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Abstract

Between 1978 and 2010 in the Low San Francisco Sergipano (“LSFS”) North-
East Brazil (“NEB”) region, there have been outbreaks of rodent plagues with an
irregular temporal scale but in the same spatial scale, where rats have attacked the
floodplain rice fields. Rats constitute a serious problem, insofar as they affect rice
growing in this region causing massive economic losses. “El Nifio” (EN) has a
significant impact on animal communities and its effects on NEB are most often
associated with years of drought throughout that region, which tested serious
environment changes in the 1970s. The genera and species identified in the paper
are Holochilus sicureus, which is predominant in the LSFS, Oryzomys sublavus,
Rattus spp., and Nectomys sp. This comparative study of the plague years suggest
that the temporal scale for the rat plague is related to the El Nifio/Southern
Oscillation (ENSO) years and climatic conditions in the dry season in the NEB
region.

Keywords: floodplain, Holochilus, Low San Francisco Sergipano, Nedpolis,
Propria, rodent outbreak.

1 Introduction

The index Southern Oscillation Index (SOI) [1] and its effects have often been
linked with significant changes in animal behaviour [2—6]. Chilean scientists have
shown the link between the El Nifio Southern Oscillation (ENSO) event, the
phenomenon known as “blooming desert” and the “rodent irruptions” (“ratadas”)
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[5]. The “ratadas” have been associated with the ENSO event in the semi-arid
regions of different South American countries such as Argentina, Bolivia, Brazil,
Chile, Paraguay, Peru and Uruguay [5]. The effects of this oceanic and
atmospheric coupling event referred to as SOI/ENSO have a big impact in the
North-East Brazil (NEB) with the El Nifio (EN) causing dry season with below-
average precipitation, and La Nifia (LN) contributing with precipitation [7-11].
Low San Francisco Sergipano (LSFS) is one of the sub-regions within NEB, and
it has long been held as a natural example of interaction between river and
floodplain systems. This sub-region actually underwent major environmental
changes in the 1970s with a modification of the San Francisco (SF) river course
triggered by the construction of the Sobradinho dam and reservoir [12—-15]. As a
result of this, the natural rice-growing floodplain areas were changed to an
irrigated perimeter. Ever since the irrigated perimeter began operating in 1977,
rodent outbreaks (“ratadas”) have become usual on these floodplains [16]. This is
a comparative study focused on the temporal scale between years of the ENSO
event and rodents outbreak. It is suggested that rat plague is related to the years of
ENSO; and the climate conditions in NEB during the dry season. This study makes
a review of the literature linking ENSO events and “ratadas” in this region, and
analyses the correlation between anomalies from oceanic-atmospheric regions
(“OAR?”) and precipitation in the rice-growing floodplains in the LSFS for the
years with rodent outbreaks.

1.1 Area of study and data

The PIB is a floodplain with a total area of 647.7 hectares. This region has an
average annual temperature of 25.5°C and its mean annual precipitation (MAP) of
1.555 mm. The climate is sub-humid according to Thornthwait with two clearly
defined seasons, resulting in a wet and relatively dry and warm [13-15]. In
Propria, the climate is “megathermic” semi-arid with MAP of 806.01 mm and an
average annual temperature of 26.1°C [17]. Propria is included within the semi-
arid tropical zone and Nedpolis within the sub-humid zone [13, 17].

In order to determine the correlation between the ENSO events, climatic
conditions of the LSFS and rodent outbreaks, we analyse the monthly precipitation
in a range of 10 non-sequential years in the same temporal scale in two different
geographical zones of the LSFS floodplains areas which had recorded rat plagues:
Propria and Irrigated Perimeter Betume (“PIB”)-Nedpolis in the north NEB (“n-
NEB”). Their rainfall was compared with the respective monthly anomalies for
OAR categories in the Equatorial Pacific Ocean for the SOI [18] and the Nifos
Regions (“NR”): nl+2, n3, n4, n34 [19]. The most common correlation or
predictability measurement, Pearson’s coefficient (), was introduced to assess the
monthly precipitation anomalies of LSFS and OAR. The significance of the
relationship was expressed in the probability value p at a linear correlation
significance level of p< 0.05 and p< 0.01 (*95% and **99%). The software
programme SPSS, version 19.0, was used for the statistical analysis. The
comparison between the temporal scale characterised by the ENSO event, was
checked against the National Oceanographic and Atmospheric Administration
(NOAA) [20]. LSFS monthly precipitation data were provided by INMET and
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CMRHSE [21] for the years 1978, 1982, 1983 and 1988 in Proprid 10° 12°49” S
and 36° 50°28” [17], and Ascondir Station in Betume-Neopolis 10° 17’ and 10°
24’ S and 36° 36’ 35 45 W [22] for the years 1993, 1998, 1999, 2005, 2009 and
2010. The 63 rice-growers from Betume were surveyed about the rodent plague in
the LSFS floodplains before the environmental changes with one question: “Were
there “Ratadas” before the PIB came into operation?” In this study, when
MAP<800 mm, it is considered as years with much lower than mean annual
precipitation (MLMAP) [23].

2 Results and discussion

In this study it was confirmed that: (a) the rat plague has been an irregularly
occurring natural phenomenon in the LSFS floodplains; (b) an occurrence of
rodent outbreak with losses for the growers of the flooded rice fields happened for
the first time in 1978 after the environmental changes in the region; (c) in the LSFS
3 types of environmental changes were identified: (a) a physical change in the
course of the SF River as a result of the construction of the Sobradinho dam in
1973, and it coming into operation in 1977; (b) changes in the use of the land with
it traditional production system changing to irrigation system, and from one annual
harvest to two; (c) and the three naturally occurring different land use stages during
the year (river-floodplain, flooded rice-fields, and pasture) were reduced to solely
rice-growing.

Of the 63 rice growers surveyed, 69.84% of them answered ‘no’ to the question
about whether the plague had occurred prior to the environmental changes. The
remaining 30.16% of rice-growers had no knowledge of the period prior to the
environmental changes. “Ratadas” were actually observed in the rice-growing
LSFS floodplains in 10 years of the last three decades since PIB came into
operation (namely:1978, 1982, 1983, 1988, 1993, 1998, 1999, 2005, 2009 and
2010), table 1.

Table 1: Temporal scale for rodent outbreaks and ENSO event.
Plague EN LN n-NEB LSFS LSFS
mm
1978 weak - rainy HMAP 1.127.4
1982 strong - rainy MLMAP 780
1983 strong weak drought | MLMAP 484
1988 strong strong rainy MLMAP 475
1993 neutral neutral drought | MLMAP 486
1998 strong moderate drought LMAP 998.1
1999 moderate | moderate/strong rainy LMAP 1.035.8
2005 weak weak rainy LMAP 1.460.1
2009 moderate weak rainy HMAP 1.711.7
2010 moderate strong rainy HMAP 1.715.6

Table based on [16, 20-22, 27, 28].
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2.1 El Nifio events and precipitation in the n-NEB and LSFS

In relation to the climatic conditions in the n-NEB the review of the literature has
shown years with rainy seasons and severe drought in the n-NEB, table 1. The
crossing point between the anomalies found in LSFS through the data
corresponding to Propria and PIB was identified as:(a) years with much lower than
the mean annual precipitation (MLMAP) in 1982, 1983, 1988, and 1993; (b) years
with a low mean annual precipitation (LMAP) in (1998, 1999 and 2005) and (c)
years with a high mean annual precipitation (HMAP) — higher than the usual
precipitation level in the LSFS region in 1978, 2009 and 2010 in table 1.

2.1.1 Statistical analyses between anomalies in OARs and LSFS

The correlation analysis of monthly anomalies between TSM (Temperature Sea
Marine) of OARs and precipitation in LSFS floodplains identified four climatic
conditions: (a) Association of correlations between SOI-NR r<0; NR-LSFS r<0
and SOI-LSFS r>0 in 1978 (EN-weak), and in 1982, with the EN (weak and
strong) events in tables 1 and 2; (b) SOI-NR r<0, NR-LSFS r>0 and SOI-LSFS
r<0 in 1983 with EN and LN (strong-weak) events; and in 1993 (a neutral year for
the ENSO event in tables 1 and 2; (c) SOI-NR r<0, NR-LSFS r>0 and SOI-LSFS
r>0 in 1988 (EN strong; LN strong), 1998 (EN strong; LN moderate), tables 1 and
2; (d) SOI-NR r<0, NR-LSFS r>0 and SOI-LSFS r<0 with years with both EN and
LN episodes: in 1999 (EN-moderate and LN moderate/strong), in 2005 (EN weak-
LN weak), 2009 (EN-moderate; LN-weak) and 2010 (EN moderate-LN strong) in
table 1. Save for 1993, all the other years showing an occurrence of the plague
were years of ENSO events.

2.1.1.1 Rodent outbreaks The plague first occurred in 1978, with neither the
genus nor species being identified; in 1982-1983, rats were identified as
Holochilus sp., Rattus spp. and Kerodon rupestris; 1988 had rodent irruption in
the LSFS with neither the genus nor species being identified; in 1993, as
Holochilus sciureus and Oryzomys sublavus; in 1998, the damage was caused by
Holochilus sciureus; and in 1999, they were identified as Holochilus sciureus,
Nectomys sp., and Rattus spp. by means of data collected in the field; finally, the
damage was attributed to Holochilus sciureus in 2005, 2009 and 2010.

According to Santos [16], rodent outbreaks in the LSFS region result from the
environmental impact caused by the changes experienced in the region. Before the
environmental changes, during higher-water stages the river was a corridor for the
aquatic species that entered the floodplains, thus functioning as a natural barrier
against terrestrial animals such as infestations, and the productive system of this
period had fishing as its basis. Instead, when the water returned to river, the
lagoons became rice-growing fields with one annual harvest, and when the water
level fell, the floodplains became grazing pastures. The traditionally established
related to land use in this floodplain agro-ecosystem was almost lost.

Of the 63 rice-growers who answered the question posed, 69.84% -
corresponding to those who lived in this region when the environmental changes
took place — linked plague occurrence since 1978 to the introduction of PIB for
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Table 2: Correlation analysis between TSMs of OARs and LSFS.

Years: SOl
TSMs/OARs nl+2 n3 n4 n34 -
LSFS
and (1)
SOI-NR -.597 -.641 -315 -.606 486
NR-LSFS -.694" =762 -302 -476
SOL-NR -.882 -.862 312 -.863 171
NR-LSFS -432 -424 -.300 -.359
1983 * Kk sk
SOI-NR -.109 -.684 -.720 -.808 -.308
NR-LSFS 256 .163 .196 141
1988 * *k sk
SOI-NR -.569 -.631 =742 -.730 .026
NR-LSFS 102 296 .188 279
1993
SOI-NR -.459 =257 222 -.206 -.289
NR-LSFS 251 .091 -.141 .055
1998 * * ** "
SOL-NR -.801 -.924 -.905 -.926 133
NR-LSFS 375 155 .193 .100
1999 * *
SOL-NR .296 -.300 =776 -413 -.681
NR-LSFS -.500 126 .800"" 346
2005
SOL-NR -.089 -.269 -.269 -.159 -.187
NR-LSFS 463 512 -.092 213
2009 * kk ko
SOL-NR -402 -.683 =716 =716 =248
NR-LSFS 527 118 .003 .006
2010 * ko £ ko
SOL-NR -.691 -.862 -.842 -.880 -516
NR-LSFS 706" g7 57 761

rice growing, according to [24, 25]. The rodent outbreak appears as a natural and
irregular disturbance in NEB [26], it suggests that an irregular outbreak of
“ratadas” could be normal in this region in years with strong ENSO events (EN
and LN).

Since the first confirmed rodent outbreak occurrence in the LSFS region in
1978, of the 12 years with strong ENSO events (1982—-1983, 1987-1988, 1997—
1998 (EN); 1988-1989, 1999-2000 and 2010-2011 (LN) [20], six of them (4
strong EN and 3 strong LN) were noted for plagues in LSFS (1982-1983, 1988,
1998, 1999, 2010) in table 1. Of these six years, three “ratadas” occurred in years

WIT Transactions on Ecology and The Environment, Vol 192, © 2015 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



38 Ecosystems and Sustainable Development X

of extreme drought in the NEB region (1982, 1983 and 1988) [27, 28] and in 1993
been a year of extreme drought with neither ENSO event being identified, table 1.

Mares et al. [29] claim that animals from semi-arid areas are generally not well
anatomically and physiologically adapted to bear the climate conditions which are
typical of such periods. These animals could use microhabitats and shelters during
drought periods, possibly developing their adaptation mechanisms as a solution in
order to offset their physiological deficiencies [30]. Santos [16, 31] associated
years of ENSO events with years of “ratadas” in LSFS. All of the above suggests
that, during these very warm periods resulting from ENSO in LSFS semi-arid
zones, these mammals seek refuge in the irrigated rice fields due both to the
abundance of food and water, and the better temperature conditions. Furthermore,
rice fields serve as a habitat for wild species and other animals, and river-
floodplain as systems which cannot be separated [32, 33].

In relation to ENSO years, the results obtained from crossing point between the
anomalies for OARs and LSFS were identified as: (a) SOI-LSFS r<0 (1983-
MLMAP, 1993-MLMAP, 1999-LMAP, 2005-LMAP, 2009-HMAP and 2010-
HMAP) with their respective precipitation levels, tables 1 and 2; (a.1) SOI-LSFS
r>0: 1978-HMAP, 1982-MLMAP, 1988-MLMAP and 1998-LMAP; and (b) NR-
LSFS with r<0 respectively for each region with data in (1978 and 1982) with
(HMAP and MLMAP); and (b) NR-LSFS r>0 in years (1983-MLMAP, 1988-
MLMAP, 1993-MLMAP, 1998-LMAP, 1999-LMAP, 2005-LMAP, 2009-HMAP
and 2010-HMAP respectively in tables 1 and 2. According to Dos Santos et al.
[34], if SOI-LSFS r>0, then there would be precipitation in the NEB and,
conversely, a drought season would occur when NR-LSFS with r>0. However, it
is possible for us to confirm HMAP in years with NR-LSFS for r>0 in 2009 and
2010.

With the exception of Rattus spp. [35], all the other confirmed genera and
species identified by this study — in tune with the results obtained in other previous
works — are native to the caatinga ecosystem in the NEB region. The genera and
species identified in the study area according to the years of rodent outbreaks were:
Holochilus spp., Kerodon rupestris and Rattus sp. [36]; Oryzomys sublavus and
Holochilus sciureus [37], and Nectomys sp., Rattus spp. and Holochilus sciureusin
[16]. Holochilus sciureus is an autochthonous and predominant specie in the LSFS
[37], and it is the most tropical rodent pest in South America [38]. The LSFS
floodplains are a geographical zone situated between the coastline and the
‘caatinga’ (semi-arid ecosystem) in the NEB [39], and Junk ef al. [40] claim that
plenty of organisms colonise this natural ecosystems and adapt to them, equipping
themselves to survive during periods of drought.

There are two major natural resources that mark the Brazilian North-East
region: the climate and the SF River, both of which have shaped major
environmental, social and economic condition and decision in this region. It can
thus be assumed that LSFS floodplain offers far less natural barriers after the
environmental changes experienced in this region, with the ENSO event coming
to exert a much larger influence, which in turn resulted in an increase of rodent
outbreaks in the floodplains rice fields, with the subsequent considerable losses
suffered by rice growers.
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Finally, this study has shown that: (a) “ratadas” are a natural occurrence in
semi-arid NEB zones, and they appear as a disturbance in LSFS floodplains as a
result of the climatic condition in the region; (b) a strong link exists between the
temporal scale for the ENSO event and the “ratadas” identified in different LSFS
spatial scale; (c) in the specific case of the spatial scale examined here, only in one
year (1993) was the association between the ENSO event and the “ratadas” not
linked to that ENSO event—but severe drought occurred in the NEB region; (d)
the temporal scale analysed for rodent outbreaks identifies years of ENSO events
with MLMAP (drought), years with LMAP (below average precipitation) and
years with heavy rains — HMAP (higher than usual precipitation) — in LSFS; (e)
years with strong ENSO events were noted for drought in the NEB region with
MLMAP or LMAP in the LSFS. On the whole, the study confirms the existence
of a significant link between rodent outbreaks and years with ENSO, LMAP and
MLMAP events in LSFS, and drought in the NEB.
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