance and distribution
among habitats of small rodents on poultry farms. A
contribution for their control. Int J Pest Manage. 53(4):
311-316.

Montes de Oca DP, Lovera R, Cavia R. 2017. Where do
Norway rats live? Movement patterns and habitat selec-
tion in livestock farms in Argentina. Wildlife Res.
44(4):324-333. http://dx.doi.org/10.1071/WR16219

Parodi AS, de la Barrera JM, Ruggiero R, Greenway DV,
Yerga M, Mettler NE, Boxaca MC, Frigerio MJ. 1959.
Los reservorios naturales de la FHA, de la Provincia de
Buenos Aires. (Natural reservoirs of the AHF in the
Buenos Aires Province). Prensa Méd. Argentina 46,
554. Spanish.

Pelz HJ. 2003. Current approaches towards environmen-
tally benign prevention of vole damage in Europe. In
Singleton GR, Hinds LA, Krebs CJ, Spratt DM, editors.
Rats, Mice and People: Rodent biology and
Management. Canberra, Australia: Australian Centre
for International Agricultural Research; p. 233-237.

Pelz MJ, Klemann N. 2004. Rat control strategies in
organic pig and poultry production with special refer-
ence to rodenticide resistance and feeding behaviour.
NJAS. 52(2):173-184.

Pocock M]J, Searle JB, Betts WB, White PC. 2001.
Patterns of infection by Salmonella and Yersinia spp.
in commensal house mouse (Mus musculus domesti-
cus) populations. ] Appl Microbiol. 90(5):755-760.

Promkerd P, Khoprasert Y, Virathavone P,
Thoummabouth M, Sirisak O, Jakel T. 2008. Factors
explaining the abundance of rodents in the city of
Luang Prabang, Lao PDR, as revealed by field and
household surveys. Integr Zool. 3(1):11-20.

R Core Team 2013. R: A language and environment for
statistical computing. Vienna: R Foundation for
Statistical Computing. ISBN: 3-900051-07-0.

Rose N, Beaudeau F, Drouin P, Toux JP, Rose V, Colin
P. 2000. Risk factors for Salmonella persistence after
cleansing and disinfection in French broiler-chicken
houses. Prev Vet Med. 44(1-2):9-20.

Ryan WA, Duke EJ, Fairley JS. 1993. Polymorphism,
localization and geographical transfer of mitochondrial
DNA in Mus musculus domesticus (Irish house mice).
Heredity. 70(1):75-81.

Sabattini M, de Rios LG, Diaz G, Vega VR. 1977.
Infeccion natural -y - experimental con virus Junin.
(Natural and Experimental Infection with Junin Virus)
Medicina (Buenos Aires). 37:149-159. Spanish.

Seber GAF. 1982. The estimation of animal abundance
and related parameters. London (UK) Griffin.506 pp.
Seijo A, Coto H, San Juan J, Videla J, Deodato B,
Cernigoi B, Messina OG, Collia O, de Bassadoni D,
Schtirbu R, et al. 2002. Lethal leptospiral pulmonary
hemorrhage: an emerging disease in Buenos Aires,
Argentina. (Letters). Emerg Infect Dis. 8(9):1004-1005.

Shahwar D, Hussain I, Anwar M, Beg MA, Kawan A,
Akrim F. 2015. Development of cereal baits and com-
parative field efficacy of some additives as bait carriers
for zinc phosphide and coumatetralyl against rodent
pests of poultry farms in Rawalpindi-Islamabad,
Pakistan. Int Biodeterior Biodegradation. 104:460-471.

Shahwar D, Hussain I, Kawan A, Akrim F. 2016.
Influence of bait station design on bait uptake by
rodents in poultry farms of Rawalpindi- Islamabad
area, Pakistan. Int Biodeterior Biodegradation. 107:
17-20.

Shell Guide to Rodent Control. 1987. Principles of
Rodenticide Evaluation. Shell Agriculture. The Gatwick
Press Limited.

Singleton GR, Hinds LA, Leirs L, Zhang Z. 1999.
Ecologically-based rodent management. Canberra,
Australia:  Australian  Centre  for  International
Agricultural Research; 494 pp.

Singleton GR, Brown PR, Pech RP, Jacob J, Mutze GJ,
Krebs CJ. 2005. One hundred years of eruptions of
house mice in Australia — a natural biological curio.
Biol J Linn Soc. 84(3):617-627.

Taylor KD. 1978. Range of movement and activity of
common rats (Rattus norvegicus) on agricultural land.
J Appl Ecol. 15(3):663-677.

Zhang Z, Pech R, Davis S, Shi D, Wan X, Zhong W.
2003. Extrinsic and intrinsic factors determine the
eruptive dynamics of Brandt’s voles (Microtus brandti)
in Inner Mongolia, China. Oikos. 100(2):299-310.

1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140


https://doi.org/10.1371/journal.pntd.0005722
http://dx.doi.org/10.1071/WR16219
Author Query
AQ2: Please provide the volume number and page range.


INTERNATIONAL JOURNAL OF PEST MANAGEMENT . 11

1141 Appendix 1198
1142 1199
1143 1200

Number of individuals of the different rodent species captured per shed and the number of individuals estimated at the initi-

1144 ation of the eradication period by the Hayne method (between brackets). 1201
1145 M. musculus A. azarae 0. flavescens C. musculinus C. laucha R. norvegicus R. rattus 1202
1146 Farm 1 1203
1147 Exclosure 17 1 0 0 0 3 1 1204
1148 Control (14?68) ((1)) 6 6 8 (21.05) (;) 1205
1149 (47.1) - - - - (10.9) (2.9) 1206
1150 ’E:zglgsire 4 2 3 0 2 2 0 1207
1151 (39) (2.0) 3) - (2) (2) - 1208
1152 Control 12 10 1 1 0 1 0 1209
1153 Contol Ny % ? s " 9 " 1210
1154 (53.6) m - - ®) M - 1211
1155 contel 622 15 ° 2 2 ) ’ 1212
1156 1213
1157 1214
1158 1215
1159 1216
1160 1217
1161 1218
1162 1219
1163 1220
1164 1221
1165 1222
1166 1223
1167 1224
1168 1225
1169 1226
1170 1227
1171 1228
1172 1229
1173 1230
1174 1231
1175 1232
1176 1233
1177 1234
1178 1235
1179 1236
1180 1237
1181 1238
1182 1239
1183 1240
1184 1241
1185 1242
1186 1243
1187 1244
1188 1245
1189 1246
1190 1247
1191 1248
1192 1249
1193 1250
1194 1251
1195 1252
1196 1253

1197 1254
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