Ecologia Urbana

Aula 3 — Estrutura das areas urbanas



Estrutura das areas urbanas

Modificacdes do ambiente natural pela
urbanizacao

Padrdes espaciais

Fragmentacao de habitat
— Adaptacao local
— Populacoes pequenas

— Vantagens => spread of genes promote desease
resistance

— Desvantagens => deriva ecoldgica



The Urban Ecosystem

Biotic . Physical
Complex — Complex

Social | % Built
Complex Complex

Pickett et al. 2009, 2017



Enhances or benefits F

Vegetation reducing floods. Natural foods/medicines. Biophilia benefits.
Pollinators for crops. Microbes for pollutants. Nature's/ecosystem services. .

Inhibits or degrades

Big floods. Tsunamis/earthquakes.
Wildlife eating gardens. Pest outbreaks.
Droughts/freezes. Wildfire burning homes.

Enhances or benefits
Habitat protection. Corridor created. Land restoration.

Inhibits or degrades

Habitat loss. Brownfield soil contamination. Greenhouse gases.
Stormwater pollutants. Streams/rivers channelized. Top predators killed.
Coastal degradation. Soil compaction/erosion. Traffic noise & wildlife.
Excess farm chemicals. Drained/filled wetlands. Eutrophication.
Smog/particulate air pollution. Habitat fragmentation. Floods from
vegetation loss. Plans/designs that degrade nature. Houses replacing rare
species. Septic seepage/sewer overflows. Spreading radioactivity.

Formann



Conceito de habitats “urbanos’

Densidade de populacao
— Critério muda entre paises

4

Densidade ou distancia entre edificacoes

Cidades ocupam entre 1 e 3% da superficie

terrestre, areas agricultaveis 20%
Ambientes urbanos sao diversos

Adler & Tanner 2015; Cap 1



OIKOS 69: 373-386. Copenhagen 1994

Niche Construction

Organisms as ecosystem engineers [HE NEGLECTED PROCESS IN EVOI

Clive G. Jones, John H. Lawton and Moshe Shachak

F. John Odiing-Smee, Kevin N, Laland,
and Marcus W Feldman

MONOGEAFHES IN FOPULATION BIOLOGY = Y




Humanos sao engenheiros de
ecossistemas!

Modificam seu habitat e seu nicho



Construido Residuos

o ® Paredes e muros * Ruas ¢ Lampos abandonados
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HABITATS URBANOS

Fig. 1.4 Asvarias categorias de hdbitat urbano

Adler & Tanner 2015




Geralmente urbanizacao vem
acompanhada de outras mudancas
correlacionadas no ambiente
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1 Os ecossistemas urbanos e a ciéncia da Ecologia 17

Ediﬁgacées e ruas Parques e arvores Campos ou terrenos abandonados
(habitat construido) (habitat verde) (habitat de residuos)

Gramados e jardins  Rios e charcos
(habitat verde) (habitat aquatico)

Fig. 1.7 Asdreas urbanas contém uma mistura de habitats vizinhos e contrastantes que
variam de completamente construidos por seres humanos a hdbitats
praticamente sem modificagoes

Adler & Tanner 2015



* Fragmentacao de paisagens urbanas

— Interpenetracao de espacos construidos de
cidades em e em torno de espacos abertos

e Espacos que restam sao pequenos (sujeitos ao
efeito de borda) e isolados

— Estradas, ruas e infraestrutura



Murcia 1995

Table 1. Edge effects on a variety of temperate and tropical forests®

Higher at edge

No difference

Lower at edge

Abiotic

Air moisture

Air Vapor Pressure Deficit
Air temperature

Light (PAR)c

Soil moisture

Chemical substances

Vegetation

Tree (stem) density
Basal area

Canopy cover
Subcanopy cover
Understorey cover
Liana density
Seedling density
Plant/seedling growth
Canopy damage
Mortality

Animals
Bird density

Processes

Seed dispersal and/or
invasion from matrix

Nest predation

Brood parasitism

Post-dispersal seed predation

Seed germination

Herbivory

Plant species composition and richness
Species richness
Species compositiond
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Fig. 1.15 Em dreas urbanas, habitats muito contrastantes podem ocorrer lado a lado, e
manchas adequadas de hébitat podem ser isoladas por regides indspitas

entre si s Adler & Tanner 2015



Table 3.1 A summary of the main effects of habitat loss, fragmentation and
isolation on populations and species in urban environments.

Impacts of habitat loss, fragmentation and isolation on populations and species

Habitat loss causes:
Reduced survival of individuals
Emigration of individuals
Local extinction of populations

Habitat fragmentation leads to:
Smaller areas of habitat that support smaller populations
A higher probability of local extinction
Reduced species richness

Habitat isolation leads to:
Reduced movement of individuals between areas of habitat
A lower probability of colonization or re-colonization following local extinction
Lower rates of pollination, disrupted dispersal of seeds and spores
Reduced gene flow between areas of habitat and a loss of genetic diversity

Parris 2013
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habitat amount

habitat fragmentation per se

\ 4

patch

landscape

Fahrig et al. 2019



Long-term
trial-and-error

Unplanned
development

(b) Landscape patterns produced by:
Planning and
design

Natural processes

Pasture eadow
Formann 2014




Estrutura espacial de habitats urbanos

Depende do historico de colonizacao

Geralmente centros urbanos se expandem de dentro
para fora, com crescimento de infraestrutura e
densidade populacional crescendo gradualmente

Cidades sao mais comuns no nivel do mar até 2.300 m
a.s.l.,

Densidade populacional aumenta em regides com altos
niveis de variabilidade de precipitacao, em regioes
tropicais e temperadas, que tenham temperaturas
meédias até areas aridas, e declina com o aumento da
distancia para costa e grandes rios

Gaston



Estrutura espacial de habitats urbanos

* Cidades surgiram em hotspots de
biodiversidade pré-existentes no mundo

* Areas verdes remanescentes sdo geralmente
de vegetacao nativa
— Ao longo de rios e encostas

— Parques e cemitérios de cidades antigas
— Campos de futebol

https://www.cbd.int/doc/health/cbo-action-policy-en.pdf
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No que a teoria de
metapopulacoes pode
0s ajudar a entender as
consequéncias da
fragmentacao de habitat
para populacoes?
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Figure 3.2 A hypothetical habitat network for a butterfly comprised of seven habitat patches
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Teoria de Metapopulacoes

* Populacdes em manchas isoladas e pequenas
tém menos chance de serem viaveis por longo
tempo
— Débito de extincao: populacdes nao respondem

imediatamente a perda/fragmentacao de habitat,
existe um time lag



Débito de extincao de plantas em
ambientes urbanos no mundo

Final floristic
Initial floristic surveys surveys

100% o s = YR NI

™~
Type\lf‘ \

*

Y AR

Type |

vegetation
(o))
<
o~

Froog

Proportion native

|

0% 1

1600 1650 1700 4750 1800 1850 1900 1950 2000
Timeline (years AD)

Linnaeus’ Species Plantarum

Figure 1 Heuristic model showing three trajectories for landscape

Hahs et al. 2013 Ecol Lett



survey used in this study. Type I (extensive transformation pre-

1600) (O), Type II (extensive transformation between 1600 and the

initial floristic survey) (X), Type III (relatively intact/unchanged at
X the time of the initial floristic survey) (A).
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Figure 3 Extinction rate (proportion of the original flora lost per

Hahs et al. 2013 Ecol Lett



Teoria de Metapopulacoes

* Presenca atual de espécies pode nao ser bom
indicador de persisténcia da populacao no

futuro
— Populacdes podem ainda estar na fase de lag

— Espécies que vivem mais tempo sao mais afetadas
(e.g., arvores)
— Espécies mais especialistas, largura de nicho estreita

* Predadores de topo de cadeia sao geralmente
excluidos de ambientes urbanos

Parris 2013: 43-48



Fig. 2 Overall effect of habitat-size constraints on trophic structure.

=
A Habitat size Q =0.01 més™
W=09m
B Predator Ps, afs< 51 mm
size
C Predators

D Primary consumers

Angus R. Mcintosh et al. Sci Adv 2018;4:eaap7523

Copyright © 2018 The Authors, some rights reserved; exclusive licensee American Association
for the Advancement of Science. No claim to original U.S. Government Works. Distributed
under a Creative Commons Attribution NonCommercial License 4.0 (CC BY-NC).
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Lobo-cinzento (Canis lupus)
Tordo-pintado (Hylocichla mustelina)

Evitadores

Adaptados Oportunistas
Guaxinim (Procyon lotor) Pombo-comum (Columba livia)
Raposa-vermelha (Vulpes vulpes) Rato-marrom (Rattus norvegicus)

Fig. 1.21 Exemplo de trés reagoes ao meio
ambiente urbano. A maioria dos
organismos fica em algum ponto
entre esses extremos
Fonte: adaptado de Blair (2001).

Adler & Tanner 2015



Padrao global de urbanizacao

e 16 cidades (1800-2000)

* Perda e fragmentacao de habitat estao
correlacionados positivamente

— Aumentam monotonicamente, mas pode variar
pra exponencial



Fig 6. Spatial patterns of habitat and corresponding values of landscape metrics with decreasing percentages
of habitat in Paris, as an example, derived from both historical landscape pattern analysis and space-for-

Percentage time analysis,
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154613

Padrao global de urbanizacao

Amostra de 120 cidades no mundo

433536) Angel et al. 2002



Padrao global de urbanizacao

* Cidades parecem contém ou promovem
disturbios de espacos abertos equivalentes a
sua area construida

* Cidades maiores sao menos fragmentadas
— Fragmentacao esta em declinio

e Cidades com maior renda sao mais
fragmentadas



Consequéncias para populacoes



MOLECULAR ECOLOGY |

Molecular Ecology (2010) 19, 4242-4254 doi: 10.1111/j.1365-294X.2010.04816.x

Rapid, pervasive genetic differentiation of urban
white-footed mouse (Peromyscus leucopus) populations
in New York City

JASON MUNSHI-SOUTH and KATERINA KHARCHENKO

Peer/ Urban park characteristics, genetic
variation, and historical demography of
white-footed mouse (Peromyscus
leucopus) populations in New York City

Jason Munshi-South' and Christopher Nagy”

BIOLOGY
LETTERS Urbanization shapes the demographic
rshl.royalsocietypublishing.org hiStOfy of a native rodent (the white-

footed mouse, Peromyscus leucopus)
in New York City
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Uma populacao em praticamente cada
parque de NYC!!

Fig. 3 Sixteen evolutionary clusters inferred from Structure analysis of 312 mice from 15 sites. Each colour represents an inferred
cluster, and each individual is represented by a vertical line coloured according to its probability of assignment to each cluster. Sam-
ple sizes appear above each site, and numbers before site names correspond to locations in Fig. 1.
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Trabalho comparando
populacdes de ambientes
rurais vs. urbanos
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Urbanization shapes the demographic history of a native rodent (the white-footed mouse, Peromyscus leucopus) in New York City, Volume: 12, Issue: 4, DOI: (10.1098/rsbl.2015.0983)



* Encontraram varios genes candidatos que
estavam passando por selecao positiva em
populacdes urbanas desses ratos

* Os genes candidatos sao envolvidos em
metabolismo de xenobiodticos, respostas
imunes inatas, atividade de demetilacao, e
outros fendmenos biologicos importantes em
novos ambientes urbanos



Limites ao movimento de organismos



(a) Animal movement across different land uses

Built area Farmland
Forest I > (c) Expected biodiversity of
birds wooded park in exurban
/peri-urban area
= Butterflies > P
Farmland Park supports:
Many butterflies
Large > Few forest birds
mammals Some large
o Frequent movement ST,gﬁ?feg of
= 3 Little movement house plot/

garden plants

(b) Adjacency arrangement: plants in a wooded
atch surrounded by difterent amounts of two
and uses

Few butterflies
Many forest birds
Some larﬁe
mammals

Large area of
house
plot/garden
plants

Farmland
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Q
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Grassland Shrubland Shrubland

Few butterflies
Few forest birds
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..................... Plants from grassland, farmland,
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% Plants from shrubland or residential area
common in woods

Figure 2.9. Biodiversity
patterns in differing land-use
adjacency arrangements. (a)
Based on measurements and
modeling of 3 butterfly species,
12 forest-bird species, and 1
large-mammal (deer) speciesin
The Netherlands (Knaapenetal.,
1992; Forman, 1995). (b) Based on
measurements in aspen (Populus
tremuloides) patches (averaging
about04ha=1acre)inarural
area south of Calgary (Canada)
(Hersperger and Forman, 2003).
(c) Expected patterns based on
(a) and (b).

Formann



AUVIVIAN IVMIFAULIO

Moving in the Anthropocene:
Global reductions in terrestrial
mammalian movements  mucker e a, seience 359, 466-469 2018)

Marlee A. Tucker,?* Katrin Bohning-Gaese,”? William F. Fagan,>* John M. Fryxell,”
Bram Van Moorter,® Susan C. Alberts,” Abdullahi H. Ali,® Andrew M. Allen,*'°

Nina Attias," Tal Avgar,'> Hattie Bartlam-Brooks,'?> Buuveibaatar Bayarbaatar,*
Jerrold L. Belant,'® Alessandra Bertassoni,'® Dean Beyer,'” Laura Bidner,'®

Floris M. van Beest,'® Stephen Blake,?>*! Niels Blaum,>? Chloe Bracis,"?>

Danielle Brown,>? P. J. Nico de Bruyn,?* Francesca Cagnacci,>*">¢

Justin M. Calabrese,?>” Constanca Camilo-Alves,?®> Simon Chamaillé-Jammes,>®
Andre Chiaradia,?"?? Sarah C. Davidson,>??° Todd Dennis,>* Stephen DeStefano,>’
Duane Diefenbach,?® Iain Douglas-Hamilton,?”?® Julian Fennessy,*° Claudia Fichtel,*°
Wolfgang Fiedler,2° Christina Fischer,*' Ilya Fischhoff,*? Christen H. Fleming,>>’
Adam T. Ford,*® Susanne A. Fritz,"? Benedikt Gehr,** Jacob R. Goheen,*”

Eliezer Gurarie,?>*® Mark Hebblewhite,*” Marco Heurich,*®*° A. J. Mark Hewison,”°
Christian Hof,' Edward Hurme,”? Lynne A. Isbell,’®>*' René Janssen,’? Florian Jeltsch,**
Petra Kaczensky,®>?> Adam Kane,”* Peter M. Kappeler,*® Matthew Kauffman,>®

Roland Kays,’*”” Duncan Kimuyu,”® Flavia Koch,**”° Bart Kranstauber,** Scott LaPoint,>*:%
Peter Leimgruber,>” John D. C. Linnell,® Pascual Lopez-Lopez,®* A. Catherine Markham,®>
Jenny Mattisson,® Emilia Patricia Medici,’>%* Ugo Mellone,®’ Evelyn Merrill,'>
Guilherme de Miranda Mourio,°® Ronaldo G. Morato,®” Nicolas Morellet,”®

Thomas A. Morrison,°® Samuel L. Diaz-Muiioz,*®7° Atle Mysterud,

Dejid Nandintsetseg,”” Ran Nathan,”? Aidin Niamir,' John Odden,”® Robert B. O’Hara,""*
Luiz Gustavo R. Oliveira-Santos,’” Kirk A. Olson,'* Bruce D. Patterson,’®




—5|0 0 50 1?0 150

60 —

40—

20

Latitude

=20

Fig. 1. Locations from the GPS tracking database and the Human

P, e &
. 3
. ¢$‘f:f ,“‘;#{‘f
v’ o
X & .“-
- - ¥
- b L v
9 ‘ L
.‘ ...
S . co® .

10 20 30 40
Human Footprint Index

I

3

Il

]
ijag

‘.

I

_uuu
4

50 0.1 10
Displacemer

|
100

Salvar PDF no

gazelle (Procapra gutturosa), giraffe (Giraffa camelopardalis), wolverine



Step 1 Acquire or develop data on individual human pressures

[ 1993 pressure data ] [ 2009 pressure data ]
= Built environments — = Built environments

- Crop lands —_— == Crop lands

= Pasture lands re— = Pasture lands

= Population density — == Population density

= Nightlights — = Nightlights

= Railways —_— — Railways

= Major roadways — = Major roadways

=— Navigable waterways — — Navigable waterways

O O

Step 2 Assign relative pressure scores to individual pressures

[ 1993 pressures ] [ 2009 pressures ]

s s

Step 3 Overlay individual pressures to create Human Footprint maps

[ 1993 Human Footprint ] [ 2009 Human Footprint ]

https://www.nature.com/articles/sdata201667
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Fig. 2. Mammalian displacement in relation to the Human Footprint Index. (A) Median displacements; (B) long-distance (0.95 quantile)
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Fig. 2 Vegetation-cover
percentages of landscape
patches in the study area
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Planning an ecological network using the predicted movement
paths of urban birds

Suk-Hwan Hong - Bong-Ho Han - Song-Hyun Choi - '
Chan Yong Sung * Kyong-Jae Lee

https://www.flickr.com/photos/billoddie3/22046336803



Fig. 5 Predicted potential
movement paths (PMPs) that
connect 92 locations in which
Parus major was observed
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Fig. 6 The ecological network
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