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Abstract · The Orinoco goose (Neochen jubata) is a grazing herbivore of open habitats that was once widely distributed in tropical South 
America. Centuries of overhunting and loss of important habitats have reduced it to widely scattered remnant populations and it is catego-
rized as Near Threatened globally. Within the cerrado biome, the Middle Araguaia River houses the largest remnant population, where it 
uses natural and agrosystems, especially rice. In August 2017, a study was started to assess the situation of the Orinoco Goose in the regions 
of Araguaia National Park, Cantão State Park, and adjacent rice fields. We conducted counts from an aerial census (a 700 km transect), 
monthly boat censuses (40 km), and land censuses, including rice plantations. The aircraft census counted 367 individuals in August 2017, 
while monthly monitoring of a stretch of the lower Javaés River over more than two years showed a seasonal population variation associated 
to the flood regime, with the species virtually disappearing during the flood period between January and April, when river beaches are sub-
merged. During this period, large flocks of about 1,000 Orinoco Geese were discovered concentrated in small stretches of rice plantation 
agrosystems in the region.  This behavioral pattern of concentrating in a restricted geographic area makes the species susceptible to poison-
ing and epizootic diseases. The findings suggest the need to re-categorize the Orinoco Goose population of the Middle Araguaia River as 
“Endangered” for the state of Tocantins due to the decline observed in the last 10 years, the maximum estimated population size, and the 
significant seasonal concentrations in a restricted area. At the same time, it is necessary to develop an action plan for its conservation in the 
surroundings of Ilha do Bananal and throughout Brazil, where its threat status must be reviewed. 
 
Resumo · Conservação do pato-corredor (Neochen jubata) no médio rio Araguaia, Tocantins, Brasil 
O pato-corredor ou marrecão (Neochen jubata) é um herbívoro especializado em pastar em formações abertas ribeirinhas, assim como algas 
filamentosas macroscópicas, com distribuição geográfica histórica em boa parte da América do Sul tropical. Séculos de caça excessiva e 
perda de habitats cruciais pela ação antrópica resultaram nas atuais populações esparsas da espécie, sendo categorizado como Near 
Threatened internacionalmente. A região do médio rio Araguaia, entre os estados do Tocantins, Pará e Mato Grosso, abriga a principal 
população do pato-corredor no bioma Cerrado, onde é encontrado tanto nas florestas e cerrados inundáveis, como em plantios de arroz 
irrigado. A partir de agosto de 2017, um estudo dessa população no parque nacional do Araguaia, parque estadual do Cantão e arrozais 
irrigados próximos foi iniciado. Foram realizados censo aéreo (transecto de 700km), censos mensais por barco em 40km do baixo rio Javaés e 
censo por terra nos plantios de arroz irrigado. O censo aéreo resultou na contagem de 367 patos-corredores em agosto de 2017, enquanto o 
censo mensal por barco evidenciou uma variação populacional associada com o regime de cheias, com a espécie praticamente 
desaparecendo entre janeiro e abril, quando o pico estacional das cheias cobre as praias. No mesmo período e não muito distante, grandes 
grupos de patos-corredores somaram cerca de 1.000 indivíduos e foram descobertos na região do médio rio Javaés, concentrados em uma 
pequena porção dos plantios de arroz irrigado. Esse comportamento altamente gregário e geograficamente muito restrito torna a espécie 
suscetível a eventuais envenenamentos e surtos de epizootias. Tais resultados sugerem que a população do pato-corredor do médio rio 
Araguaia necessita ter uma revisão de seu status de conservação, colocando-a como “Ameaçada” no estado do Tocantins. Apoiam essa 
revisão a queda populacional observada nos últimos 10 anos, o tamanho máximo estimado e as significativas concentrações estacionais de 
indivíduos em área muito restrita. Ao mesmo tempo, é necessário estabelecer um plano de ação para sua conservação no entorno da ilha do 
Bananal, bem como avaliar a situação no restante do Brasil.   
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INTRODUCTION  
 
Aquatic environments are areas of high productivity that are 
vitally important to maintaining high biodiversity (Getzner 
2002), while also providing various ecosystem services of 
great social, economic, and cultural importance (Green & 
Elmberg 2014). However, they are among the most threat-
ened ecosystems on the planet (Gopal et al. 2000, Maltby 
2009) and are considered a priority for conservation 
measures (Gopal et al. 2000, Castello & Macedo 2016). It is 
estimated that more than 50% of global freshwater environ-
ments have been converted to different uses (Millenium Eco-
system Assessment 2005, Cunha et al. 2015), with agriculture 
being the main activity responsible for their decline (Czech & 
Parsons 2002; Junk et al. 2013). 
 In South America, the continent recognized as the most 
humid on the planet (Wittmann et al. 2015), aquatic environ-
ments cover approximately 20% of its surface (Junk et al. 
2013). Most aquatic environments in South America are tied 
to flood pulses and oscillate between terrestrial and aquatic 
habitat depending on the timing, intensity and frequency of 
precipitation throughout the year (Junk et al. 2013). In cen-
tral Brazil, the alluvial plain of the Middle Araguaia River 
maintains one of the most important complexes of aquatic 
environments in the country, presenting an extensive system 
of lakes fed by a flooding regime that favors connectivity and 
high productivity (Aquino et al. 2008). However, the region, 
like the cerrado biome more broadly, is also experiencing a 
marked process of environmental degradation promoted 
mainly by the expansion of the agricultural frontier (Morais 
et al. 2005, Junior et al. 2020, Sano et al. 2020). 
 The transformation of aquatic environments by agricul-
tural monocultures puts ecosystem services at risk while also 
severely impacting biodiversity and the species that depend 
on these habitats (Verhoeven & Setter 2010). The use of agri-
cultural fertilizers and pesticides compromises the entire 
biological chain, pollutes soil and water, and affects human 
health (Wittmann et al. 2015).  Brazil stands out as a world 
leader in both per capita and per-hectare use of these chemi-
cals (IBGE 2012, Dowler 2020). 
 The main grain grown in flooded areas worldwide and 
one of the main agricultural crops responsible for converting 
natural aquatic environments is rice (Oryza sativa) (Maclean 
et al. 2002). However, due to characteristics of the manage-
ment of rice, areas cultivated under irrigation have a rich 
flora (Amarulla et al. 2017) and associated fauna, containing 
a high wealth of invertebrates (Zhang et al. 2019), fish 
(Katano et al. 2003), amphibians (Machado & Maltchic 2010) 
and birds (Acosta et al. 2010). 
 Aquatic birds are especially attracted to rice-growing ag-
rosystems and have been registered in large numbers 
(Tubelis et al. 2020). The crop also attracts a multitude of 
species besides the waterfowl, motivated by the variety and 
abundance of food, but especially rice grains (Stafford et al. 
2010, Justo 2019). Some of these birds are harmful economi-
cally, while others are beneficial to crop productivity, reduc-
ing insect pests, breaking down straw, and importing nutri-
ents (Elphick 2010; Green & Elmberg 2014). In areas where 
rice is grown on the floodplain of the Middle Araguaia River, 
a wide variety of birds have been recorded, many of them 
endemic and/or endangered (Pinheiro & Dornas 2009). The 
Orinoco Goose (Neochen jubata) is one species that uses 

natural wetlands, as well as irrigated rice plantations, in the 
region of the Middle Araguaia River (Pinheiro & Dornas 
2009, Tubelis et al. 2020). It inhabits riverine sandbanks, the 
banks of flooded lagoons, and savannas (Sick 1997, Carbon-
eras 1992). It nests in tree cavities, possibly in ravines, and in 
the soil between roots of fallen trees (Kriese 2004). It feeds 
on grasses that grow in these environments, as well as algae 
and invertebrates (Carboneras 1992, Kriese 2004).  Endemic 
to the Neotropical region, the Orinoco Goose’s distribution 
includes Guyana, Venezuela, Colombia, Ecuador, Peru, Boliv-
ia, Brazil, Paraguay, and northern Argentina (del Hoyo 1992, 
Hilty 2003, Kriese 2004, Luna et al. 2008, Pinheiro & Dornas 
2009, Endo et al. 2014, Birdlife International 2016, Daven-
port et al. 2020). Originally, it occurred in nearly all of Brazil, 
being rare or absent on the coast, but common on sandy 
beaches along medium and large rivers, particularly those 
with well-developed riparian forest (Bressan et al. 2009).
 Currently, four remaining large populations of the Ori-
noco Goose are recognized, occurring in remote areas of 
environments partially or totally protected by conservation 
units. These are the Middle Juruá River in the Amazon, the 
Middle Araguaia River, and other cerrado sites in central 
Brazil (Tubelis et al. 2020), the Department of Bení in Bolivia 
and the Llanos in the south of Venezuela and Colombia 
(Endo et al. 2014), as well as a fifth population of undeter-
mined size in the Branco River, Roraima, northern Brazil 
(Naka et al. 2007). Information on population numbers 
(Endo et al. 2014), and migratory movements (Davenport et 
al. 2012) are still incipient, as well as long-term monitoring 
of different populations. In most cases, the species is identi-
fied through occasional sightings (Laranjeiras 2010, Lima 
2011, Endo et al 2014, Tubelis et al. 2020) and/or sporadic 
records resulting from ornithological inventories (Silveira & 
D’Horta 2002).   
 The Orinoco Goose is considered globally Near Threat-
ened with extinction due to its recent population reductions, 
attributed to environmental changes promoted by agricul-
ture and hunting pressure (Birdlife International, 2016), alt-
hough large hydroelectric dams may also play an important 
role in population declines, as indicated for the Paraná River 
basin in the state of São Paulo (Develey & De Luca 2009). 
Global estimates point to a population of between 10,000 
and 25,000 mature individuals (Birdlife 2016). In Brazil, its 
total population has not yet been estimated, but there is 
evidence of a decline, as it appears on the list of threatened 
species in the state of São Paulo (São Paulo 2014). Currently, 
in the Paraná River basin only a residual population is 
known, located at the foot of the Andes of Argentina (Luna 
et al. 2008). 
 The present study aimed to analyze the current situation 
of the Orinoco Goose and assess the appropriate level of 
threat to the population of the Middle Araguaia floodplain, 
one of the most important populations in central Brazil 
(Pinheiro & Dornas 2009, Tubelis et al. 2020).  To analyze the 
current situation, we undertook air, boat and terrestrial cen-
suses from August 2017 through to February 2020, and com-
pared geographic distribution, seasonal occurrence and 
abundance that we observed with existing prior data. To 
assess threats, we focused particularly on the possible con-
sequences of the population’s seasonal concentration in 
irrigated rice fields, while also highlighting local and 
statewide  information  on  policies currently in place, poten- 
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tial threats and policy needs, while reviewing the species’ 
current conservation status throughout its range.  
 

METHODS 
 
Study area. This study was carried out in the floodplain of 
the Middle Araguaia River, at the convergence of the states 
of Tocantins, Mato Grosso and Pará.  Sampling took place in 
the northern portion of Bananal Island – a fluvial island 
formed by the Araguaia and Javaés rivers – up to the munici-
pality of Araguacema, a straight-line distance of around 250 
km downstream from the meeting of the rivers. The infor-
mation presented here was obtained within the natural eco-
systems of the two main Integral Protection Conservation 
Units in the region–Araguaia National Park and Cantão State  
Park–within the limits of the Ilha do Bananal/Cantão Environ- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mental Protection Area, as well as in local rice fields of Bar-
reira da Cruz (10o33´S 49o56´W), municipality of Lagoa da 
Confusão, in the central-western region of Tocantins (Figure 
1).  
 According to the Thornthwaite-Mather system, the cli-
mate in the region is B2rA'a 'type – humid with little or no 
water deficiency and experiencing two well-defined seasons: 
a dry season between May and October, and a rainy season 
between November and April. The average annual tempera-
ture is 28oC, with average annual rainfall around 1,700 mm, 
and a range of 1,000–1,800 mm (SEPLAN 2008). The vegeta-
tion of the region is in transition between the cerrado and 
the Amazon Forest, containing several formations, most no-
tably alluvial semi-deciduous forests, ipucas (natural forest 
fragments) and varjões (seasonally flooded areas of typical 
cerrado  and  campo  de  murundus).  The region is subject to  

Figure 1. Spatial distribution of flocks of Orinoco Geese (Neochen jubata) sighted in the aerial census of August 2017 in the region of the Middle Araguaia River.  
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severe seasonal flooding that modifies the landscape and the 
distribution of resources throughout the year. According to 
the historical fluviometric series provided by the Brazilian 
National Water Agency (ANA 2017), the annual variation in 
the level of the Araguaia River averages 4.45 ± 0.88 m in São 
Félix do Araguaia (N = 42 years, extremes of 3.26 and 7.69 m) 
and 5.29 ± 0.98 m in Barreira do Campo (N = 29 years, ex-
tremes from 3.91 to 8.93 m), based on fluviometric stations 
located upstream and downstream of the study, respective-
ly.  The peak of floods occurs between March and April, and 
the minimum water level occurs between September and 
October. These data were used to compose the seasonal 
fluctuation  pattern  of  the  Javaés  river  level  in the present  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
study, based on the average values of the two fluviometric 
stations mentioned above (Figures 2 and 3). 
 
Data collection. Orinoco Goose censuses in the Middle Ara-
guaia River were performed from August 2017 through to 
February 2020 using complementary techniques: one census 
by plane, multiple censuses by boat, and terrestrial censuses 
by car.  On several occasions, choices in location terrestrial 
censuses were informed from satellite tracking of individual 
birds via ARGOS and GSM transmitters, data that will be re-
ported elsewhere when tracking data finishes accruing for all 
individuals.   
 The  aircraft  census  was carried  out  on  22 August 2017, 

Figure 2. Monthly distribution of the Orinoco Goose (Neochen jubata) population sampled by boat along 40 km of the Javaés River, distinguishing adult and 
juvenile birds as described in text.  Fluviometric data of the Araguaia River represented as average values of the historical series from the stations at Barreira 
do Campo and São Felix do Araguaia. No censuses were conducted in January, March, April and September 2018, or February to April 2019. 

Figure 3. Seasonal distribution of the Orinoco Goose (Neochen jubata) population sampled by boat along 40 km of the Javaés river (white squares) and by land 
in the rice-growing agrosystems in the municipality of Lagoa da Confusão (black dots). The X axis shows actual dates of census counts.  Fluviometric data of the 
Araguaia River represented as average values of the historical series from the stations at Barreira do Campo and São Felix do Araguaia. 

85 



ORINOCO GOOSE IN THE MIDDLE ARAGUAIA RIVER 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with a 700 km transect covered primarily along the Araguaia 
and Javaés rivers (Figure 1). A high-wing Cessna 210 aircraft 
was used in low altitude flight (between 60 and 100 m in 
height). Two researchers, each positioned on one side of the 
aircraft, were responsible for counting and georeferencing 
Orinoco Goose individuals. Despite the aircraft's speed (~ 
180 km/h), the aerial census makes it efficient to enumerate 
flocks and individual birds present on exposed beaches, 
providing a population panorama of the Orinoco Goose on a 
wide geographical scale. As some individuals remained hid-
den in the riverside vegetation and were therefore difficult 
to detect from the aircraft, a correction index of 1.35 was 
used, calculated from the proportion between the values 
recorded in the most comparable boat census and in the 
airplane census. Using these two methods applied a week 
apart, we compared the same stretches of river to generate 
the correction factor. 
 Boat censuses were carried out from early morning to 
mid-afternoon on one day per month, from August 2017 to 
February 2020, except when flooding or logistics precluded 
the work (Figure 2).  Exceptions include January, March and 
April 2018, and January–March 2019 and February 2020, 
when the beaches were submerged, plus September 2018 
for operational reasons. The boat traveled at an approximate 
speed of 20 km/h along a 40 km course of the Javaés River, 
between Araguaia National Park and Cantão State Park. The 
individuals and groups observed were quantified and georef-
erenced. Whenever possible, juveniles were differentiated 
from adults;  we differentiated ages mainly by size and the 
duller/mixed plumage of juveniles.  
 Terrestrial population censuses were carried out by car in 
early morning hours to mid-afternoon hours one day per 
month in the rainy season, with some exceptions (Figure 3).  
For example, we made visits twice in both February and De-

cember 2018 (each census is included in Figure 3). These 
included visits to rice fields where satellite-tracked birds 
were known to be present at Barreira da Cruz (10o33'44.19”S 
49o56'5.05”W), Emperor (10o29'33.81”S 49o55'51.22”W), 
and Canaã farms (10o33'50.11”S 49o54'38.68”W). The counts 
were performed from the roads between rice fields using a 
4x4 vehicle at low speed (~ 20 km/h), with stops whenever 
necessary. The observations were made between 10:00 h 
and 16:00 h, covering an area of approximately 1,000 ha. We 
used Nikon 10x42 binoculars and photographic cameras for 
documentation of the large flocks and subsequent recounts. 
As in the other censuses, the locations of individuals were 
georeferenced with the aid of a handheld GPS unit. 
 On 23-24 February 2018, immediately following a terres-
trial census in the Barreira da Cruz rice paddies, two other 
extensive rice plantations in the Javaés River basin were also 
ground-searched for the presence of the Orinoco Goose: the 
COBRAPE project (Pantanal de Cima farm), with 20,444 ha of 
irrigated rice on the banks of the Javaés River, and the For-
moso Project in the Middle stretch of the same river, with 
about 30,000 ha of irrigated rice. Both are in the municipality 
of Formoso do Araguaia and located about 100 km 
(COBRAPE) and 145 km South (Formosa) from the Barreira 
da Cruz rice paddies (Figure 1). 
 
RESULTS AND DISCUSSION 
 
Population census on the Araguaia and Javaés rivers. During 
the aerial census, 63 groups of N. jubata were detected, to-
taling 272 individuals. Only three flocks (4.8%) had more 
than 10 geese, with just over half of the sightings consisting 
of two (38.1%) or just one individual (12.7%) (Figure 1). The 
distribution and size of the flocks were compatible with ex-
pectations for the reproductive period, when the river is low, 
  

Figure 4. Concentrations of Orinoco Geese observed in Lagoa de Confusão rice fields, 2018.  Photo by Renato Pinheiro. 
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beaches are exposed, and most geese are in pairs.   
 Adjusting the census value using the correction index 
obtained from comparing boat and airplane censuses of the 
same stretch and period, the population of the Orinoco 
Goose over the 700 km aerial route was estimated at 367 
birds. This is a relatively low value considering the large scale 
of the sampling and the fact that the route included the best-
preserved stretches of rivers that delimit the conservation 
units in the region.  
 The raw value of the aerial census produced an index of 
0.39 Orinoco Geese/km along the transect, while the correct-
ed value produced an index of 0.52 Orinoco Geese/km. 
These figures are lower than those found in aerial censuses 
in the Meta River basin in Colombia (Ruiz-Guerra et al. 2014), 
but similar to numbers of birds found on Juruá River beaches 
(Campos-Silva et al. 2021). In Colombia, using data from 
three annual censuses along a 350 km transect of river, the 
indices of abundance were 23.11 (March), 10.62 (July), and 
0.64 Orinoco Geese/km (November) (Ruiz-Guerra et al., un-
publ.). Note that, being in the Northern Hemisphere, the dry 
and rainy seasons in Colombia occur in the opposite periods 
to the Araguaia River basin, with March corresponding to the 
end of the dry season, July the middle of the rainy season, 
and November the end of the rainy season (Ruiz -Guerra et 
al. 2014).  On Juruá River beaches (northern Brazil, with sea-
sons similar to the Araguaia basin), during foot-based cen-
suses of approximately 155 beaches, representing a ~1,600 
km stretch of the river, 582 Orinoco Geese were censused 
and estimated at 0.36 individuals/km of river not applying a 
correction factor (Campos-Silva et al. 2021).  
 The results of the aerial census also showed a geograph-
ically heterogeneous distribution of Orinoco Geese on the 
Araguaia and Javaés rivers in late August. On the Araguaia 
River, within the northern section of Araguaia National Park, 
we recorded far fewer individuals than along the banks 
downstream of either Cantão State Park or the Ilha do Bana-
nal/Cantão APA. On the Javaés River, on the section above 
the UFT Canguçu Research Station, we recorded fewer indi-
viduals than in the section downstream. In the inlets and 
lakes of the interior of Cantão State Park, we registered a 
density of Orinoco Geese much lower than on the banks of 
the Araguaia River in the same conservation unit (Figure 1). 
 
Seasonal dynamics of the population on the Javaés River.  
In general terms, the population dynamics of the Orinoco 
Goose in the Javaés River were inversely proportional to the 
fluviometric level of the Araguaia River. More records of the 
species were made in the river channel during the dry sea-
son, a fact undoubtedly related to the availability of sandy 
beaches with grasses and other seasonal herbaceous plants, 
the main food of the herbivorous Orinoco Goose.  When wa-
ters rise, the beaches they feed on became scarce or disap-
peared entirely, forcing the geese to look for resources in 
other habitats.  These annual trends generally repeated and 
the population remained relatively stable, although there 
were some minor differences among years. As in observa-
tions made by aerial census, the Orinoco Geese were ob-
served to distribute predominantly as individuals or in small 
groups (13.8% solitary individuals and 32.4% in pairs), with 
the highest concentrations being detected in October and 
November, thanks to the presence of juveniles and the in-
creasingly gregarious behavior of adults. 

Seasonal concentrations observed in rice plantations. Ter-
restrial censuses results uncovered very high concentrations 
of Orinoco Geese in rice fields of Barreira da Cruz during 
flooded periods of the Araguaia and Javaés rivers (Figures 3). 
On 4 February and 23 February 2018, approximately 1,000 
individuals of Orinoco Geese were counted (Figures 4 and 5). 
The following months showed a steady reduction in their 
numbers, until they were almost completely lacking by June 
2018. This same area was overflown in August 2017 and no 
Orinoco Geese were observed, despite presence of planta-
tions of irrigated soybeans at the time —irrigated soybeans 
are planted annually between April/May and September, 
according to the schedule determined by the state of Tocan-
tins Agriculture Authority (ADAPEC 2019). In the next rice 
planting cycle, no Orinoco Geese were detected (18 Novem-
ber 2018). However, numbers increased dramatically be-
tween 1 December (56 Orinoco Geese) and 16 December 
2018, when 873 Orinoco Geese were counted. In April 2019, 
there was a peak of 973 individuals observed, followed by a 
substantial reduction in May 2019 (128) as the Araguaia Riv-
er dropped. Again, in December 2019, high numbers of Ori-
noco Geese (531) were found in the rice paddies, with a peak 
of 1010 counted in February 2020, though only 138 were 
found in January 2020 (Figure 3). This sudden drop in Ori-
noco Geese numbers during the mid-rainy season appears to 
be associated with a delay of the annual Javaés River flood in 
2020, when most river beaches were not submerged until 
February. A better assessment of the Orinoco Goose popula-
tion dynamics should correlate the species’ numbers with 
the fluviometric regime of the same year, instead of with 
historical averages. Such an approach could also measure the 
critical river levels, triggering population displacements and 
congregations.  It is clear overall, however, that because 
these terrestrial census counts of Orinoco Geese in rice fields 
resulted in observations of higher numbers of birds than 
those recorded previously during a large-scale aerial census 
(including these areas and along much of the Araguaia and 
the Javaés rivers of the area), there must be an immigration 
of Orinoco Geese from an even greater geographical area 
than our aerial census encompassed.  This pattern has previ-
ously been unknown and deserves further investigation and 
monitoring to learn the origin of these immigrants. 
 
Geographical distribution. Geographical distribution is a con-
sideration in threat assessment, since animals with small 
distributions could be more vulnerable to single catastrophic 
events. Assessing the distribution of all points where Ara-
guaia Orinoco Geese were observed in rice plantations dur-
ing the monitoring study, they dispersed over a maximum 
area of 5,000 ha of rice paddies, a territory that is still very 
small for a concentration of so many individuals. This area is 
located in a group of rice fields with similar agricultural man-
agement, covering about 55,000 continuous hectares in the 
municipality of Lagoa da Confusão. In February 2018, in the 
days immediately following the surprising census that uncov-
ered a great concentration in the Lagoa da Confusão rice 
paddies, two other extensive rice plantations in the Javaés 
River basin were also searched for the presence of Neochen:  
the Formoso Project, in the middle stretch of the river of the 
same name, with about 30,000 ha of irrigated rice, and the 
COBRAPE project (Pantanal de Cima farm), with 20,444 ha of 
irrigated   rice   on   the   banks   of   the  Javaés River, both in  
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the municipality of Formoso do Araguaia, and located about 
100 km away from rice fields in Lagoa da Confusão. No indi-
viduals of the species were detected in these other sites, nor 
did local rice planters report its presence among the other 
waterfowls in the paddy fields, although it is a bird known 
and indicated by them as occurring along the Javaés River. 
Other rice fields on the Araguaia plain should be monitored 
regularly to assess if there are additional as-yet unknown key 
concentrations during the flood seasons, and if these remain 
stable over time. 
 
Potential Threats 
 
Poisoning. Many organisms are attracted to rice culture, and 
some are considered harmful and requiring chemical control. 
Parsons et al. (2010) identified 274 chemical components 
(e.g., pesticides, herbicides) used in rice crops around the 
world, which can lead to direct and indirect poisoning from 
contamination of land and water and food of birds (grains, 
insects) or other organisms in the food chain. Some birds are 
considered pests themselves and there is evidence of the use 
of pesticides (organochlorines and organophosphates) for 
the direct control of birds in rice fields in Argentina 
(Bernardos & Saccagnini 2008), Venezuela, and Bolivia, mak-
ing rice one of the riskiest crops for birds (Parsons et al. 
2010). Migratory birds such as the Orinoco Goose are espe-
cially susceptible to neurotoxic insecticides, which can com-
promise their ability to orient and thus to migrate successful-
ly, increasing the risk of mortality for some species (Eng et al. 
2017).  
 Orinoco Geese have been observed sharing rice fields 
with other bird species that have long been considered by 
farmers to cause economic damage in rice fields, such as the 
White-faced Whistling-Duck (Dendrocygna viduata) and the 
Black-bellied Whistling-Duck (D. autumnalis) (Justo 2019). In 
the event of any poisoning (or other direct control method) 
of waterbirds by rice farmers, whether due to the actual or 
perceived/potential economic loss, the Orinoco Goose could 
be affected, including Middle Araguaia birds and populations 
that immigrated to this region. In Brazil, reports indicate ille-
gal bird poisoning in rice crops in São Paulo, Minas Gerais, 
Goiás, Santa Catarina and Rio Grande do Sul, but data availa-
ble in the literature are rare (Silviconsult Engenharia 2003). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Epizootics and Parasites. A second potential threat in the 
Middle Araguaia is a disease outbreak, such as an epizootic 
event or parasitic introduction spread by the domestic fowl 
or other wild birds. Parasites of the genera Ehrlichia, Ana-
plasma, Babesia, Plasmodium and Haemoproteus have been 
identified in the population of the Orinoco Goose in the cer-
rado biome, including individuals co-infected by two or more 
parasites (Werther et al. 2017). Given the highly concentrat-
ed populations of Orinoco Geese and other waterbirds ob-
served in this study, and their use of recently converted agri-
cultural systems each wet season, individuals may be more 
frequently interacting with domestic animals and other wild 
birds, and are now concentrating in a manner where patho-
gens could easily spread. The cerrado biome is undergoing 
one of the fastest conversion rates in Brazil, a situation 
where new forms of cross-species infections initiate (IUCN 
2017).  Agricultural systems such as rice paddies are fragile 
environments and susceptible to drastic fluctuations that 
negatively affect relationships between vectors and hosts 
(Bennet et al. 1982). Under these conditions, disease out-
breaks could cause high mortality in a short period of time, 
potentially increasing the extinction risk of this population.  
 
Classification and Conservation status of the Orinoco 
Goose. Threat categories and criteria address the risk of ex-
tinction of a taxon and seek to predict the probability of a 
species becoming extinct in the near future, based on the 
current knowledge of population trends, geographic distribu-
tion, and recent, current or projected threats (ICMBio 2013). 
Throughout its distribution, the Orinoco Goose was included 
in several red lists that cover different scales (Table 1). Un-
fortunately, the state of Tocantins lacks a list of endangered 
species, but the information presented here allows us to 
outline the threat status of the Orinoco Goose for the state 
and to represent a basis for future comparisons. The Orinoco 
Goose population for the Middle Araguaia (Cantão and Bana-
nal Island region alone) was estimated at 2,000 to 4,000 indi-
viduals before 2007 (IUCN 2020). The Araguaia National Park 
was thought to support between 8% and 40% of the world’s 
total population (Birdlife 2016), making this region one of the 
most important for the species’ conservation. The data of 
the present study indicates a maximum population of about 
1,000 individuals for the same area, demonstrating that in an 

Table 1. Conservation status of the Orinoco Goose (Neochen jubata) in different regions throughout its geographic distribution. 

Region List Threat Category Reference 

Global IUCN Near Threatened BirdLife International 2016 

National Argentina Critically Endangered MAyDSyAA 2017 

National Bolívia Least Concern MMAyA 2009 

National Brazil Least Concern BRASIL 2014 

National Colombia Vulnerable Renjifo et al. 2016 

National Ecuador Vulnerable Granizo et al. 2002 

National Peru Vulnerable SERFOR 2018 

National Venezuela Near Threatened Rodríguez & Rojas-Suárez 2008 

State São Paulo Critically Endangered Bressan et al. 2009 
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interval of ten years there has been a reduction between 
50% and 75% of the population. In addition, much of the 
population is concentrated seasonally to a high degree and 
may include birds breeding outside the area.  While it is diffi-
cult to estimate variability and errors of the earlier esti-
mates, given our repeated measures over several years, it is 
very likely that the population decreased at or above the 
threshold of a 50% reduction used for a threat classification 
of Endangered (IUCN 2017). 
 Overall, our study depicts a population in serious decline 
relative to prior assessments and sheds light on a little-
known seasonal aggregation in rice fields during the rainy 
season.  The population decline alone is, unfortunately, of 
sufficient size to suggest that the population deserves to be 
considered as Endangered.  Despite the presence of two fully 
protected conservation units in the Bananal Island region, 
Araguaia National Park and Cantão State Park, it is clear that 
the protection of the Middle Araguaia population of the Ori-
noco Goose is only protecting the population through a por-
tion of its annual cycle. The protected areas do protect the 
species during the important periods of reproduction and 
post-reproductive molt between June and November. How-
ever, with the beginning of annual flooding in the region, the 
Orinoco Goose population moves outside of the protected 
area system and concentrates where rice is grown, specifical-
ly in the municipality of Lagoa da Confusão (Tocantins). 
These results conform with Tubelis’ (2020) suggestion of 
likely migration within the Tocantins-Araguaia hydrographic 
region, and future tracking work will help illuminate the scale 
and details of those movements. Since Google Earth satellite 
images indicate that the first irrigated rice farms in Lagoa da 
Confusão municipality arrived around 1984, this movement 
pattern is unlikely to have been the case prior to cultivation 
of rice in the region.  With the advent of this new regional 
land-use, and the seasonal concentrations we report, several 
concerns for the long-term conservation of the population 
emerge, and much more monitoring of populations in the 
region is recommended. Birds that use agrosystems 
intensively face several threats, both from direct and indirect 
causes.  For the Orinoco Goose, these include the increased 
likelihood of disease outbreaks and potential illegal control, 
as is known from elsewhere in Brazil.  
 Due to the extreme population reduction observed in the 
last 10 years, significant seasonal concentrations of the pop-
ulation in a small, unprotected region, as well as a low esti-
mated population size under changing movement patterns 
and potential threats linked to the management of agrosys-
tems, the Orinoco Goose is at significant risk of extinction, at 
least at the state level, requiring its official recognition as a 
species threatened with extinction in the State of Tocantins. 
The information presented here suggests that the species be 
placed in the category Endangered. In addition, it is neces-
sary to elaborate an action plan for the conservation of the 
Orinoco Goose in the surroundings of Bananal Island and in 
Brazil, where the threat status of the species must be reas-
sessed.  Considering that the Middle Araguaia River is recog-
nized as one of the main areas for the preservation of the 
species in the country and in the world, closer monitoring 
and conservation efforts will be required. 
 
 
 

ACKNOWLEDGMENTS 
 
We thank the Fundação Grupo Boticário de Proteção à Na-
tureza (project 1083/20162) and the National Geographic 
Society (Grant # WW1-277R-18) for the financial support 
provided to carry out the field work from 2017 to 2020. We 
also thank the Fundação Pró-Natureza for their institutional 
and administrative support, as well as the Federal University 
of Tocantins for the use of vehicles and facilities throughout 
the work and financial support. We thank the Instituto Na-
tureza do Tocantins (Naturatins) for the authorization to 
study within Cantão State Park, as well as the Chico Mendes 
Institute for Nature Conservation (ICMBIO) for the SISBIO 
authorization to carry out the research in Araguaia National 
Park. Furthermore, we thank the National Research Council 
(CNPq) for granting a visiting researcher visa to Lisa Daven-
port and John Terborgh. Special thanks to Roberto Carlos 
Mendes Coelho and Sulene Bezerra Leite Mendes for the 
logistical support at the Canguçu base at UFT and for the 
journeys on the Javaés River. We would also like to thank 
Carlos Ruiz-Guerra for sending the raw Orinoco Goose data 
from the aerial survey and detailed route over the Meta Riv-
er basin, Colombia, and Dieyson Moura for drawing up Fig-
ure 1.  Finally, we thank two anonymous reviewers and Dr. 
Carlos Bosque for their detailed suggestions, that helped to 
improve the final manuscript.  
 
REFERENCES 
 
Acosta, M, L Mugica, D Blanco, B López-Lanús, RA Dias, LW 
 Doodnath & J Hurtado (2010) Birds of rice fields in the Americas. 
 Waterbirds (Special Publication) 1: 105–122. 
ADAPEC (2019) Instrução Normativa nº 6, de 9 de abril de 2019 
 sobre Programa Estadual de Controle da Ferrugem Asiática 
 da Soja. Agência de Defesa Agropecuária do Estado de 
 Tocantins. Available at https://www.legisweb.com.br/legis
 lacao/?id=376647 [Accessed 05 June 2019] 
ANA (2017) Sistema de informações hidrológicas versão web 3.0. 
 Agência Nacional de Águas. Available at https://www. 
 snirh.gov.br/hidroweb/publico/apresentacao.jsf [Accessed 16 
 February 2017] 
Amarulla, ET, T Yaherwandi & H Hamid (2017) Diversity of plant 
 species in paddy ecosystem in West Sumatra, Indonesia. 
 Biodiversitas 18: 1218–1225. 
Aquino, S, E Latrubesse & E Souza (2008) O Regime hidrológico do 
 Rio Araguaia: sua caracterização, importancia e 
 particularidades para a manutenção dos principais sistemas 
 aquáticos do Brasil Central. Acta Scientiarum 30: 361–369.  
Bennet, GF, MA Whiteway & CB Woodworth-Lynas (1982) Host-
 parasite catalogue of the avian haematozoa. Memorial Uni-
 versity of Newfoundland Occasional Papers in Biology 5:  243. 
Bernardos JN & ME Saccagnini (2008) Evaluación del riesgo de toxi-
 cidad aguda para aves por uso de inseticidas en arrozeras. In 
 de la Balze VM & DE Blanco (eds.). Primer taller para la 
 conservación de Aves Playeras Migratorias en arroceras del 
 Cono Sur. Wetlands International, Buenos Aires, Argentina.  
 Available at: http://lac.wetlands.org [Accessed 03 May 2019] 
BirdLife International (2016) Neochen jubata. In: IUCN Red List of 
 Threatened Species 2016. Availabe at http://dx.doi.org/
 10.2305/ 10.2305/IUCN.UK.20163.RLTS.T22679987A92837649. 
 eq [Accessed 19 May 2019]  
Brasil (2014) Portaria N° 444, de 17 de Dezembro de 2014. 
 Reconhece a Lista Nacional Oficial de Espécies da Fauna 
 Ameaçadas de Extinção. Diário Oficial da União, Brasília, Brazil. 
Bressan, M, MCM Kierulff & AM Sugieda (2009) Fauna ameaçada de 
 extinção no Estado de São Paulo: vertebrados. Fundação 

89 

https://www.legisweb.com.br/legislacao/?id=376647
https://www.legisweb.com.br/legislacao/?id=376647


ORINOCO GOOSE IN THE MIDDLE ARAGUAIA RIVER 

 

 
 13. Prepared by the Standards and Petitions Subcommittee. 
 Available at http://www.iucnredlist.org/documents/RedList 
 Guidelines.pdf. [Accessed on 16 March 2019] 
IUCN (2020) Redlist species – Neochen jubata Available at https://
 www.iucnredlist.org/species/22679987/ 92837649#text-fields.   
 [Accessed on 24 July 2020] 
Junior, ERM, CB Trentin, I de Souza Silva, ILC Queiroz, & A B Trentin 
 (2020) Monitoramento da Degradação da pastagem e a incor-
 poração de atividades agrícolas na microregião do Médio Ara-
 guaia/MT. Revista Geoaraguaia 10: 160–174. 
Junk, WJ, S An, CM Finlayson, B Gopal, J Květ, SA Mitchell, WJ 
 Mitsch & RD Robarts (2013) Current state of knowledge regard-
 ing the world’s wetlands and their future under global climate 
 change: a synthesis. Aquatic Sciences 75: 151–167. 
Justo, FM (2019) Conflito entre anatídeos e produção de arroz: um 
 estudo de caso sobre danos de aves à rizicultura no Cerrado. 
 M.Sc. thesis, Universidade Federal do Rio Grande do Sul, Porto 
 Alegre, Brazil. 
Katano, O, K Hosoya, K Iguchi, M Yamaguchi, Y Aonuma & S Kitano 
 (2003) Species diversity and abundance of freshwater fishes 
 in irrigation diches around rice fields. Environmental Biology 
 of Fishes 66: 107–121. 
Kriese, KD (2004) Breeding ecology of the Orinoco Goose (Neochen 
 jubata) in the Venezuelan Llanos: the paradox of a tropical 
 grazer. Ph.D thesis, University of California, Davis, USA. 
Laranjeiras, TO (2010) [WA261937, Neochen jubata (Spix, 1825)]. 
 Wiki Aves – A Enciclopédia das Aves do Brasil. Available at 
 http://www.wikiaves.com/261937 [Accessed 18 June 2019] 
Lima, EP (2011) [WA488639, Neochen jubata (Spix, 1825)]. Wiki 
 Aves – A Enciclopédia das Aves do Brasil. Available at  
 http://www.wikiaves.com/488639 [Accessed 18 June 2019] 
Luna, N, M Libua, MO Gallegos, M Cueva & LE Rodríguez (2008) 
 Redescubrimiento del Ganso de Monte Neochen jubata (Spix, 
 1825) para la avifauna Argentina. Nótulas Faunísticas 24: 1–13. 
Machado, IF & L Maltchic (2010) Can management practices in rice 
 fields contribute to amphibian conservation in southern Brazil-
 ian wetlands? Aquatic Conservation: Marine and Freshwater 
 Ecosystems 20: 39–46. 
Maclean, JL, DC Dawe, B Hardy & GP Hettel (2002) Rice Almanac: 
 source book for the most important Economic Activity on Earth. 
 CABo Publishing, Wallingford, UK. 
Maltby, E (2009) Functional assessment of wetlands: Towards evalu-
 ation of ecosystem services. Woodhead Publishing, Cam
 bridge, UK. 
Millenium Ecosystem Assessment (2005) Ecosystems and human 
 well-being: wetlands and water. Synthesis. World Resource 
 Institute, Washington, DC, USA. 
MAyDSyAA (2017) Categorización de las Aves de la Argentina 
 (2015). Informe del Ministerio de Ambiente y Desarrollo Sus-
 tentable de la Nación y de Aves Argentinas, edición electrónica. 
 C. A., Buenos Aires, Argentina. 
MMAyA (2009) Libro rojo de la fauna silvestre de vertebrados de 
 Bolivia. Ministerio de Medio Ambiente y Agua, La Paz, Boli via.  
Morais, RP, LG Oliveira, EM Latrubesse & RCD Pinheiro (2005) 
 Morfometria de sistemas lacustres da planície aluvial do 
 médio rio Araguaia. Acta Scientiarum Biological Sciences 3: 
 203–213.  
Naka, LN, M Cohn-Haft, A Withaker, JM Barnett & MF Torres (2007) 
 Avian biogeography of Amazonian flooded forests in the Rio 
 Branco basin, Brazil. The Wilson Bulletin 119: 439–449.  
Parsons, KC, P Mineau & RB Renfrew (2010) Effects of pesticide use 
 in rice fields on birds. Waterbirds 33: 193–218 
Pinheiro, RT & T Dornas (2009) Distribuição e conservação das aves 
 na região do Cantão, Tocantins: ecótono Amazônia/Cerrado. 
 Biota Neotropica 9: 187–205. 
Renjifo, LM, AM Amaya-Villarreal, J Burbano-Girón & J Velásquez-
 Tibatá (2016) Libro rojo de aves de Colombia, volume II: Ecosis-
 temas abiertos, secos, insulares, acuáticos continentales, mari-
 nos, tierras altas del Darién y Sierra Nevada de Santa Marta y 

 Parque Zoológico de São Paulo: Secretaria do Meio 
 Ambiente, São Paulo, Brazil. 
Campos-Silva, J, M Abrahams, PC Machado Andrade, LC Davenport, 
 CA Peres, J Hawes. (2021) Community-based conservation 
 with formal protection provides large collateral benefits to 
 migratory waterbirds of Amazonia. PLoS ONE 16: e0250022. 
 https://doi.org/10.1371/journal.pone.0250022. 
Carboneras, C (1992) Anatidae (ducks, geese and swans). Pp. 536–
 628 in del Hoyo, J, A Elliott, & J Sargatal (eds). Handbook of 
 the birds of the world:  Volume 1. Lynx Editions, Barcelona, 
 Spain. 
Castello, L & MN Macedo (2016) Large-scale degradation of Amazo-
 nian freshwater ecosystems. Global change biology 22: 990–
 1007. 
Cunha, CN, MTF Piedade, & WJ Junk (2015) Classificação e delinea-
 mento das áreas úmidas brasileiras e de seus macrohábitats. 
 EdUFMT, Cuiabá, Brazil. 
Czech, HA & KC Parsons (2002) Agricultural wetlands and water-
 birds: a review. Waterbirds 25: 56–65. 
Davenport LC, IN Bazán & NC Erazo (2012) East with the night: lon-
 gitudinal migration of the Orinoco Goose (Neochen jubata).  
 PLoS ONE 7: e46886.   
del Hoyo, J, A Elliott & J Sargatal (1992) Handbook of the birds of the 
 world. Volume 1: Ostrich to ducks. Lynx Editions, Barcelona, 
 Spain. 
Develey, P & A de Luca (2009).Neochen jubata (Spix, 1825). In Bres-
 san, M, MCM Kierulff & AM Sugieda (orgs.) Fauna ameaçada 
 de extinção no Estado de São Paulo: vertebrados. Fundação 
 Parque Zoológico de São Paulo: Secretaria do Meio 
 Ambiente, São Paulo, Brazil 
Dowler, C (2020)  Revealed: the Pesticide Giants Making Billions on 
 Toxic and Bee-Harming Chemicals. Unearthed, 20 February 
 2020.  Available at https:// unearthed.greenpeace.org/2020/02/ 
 20/ pesticides-croplife-hazardous-bayer-syngenta-health-bees/ 
 [Accessed 20 May 2021] 
Elphick, CS (2010) Why study birds in rice fields? Waterbirds 33: 1–
 7. 
Endo, W, T Haugaasen & CA Peres (2014) Seasonal abundance and 
 breeding habitat occupancy of the Orinoco Goose (Neochen 
 jubata) in western Brazilian Amazonia. Bird Conservation Inter
 national 24: 518–529. 
Eng, ML, BJM Stutchbury & CA Morrissey (2017) Imidacloprid and 
 chlorpyrifos insecticides impair migratory ability in a seed-eating 
 songbird. Scientific Reports 7: 15176. 
Getzner, M (2002) Investigating public decisions about protecting 
 wetlands. Journal of Environmental Management 64: 237–
 246. 
Gopal, B, WJ Junk & JA Davis (2000) Biodiversity in wetlands: assess-
 ment, function and conservation. Vols. 1 & 2. Backhuys Publish-
 ers, Leiden, The Netherlands. 
Granizo, T, C Pacheco, MB Ribadeneira, M Guerrero & L Suárez 
 (2002) Libro Rojo de las Aves del Ecuador. SIMBIO, Conservación 
 Internacional, EcoCiencia, Ministerio del Ambiente, UICN, Quito, 
 Ecuador. 
Green, AJ, and J Elmberg (2014) Ecosystem services provided by 
 waterbirds. Biological Reviews 89: 105–122. 
Hilty, S (2003) Birds of Venezuela. 2nd edition. Princeton University 
 Press, Princeton, USA. 
IBGE (2012) Indicadores de Desenvolvimento Sustentável. Estudos e 
 Pesquisas Informação Geográfica Numero 9. Instituto 
 Brasileiro de Geografia e Estatística, Rio de Janeiro, Brazil.  
ICMBio (2013) Instrução Normativa No. 34, de 17 de Outubro de 
 2013. Instituto Chico Mendes de Biodiversidade.  Available 
 at http://www.icmbio.gov.br/cepsul/images/stories/legislacao/
 Instrucao_normativa/2013in_icmbio_34_2013_diretrizes_avalia
 %C3%A7%C3%A3o_estado_conserva%C3%A7%C3A3o_fauna_ e 
 _sistema_esp%C3%A9cies.pdf [Accessed 20 May 2020] 
International Union for Conservation of Nature –IUCN (2017) Guide
 lines for Using the IUCN Red List Categories and Criteria. Version 

90 



ORNITOLOGÍA NEOTROPICAL (2021) 32: 82–91 

 

 
 bosques húmedos del centro, norte y oriente del país. 1a ed. 
 Editorial  Pontificia Universidad Javeriana, Instituto Humboldt, 
 Bogotá, Colombia. 
Rodríguez, JP & F Rojas-Suárez (eds.) (2008) Libro Rojo de la Fauna 
 Venezolana. Tercera Edición. Provita y Shell Venezuela, S.A., 
 Caracas, Venezuela. 
Ruiz-Guerra, CD Eusse-González & C Arango (2014) Distribución, 
 abundancia y reproducción de las aves acuáticas de las sabanas 
 inundables de Meta y Casanare (Colombia) y sitios prioritarios 
 para la conservación. Biota Colombiana 15: 137–160. 
Sano, E, GM Bettiol, E de S Martins, AF Couto Júnior, V Vasconcelos, 
 EL Bolfe & D de C Victoria (2020) Características gerais da  paisa-
 gem do Cerrado. Pp 21–37 in Bolfe, ÉL, EE Sano & S Kanadani 
 Campos (eds.). Dinâmica Agrícola no Cerrado: Análises e proje-
 ções. Embrapa, Brasília, Brazil. 
São Paulo (2014) Decreto no. 60.133, de 7 de fevereiro de 2014. 
 Lista das espécies da fauna silvestre ameaçadas de extinção, 
 as quase ameaçadas e as deficientes de dados. Assembleia 
 Legislativa do estado de São Paulo. [Accessed 08 May 2019] 
SEPLAN (2008) Atlas do Tocantins, subsídios ao planejamento da 
 gestão territorial. 5th ed. Secretária de Planejamento do 
 Estado do Tocantins, Palmas, Brazil. 
SERFOR (2018) Libro Rojo de la Fauna Silvestre Amenazada del Perú. 
 Primera edición. SERFOR (Servicio Nacional Forestal y de Fauna 
 Silvestre), Lima, Perú.  
Sick, H (1997) Ornitologia Brasileira. 5th ed. Nova Fronteira, Rio de 
 Janeiro, Brazil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Silveira, LF & FM D'Horta (2002). A avifauna da região de Vila Bela 
 da Santíssima Trindade, Mato Grosso. Papéis Avulsos de 
 Zoologia 42: 265–286 
Silviconsult Engenharia (2003) Programa Estadual de Manejo de 
 Fauna Silvestre Apreendida. Programa de Fauna Apreendida, 
 Curitiba, Brazil. 
Stafford, J D, RM Kaminski & KJ Reinecke (2010) Avian foods, forag-
 ing and habitat conservation in world rice fields. Waterbirds 
 33: 133–150. 
Tubelis, DP, LGA Mendonça, IKC Vieira & K Borges (2020) Breeding 
 and seasonal occurrence of the Orinoco Goose (Neochen 
 jubata) in Brazil. Ornithological Research 28: 105–114. 
Verhoeven, JTA & TL Setter (2010) Agricultural use of wetlands: 
 opportunities and limitations. Annals of Botany 105: 155– 163. 
Werther, K, MC Luzzi, LR Gonçalves, JP de Oliveira, JRF Alves Junior, 
 RZ Machado & MR André (2017) Arthropod-borne agents in 
 wild Orinoco geese (Neochen jubata) in Brazil. Comparative 
 Immunology, Microbiology and Infectious Diseases 55: 30–
 41. 
Wittmann, F, E Householder, A Oliviera, A Lopes, WJ Junk & MTF 
 Piedade (2015) Implementation of the Ramsar Convention 
 on South American wetlands: an update.  Research and Re-
 ports in Biodiversities studies 4: 47–58. 
Zhang, J, X Zheng, H Jian, X Qin, F Yuan & R Zhang (2019) Arthropod 
 biodiversity and community structures of organic rice ecosys-
 tems in Guangdong Province, China. Florida Entomologist  96: 1–
 9. 

 
 
 
 

91 


