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A B S T R A C T

Urbanization is increasingly homogenizing the biota of less developed countries. Even

though urban sprawl is a worldwide problem, most studies on the effects of urbanization,

and the conceptual models have focused on developed countries. South America has not

escaped urbanization, and here we discuss the potential impacts of urban sprawl with

respect to three ecosystems in the metropolitan area of Concepción, Chile. We consider this

area a good model and fairly representative of other cities in developing countries which

are also experiencing rapid and uncontrolled growth. We found that the impacts of urban

sprawl on biodiversity in the metropolitan area of Concepción differ little from cities in

other parts of the world: native ecosystems are replaced by pavements and buildings

and what is left of the natural soil is covered with green areas dominated by non-native

ornamental species. Wetlands and other peri-urban ecosystems are rapidly being

destroyed, fragmented or invaded by non-native species. We found that from a study area

of 32,000 ha, there was a net loss to urbanization of 1734 ha of wetlands (23% of the origi-

nal) and 1417 ha (9%) of agricultural, forest and shrub land cover types between 1975 and

2000. From the total area urbanized (3151 ha), 55% corresponded to wetlands and 45% to

agricultural, forest and shrub lands cover types. We see the lack of environmental aware-

ness as a major cause of the increasing deterioration of biodiversity in urban areas of devel-

oping countries. More research is needed to fully understand the effects of urban sprawl on

the biodiversity of developing countries to include these ecosystems in global conservation

strategies.

� 2005 Elsevier Ltd. All rights reserved.
ation is now considered a major driving force of biodi- tire landscape. In contrast, in developing countries, growth
Urbaniz

versity loss and biological homogenization not only in devel-

oped countries, but increasingly in less developed countries

(Savard et al., 2000; Gupta, 2002; McKinney, 2002, this issue).

However, urbanization appears to be having different effects

on the biota of developed and developing countries (Lambin

et al., 2001). In developed countries, urbanization is primarily

fragmenting large areas, extending its influence over the en-
er Ltd. All rights reserved

fax: +56 41255164.

chard).
is still concentrated around urban cores, replacing adjacent

land uses such as agricultural and more natural vegetation

but at a slower rate than developed countries (McGranahan

and Satterthwaite, 2003).

Even though the effects of urban sprawl on biota have re-

ceived considerable attention from the scientific community,

nearly all studies, and the derived conceptual frameworks,
.
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have focused on developed countries. The effects of urbaniza-

tion on native and introduced biota in developing countries

are poorly known and the scarce evidence that exists tends

to focus on the effects with regards to specific taxa in partic-

ular situations (e.g., Estades, 1995; Fontes and Milano, 2002;

Whitmore et al., 2002).

South America has not escaped the urbanization trend

and is following current models of urban development, where

urban areas are expanding and replacing rural and natural

areas (Pimentel et al., 1998; Ryder and Brown, 2000). Whilst

the level of development in South America is far less pro-

nounced than in the United States or Europe, urban sprawl

is still a major cause of impacts in peri-urban ecosystems.

This process has major implications due to the high popula-

tion densities of the cities of South America. The economic

development boom of some countries is bringing new pres-

sure for cities to expand and for the development of suburban

neighborhoods (Henderson, 2002; Qadeer, 2004; Leao et al.,

2004).

In recent decades, Chile has become a predominantly ur-

ban country with more than 87% of its 15 million inhabitants

living in cities (INE, 2002). The concentration of people around

urban centers is impacting on the biodiversity of urban and

peri-urban areas, not only in the capital Santiago (Romero

and Ordenes, 2004) but also in other medium-sized cities

(Azócar et al., 2003). Most urban centers are located around

the mediterranean zone, which is recognized as a biodiversity

hotspot both for its endemism and the threat to its conserva-

tion (Myers et al., 2000), but is hardly represented in the public

protected areas system (Pauchard and Villarroel, 2002). The

metropolitan area of Concepción with almost a million inhab-

itants is located in what used to be a highly diverse area of

transition between the mediterranean and the temperate bio-

mes of Chile.

Here we discuss the potential impacts of urban sprawl

regarding three ecosystem types in the metropolitan area

of Concepción, Chile. We consider this area a good model

and fairly representative of other cities in developing coun-

tries, which are also experiencing rapid and uncontrolled

growth. We describe evidence of the effects of urbanization

on flora, fauna, habitat loss and fragmentation, and the

homogenization process . This example highlights the need

for more research on the impacts of urban sprawl on biodi-

versity in the developing world to be able to recognize the

differences with the better-studied systems of developed

countries.
1. The metropolitan area of concepción

The metropolitan area of Concepción, Chile (36�49 0S, 73�01 0W)

is a conjunction of two major cities, Concepción (pop. 221,000)

and Talcahuano (pop. 300,000). The overall area of 381 km2,

containes 76 km2 considered as urban (INE, 2002). There are

also an additional number of neighborhoods associated with

the area, which account for another 386,000 inhabitants.

The population density in the urban areas is around 7000 per-

sons/km2. Major commercial activities in the area include

industrial forest plantations, oil refineries, steel industry

and large-scale fisheries (Sánchez, 1989).
Before European settlement, the native vegetation of Con-

cepción was dominated by temperate forests with mediterra-

nean elements and extensive areas of wetlands and riparian

vegetation (Abad, 2000; Smith-Ramı́rez, 2004; Torrejon et al.,

2004). Since the establishment of the city in the 1600s by

the Spaniards, inhabitants have preferred to build in the

low-elevation floodplains and wetlands. Less development

has occurred in the higher elevation areas of the Coastal

Range because of their steep slopes and high landslide risk.

The urbanization process increased the use of the native for-

est for fuelwood and construction, reducing the forest cover

around the city (Azócar and Sanhueza, 1999).

Concepción became an important industrial city during

the 1900s due to its close proximity to the port of Talcahuano

(Sánchez, 1989). The major industrial and urban boom

started in 1950 with the strengthening of the metropolitan

area and the development of exotic tree plantations (Sán-

chez, 1989; Sanhueza and Azócar, 2000). Since the 1970s,

there has been a major shift towards urban sprawl. People

began settling in areas far from the city by building satellite

neighborhoods. The remaining wetlands and other flat areas

are now being filled in and used for both residential develop-

ment and industrial complexes (Azócar and Sanhueza, 1999;

Riffo and Villarroel, 2000). The Bı́o-Bı́o river that crosses the

metropolitan area, is now confined by development on both

sides (Fig. 1).

We have chosen for discussion two examples of which ur-

ban sprawl is affecting biodiversity: the coastal wetlands and

associated riparian systems (the Bio-Bio River) and the peri-

urban mosaic of rural land use, which includes exotic tree

plantations and native forest fragments.
2. Wetlands and riparian ecosystems

In Chile, as in the rest of the world, foundations of cities have

been primarily associated with water bodies and areas of high

biodiversity, especially coastal areas (Duncan et al., 2004).

Water is usually related to geomorphic elements highly suit-

able for human settlement such as floodplains and deposi-

tional valleys, making these hydrological systems highly

prone to urbanization (Malmqvist and Rundle, 2002; Charles-

worth et al., 2003). In addition, these areas are usually envi-

ronments rich in biodiversity due to a combination of

climatic and historical factors, increasing the threat of urban-

ization over the local biota (Kuhn et al., 2004).

The metropolitan area of Concepción is embedded in a

diversity of aquatic ecosystems associated with the water-

sheds of the Bio-Bio and Andalién rivers and their interface

with the Pacific Ocean, specifically with the bays of Con-

cepción and San Vicente (Parra, 1989). The Bio-Bio and And-

alien rivers, the lake systems of San Pedro and Concepción

and the wetlands of Rocuant, Lenga and Los Batros are major

elements of this complex aquatic system and maintain inter-

esting samples of native plants and animals (EULA, 1999,

2000; Ilabaca, 1992).

The urban expansion of the metropolitan area of Con-

cepción has been complex, erratic and poorly planned, as

in most cities of Chile (EULA, 1999, 2000). Most of this urban

development has occurred around and over the aquatic



Fig. 1 – Location of the metropolitan area of Concepción.
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systems, affecting their biological and physical qualities

(Parra, 1989). Large sections of the two main rivers have

been disrupted through channelling, filling and flow detour,

which have affected the floodplain and subsequent recharge

of the river greatly. Wetlands have also suffered from over-

development. City growth of has led to the draining and fill-

ing of wetlands for both home and industrial development

(EULA, 2000).

This urban sprawl has been caused by population and

income growth and little environmental awareness, coupled

with relaxed legal regulations. Here, the population has tra-

ditionally seen wetlands as wastelands that could provide a

much greater service if they were drained and filled. Many

of these wetlands are used for water and solid waste dis-

posal and are considered by the population as a source of

mosquitoes (Angulo, 2000). Additionally, the sprawl has

been concentrated in the floodplains and wetlands because

of technical difficulties and greater costs of urban expan-

sion into other areas such as the coastal range, (Riffo and

Villarroel, 2000).

A good example of urban sprawl over a wetland is the case

of the freshwater-salt wetland of Chepe-Carriel Sur, which

has experienced a drastic reduction in area from 1257 ha, in

1955, to 553 ha in 2000 (Tobar, 2003). This wetland has been

greatly fragmented due to the construction of the city airport,

avenues and highways, and it now contains more than 10 dif-

ferent land uses, with agricultural and residential use being

the greatest. The potential for conservation, recreation and

education on these urban wetlands has thus been lost (Riffo

and Villarroel, 2000).
To make an objective estimate of land-cover change in the

Metropolitan area of Concepción, we contrasted two Landsat

images taken in 1975 and 2000. For the year 1975, the image

had a 79-m resolution (MSS, Multispetral scanner), and for

the year 2000, the image had a 30-m resolution (ETM, En-

hanced Tematic Mapper). Images were geo-referenced and

land-cover data were derived from maximum-likelihood clas-

sifications (Wear and Bolstad, 1998) (Fig. 2). A transition ma-

trix was built to compare both land covers (López et al.,

2001). In the period from 1975 to 2000, we found that in an

area of 32,000 ha, there was a net loss to urbanization of

1734 ha (23% of the original) of wetlands and 1417 ha (9%) of

agriculture, forest and shrub land cover types. From the total

area that has been urbanized (3151 ha), 55% corresponded to

wetlands and 45% to agriculture, forest and shrub land cover

types (Fig. 2). This confirms the notion that urban developers

tends to occur in the flat terrains provided by wetlands rather

than the steeper terrain of the coastal range, a trend that is

found elsewhere (Gupta and Ahmad, 1999; Brannstrom and

Oliveira, 2000; Duncan et al., 2004).

Even though the effects of urbanization on natural envi-

ronments are evident, environmental concerns by planners

have, in at best, resulted in the creation of city parks. These

parks have incorporated little or no consideration of the nat-

ural ecological function of riparian and wetland systems. In-

stead, mimicking European or American models, park

planners have focused their efforts on aesthetic values, both

of which homogenize and reduce biodiversity (Breuste, 2004).

Briefly, the combined effects of the multiple elements of

urbanization have led to the reduction, alteration and frag-



Fig. 2 – Land cover use for the metropolitan area of Concepción in 1975 and 2000. Maps were developed based on Landsat

images. Notice the reduction on wetlands and other covers caused by urbanization.
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mentation of the terrestrial and aquatic systems associated

with riparian and wetland environments. Furthermore, the

use of these predominantly aquatic systems for urban devel-

opment has increased the risk of natural disasters such as

flooding and landslides (e.g., Santiago in Romero and Ord-

enes, 2004).

2.1. Direct effects on biodiversity

The biodiversity of wetlands have undergone irreversible

changes caused by urban sprawl. The increasing number of

home development projects on the infilled wetlands has re-

duced the area, and the natural variability in seasonal fluctu-

ations of the hydrological regime. This has reduced the

environmental heterogeneity and with it the complex native

wetland plant communities and associated effects on native

birds (Riffo and Villarroel, 2000).

The wetlands of Lenga and Los Batros harbor ca. 115 ani-

mal species, 18 of which have identified conservation prob-

lems (Quintana, 1993; Riffo and Villarroel, 2000). Among the

endangered species are the endemic fish Carmelita de Con-

cepción (Percillia irwinii), the Chilean frog (Caudiverbera caudi-

verbera), the black neck swan (Cygnus melancoryphus) and the

common snipe (Gallinago gallinago). Of 95 bird species re-

corded in both wetlands, 15 are considered regular migratory

species and 8 are from the northern hemisphere: Hymenops

perspicillata, Numenius phaeopus, Larus pipixcan, Pluviales domi-

nica, Arenaria interpres, Limosa haemastica, Calidris alba and Ster-

na paradisaea (Quintana, 1993; Riffo and Villarroel, 2000).
River channeling, which includes changes in its morphol-

ogy, impervious cover of its shores, and alteration of the sed-

iment structure, have produced important changes in the

ecosystem of the Bı́o-Bı́o and Andalién rivers causing habitat

fragmentation, habitat loss, and homogenization (Habit and

Parra, 2001). This homogenization or loss of environmental

heterogeneity triggers changes in the structure of species

assemblages, opening new niches for the invasion of alien

species (Habit and Parra, 2001).

Campos et al. (1993) established for the Bı́o-Bı́o River that

of the 17 fish species found, four were alien and are consid-

ered among the eight most aggressive fish invaders (Worlds

Worst Invasive Alien Species, cited in Cambray, 2003):

Oncorhynchus mykiss (rainbow trout), Salmo trutta (brown

trout), Gambusia affinii (gambusia) y Cyprinus carpio (common

carp). The same species are also found in the adjacent And-

alién River (Habit et al., 2003). These voracious invaders share

their habitat with three endangered native species: P. irwinii,

Bullockia maldonadoi y Nematogenys inermes (Campos et al.,

1993; Habit et al., 2003).

Even though the four alien fish occupy the river around the

metropolitan area, their presence is probably related to larger

scale processes such as introduction programs rahter than

urbanization (Soto et al., 2001). Nonetheless, the heavy im-

pacts of this urban center on rivers is probably increasing

the richness and abundance of more generalist non-native

species, which are adapted to disturbed environments and

that outcompete and predate native fishes (Boet et al., 1999;

Cambray, 2003).
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Lake systems in the metropolitan area of Concepción have

also suffered pressure from urban development. One of the

major effects is eutrophication caused mainly by the nutrient

discharge and bacteriological pollution contained in water

runoff and sewer systems draining from surrounding urban

areas (Parra, 1989; Urrutia et al., 2000). Eutrofication promotes

the overdevelopment of invasive aquatic species such as Ege-

ria densa (Common waterweed) and the blooming of algae

(Microcystis aeruginosa) (Urrutia et al., 2000). E. densa is one

widely dispersed non-native species, which is considered an

invasive weed in other areas of the world (deWinton and Clay-

ton, 1996; Wells et al., 1997).

3. Peri-urban forests

Besides the wetlands, the metropolitan area of Concepción

is surrounded by a highly disturbed matrix containing exo-

tic forestry plantations (Pinus radiata and Eucalyptus globu-

lus), small scale agriculture and dispersed fragments of

secondary native forest (Clapp, 2001; Smith-Ramı́rez, 2004).

A long history of agriculture has been replaced by intensive

forestry plantations and urban sprawl, creating a fine-

grained mosaic where native and exotic species intermix

(Sánchez, 1989).

The type of development in the peri-urban interface is, as

in most countries, clearly related with the socio-economics

of the inhabitants. Lower income groups tend to build small
Table 1 – Frequent non-native species in urban, peri-urban fo
area of Concepción

Land use Trees

Urban Liquidambar styraciflua Cra

Robinia pseudoacacia Ligu

Tilia cordata Pitt

Platanus orientalis Coto

Prumnus ceracifera

Ulmus sp.

Populus spp.

Fruit trees (Persia, Prumnus, Citrus)

Forests Pinus radiata Cyt

Eucalyptus globulus Rub

Acacia dealbata Ros

Acacia melanoxylon

Populus spp

Cupressus macrocarpa

Wetlands Acacia melanoxylon Rub

Eucalyptus globulus Teli

Salix babylonica L.

Pinus radiata

Populus nigra

Cupressus sp.

Aquatic plants

River and water bodies Egeria densa

Eicchornia crassipes

Limnobium laevigatum

Nymphaea alba
houses in crowded environments with limited infrastructure

(electricity, gravel streets, etc.). Of course, in these areas

there is almost no space for natural or even exotic vegeta-

tion. Furthermore, human-caused fires have devastating ef-

fects on native vegetation, and are a greater risk in the

urban–rural interface, especially in populated neighbor-

hoods. Conversely, suburban developments of higher income

groups have lower household densities and therefore, more

space, more vegetation and a lower intensity of human

disturbances.

However, as is true of developed countries, people in sub-

urban neighborhoods tend to choose traditional landscaping

(extensive lawns and exotic trees) over more natural vegeta-

tion, reducing the potential for native biota (Breuste, 2004; Ta-

ble 1). Recently, there has been a growing trend to take

advantage of natural elements of the landscape, such as rem-

nant native vegetation, topographical features and riparian

areas. In some cases, developers are including natural areas

as private parks inside their developments. Some of these

new neighborhoods may serve as refuge for native species

due to the lack of hunting and extractive use (pers. observa-

tion). There is an obvious paradox here, larger lots in subur-

ban neighborhoods are friendlier to native biota (McKinney,

this issue), but at the same time this is the type of develop-

ment that is having the more extensive effects and important

indirect effects such as massive land use change increasing

car use, and overall over-consumption (e.g., construction
rests, wetlands, and aquatic systems of the metropolitan

Shrubs Mammals Birds

taegus sp. Ratus norvergicus Columba

strum Ratus ratus Passer domesticus

osporum Canis familiaris

neaster Felis domesticus

isus monspesulana Lepus europaeus Callipepla californica

us spp. Oryctolagus cuniculus

a moschaeta Ratus norvergicus

us ulmifolius Mus musculus Columba livia

ne monspessulana Ratus ratus Passer domesticus

Lepus europaeus Callipepla californica

Oryctolagus cuniculus

Fish

Oncorhynchus mykiss

Salmo trutta

Gambusia affinii

Cyprinus carpio

Gambusia holbrooki
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materials, electricity, irrigation water) (McGranahan and Satt-

erthwaite, 2003).

3.1. Direct effects on biodiversity

The campus of the University of Concepción, which is adja-

cent to the city center area of Concepción, is part of a larger

estate that contains interesting examples of forest planta-

tions and small fragments of native vegetation. We have cho-

sen this area to study the effects of the urban–rural gradient

on biodiversity patterns, specifically on birds and vascular

plants. Birds were recorded using a point sampling method

(Reynolds et al., 1990; González, 2003). Sampling points were

located along trails and tracks, and all species seen or heard

were recorded during a 5-min period (Estades and Temple,

1999). For plants, we used transects and circular plots to re-

cord species composition of trees, shrubs and herbs in multi-

ple patches of the vegetation mosaic (Pauchard et al., 2000;

Figueroa, 2004).

We found that the rural mosaic although altered greatly,

remains as an important reservoir of local biodiversity. In

approximately 80 ha of mixed plantations and native vegeta-

tion fragments, we identified 150 vascular plant species, 50

(33%) of them were alien (Figueroa, 2004). This ratio is much

higher than those found in protected areas of Chile (ca. 12%

in Arroyo et al., 2000; Pauchard and Alaback, 2004). Many of

the non-native species are concentrated along roadsides

and disturbed ground, but a significant number have entered

native forest fragments and dominate the understorey of for-

est plantations (e.g., Citysus monspesulana, Rubus ulmifolia,

Acacia delbata). Prescribed burns, after forest harvests, worsen

the situation favoring the establishment of these aggressive

species.

The large number of non-native species in the peri-urban

environment is influenced greatly by the previous agricultural

land use. However, due to its proximity to the city center and

the intense recreational use of the area, some of the non-na-

tive species may have been brought from the city of Con-

cepción. Primary dispersal agents may be the machinery

used in silvicultural practices, the large number of recrea-

tional visitors or natural vectors (e.g., birds, wind). At a much

larger scale, Arroyo et al. (2000) found a similar positive corre-

lation between road density and the number of alien species

for administrative regions of Chile.

The Herbarium of the University of Concepción has re-

corded 113 alien plant species from the streets and aban-

doned lots of Concepción city center (Table 2), whereas only

a few native species survive. These aliens represent more

than 15% the total number of the 723 alien species recorded

for Chile (Pauchard and Alaback, 2004). Many of these aliens

are generalists and considered as global weeds, adapted to

highly disturbed environments, and imported to Chile

through agriculture and ornamental introductions (Figueroa

et al., 2004).

Birds also showed a clear response to the urban–rural gra-

dient. In the city interior, the abundance and richness of birds

was lower than in peri-urban environments. Passer domesticus

(house sparrow) and Columba livia (common pigeon), two exo-

tic species distributed worldwide (Fernandez-Juricic, 2001),

dominated in highly urbanized areas whereas native species
are absent (Table 1). Larus dominicanus (kelp gull), a transcon-

tinental exploiter of urban environments, also takes advan-

tage of urban structures located within a short distance

from the coast. In parks and green areas Turdus falcklandii (zor-

zal) is common, this is a native species and is one of the few

native exploiters of the urban setting (sensu McKinney, 2002;

Dı́az and Armesto, 2003). Other native bird species have a

more sporadic presence, usually associated with peri-urban

environments: e.g., Elaenia albiceps (fio fio), Carduelis barbatus

(jilguero), Milvago chimango (tiuque) and Sephanoides sephano-

ides (colibrı́), a tiny firecrown.

The low abundance and richness of native species in

urbanized environments may be related to the high density

of urban dwellings, the low proportion of green areas and

open spaces, and the dominance of alien tree species (Dı́az

and Armesto, 2003; Table 1). Thus, the absence of native spe-

cies appears to be more related to local habitat than to overall

landscape context (Clergeau et al., 2001; Jokimaki and Kai-

sanlahti-Jokimaki, 2003). The habitat requirements for native

birds are provided by vegetation, either native or exotic,

which is extremely scarce in urban areas. This would explain

why most native bird species of south-central Chile adapt bet-

ter to rural than to urban environments (MunozPedreros

et al., 1996).

In our field surveys, we observed that across the environ-

mental gradient from the urban areas to the forest mosaic,

the number of species increased from 3 to 12 species per sam-

pling point (González, 2003). The peak in diversity occurs

more than 500 m from the urban area and where native veg-

etation remains in riparian corridors. An associated factor

that confounds the urban effect is the presence of fast grow-

ing plantations of E. globulus, which appears to favor diversity

in the earlier stages of crop development due to their open

structure.

We found that more than 70% of the species recorded have

adapted to some degree to urban and peri-urban environ-

ments and agricultural or forestry crops. The native urban

avoiders are those that require dense native forest or any

dense vegetation (e.g., family Rhinocryptidae, Scelorchilus

rubecula (Chucao); Reid et al., 2004; Willson, 2004). In most

cases this cover is provided by native species, but it may also

be provided by dense stands of C. monspesulana and Rubus

ulmifolius, two invasive European species.

Alien mammals such as Lepus europaeus (European hare)

and Oryctolagus cuniculus (European rabbit) are widely distrib-

uted and abundant in the peri-urban areas of Central Chile

(Jaksic, 1998). Some alien mammals have become agricultural

pests, and appear to be affecting native species by predation

and competition (see Jaksic, 1998 and Jaksic et al., 2002, for re-

view). No published data was found to describe native and

alien mammal distribution along the peri-urban gradient of

Concepción.
4. Future directions

Impacts of urban sprawl on biodiversity in the metropolitan

area of Concepción, differ little from the world-wide situa-

tion: native ecosystems are replaced by pavement and build-

ings and what is left of the natural soil is covered with green



Table 2 – Alien species list for the urban area of
Concepción

Achillea millefolium

Alisma plantago-aquatica

Alyssum alyssoides

Amaranthus hybridus

Anagallis arvensis

Anthemis cotula

Arctotheca calendula

Atriplex patula

Avena barbata

Avena fatua

Avena sativa

Bartsia trixago

Bidens aurea

Bidens laevis

Borago officinalis

Brassica rapa

Briza maxima

Briza minor

Bromus catharticus

Bromus diandrus

Bromus hordeaceus

Bromus scoparius

Capsella bursa-pastoris

Carduus pycnocephalus

Cestrum parqui

Chamaemelum mixtum

Chenopodium album

Chenopodium multifidum

Chenopodium murale

Cichorium intybus

Conium maculatum

Convolvulus arvensis

Coronopus didymus

Cymbalaria muralis

Cynodon dactylon

Cynosurus echinatus

Cyperus eragrostis

Dactylis glomerata

Datura stramonium

Digitaria sanguinalis

Echinochloa crusgalli

Echium plantagineum

Echium vulgare

Eichhornia crassipes

Epilobium tetragonum

Erodium cicutarium

Eschscholzia californica

Euphorbia peplus

Festuca arundinacea

Foeniculum vulgare

Fumaria capreolata

Galega officinalis

Gastridium phleoides

Hordeum vulgare

Hydrocotyle ranunculoides

Hypericum perforatum

Lagurus ovatus

Linum usitatissimum

Lolium multiflorum

Lolium perenne

Lotus uliginosus

Ludwigia peploides

Lupinus arboreus

Malva nicaeensis

Medicago polymorpha

Table 2 – continued

Melilotus indicus

Modiola caroliniana

Muehlenbeckia hastulata

Nothoscordum gracile

Oenothera stricta

Oxalis corniculata

Oxalis rosea

Panicum urvilleanum

Papaver somniferum

Paspalum dasypleurum

Phalaris canariensis

Plantago lanceolata

Plantago major

Poa annua

Polygonum aviculare

Polygonum hydropiperoides

Polygonum orientale

Polygonum persicaria

Polypogon monspeliensis

Prunella vulgaris

Raphanus raphanistrum

Raphanus sativus

Rorippa sylvestris

Rumex acetosella

Rumex crispus

Senecio aquaticus

Senecio vulgaris

Setaria viridis

Silene armeria

Silene gallica

Sisymbrium officinale

Solanum furcatum

Spergularia rubra

Stellaria media

Taraxacum officinale

Teline monspessulana

Trifolium dubium

Trifolium incarnatum

Trifolium pratense

Verbascum virgatum

Verbena litoralis

Veronica anagallis-aquatica

Vicia hirsuta

Vicia sativa

Vicia villosa

Vinca major

Vulpia myuros

Xanthium spinosum

Data from the Herbarium of the University of Concepción.
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areas, which are dominated by non-native ornamental spe-

cies. Wetlands and other peri-urban ecosystems have been

destroyed, fragmented or invaded by non-native species over

the course of centuries.

We may hypothesize, from this short review, that there are

two major differences between urbanization in developing

and developed countries: (1) the amount of per capita re-

sources is many times lower than in developed countries

(McGranahan and Satterthwaite, 2003), (2) human population

reach higher densities and urban sprawl is still concentrated

around the urban core rather than suburban neighborhoods

(Lambin et al., 2001). Theoretically, these two factors may

have positive implications for the biodiversity of developing
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countries, since less resources are consumed, less pollution is

produced and less land is converted to urban use. However,

the push for economic growth and the low environmental

standards may increase the risk of impacting on biodiversity.

Furthermore, high population densities increase the intensity

of urban impacts, displacing completely those native species

not adapted to human disturbances.

We consider that the lack of awareness about the impor-

tance of maintaining natural elements in the urban

environment and reducing the impacts over peri-urban eco-

systems, is probably the major cause of the exponential dete-

rioration of biodiversity in urban areas of developing

countries. It may be that the already impoverished environ-

ment where most urban inhabitants grow have offer very

little stimulus for them to protect natural elements (Turner

et al., 2004).

More research is needed to reveal the biological effects of

urbanization in South American urban and peri-urban eco-

systems. In fact, after searching the ISI Web of Knowledge

database, we found very few articles related to this topic for

South American countries. Most articles analyzed the situa-

tion from a population, planning and economic points of

view, and only a fraction discuss any ecological implications.

We hope that by exposing the impacts of urban sprawl in

areas such as the metropolitan area of Concepción, there will

be an increasing interest in considering biological variables

when planning and executing urban development. The des-

tiny of major biodiversity hotspots could be determined by

how much society can reduce the impacts of uncontrolled

urbanization. As Miller and Hobbs (2002) conclude, we cannot

afford to limit our conservation efforts solely to pristine envi-

ronments, much still needs to be done to include human dis-

turbed areas such as urban landscapes into our conservation

strategies.

Acknowledgements

We thank M.E. Figueroa and P. Gonzalez for their work and

data. To A. Marticorena for providing the herbarium data. To

M. McKinney and K. Dircksen and four anonymous reviewers

for their comments in earlier versions of this MS. To MECESUP

AUS0103, DINV-Universidad de Concepción and Fondecyt

1040528 for partially funding this work.
R E F E R E N C E S
Abad, C.E., 2000. Marco geológico de los humedales de
Concepción. Gayana 64 (suplemento), 3–6.

Angulo, O., 2000. Las poblaciones de zancudos en los últimos 20
años en los humedales de Concepción. Gayana 42
(suplemento), 13–22.

Arroyo, M.T.K, Marticorena, C.M., Matthei, O., Cavieres, L., 2000.
Plant invasions in Chile: present patterns and future
predictions. In: Mooney, H.A., Hobbs, R. (Eds.), Impact of Global
Change on Invasive Species. Island Press, New York, pp.
385–421.
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