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 33 
Brazil’s urban ecosystems threatened by law 34 

 35 

Abstract  36 
Brazil’s federal Law 12,651/2012 (popularly known as the “Forest Code”) requires 37 
“Permanent Preservation Areas”, known as “APPs,” which are strips of protected 38 
vegetation along the edges of watercourses. The widths of the strips vary, depending on 39 
the width of the watercourse, and the law applies to both rural and urban aquatic 40 

ecosystems. However, a recently approved law (14,285/2021) undermines the Forest 41 
Code by giving municipalities (counties) the attribution of defining the widths of the 42 
APPs. This even opens the possibility of eliminating urban APPs altogether if doing so is 43 
in the interest of the local administration. Reduction or elimination of APPs would result 44 
in numerous negative effects in aquatic ecosystems, which is problematic because 45 

ecosystems in cities harbor biodiversity. Therefore, a main needed step is revocation of 46 
Law 14,285/2021. Greater attention should be given to the conservation of both terrestrial 47 

and aquatic ecosystems in urban areas.  48 
 49 
Keywords: Biodiversity. Deforestation. Forest Code. Permanent Preservation Areas. 50 
Silting. Urbanization 51 

 52 
1. Introduction 53 

Some of the largest hydrographic systems in the world are located in Brazil 54 
(OECD 2015). These freshwater areas harbor high biodiversity (Agostinho et al., 2005) 55 
and provide fisheries resources, water and other services to the human populations (e.g., 56 

Batista and Petrere Jr., 2004; Mateus et al., 2004; Fearnside et al., 2021; Pelicice et al., 57 
2022). This makes Brazil a key player in discussions of freshwater biodiversity 58 

conservation (Azevedo-Santos et al., 2021a). 59 
Virtually all of the principal Brazilian rivers receive tributaries that have passed 60 

through urban areas (e.g., Martins et al., 2008; Souto et al., 2011; Pereira et al., 2021). 61 
Large rivers also pass in or near cities, as in the case of the Tietê River that crosses, the 62 
city of São Paulo. Brazilian drainage areas also contain numerous urban lacustrine 63 

ecosystems (e.g., Lopes et al., 2002; Pinese et al., 2008; Silva et al., 2019), whether 64 

connected or not to the lotic waterbodies. In addition to these freshwater environments, 65 
marine and estuarine ecosystems (e.g., mangroves and salt marshes) are often associated 66 
with urban areas (e.g., Albuquerque and Oliveira, 2020). 67 

Urban waterbodies, both lotic and lentic, are important ecosystems (Francis, 68 
2014) — although they are frequently degraded due to human impacts (Walsh et al., 69 

2005). In Brazil these areas often contain considerable diversity of animals (e.g., 70 
macroinvertebrates and fishes) and plants (e.g., macrophytes) (Albertoni and Palma-71 

Silva, 2006; Moreno and Callisto, 2006; Zawadzki et al., 2019). This implies that these 72 
areas need to be better protected by the country’s authorities.  73 

Law 12,651/2012 (popularly known as the “Forest Code”) protects Brazil’s 74 
watercourses and strips of land along their edges, which are designated as “Permanent 75 
Preservation Areas” or “APPs” (Brazil, 2012). This law includes both urban and rural 76 

aquatic ecosystems (Brazil, 2012). A recently enacted Law (14,285/2021) severely 77 
undermines the Forest Code by giving local politicians in municipal (county) 78 
governments the attribution of defining the widths of the APPs (Brazil, 2021) and 79 
providing an opportunity to remove the protection of urban ecosystems. This law is 80 
controversial, from both legal and environmental perspectives (Thomaz et al., 2021; 81 
Antunes, 2022; Wacheleski and da Silva, 2022). Here we show potential problems of 82 
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this recent law and argue the need to preserve urban ecosystems, both terrestrial and 83 
aquatic. 84 

 85 

2. An assault on Law 12,651/2012 86 
Law 12,651/2012 defines the “Permanent Preservation Area” (known as the 87 

“APP”: Área de Preservação Permanente) as a “(…) protected area, whether covered or 88 
not by native vegetation, with the environmental function of preserving water resources, 89 
the landscape, geological stability and biodiversity, facilitating the gene flow of fauna 90 

and flora (…)” (Brazil, 2012: Chapter 1). APPs are “the marginal strips of [land along] 91 
any perennial and intermittent natural watercourse, excluding the ephemeral ones, from 92 
the edge of the regular streambed (…)” (Brazil, 2012: Chapter 2). Law 12,651/2012 93 
establishes that the vegetation along watercourses must be protected in a strip at least 30 94 
m wide and can require widths greater than this depending on the width of the 95 

watercourse (Brazil, 2012). This law has various problems (see Grasel et al., 2018; 96 
Terra et al., 2021) but protects urban ecosystems at some level. An illustration of this is 97 

the plan for infrastructure to be built near the “Praça das Nascentes” (in Portuguese) 98 
square in the city of São Paulo that was stopped based on the argument that the project 99 
was within the limits of an APP (Supplementary Material 1). Other similar cases have 100 
occurred in Brazil (e.g., Supplementary Material 2). This means that, combined with 101 

good enforcement, Law 12,651/2012, if not modified by the new law, reduced impacts 102 
on urban ecosystems. 103 

In the recently approved Law (14,285/2021) Article 4 opens the possibility of 104 
local administrations reduce or eliminating urban APPs altogether after “(…) hearing 105 
the state, municipal or district environmental councils (…)” (Brazil, 2021). The 106 

justification for this provision as given in the proposal for the law (Proposed Law 107 
2510/2019) is that Law 12,651/2012 is wrong because it “(…) sets equal APP limits for 108 

rural and urban areas and allows intervention or suppression of native vegetation in 109 
APPs only in cases of public utility, social interest or low environmental impact” 110 

(Brazil, 2019) and because “it happens that in such hypotheses [the law] does not fit 111 
with various situations that are very common in urban areas, such as private and public 112 
buildings close to slopes and watercourses or waterbodies” (Brazil, 2019). We believe 113 

that Law 14,285/2021 was proposed to reduce or eliminate the APPs in urban areas. 114 

Leaving it to the municipal authorities to decide the size of the APP in urban 115 
areas is likely to result in setbacks for ecosystems. Three features that guarantee this 116 
are: (i) lack of knowledge of local decision makers about the scientific evidence (e.g., 117 
Casatti, 2010; Valera et al., 2018; Pissarra et al., 2019) showing the importance of these 118 
areas, (ii) lobbies from interest groups that can profit from building in areas 119 

dismembered from APPs, and (iii) the effect of charismatic measures in attracting votes. 120 
Urban APPs are often occupied, and removing the population from these places would 121 

be unpopular and would conflict with the electoral interests of local politicians. This 122 
means that occupations close to watercourses are almost certain to be legalized by 123 
municipal decree.   124 
 125 
3. Urban ecosystems at stake 126 

The reduction or elimination of APPs under Law 14,285/2021 would generate 127 
even more social and ecological impacts. For example, the permission to build houses 128 
close to watercourses will result in material losses after floods (Thomaz et al., 2021). 129 
This would generate costs both for the people and for the municipal governments. The 130 
flooding in São Paulo State caused by torrential rains in 2023 illustrates the situation 131 
well (Supplementary Material 3). Negative impacts on urban aquatic ecosystems may be 132 
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numerous and include introduction of non-native species, pollution of waterbodies 133 
(Thomaz et al., 2021), and intentional destruction of wetlands and waterbodies by 134 
landfills to allow construction. In addition, interventions in APPs have high potential to 135 

generate both direct and indirect siltation (Araújo, 2002; Thomaz et al., 2021; Ottoni et 136 
al., 2023) (Figure 1).  137 

 138 

 139 
Figure 1. A silted stream: (a) during; and (b) after intervention in its APPs. 140 

 141 
Occupation or other activities in APPs affects biodiversity because native 142 

species inhabit urban environments (Figure 2a-c), including waterbodies that are already 143 
impacted (e.g., Moreno and Callisto, 2006; Cunico et al., 2011). For example, in a 144 
search (Methods in Supplementary Material 4) we found that that numerous studies 145 

have documented native fish assemblages in Brazil’s urban aquatic ecosystems (Figure 146 

3a-b). Urban aquatic ecosystems contain species that have only been described in the 147 

last decade (e.g., Reis et al., 2012; Costa et al., 2021), and also contain species that are 148 
threatened (Figure 2b) or considered to be endemic (Table 1). For instance, siltation 149 
caused by interventions in APPs may have highly negative impacts on fish diversity in 150 
these ecosystems (Azevedo-Santos et al., 2021b). Urban APPs also contain terrestrial 151 
fauna (e.g., Figure 2d-f), and the vegetation itself is important for conservation of these 152 

biological components. 153 
 154 



5 
 

 155 
Figure 2. Photographs exemplifying animal groups that occur in Brazilian urban areas: 156 

(a) Ucides cordatus (Linnaeus, 1763) in a urban estuary in Belém, Pará; (b) Leptopanchax 157 

splendens (Myers, 1942), a fish species considered highly threatened with extinct (sensu 158 
Pavanelli et al. 2018) occurring in Duque de Caxias municipality, Rio de Janeiro (Costa 159 
et al. 2019); (c) Freshwater turtle (Chelidae) in a small urban watercourse in Frutal 160 

municipality, Minas Gerais; (d) Iguana iguana (Linnaeus, 1758) in an APP of Belém, 161 
Pará; (e) Sicalis flaveola (Linnaeus, 1766), in a remaining APP in Frutal municipality, 162 

Minas Gerais; (f) Bradypus variegatus (Schinz, 1825) in an APP of Belém, Pará. 163 
 164 
 165 
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 166 
 167 

Figure 3. Number of studies on urban watercourses by (a) type of environment (b) 168 
hydrographic basin (based on Supplementary Material 4). 169 

  170 
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 171 
Table 1. Endemic fish species reported in the studies we analyzed (based on 172 
Supplementary Material 4). Conservation status according to Akama et al. (2018), 173 

Santos et al. (2018), Zanata et al. (2018), Pavanelli et al. (2018), Zawadzki et al. (2019). 174 
 175 

Species Status  Basin 
Anostomidae   
Leporinus piau Fowler 1941 Least-

Concern 
Atlântico Nordeste 
Oriental 

Trichomycteridae   
Cambeva barbosae Costa, Feltrin & Katz, 2021 Not 

evaluated  
Uruguai 

Cambeva botuvera Costa, Feltrin & Katz, 2021 Not 
evaluated 

Uruguai 

Characidae   
Glandulocauda caerulea Menezes & Weitzman, 
2009 

Least-
Concern 

Paraná 

Crenuchidae   
Characidium bimaculatum Fowler 1941 Least-

Concern 
Atlântico Nordeste 
Oriental 

Curimatidae   
Psectrogaster rhomboides Eigenmann & 
Eigenmann 1889 

Least-
Concern 

Atlântico Nordeste 
Oriental 

Steindachnerina notonota (Miranda Ribeiro 
1937) 

Least-
Concern 

Atlântico Nordeste 
Oriental 

Hemiodontidae   
Hemiodus microlepis Kner 1858 Least-

Concern 
Parnaíba 

Parodontidae   
Apareiodon davisi Fowler 1941 Endangered Atlântico Nordeste 

Oriental 
Prochilodontidae   
Prochilodus brevis Steindachner 1875 Least-

Concern 
Atlântico Nordeste 
Oriental 

Serrasalmidae   
Ossubtus xinguense Jégu 1992 Vulnerable Amazônica 
Triportheidae   
Triportheus signatus (Garman 1890) Least-

Concern 
Atlântico Nordeste 
Oriental 

Cichlidae   
Cichlasoma orientale Kullander 1983 Least-

Concern 
Atlântico Nordeste 
Oriental 

Aplocheilidae   
Leptopanchax splendens (Myers 1942) Critically 

Endangered 
Atlântico Sudeste 

Rivulidae   
Atlantirivulus santensis (Köhler 1906) Least-

Concern 
Paraná 
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Heptapteridae   
Pimelodella enochi Fowler 1941 Least-

Concern 
Atlântico Nordeste 
Oriental 

Loricariidae   
Eurycheilichthys pantherinus (Reis & Schaefer 
1992) 

Least-
Concern 

Uruguai 

Hypostomus pusarum (Starks 1913) Least-
Concern 

Atlântico Nordeste 
Oriental 

Hypostomus subcarinatus Castelnau, 1855 Critically 
Endangered 

São Francisco 

Pareiorhaphis hystrix (Pereira & Reis 2002) Least-
Concern 

Uruguai 

Parotocinclus jumbo Britski & Garavello 2002 Least-
Concern 

Atlântico Nordeste 
Oriental 

Parotocinclus spilosoma (Fowler 1941) Least-
Concern 

Atlântico Nordeste 
Oriental 

Parotocinclus spilurus (Fowler 1941) Least-
Concern 

Atlântico Nordeste 
Oriental 

Plesioptopoma curvidens Reis, Pereira & 
Lehmann A, 2012 

Not 
evaluated 

São Francisco 

 176 

Regional-level negative impacts may occur in addition to local impacts. For 177 
example, pollution events due to higher population density near watercourses will 178 

impact downstream areas (see Azevedo-Santos et al., 2019). For instance, over 50% of 179 
the length of the Tietê River passes through rural areas after leaving the urban area of 180 

São Paulo. This downstream portion of the river has part of its flow diverted for 181 
irrigating crops (Tundisi et al., 1991), and the river is used for fishing (e.g., Novaes and 182 
Carvalho, 2011) and for other purposes. Loss of APPs in urban areas will therefore 183 

compromise environment services in downstream rural areas. 184 
 185 

4. More care is needed for urban ecosystems 186 
The aquatic urban environment in Brazil needs to be better protected. A first 187 

needed step is revocation of Law 14,285/2021. In April 2022 a coalition of four political 188 
parties submitted a “Direct Suit of Unconstitutionality” (ADI) to Brazil’s Federal 189 

Supreme Court (STF) requesting revocation of this law (Maimoni et al., 2022). The suit 190 
continues without a decision (STF, 2022). Legal opinions indicate that the law is, 191 
indeed, unconstitutional (Antunes, 2022; Wacheleski and da Silva, 2022), although this 192 
in no way guarantees a favorable decision on the ADI. In any case, the need for 193 

increased care of urban ecosystems goes beyond the need to revoke the recently enacted 194 
law. 195 

We believe that the forest code (Law 12,651/2012) needs to be improved such that 196 

the legal mechanisms reflect scientific evidence related to conservation of environments 197 
and biodiversity (e.g., Casatti, 2010; Magalhães et al., 2011; Brancalion et al., 2016; 198 
Valera et al., 2018; Pissarra et al., 2019; Brito et al., 2020; Dala‐Corte et al., 2020). 199 
Increasing the size of established APPs based on scientific knowledge is therefore a point 200 
to be improved in Law 12,651/2012 and applied to urban ecosystems (Thomaz et al., 201 

2021).  202 
Urban watercourses are already impacted by nonnative species, effluents, 203 

deforestation, canalization, and other factors (e.g., Gubiani et al., 2010; Cunico et al., 204 

2009; Martins et al., 2017; Azevedo-Santos et al., 2018; Giarrizzo et al., 2019; Ottoni et 205 
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al., 2023). Therefore, beyond a future improvement of Law 12,651/2012 based on 206 
scientific evidence, we recommend immediate implementation of projects to restore 207 
aquatic and riparian ecosystems in urban areas. Needed initiatives include removal of 208 

public and private constructions in or near watercourses, recuperation of original 209 
riparian vegetation, installation of ecological culverts to allow the free movement of 210 
aquatic organisms (e.g., Makrakis et al., 2012), and control of pollution, including 211 
installation of surface barriers to remove at least the floating solid wastes that come 212 
from the city. 213 

 214 
5. Conclusion 215 

The recently approved Law 14,285/2021 is a clear assault on Brazil’s Forest 216 
Code (Law 12,651/2012). The recent law’s allowing municipal (county) governments to 217 
define the widths of the strips of protected vegetation (APPs) along watercourses allows 218 

local politicians to reduce or eliminate urban APPs. Reduction or elimination of APPs 219 
would result in numerous negative effects on aquatic ecosystems, including increased 220 

siltation and pollution and the loss of biodiversity, both in the watercourses and in the 221 
APPs. Therefore, a main step is revocation of Law 14,285/2021. Greater attention 222 
should be given to the conservation of urban ecosystems, including fauna and flora.   223 
 224 
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operators were used in our search: Topic: (Urban* OR Metropolitan OR city OR 

municipal* OR cities) AND Topic: (Fish*) AND Topic: (Freshwater* OR stream* OR 

river* OR creek* OR aquatic* OR estuar* OR Mangrove*) AND Topic: (Brazil). This 

search resulted in an initial pool of 507 articles. After, we refined the search by study type 

(article) and this step resulted in 493 articles. We included only articles that were 

performed with fish in urban areas in Brazil, and 148 articles were selected for further 

analysis. We did not include review articles. As we had a special interest in obtaining 

information on the occurrence of urban area endemic fish species in Brazil, we added four 

articles to review based on the knowledge of the authors of this study. Thus, we 

systematically evaluated the 152 publications using qualitative and quantitative topics to 

summarize the information on fish-based studies in Brazilian urban areas as following: i) 

the location (city, state and basin); ii) type of habitat (e.g., river/stream/creek, lake, 

estuary, lagoon, etc.); and iii) occurrence of endemic species. For each hydrographic 

basin, we used the data obtained in the articles (e.g., coordinates of a river) and considered 

the delimitation provided by IBGE (2021).   
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