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a  b  s  t  r  a  c  t

First-order  streams  in  Brazil  are  protected  by  the Native  Vegetation  Protection  Law  of  Brazil  (NVPL),
which  regulates  the  land-use  in rural  properties  and  is  linked  with  aquatic  conservation.  We  investigated
the  importance  of the  data-set  resolution  to identify  first-order  streams  (State  of  São  Paulo,  Brazil)  and
estimated  its  length  compared  to other  water  bodies.  We  found  that first-order  streams  represent  around
58%  of  the  total  length  of  the  drainage  system.  In addition,  we  compared  this  database  with  that  of  the
Environmental  Rural  Registry  (CAR  in  Portuguese).  Compared  with  the  lower  resolution  data-set,  the
length  of  first-order  streams  self-declared  in  CAR  was  80%  lower.  We  also  found  a  concerning  number
phemeral streams
ntermittent streams
estoration planning
nvironmental policy

of  small  dams  in  first-order  streams,  which  severely  changes  their dynamics.  Therefore,  we  recommend
the  use  of finer  resolution  data-sets  in order  to  create  tools  to  support  legal  compliance  that  goes  beyond
the  limited  information  provided  by CAR.

© 2018  Associação  Brasileira  de Ciência  Ecológica  e Conservação.  Published  by Elsevier  Editora  Ltda.
This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
ntroduction

First-order streams are defined as intermittent or perennial
ater bodies with no temporary or perennial tributaries (Freeman

t al., 2007). They are the smallest water bodies in a catchment
ut, cumulatively, account for most of the total channel length

n a watershed (Downing et al., 2012; Lowe and Likens, 2005;
aniwaki et al., 2017b). Because they connect upland and ripar-
an systems with the rest of the river network, first-order streams
ontrol the water quality, biodiversity, and ecological health of

ntire drainage networks and waterways (Lowe and Likens, 2005).
onsequently, the degradation or loss of first-order streams by
nthropogenic activities can cause serious environmental impacts

Abbreviations: CAR, Environmental Rural Registry; NVPL, Native Vegetation
rotection Law of Brazil; GIS, Geographic Information System; APP, Permanent Pro-
ection Areas.
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and alter the structure and function of downstream receiving
water bodies (Covich et al., 2006; Lorion and Kennedy, 2009; Tani-
waki et al., 2017a). Increasingly, social-economic impacts such as
increased risk of water scarcity, as observed recently in the city of
São Paulo, one of the largest water crises in the history of Brazil are
being considered as well (Dobrovolski and Rattis, 2015).

Depending of the land-use, first-order streams can disappear
from the landscape if the erosion rates are greater than the sed-
iment transport capacity of the channels (Faria, 2014). Therefore,
first-order streams are highly vulnerable to human-mediated dis-
turbances and require effective protection from legislation. The
highest water quality in a watershed is usually found in springheads
and in first-order streams (Cantonati et al., 2012; von Fumetti et al.,
2007). However, agricultural activities and urbanization can dra-
matically change their streamflow and nutrient dynamics, reducing
water quality and water availability due to the high connectivity of
these ecosystems to adjacent landscapes (Alexander et al., 2007;

Arango and Tank, 2008; Recha et al., 2012; Taniwaki et al., 2017a).

An event that drew greater attention to first-order streams in
Brazil and to the modifications of water streams protection and
restoration resulted from the enactment of the Native Vegetation
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rotection Law of Brazil (Law #12,651/2012, hereafter – NVPL),
hich replaced the 1965 Forest Code. This is the major law for
ater streams conservation, since it establishes mandatory pro-

ection and, in some cases, restoration of native vegetation around
ater springs and along riparian buffers, which are legally consid-

red Permanent Protection Areas (APP) (Brancalion et al., 2016). The
idth of the dual riparian buffers that must be protected along both

ides of a water course is defined by the width of the water course
Brancalion et al., 2016). For first-order streams (<10 m width), APP
idth is 30 m.  If native vegetation was already converted to alter-
ative land-uses, native vegetation cover has to be recovered in

 portion of the APP or in their total extend, depending of the
ize of the landholding (Brancalion et al., 2016). A riparian buffer
f only five meters should be recovered in small farms, while in
arge farms their width varies from 20 to 100 m.  Since most of the
rst-order streams are less than 10 m wide, restoration demands
ave been severely reduced (Soares-Filho et al., 2014). This is a
ey negative aspect of the NVPL against first-order streams since
iparian buffers are known to help protect water bodies from a
ide range of anthropogenic impacts, such as land-use and cli-
ate change, eutrophication and excess of sediment (Ferreira et al.,

012; Peñuelas et al., 2013; Souza et al., 2013; Taniwaki et al.,
017b).

Another controversial aspect of the recent modifications in the
VPL is related to ephemeral streams and springs. In the For-
st Code of 1965, ephemeral and intermittent streams were not
efined as different water bodies; they were considered to be like
ny other part of the drainage network and protected accordingly.
n the NVPL, the protection or restoration of riparian vegetation
s no longer mandatory for the protection of ephemeral aquatic
cosystems; however, the protection of these ecosystems is proba-
ly more relevant than ever as predictions suggest that ephemeral
treams will become more abundant as the frequency and mag-
itude of droughts increase with climate change (Gomez-Gener
t al., 2016; Taniwaki et al., 2017b). Ephemeral streams represent
n important source of carbon dioxide emissions by aquatic envi-
onments (Gomez-Gener et al., 2016; Hotchkiss et al., 2015), so
ncreasing their abundance can create a positive feedback to cli-

ate change by increasing emissions of greenhouse gases.
Due to these limitations of NVPL, several studies have contested

he rationale for reducing the width of riparian buffers protec-
ion, given the potential negative consequences for biodiversity
nd human wellbeing (Brancalion et al., 2016; Ferraz et al., 2014;
oares-Filho et al., 2014). In the discussions, a topic that has gained
ttention from scientists and policymakers is how to properly iden-
ify these water bodies in the landscape. Presently, the methods
sed may  not be appropriate but there is no scientific assessment
o affirm otherwise.

A positive aspect of the NVPL was the establishment of a system
o identify water bodies and other environmental aspects in rural
roperties. The Environmental Rural Registry (Cadastro Ambiental
ural – CAR in Portuguese) is a mandatory but free self-declaratory
egistry of rural properties and rural landholdings that produces a
iagnosis of environmental compliances and non-compliances to

egal rules (Brancalion et al., 2016). This system integrates envi-
onmental information of APPs, legal reserve areas, forest and
ative vegetation remnants, restricted use areas and consolidated
reas from rural proprieties in Brazil. CAR could be a key feature
o identify first-order streams, because it is conducted through
igh-resolution images and by the landholders who know their
roperties. However, despite high efficacy (408 million hectares

ncluded), the quality of this dataset has never been assessed.

Given the challenges for the conservation of ephemeral and first-

rder streams in Brazil and especially in fast-changing regions like
he state of São Paulo, the objectives of this study were two-folds:
1) To determine the length of first-order streams in different geo-
 and Conservation 16 (2018) 49–53

morphological regions of the state of São Paulo using GIS database
with resolution 1:10,000 and 1:50,000; (2) to compare the outcome
from the GIS database with the different resolutions and also with
the dataset provided by landholders through the CAR electronic
system SICAR (resolution 1:10,000). Failing to identify first-order
streams because datasets available to landholders are inappropri-
ate can potentially result in further reductions to the NVPL, and
consequently, hinder conservation efforts in one of the most biodi-
verse regions of the world (Gaston, 2000). Assessing the magnitude
of the mismatch is of utter importance.

Length of first-order streams in São Paulo State

The total length of the fluvial system in the state of São Paulo
was estimated in 150 sample units (1257 ha each) in five dif-
ferent geomorphological regions on a regional scale (1:50,000)
and the lengths of first-order streams at the local (1:10,000) and
regional scales (1:50,000) were further compared to detect dif-
ferences between the databases (Fig. 1). The sample units were
analyzed in five different geomorphological regions because of dif-
ferences in geomorphology and topographic relief and because they
represent the major conditions where riparian buffer restoration
will be required in Brazil, as consequence of the historical large-
scale conversion of native ecosystems to agricultural lands. The
process involved analyzing the dataset (drainage network) pro-
vided by the Instituto Brasileiro de Geografia e Estatística (IBGE,
2013) for regional and local scales, and then analyzing the topo-
graphic dataset provided by the Instituto Geográfico e Cartográfico
do Estado de São Paulo (IGC, 2009). Our results show that the state
of São Paulo has approximately 332,000 km of streams and rivers
at the regional scale, of which 194,000 km are first-order streams,
which collectively represent around 58% of the total fluvial system
in the state.

At the local scale, first-order streams have approximately 255
thousand kilometers in length, represented by approximately 33
thousand kilometers by perennial streams and 222 thousand kilo-
meters by intermittent streams. These results are around 25%
higher than the results at the regional scale, indicating that if
the database is not appropriate, the length of these ecosystems
could be underestimated, as well conservation and restoration
requirements. Therefore, we  highlight the importance in using the
more refined dataset available for identifying first-order streams;
otherwise these waterbodies could be neglected, with negative
consequences for the entire fluvial system.

Implications for riparian forest restoration

Riparian forest restoration is an important intervention for pro-
tection of first-order streams, providing better conditions for biota
and for maintaining ecological flows and water quality (Aarons
and Gourley, 2012; Alexander et al., 2007; Stanfield and Jackson,
2011). However, the most commonly used database for restora-
tion programs is at regional scale (1:50,000), because it is the most
complete available database for water resources in São Paulo. As
we highlighted above, this database underestimates around 25%
of first-order streams and therefore, restoration programs might
underestimate or neglect these important ecosystems for restora-
tion. A more serious consequence would be the ongoing conversion
of native ecosystems covering riparian buffers to agricultural lands.
If water courses are not identified, they do not receive the legal

status of APP, and could be more vulnerable to degradation. In
addition, we  found that at the local scale, only a small portion of
the mapped streams is perennial. This means that according to the
NVPL, intermittent streams could migrate to ephemeral dynamics,
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ig. 1. Spatially explicit distribution of sample units by each geomorphologic regio
apped on the local (1:10,000) and regional (1:50,000) scale.

s consequence of stronger and more frequent droughts mediated
y climate change, misplacing their legal protection coverage.

nvironmental Rural Registry (CAR) – data crossing

The information denoted as SICAR was provided by the Secre-
ariat of Environment of the State of São Paulo (April 2016) for
omparison with the other databases generated using GIS tools.
he SICAR database (resolution of 1:10,000) was  analyzed using
he same sample units that were used to estimate the length
f first-order streams. Subsequently, we compared the databases
overlapping) to determine potential errors in the SICAR database.

hen the SICAR database was analyzed, around 80% of the total
mount of self-declarations was declared. We  found that the length
f first-order streams declared in the SICAR was around 51 thou-
and kilometers, which is around 73% lower than the estimation
t the regional scale (1:50,000) and around 80% lower than the
stimation at the local scale (1:10,000) (Fig. 2). These findings are
normously important for conservation strategies and restoration
rograms, because the difference accounts for 143 thousand kilo-
eters of riparian buffers that could be neglected with the use of

his database (length at regional scale discounted by the values of
rst-order streams declared in CAR). It is important to mention that

he CAR declaration from landowners was not complete when this
tudy was conducted. However, the difference seems inconsistent
o be explained by the lack of information of the 20% of the rural
roperties that were not yet registered.
ão Paulo State. In detail, the sample unit shows the overlap of first-order streams

Small dams in first-order streams: implications for riparian
buffer restoration and stream ecology

By analyzing the datasets at the local scale, we  were also able to
detect a remarkable number of small dams in first-order streams.
While damming streams is a common practice in the study region
and elsewhere to support irrigation, fishery, recreation and cattle
hydration, the intervention fundamentally change the dynamics of
nutrient retention, carbon flows, streamflow and also creates bar-
riers for the movement of aquatic organisms across the landscape
(Leal et al., 2016). In total, we found that around 15% of first-order
streams in our study samples were impacted by small dams, which
were usually smaller than 1 ha. The consequences go beyond the
potential impacts on the structure, function and diversity of lotic
ecosystems since the protection and restoration of riparian buffers
is not mandatory for small dams (up to 1 ha), by NVPL. The removal
of these small dams and protection of first-order streams should be
incorporated into the new Brazilian environmental laws to prevent
the construction of these anthropogenic ecosystems, as well as the
protection of riparian buffers in dams further downstream.

Conclusions and implications
This study emphasizes the importance of the quality and scale of
cartographic databases on conservation and restoration planning.
The CAR system, for example, has demonstrated to be inefficient
in detecting first-order streams in São Paulo State. Considering
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ig. 2. Comparison of the total fluvial system length in São Paulo State with first-
andholders in the CAR system.

uch failures in detecting first-order streams, which constitute
he largest length of water bodies in a watershed, the require-

ents of ecosystem restoration are likely to be underestimated.
herefore, we recommend the use of finer resolution datasets
below 1:10,000) to detect first-order streams in São Paulo State
nd other regions of Brazil. This approach will help to include sev-
ral water bodies that would not be possible to detect using maps
t coarser resolution. Restoring these environments will help to
rovide better water quality (Cunha et al., 2016; Taniwaki et al.,
017a, 2017b), and to reduce the risks of habitat loss and stream
arrowing (Sweeney et al., 2004).

It is important to mention that only São Paulo State and a
ew other states in Brazil have fine resolution images available
1:10,000). Places that are enormously important for the conserva-
ion of freshwater ecosystems, for example, the Amazonian states
f Amazonas and Pará have only 1:50,000 resolution images. This
mplies that stream conservation programs in these states are
everely affected, with several water bodies not represented in
atabases and out of the radar of protective environmental laws.
ven first-order streams included in the present databases may  no
onger be protected in the future due to the conversion of inter-

ittent to ephemeral streams, as consequence of land degradation
nd climate change.

The elevated number of intermittent streams in São Paulo State
s evidence of the emerging risks that deficient databases and legis-
ation changes without scientific support bring to the conservation
f freshwater ecosystems and water security to people.
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