This file has been cleaned of potential threats.
If you confirm that the file is coming from a trusted source, you can send the following SHA-256
hash value to your admin for the original file.

0d1c846e34987d64e183465ebe74aa3205d81d228e9¢c982f70579a2a80b301c5

To view the reconstructed contents, please SCROLL DOWN to next page.



The text that follows is a PREPRINT.
O texto que segue € um PREPRINT.

Please cite as:
Favor citar como:

Azevedo-Santos, V.M., P.M. Fearnside,
M.S. Arcifa, L.H. Tonella, T.
Giarrizzo, F.M. Pelicice, A.A.
Agostinho, A.E. Magurran & N.L.

Poff.2024. Irrigation dams
threaten Brazilian

biodiversity. Environmental

Management https://doi.org/10.1007/500267-
024-01946-w (in press).

ISSN: 0364-152X
DOI: 10.1007/s00267-024-01946-w
Copyright: Springer.

The original publication will be available at:
A publicacéo original estara disponivel em:

https://doi.org/10.1007/s00267-024-01946-w
https://link.springer.com/journal/267



Irrigation dams threaten Brazilian
biodiversity

Valter M. Azevedo-Santos'?", Philip M. Fearnside®, Marlene S. Arcifa®, Livia H.
Tonella®, Tommaso Giarrizzo®®, Fernando M. Pelicice’’, Angelo A. Agostinho®, Anne
E. Magurran®, N. LeRoy Poff'?

tUniversidade Federal do Tocantins (UFT), Programa de P6s-Graduagdo em
Biodiversidade, Ecologia e Conservacdo, Porto Nacional CEP 77500-000, Tocantins,
Brazil.

2 Grupo de Ecologia Aquética, Espaco Inovacéo do Parque de Ciéncia e Tecnologia
Guama (PCT Guama), Belém, Par4, Brazil

3 Instituto Nacional de Pesquisas da Amazonia (INPA), Av. André Aradjo, 2936,
69067-375, Manaus, Amazonas, Brazil.

4 Departamento de Biologia, Universidade de S&o Paulo, Av. Bandeirantes, 3900,
Ribeirdo Preto 14040-901, S&o Paulo, Brazil.

® Departamento de Direito, Universidade Federal do Tocantins (UFT), Palmas,
Tocantins, Brazil.

® Instituto de Ciéncias do Mar (LABOMAR), Universidade Federal do Ceara (UFC),
Avenida da Aboli¢do 3207, Fortaleza 60165-081, Ceard, Brazil.

" Universidade Federal do Tocantins, Nucleo de Estudos Ambientais, 77500-000 Porto
Nacional, TO, Brazil.

& Programa de Pds-Graduagio em Ecologia de Ambientes Aquaticos Continentais
(PEA), Universidade Estadual de Maringé, PR, Brazil.

% Centre for Biological Diversity, School of Biology, University of St Andrews,
Scotland.

10 Graduate Degree Program in Ecology, Colorado State University, Fort Collins CO
80524 USA, and Centre for Applied Water Science, University of Canberra, ACT 2617
Australia.

*Corresponding author (E-mail: valter.ecologia@gmail.com)

Acknowledgements

PMF was supported by Fundacdo de Amparo a Pesquisa do Estado de Séo Paulo
(FAPESP) (2020/08916-8), Fundacao de Amparo a Pesquisa do Estado do Amazonas
(FAPEAM) (0102016301000289/2021-33), FINEP/Rede CLIMA (01.13.0353-00). The
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq) provided
research grants to PMF (Process 312450/2021-4), FMP (Process 312256/2020-5), and
AAA (Process 312549/2021). Leverhulme Trust (RPG- 2019-402) provided research
grants to AEM.

Declarations
Funding

PMF was supported by Fundagdo de Amparo a Pesquisa do Estado de Sdo Paulo
(FAPESP) (2020/08916-8), Fundacéo de Amparo a Pesquisa do Estado do Amazonas
(FAPEAM) (0102016301000289/2021-33), FINEP/Rede CLIMA (01.13.0353-00). The
Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq) provided
research grants to PMF (Process 312450/2021-4), FMP (Process 312256/2020-5), and



AAA (Process 312549/2021). Leverhulme Trust (RPG- 2019-402) provided research
grants to AEM.

Conflicts of interest/Competing interest
None.

Availability of data and material
Not applicable.

Code availability
Not applicable

Authors' contributions

Valter M. Azevedo-Santos conceived the idea of the article and wrote the first draft. All
authors contributed with ideas, text, and corrections. All authors approved the present
version of the article.

Ethics approval (include appropriate approvals or waivers)
Not applicable.

Consent to participate
All authors consent with the content of the paper.

Consent for publication (include appropriate statements)
All authors consent with the publication of the paper

Abstract

Brazil is among the main contributors to global biodiversity, which, in turn, provides
enormous ecosystem services. Agriculture is one of the activities most benefited by
these ecosystem services. However, this activity has contributed to the degradation of
aquatic and terrestrial ecosystems and eroding Brazilian biodiversity. This conflict is
growing, as emerging unsustainable legislative proposals to benefit the agricultural
sector are likely to increase the decline of biodiversity. For instance, one such initiative
(Bill 1282/2019) intends to change the “Forest Code” (Law 12,651/2012) to facilitate
the construction of irrigation dams in Permanent Protected Areas; this last includes
strips (with vegetation or no) along the edges of watercourses. In addition, two other
similar bills are under progress in the Chamber of Deputies. Here we detailed these
three bills and discuss — if approved — their consequences for Brazil’s biodiversity.
Expected negative impacts with changes in the legislation include, for example,
increased deforestation, siltation, habitat fragmentation, introduction of non-native
species, reductions in the availability of aquatic habitats, and changes in biogeochemical
process. These proposals jeopardize biodiversity and may compromise the negotiations
for an agreement between Mercosur and the European Union.

Keywords
Agriculture; Deforestation; Forest Code; Global warming; Habitat fragmentation; Law

Introduction
Brazil’s is among the main contributors to global biodiversity (Agostinho et al.
2005). Past estimates suggested that there are around 210,000 known species in the



country (Lewinsohn and Prado 2005) — but this number is currently believed to be
greater. Brazil’s biodiversity provides numerous ecosystem services, including those
classified as regulating, support, provision, and cultural (e.g., Ellwanger et al. 2022;
Pelicice et al. 2023). This biodiversity has been increasingly threatened by the
expansion of human activities (e.g., Loiselle et al. 2010; Fernandes et al. 2016, 2020;
Garcia et al. 2021), including through official policies (e.g., Fearnside 2016; Pelicice et
al. 2017).

Agriculture activities have generated negative impacts on Brazilian
environments and biodiversity (Hepp et al. 2010; Pelicice et al. 2021). In the last 50
years, the irrigated area in Brazil increased by approximately a factor of 10, and in
2015, this area totaled ~7 million hectares, with projections indicating it would reach 10
million hectares by 2030 (ANA 2019). Irrigation occurs in different systems (e.g.,
center-pivots, drip) with water taken from hydroelectric reservoirs, lakes and, also
frequently, rivers and streams. Streams can also be dammed to supply water for
irrigation, even though these dams are in several cases illegal and negatively affect
biodiversity (Maffra and Souza 2018). The expansion of irrigated fields may accelerate
even further with recent legislation favoring — in an unsustainable way — the
agricultural sector.

Brazil’s current “Forest Code” (Law number 12,651/2012) requires the
maintenance of Permanent Preservation Areas (known as “APPs” in Portuguese), which
include forest strips along the edges of watercourses (Brazil 2012). Interventions in
APPs are only allowed in specific cases when impacts are “low” (Brazil 2012).
However, three bills currently advancing through committees in the Chambers of
Deputies and the Senate would facilitate the construction of dams for irrigation in these
areas. Here we explain why these proposed laws threaten biodiversity.

Facilitating the construction of irrigation dams

The importance of riparian habitats is recognized by Brazil’s current “Forest
Code” (Law 12,651/2012), which establishes requirements for the protection of
vegetation along waterbodies, both lotic and lentic (Brazil 2012: Chapter 11, Article 4°).
For instance, the protection of a 30-meter-wide strip is required along each side of a
stream with a width of 9 meters (Table 1). Law 12,651/2012 clearly states that
deforestation in the Permanent Preservation Areas (hereafter APPs) may be done only in
cases of need for “(...) public utility, social interest or with low environmental impact as
foreseen in this Law” (Brazil 2012: Chapter Il, Article 8). This limitation may change
with the pending bills.

Three bills (two in the Chamber of Deputies and one in the Senate) have been
proposed to change Law 12,651/2012 to allow interventions in APPs. Bill 2168/2021
(Chamber of Deputies) proposes a change “(...) to consider irrigation and animal
watering infrastructure as public utility works, including dams or the damming of
watercourses that cause intervention or suppression of native vegetation in a permanent
preservation area (...)” (Brazil 2021a: 1). In turn, Bill 399/2022 (Chamber of Deputies)
aims “(...) to turn the areas destined for irrigation into public utilities and social
interest” (Brazil 2022: 1), thus allowing irrigation dams to be built without regard for
impacts and degradation of APPs. Lastly, Bill 1282/2019 (Senate) proposes the
following provisions: “In rural properties is allowed (...) the construction of water
reservoirs for irrigation projects and the physical infrastructure associated with them”
(Brazil 2019a: 2). The justification of the bill states that ““(...) the lack of clarity in the
current legislations on the subject has been, for a long time, hindering the expansion of
technologies related to irrigation” (Brazil 2019a: 3), and that “(...) the insertion of this



device in the new Brazilian Forest Code will bring clarity necessary for a topic of such
significance and fundamental importance for the reduction of crop losses (...)” (Brazil
2019a: 3). The reference to “water reservoirs” means that they include the riparian
region (adjacent to the waterbody) that would be flooded.

Table 1. Size of Permanent Preservation Areas according to the Article 4° of Law
12,651/2012 (only Items I and I1) (Brazil 2012).

Type of Item in Width or size of the Width of the lateral strip

waterbody Law 12,651 waterbody protected (meters)
Watercourse I <10 wide 30
Watercourse I Between 10 to 50 wide 50
Watercourse I Between 50 to 200 wide 100
Watercourse I Between 200 to 600 wide 200
Watercourse I > 600 wide 500

Lake or lagoon ] Any size 100 (rural areas)

Lake or lagoon ] Up to 20 ha of surface 50 (rural areas)

Lake or lagoon I Any size 30 (urban areas)

Note: The width of the lateral strip protected along the watercourse (item I) may be
lower in urban areas, depending on the local administration (see Azevedo-Santos et al.
2023)

These proposals can enable the degradation or the suppression of riparian forest
areas by simplifying the process of dam building for irrigation — especially in streams
and small rivers. This implies that interventions in APPs will occur without rigorous
authorization procedures or technical assessments. These three bills, once approved,
have the potential to cause a significant setback in the scenario of environmental
policies and management of freshwater resources, watercourses, and associated
biodiversity.

Threats to biodiversity

Facilitating the construction of dams in APPs will increase different negative
impacts on aquatic and terrestrial ecosystems and their biodiversity. Below we will
exemplify the expected negative impacts if any of these three bills is approved.

The most obvious consequence will be increased deforestation of APPs. Existing
vegetation adjacent to the waterbody will be degraded or lost, either through direct
removal or inundation created by the dam — as generally occurs (see Maffra and Souza
2018). Deforestation, beyond results in the loss of tree species, eliminates habitat for
terrestrial organisms, such as insects, reptiles, birds, and mammals that live and depend
on the riparian vegetation (Develey and Pongiluppi 2010; Freitas et al. 2010; Galetti et
al. 2010; Marques et al. 2010; Farias et al. 2015). In addition, the removal of riparian
vegetation can trigger siltation processes in aquatic ecosystems (Mittermeier et al.
1990), a phenomenon with adverse consequences for macroinvertebrates and fish
(Casatti 2004; Couceiro et al. 2010). In general, the removal of riparian vegetation can
also harm fish populations and assemblages (Azevedo-Santos et al. 2021) and affect
biotic interactions associated with seed dispersion (Nogueira et al. 2023).

Facilitating infrastructure to block watercourses will increase habitat
fragmentation. Dams, including small irrigation dams, impede the free movement of
fish and invertebrates (Poff and Hart 2002; Pelicice et al. 2015; Chappell et al. 2019),
affecting also drift dispersion of animal and plant propagules (Brooks et al. 2018). This
phenomenon, which is documented in watercourses with barriers (e.g., Agostinho et al.



2008; Brejdo et al. 2020), can affect gene flow, dispersion (including migration), and
demographic dynamics.

The introduction of non-native species will also be intensified, especially
considering the Brazilian scenario. Dams built to supply water, including for irrigation,
have been — and may be — used for fish production in some cases (Albinati 2006;
Cardoso Filho et al. 2010). Small dams used for recreational fishing and aquaculture
have been a regular source of non-native species in Brazil (Vitule et al. 2006; Forneck et
al. 2021). Moreover, there is a growing incentive for raising non-native fish in Brazil
(e.g., Coelho and Henry 2017; Brito et al. 2018; Latini et al. 2021). The proliferation of
dams, therefore, must be accompanied by the spread of non-native organism. We
highlight that introduction of non-native species — including freshwater fishes — is a
threat to native species (Vitule et al. 2009; Simberloff et al. 2023).

Other expected increases in negative effects relate to water use. Removing water
from watercourses (either for agriculture or for urban use) reduces the availability of
habitat and increases the frequency of low-water conditions; and this cause shifts in the
presence and abundance of species, including invertebrates and fishes (Walters and Post
2011; Grantham et al. 2013). Small dams cause similar low-water downstream effects
that negatively affect aquatic species (Couto et al. 2023).

Lastly, changes in biogeochemical processes can be expected to increase if any
of the three bills is approved. The alteration of flows due to dams can also modify the
concentration of nutrients such as phosphorus and nitrogen, accumulating in the
impoundment area and generating eutrophication events (Maavara et al. 2020). Such
nutrient buildups reduce dissolved oxygen levels, affecting aquatic communities
(Wurtsbaugh et al. 2019). In addition, deforestation on the border of created reservoirs
reduce the quality of water (with the input solids and iron) used for irrigation (Favero et
al. 2022), as well as compromise downstream habitats. Finally, reservoirs are known to
be a source of greenhouse gas (Fearnside 2002; Maavara et al. 2020). These compounds
lead to global warming (Fearnside 2002), consequently affecting biodiversity at
different scales (Malcolm et al. 2006; Pounds et al. 2006).

The intensification of the above negative impacts can be expected to result in
biodiversity losses, especially in a context where numerous Brazilian species already are
threatened with extinction (e.g., MMA 2022). For example, a total of 311 fish species
have been listed as threatened, and habitat loss and fragmentation, also associated with
river damming, have been the main stressors (Santana et al. 2021). In addition,
threatened fish species (e.g., ‘Chasmocranus’ brachynema Gomes & Schubart, 1958)
(see Depra and Slobodian 2024) do not have any of their habitat protected. The number
of threatened species can be expected to grow with the proliferation of new dams,
especially because many species are only known to occur in limited areas that are being
converted to agriculture and ranching (e.g., Costa et al. 2022). In the case of fish,
various species were only described in the last few years (e.g., Burger et al. 2019;
Guimardes et al. 2019; Costa and Katz 2021; Depré et al. 2022), indicating that the
number of fish species present is even higher, especially for groups that also inhabit
streams (e.g., characids, heptapterids, trichomycterids). The number of undescribed
species of insects that live in riparian habitats is probably even more underestimated.
New species are being described for plants in areas subjected to agriculture expansion
(e.g., Carvalho et al. 2023), indicating that some may have been lost with no scientific
record. The degradation of riparian habitats in the Brazilian Amazon, a megadiverse
region, is especially concerning. This scenario stresses the need to avoid unsustainable
policies like those discussed herein.



Final remarks

Various legislative proposals have emerged to weaken Brazil’s current “Forest
Code” (Law 12,651/2012), which would endanger Brazil's ecosystems (Table 2). These
proposals include the three bills to remove restrictions on irrigation dams. All these bills
must be to be defeated in the Brazilian National Congress and the discussions about
them must include the participation of scientists (Azevedo-Santos et al. 2017), including
experts in water resources management. We recognize that the recent increase in the
representation of agribusiness interests (“ruralists”) in Brazil’s National Congress
(Fearnside 2023) is a powerful barrier to this.



Table 2. Proposed law to make changes of the Permanent Preservation Areas of the “Forest Code” (Law 12,651/2012) and their expected main

negative impacts mainly on Brazil’s ecosystems.

Bill Legislative chamber  Situation Description Changes Examples of expected negative impacts
Proposed Chamber of Deputies In progress  “Authorizes the planting of  Allows the In the cultivation of Ilex paraguariensis, producers
Law yerba mate in a Permanent ~ farming of llex ~ may use fertilizing with nitrogen and phosphorus (e.g.,
5650/2016 Preservation Area on small ~ paraguariensis  Alves et al. 2017). In addition, there are human
properties or family rural in Permanent activities (e.g., harvest) in an area which will have
possessions” (Brazil 2016).  Preservation majority a single species (i.e., yerba mate). Main
Areas expected negative effects are the pollution of
waterbodies (with nutrients), stomping on non-target
vegetation and habitat simplification.
Proposed Chamber of Deputies Suspended “Amends Law No. 12,651,  Allows Intervention in riparian regions results in
Law of May 25, 2012, to include intervention deforestation, erosion and siltation, pollution,
7592/2017 the construction of hospitals  (removing increased brightness in watercourses (Mittermeier et
and schools among the vegetation is al. 1990; Thomaz et al. 2021; Ottoni et al. 2023).
activities considered to be included) in These negative effects are expected to increase if the
of social interest for the Permanent Bill is unarchived and approved.
purpose of suppressing the  Preservation
Permanent Preservation Areas.
Area” (Brazil 2017).
Proposed Senate In progress  “Amends the Forest Code Facilitate the See section “Threats to biodiversity” of this article.
Law to allow, in areas of construction of
1.282/2019 permanent preservation of dams for
rural properties, the irrigation within
construction of water the APPs.
reservoirs for irrigation
projects and the physical
infrastructure associated
with it” (Brazil 2019a).
Proposed Senate Inprogress  “Amends Law No. 12,651,  Allow Intervention in riparian regions results in
Law of 25 May 2012, which agriculture and  deforestation, erosion and siltation, pollution,
1731/2019 provides for the protection the presence of  increased brightness in watercourses (Mittermeier et

of native vegetation and
other measures, to deal with

houses within

al. 1990; Thomaz et al. 2021; Ottoni et al. 2023).




rules on the occupation of the limits of a These negative effects are expected to increase if the
Permanent Preservation Permanent Bill is approved.
Areas (APP)” (Brazil
2019h).
Proposed Chamber of Deputies Approved -  “Amends Law No. 12,651,  Allows to Intervention in riparian regions results in deforestation,
Law Now Law of 25 May 2012, to provide  reduce the erosion and siltation, pollution, increased brightness in
2510/2019 14.285/2021 for permanent protection width of watercourses (Mittermeier et al. 1990; Thomaz et al.
areas in the urban perimeter  Permanent 2021; Ottoni et al. 2023). These negative effects are
and in metropolitan Preservation expected to increase with the approved law
regions” (Brazil 2019c). Area in the 14.285/2021 (Azevedo-Santos et al. 2023).
urban perimeter
Proposed Chamber of deputies In progress  “Amends Law 12,651/2012, Facilitate the See section “Threats to biodiversity” of this article.
Law to consider irrigation construction of  Areas used to livestock are subjected to fecal
2168/21 infrastructure works and dams for pollution (Souza et al. 2006). Therefore, this is also an
animal watering as of irrigation and expected negative impact if the Bill is approved.
public utility” (Brazil for animal
2021a). watering within
Permanent
Preservation
Areas
Proposed Chamber of deputies Inprogress  “Amends Law No. 12,651,  Facilitate the See section “Threats to biodiversity” of this article.
Law of 25 May 2012, to make construction of
399/2022 areas intended for irrigation  dams for
public utility and social irrigation

interest” (Brazil 2022).

Note: The suspension of processing does not guarantee that processing will not be resumed or that another similar law will not be proposed.



Opposing irrigation dams in APPs does not mean being against agricultural
expansion, but rather taking care not to exacerbate the biodiversity crisis. The three bills
removing key restrictions on irrigation dams are not compatible with minimum levels of
sustainability in agriculture. This is an issue of increasing concern among Brazil’s
international trading partners and is currently being raised in negotiations for an
agreement between Mercosur and the European Union. Defeating these bills would be
an important step towards addressing this challenge. It also underlines the need for
Brazilian lawmakers to radically change their outlook on questions of sustainability to
ensure that Brazil’s rich biodiversity — that benefit the world — is preserved.
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