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16.1 � Introduction

Wetlands, streams, and riparian areas are often the center of wildlife conservation 
challenges in urban and suburban areas. Most aquatic environments and associated 
riparian zones exhibit high diversity and abundances of wildlife, yet these habitat 
types and the associated wildlife are among the most threatened by urbanization. 
In this chapter, we focus on the management of aquatic environments and their 
wildlife inhabitants in urban areas. Although a broad range of wildlife rely on ur-
ban aquatic environments, we focus on fishes, amphibians, and reptiles. Fishes, 
amphibians, and reptiles play important ecological roles (Godley 1980; Gilinsky 
1984; Davic and Welsh 2004), exhibit high diversity and abundances in aquatic 
and riparian systems (Warren et al. 2000; Tuberville et al. 2005; Peterman et al. 
2008), and often are useful in indicating the conditions of aquatic environments 
(Karr 1981; Welsh and Olliver 1998; Gibbons et al. 2000). We cover the following 
topics in this chapter: (1) the general importance of urban wetlands, streams, and 
riparian zones to wildlife; (2) aquatic habitat types that occur in urban areas; (3) the 
effects of urban areas and urbanization on local and regional populations of fishes, 
amphibians, and semiaquatic reptiles; (4) the critical elements necessary for effec-
tive management of aquatic environments for fishes, amphibians, and reptiles in 
urban and suburban areas.
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16.2 � The Importance of Urban Aquatic Environments 
for Wildlife

Freshwater systems and associated riparian communities make up a small percent-
age of the earth’s surface, yet these environments are critical for many groups of 
wildlife and often exhibit high levels of productivity and species richness (Petranka 
and Murray 2001; Brinson and Inés Malvárez 2002; Gibbons et al. 2006). Fishes, 
amphibians, and reptiles are the dominant vertebrate groups in aquatic systems, 
reaching high population densities and biomass (Godley 1980; Gilinsky 1984; Pe-
tranka and Murray 2001; Gibbons et al. 2006; Peterman et al. 2008). The main-
tenance of preferable abiotic and biotic conditions within and adjacent to aquatic 
environments is necessary for the persistence of aquatic and semiaquatic wildlife. 
Urbanization often results in the destruction, degradation, and fragmentation of 
habitat, which collectivity represents a major threat to fishes, amphibians, and rep-
tiles (Wang et al. 2001; Baillie et al. 2004; Cushman 2006; Hamer and McDon-
nell 2008, 2010). Additionally, because vast quantities of water are required for 
the proper functioning of an urban area (Wolman 1965; Kennedy et al. 2007), sig-
nificant alterations to the water cycle, reductions in water supplies, and chemical 
contaminants stress the freshwater ecosystems in urban areas (Chap. 4, Fitzhugh 
and Richter 2004).

16.3 � Aquatic Habitat Types in Urban Environments

16.3.1 � Naturally Occurring Aquatic Habitats

Many natural aquatic habitats are destroyed during the urbanization process; how-
ever, some persist, particularly larger aquatic systems involved in draining runoff. 
Large rivers historically attracted development and, although modified greatly 
by humans, persist as significant elements in many modern cities (Grischek et al. 
2002). Thus, aquatic and semiaquatic wildlife, particularly fish and reptiles, which 
occupy large, riverine systems sometimes are present in urban areas (Conner et al. 
2005; Meador et al. 2005; Barrett and Guyer 2008). Alternatively, smaller streams, 
especially ephemeral and intermittent streams, can be destroyed or lost due to 
changes in hydrology or burial (i.e., directed into underground pipes or other drain-
age structures, or completely paved over). In Ohio, Roy et al. (2009) estimated that 
urbanization resulted in a loss of 93 and 46 % of ephemeral and intermittent stream 
length, respectively. In Baltimore, up to 70 % of the stream length of smaller water-
sheds was buried as a result of urbanization (Elmore and Kaushal 2008). Salaman-
der, anuran, and fish populations associated with these low-order streams are often 
negatively impacted by urbanization (Wang et al. 2001; Barrett and Guyer 2008; 
Price et al. 2011).
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Wetlands and lakes also persist in urban landscapes, but the destruction of wet-
lands outpaces that of stream systems (Ehrenfeld 2000). For wetlands, drainage 
and filling often preceded urbanization when lands were converted for agricultural 
uses (Biebighauser 2007). Urbanization often leads to further losses. For example, 
in Pennsylvania, urbanization reduced natural wetland density by over 50 % from 
approximately 15 % of the land cover to 7 % (Rubbo and Kiesecker 2005). The 
dominant vertebrate taxa in wetlands are amphibians and reptiles, and as wetlands 
become altered or destroyed from urbanization, species often disappear (Gibbs 
1993; Guzy et al. 2012). Because of their water storage capacity and aesthetic ap-
peal, most natural lakes, formed by geological processes, persist in urban areas. 
However, the shores of many urban lakes have been extensively developed and 
modified, negatively affecting populations of fish, reptiles, and amphibians (Jen-
nings et al. 1999; Woodford and Meyer 2003).

16.3.2 � Human-Created Aquatic Habitats

As part of the urbanization process, environments that at least superficially resemble 
natural wetlands, lakes, or streams are often created. Human-created environments 
range from small garden ponds designed to attract wildlife (Beebee 1979) to storm-
water management structures (collectively referred to here as stormwater ponds) and 
reservoirs. The primary function of stormwater ponds is protection of water quality 
and hydrological processes in natural wetlands and streams that receive runoff from 
impervious surfaces (Villareal et al. 2004). Stormwater ponds may mitigate the loss 
of natural wetlands and act as habitat for aquatic and semiaquatic wildlife (Stahre 
and Urbonas 1990), but habitats within these artificial ponds typically are of lower 
quality than natural wetlands and may contain chemicals that are toxic to wildlife 
(Bishop et al. 2000a, b). Ultimately, the value of stormwater ponds as habitat for 
wildlife will depend on the amount of pollution they accumulate, their hydroperiod, 
and the availability of and proximity to natural aquatic systems (Gallagher et al. 
2014; Birx-Raybuck et al. 2010; Brand and Snodgrass 2010).

16.3.3 � Riparian Zones and Adjacent Terrestrial Environments

Riparian zones, generally defined as an area of interface between aquatic systems 
and adjacent terrestrial systems (Naiman et al. 2005), often persist along streams in 
urban areas. These zones may be required by local laws to protect water quality as 
part of stormwater management practices or as green spaces with aesthetic value, 
or both. Although riparian zones serve water quality protection functions in urban 
systems (Gilliam 1994; Correll 1997), they also may serve directly as habitat for 
a range of aquatic and semiaquatic species (Ehrenfeld and Stander 2010). Other 
remaining patches of undeveloped open space and landscaped upland areas adja-
cent to aquatic systems may serve as habitat for semiaquatic wildlife as they move 
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among wetlands to complete their life cycles or disperse. These patches may take 
the form of green spaces, parks, roadsides, golf courses, and maintained gardens 
around residential, commercial, and industrial buildings.

16.4 � Urban Impacts on SemiAquatic and Aquatic 
Wildlife

16.4.1 � The Effects of Urbanization on Patterns of 
Distribution, Abundance, and Species Richness

Research suggests an exponential decline in richness of fish, amphibian, and reptile 
species with increasing urbanization (Klein 1979; Wang et al. 2000; Spinks et al. 
2003; Hamer and McDonald 2008, 2010), and even low-intensity development can 
reduce richness and abundance (Weaver and Garman 1994; Kemp and Spotila 1997; 
Willson and Dorcas 2003; Price et al. 2013). Studies by Price et al. (2011, 2012) 
suggest that some amphibian populations decline rapidly with the conversion of for-
ested land to urban land, although a significant time lag may occur between popula-
tion declines and urbanization, especially for longer-lived aquatic and semiaquatic 
wildlife species (Findlay and Bourdages 2000; Eskew et al. 2010a, b).

Conversely, some aquatic and semiaquatic wildlife species may not be as sensi-
tive to urbanization. Native fishes, amphibians, and reptiles often persist in urban-
ized aquatic habitats, particularly under the right set of conditions (Conner et al. 
2005; Riley et al. 2005; Rubbo and Kiesecker 2005; Barrett and Guyer 2008; Leidy 
et al. 2011), and may have abundances equal or greater than populations in rural 
areas (Klein 1979; Fraker et al. 2002; Price et al. 2013). As with other groups of or-
ganisms, declines in native species richness can sometimes be offset by introduction 
of nonnative species in urban areas (Meador et al. 2005). However, it appears that 
urbanization results in the persistence of a few relatively tolerant and widespread 
native species (i.e., urban exploiters and urban adapters), extirpation of relatively 
intolerant, more narrowly distributed species (i.e., urban avoiders), and the intro-
duction of already widespread nonnatives (Chap. 7).

16.4.2 � Mechanisms Responsible for Patterns

16.4.2.1 � The Effects of Urban Hydrology

Urbanization results in increased water level fluctuations in natural lakes, rivers, 
wetlands, and streams as well as in human-created habitats such as stormwater 
ponds (Reinelt and Taylor 2000; Coops et  al. 2003; Kentula et  al. 2004; Oster-
gaard et  al. 2008; Wantzen et  al. 2008). Urban aquatic systems show short-term 
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fluctuations with individual storm events (Hirsch et  al. 1990) and longer-term 
changes in hydroperiod (Barringer et al. 1994; Paul and Meyer 2001; Schoonover 
et  al. 2006). These fluctuations are caused by loss of vegetation and associated 
evapotranspiration, increase in impervious surfaces that increase storm runoff (in-
cluding sediment) directly to aquatic habitats, and reduced groundwater recharge 
and ground water tables found in urban systems (Barringer et  al. 1994; Pizzuto 
et al. 2000; Paul and Meyer 2001). Collectively, these factors can dramatically alter 
the geomorphology of aquatic systems in urban areas (Wolman 1967; Arnold et al. 
1982; Gregory et al. 1994; Booth and Jackson 1997, see Chap. 4).

Modified hydrologic regimes affect populations of fishes, amphibians, and rep-
tiles in a variety of ways. For fish and amphibians in stream systems, increased peak 
flow events and lower base flow conditions combined with loss of in-stream habitat 
due to sedimentation lead to decreased population densities (Orser and Shure 1972; 
Bain et al. 1988; Miller et al. 2007; Barrett et al. 2010). For example, Barrett et al. 
(2010) found that larval two-lined salamanders ( Eurycea cirrigera) on substrates 
typical of urban streams (i.e., sand) were flushed downstream at significantly lower 
water velocities than larva on rock-based substrates, suggesting that the synergistic 
effect of water flow and substrate modification reduces larval survivorship in ur-
ban areas. However, low base flow conditions may also strongly influence popula-
tions. Low abundances of two-lined salamander larva in sediment-choked urban 
streams were due, in part, to their inability to migrate to hyporheic zones during 
periods of low flow (Miller et al. 2007). Low flow combined with the accumulation 
of fine sediments in urban streams also play a significant role in degrading urban 
stream fish assemblages, resulting in the loss of lithophilic spawners from urban-
ized streams (Wang et al. 2001; Helms et al. 2005). Conversely, urban hydrology 
also may lead to the widening and deepening of streams, especially when drain-
age is highly modified due to development. In western Georgia, Barrett and Guyer 
(2008) documented greater reptile species richness in urban watersheds than rural 
watersheds, and suggested that the widening of streams promoted species associ-
ated with larger, open canopy streams and rivers.

Urban wetlands also exhibit modified hydrologic regimes. Ephemeral wetlands 
often are converted, either intentionally or unintentionally, to permanent wetlands 
or ponds in urban areas. This phenomenon can lead to the establishment of fish 
(Kentula et al. 2004), reptile (Barrett and Guyer 2008), and invertebrate populations 
(Riley et al. 2005) typically not present in ephemeral wetlands. Many amphibian 
species are negatively impacted by the introduction of fish and some invertebrates; 
only those species that have anti-predatory behaviors or are unpalatable, such a 
bullfrogs ( Lithobates catesbeianus), appear to have high survival in permanent ur-
ban water bodies, whereas species that are palatable to fish and invertebrates usu-
ally do not persist (Rubbo and Kiesecker 2005). Similarly, some species, such as 
bog turtles (Glyptemys muhlenbergii), that inhabit shallow wetlands have experi-
enced population declines when urban development leads to increased discharges 
of stormwater runoff into wetlands (Torok 1994). The conversion of ephemeral wet-
lands to permanent wetlands or ponds may promote local fish diversity, although 
increases in diversity often result from the introduction of relatively tolerant and 
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widespread native species or widely introduced nonnatives species (Brown et al. 
2009). Conversely, increased ground water withdrawal in urban areas may result in 
rapid drying of some aquatic habitats, affecting survival of larval amphibians (Bun-
nell and Ciraolo 2010; Guzy et al. 2012) and potentially leading to the decline of 
semiaquatic reptile populations that feed on amphibians.

16.4.2.2 � The Effects of Urban Pollution

In urban areas, a broad range of pollutants may accumulate within aquatic environ-
ments, which can have lethal and sublethal effects on wildlife (Chap. 10). Weber 
and Bannerman (2004) exposed fathead minnows ( Pimephales promelas) to urban 
stream water and recorded reduced fecundity, breeding activity, and development of 
secondary sexual characteristics among males, suggesting at least a sublethal role of 
pollutants and water quality in reducing or eliminating fishes from urban streams. 
Increased levels of metals (i.e., zinc, lead, etc.), nitrogen, and sediment in urban 
aquatic habitats have been shown to cause mass mortality in wood frogs ( Lithobates 
sylvaticus) (Snodgrass et al. 2008), and reduce growth, survivorship, and develop-
ment rates in a variety of amphibian species (Boone and Bridges 2003; Carey et al. 
2003). The accumulation of pollutants in the tissues of aquatic wildlife from urban 
systems is also suggestive of a role for pollutants in degrading urban fish assem-
blages (Ney and Van Hassel 1983; Campbell 1994), and may lead to significant 
genetic and developmental abnormalities for species with long-life spans such as 
turtles (Crews et al. 1995; Lamb et al. 1995). For example, common snapping turtle 
(Chelydra serpentina) populations often have high levels of contaminants, espe-
cially polychlorinated biphenyls (PCBs), in their fat (Helwig and Hora 1983) and 
eggs (de Solla et al. 2001), and contamination levels are positively correlated with 
proximity to industrial urban areas (Ashpole et al. 2004). Additionally, high levels 
of PCBs have an estrogenic effect resulting in alteration of sex differentiation in 
turtles (Bergeron et al. 1994). Finally, increased levels of synthetic estrogens are 
often associated with urban aquatic environments due to human use of birth control; 
Skelly et al. (2010) indicates that high levels of synthetic estrogens in urban ponds 
and wetlands may be responsible for sexual abnormalities (i.e., testicular oocytes) 
in male green frogs ( Lithobates clamitans).

Urbanization also can lead to increases in conductivity of streams (Paul and 
Meyer 2001) and wetlands (Glooschenko et al. 1992). Several factors contribute 
to increased conductivity; the most problematic of which are the salts placed on 
roads as deicing agents (e.g., NaCl, MgCl, and CaCl; Van meter et al. 2011). Road 
salts readily dissolve in surface and ground waters resulting in seasonal or year 
round elevations of ion concentrations (Novotny et al. 2008; Gallagher et al. 2014). 
Road salts can reduce the abundance and species richness of macroinvertebrates 
(Demers 1992; Bridgeman et al. 2000), an important food source for fish, amphib-
ians, and some reptiles. Salts applied to roads also affect osmoregulation in am-
phibians (Shoemaker and Nagy 1977), and reduce embryonic and larval survival of 
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wetland-inhabiting amphibians at moderate (500 µS) and high (3000 µS) conduc-
tivities (Karraker et al. 2008).

Eutrophication, an increase in nutrients, has long been recognized as a problem 
for lentic systems in many parts of the world (Schindler 1978) and can be associ-
ated with urbanization (Moore et al. 2003). Eutrophication is dependent on extent 
and type of urban development, behaviors of humans within the catchment, pres-
ence of wastewater treatment facilities (WTFs), and extent of storm water drain-
age (Paul and Meyer 2001). Additionally, leaking sewer systems, illicit discharges, 
improperly functioning septic tanks, and nonpoint sources (e.g., fertilizer applica-
tion) can contribute to eutrophication in urban streams (Adams and Lindsey 2010). 
Eutrophication can decrease dissolved oxygen levels causing problems for many 
susceptible amphibians (Mills and Barnhart 1999; Werner and Glennemeier 1999; 
Woods et al. 2010) and can reduce or eliminate fish eggs and larvae (Limburg and 
Schmidt 1990). Despite the fact that eutrophication may enhance populations of 
semiaquatic turtles through the stimulation of aquatic plant growth, a food source 
for numerous turtle species (Knight and Gibbons 1968), high levels of nutrients 
also enhance populations of ecto- and endoparasites. Brites and Ratin (2004) noted 
that semiaquatic turtles (i.e., Phrynops geoffroanus) had greater rates of leech and 
hemogregarine parasitism in urban areas compared with agricultural areas.

16.4.2.3 � The Effects of Introduced Species, Human Subsidized 
Species, and Human Interactions

Numerous nonnative species have been introduced, either intentionally or uninten-
tionally, to urban areas. Additionally, some native species have obtained consider-
able population sizes in urban areas as a result of introductions or subsidies from 
human populations (McKinney 2002, 2008). Many introduced and human subsi-
dized species have the ability, through habitat modification, predation, and/or com-
petition, to reduce populations of native aquatic and semiaquatic species in urban 
areas. Furthermore, interactions with humans can negatively impact populations of 
some native wildlife.

Nonnative and invasive aquatic plants have been introduced to urban areas 
throughout the world (Arthington et al. 1983; Pauchard et al. 2006; Seilheimer et al. 
2007), dramatically altering aquatic environmental conditions. For example, an in-
vasive genotype of common reed ( Phragmites australis) has become a dominant 
species in many coastal wetlands of the USA, especially where urban and suburban 
development is adjacent to wetlands (King et al. 2007). The common reed affects 
the hydrology, hydroperiod, and drainage density of a marsh, and negatively im-
pacts habitat for fishes (Weinstein and Balletto 1999). Indeed, fewer juvenile fish 
occur in marshes where common reed is dominant (Able et al. 2003; Raichel et al. 
2003; Osgood et  al. 2003) compared to marshes dominated by native cordgrass 
( Spartina alterniflora). Additionally, Zedler and Kercher (2010) suggested that be-
cause common reed reduces the topographic heterogeneity and raises the marsh 
plain elevation, the number and area of isolated pools within the marsh is reduced, 
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which could negatively affect some amphibian and reptile populations (Meyerson 
et al. 2000).

Numerous nonnative and invasive animals are introduced or stocked into urban 
aquatic environments in the USA. Fish are commonly stocked in urban ponds; spe-
cies include largemouth bass ( Micropterus salmoides), bluegill ( Lepomis macro-
chirus), green sunfish ( Lepomis cyanellus), yellow bullhead ( Ameiurus natalis), 
common carp ( Cyprinus carpio), and western mosquitofish ( Gambusia affinis; 
Brown et al. 2009). Such introductions can negatively affect populations of native 
fish (Weber and Brown 2011), and are especially detrimental to amphibian popula-
tions due to fish predation on amphibian larva and adults (Rubbo and Kiesecker 
2005). Similarly, bullfrogs, a species native to eastern North America, have been 
introduced extensively in urban areas in over 40 countries and 4 continents (Lever 
2003; Ficetola et al. 2010). Bullfrogs outcompete and depredate native amphibian 
species (Blaustein and Kiesecker 2002) and can spread diseases (Kiesecker et al. 
2001). Several introductions of aquatic and semiaquatic animals have resulted from 
the release of unwanted pets; the most notorious being the release of red-eared slid-
ers ( Trachemys scripta) in urban areas of western North America, Europe, Asia, 
and Australia (Bury 2008; Moll 1995). Sliders outcompete European turtles ( Emys 
orbicularis) for preferred basking sites (Cadi and Joly 2003), negatively affect sur-
vival (Cadi and Joly 2004), and may compete with native turtle species for food and 
nesting sites.

Urban terrestrial environments also may present challenges to the survival of 
semiaquatic wildlife because of the introduction and/or subsidization of predators 
(Prange et al. 2004). Subsidization of predators occurs when humans alter resourc-
es to increase the density of the predator above levels that would occur without 
the human-introduced resources (Gompper and Vanak 2008). Raccoons (Procyon 
lotor), striped skunks (Mephetis mephitis), coyotes (Canis latrans), Virginia opos-
sums (Didelphis virginiana), common ravens (Corvus corax), feral cats (Felis sil-
vestris) and dogs (Canis lupus familiaris) can attain large populations in urban ar-
eas due to human subsidies (Churcher and Lawton 1987; Crooks and Soulé 1999; 
Boarman et al. 2006). Predation by human-subsidized predators can limit recruit-
ment and result in declines of turtle populations (Burke et al. 2005; Strickland et al. 
2010). Turtles restricted to nesting in small patches of habitat, often found around 
urban ponds, may experience greater rates of nest depredation than in rural settings 
(Marchand et al. 2002; but see Foley et al. 2012).

Increased presence of humans in urban environments increases the possibility of 
persecution, disturbance, and collecting by humans. Human persecution of snakes 
is well-documented and many snakes are killed on sight. Watersnakes (Nerodia) 
are often mistaken as venomous (and potentially dangerous) cottonmouths (Agkis-
trodon piscivorus) and killed around aquatic habitats (Gibbons and Dorcas 2004). 
Likewise, snapping turtles may be particularly vulnerable to persecution because of 
their perceived aggressiveness when found on land; in many cases they are killed 
and occasionally consumed (Ernst and Lovich 2009). Some species (e.g., wood 
turtles, Glyptemys insculpta) are unsustainably collected by humans in suburban 
parks (Garber and Burger 1995). Other wildlife (e.g., anurans) may be indirectly 



369

affected by increased human presence. Traffic noise has been shown to mask anuran 
advertisement calls (Bee and Swanson 2007), reduce calling intensity (Legange 
2008), and disorientate individuals (Barber et al. 2010), collectively making it more 
difficult for female anurans to locate male anurans at urban breeding sites.

16.4.2.4 � The Effects of Shoreline and Riparian Development  
on Wildlife in Urban Areas

The development of the shorelines of streams, lakes, and wetlands in urbanized 
watersheds degrades habitat and affects terrestrial–aquatic linkages. Development 
of shorelines severs the linkages between terrestrial and aquatic ecosystems, lead-
ing to the loss or reduction of detritus in near-shore sediments (Paul and Meyer 
2001; Francis et al. 2007; Roberts and Bilby 2009), macrophytes (Jennings et al. 
2003), coarse woody debris (Christensen et al. 1996; Finkenbine et al. 2000; Francis 
and Schindler 2006), and terrestrial insect subsidies. Shoreline engineering further 
degrades or destroys littoral habitat (Sukopp 1971; Radomski and Goeman 2001; 
Elias and Meyer 2003), ultimately leading to decoupling of benthic-pelagic food 
webs (Francis and Schindler 2009).

Riparian and near-shore vegetation represent critical habitats for aquatic and 
semiaquatic wildlife (May et  al. 1997; Reese and Welsch 1998; Woodford and 
Meyer 2003). Development of shoreline and riparian zones result in reduced fish 
growth and health (Eitzmann and Paukert 2009), with species of recreational inter-
est, such as largemouth bass affected most (Francis and Schindler 2009; Doi et al. 
2010). Shoreline development also leads to reduced amphibian abundances (Wood-
ford and Meyer 2003). These effects are likely due to both a reduction in habitat 
used for foraging (May et al. 1997) and change in diets induced by the decoupling 
of aquatic–terrestrial linkages (Sass et al. 2006; Francis and Schindler 2009).

Introduction of human structures to shoreline and aquatic environments, such 
as culverts, affects riparian and near shore areas, and may reduce movement of 
wildlife and fragment populations. Even small structures, such as box culverts, can 
reduce upstream movements of small fishes and modify the in-stream environment 
(Beasley and Hightower 2000; Bouska and Paukert 2009). Larger structures such 
as dams, which often provide hydroelectric power to urban areas, can result in loss 
of genetic diversity and reduce species occupancy and abundance (O’Hanley and 
Tomberlin 2005; Sheer and Steel 2006; Eskew et al. 2012; Roberts 2012; Hunt et al. 
2013).

Inputs of large woody debris are reduced in urban aquatic environments (Elosegi 
and Johnson 2003; Spinks et al. 2003). Basking is an important thermoregulatory 
behavior of semiaquatic reptiles, and several studies have documented a positive 
relationship between basking sites or deadwood (i.e., logs) and semiaquatic reptile 
abundance (DonnerWright et al. 1999; Lindeman 1999; Reese and Welsch 1998). 
Thus, the removal of deadwood and other potential basking sites may negatively af-
fect reptile populations. Yet, even if basking sites remain, increased human presence 
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in and around the aquatic environment may limit basking opportunities or cause 
abandonment of basking sites (Moore and Seigel 2006).

16.4.2.5 � The Effects of Development in Terrestrial Environments 
on Wildlife in Urban Areas

Most semiaquatic wildlife species depend on surrounding terrestrial environments 
for various life-history functions (Semlitsch and Bodie 2003; Rowe et  al. 2005; 
Bowne et al. 2006; Roe et al. 2006; Steen et al. 2006; Harden et al. 2009). At the 
landscape-level, amphibians and reptiles often are distributed as a series of local-
ized populations centered on aquatic environments and connected via migration 
(i.e., metapopulations, see Gill 1978; Marsh and Trenham 2001; Dodd and Smith 
2003; Smith and Green 2005). Thus, the extent of urbanization surrounding aquatic 
environments may strongly influence population persistence (e.g., Knutson et al. 
1999; Spinks et al. 2003; Price et al. 2005). Furthermore, urbanization often reduces 
the density of aquatic habitats (Rubbo and Kiesecker 2005), which increases the 
distance between suitable aquatic sites and affects recolonization, which is often 
critical for the maintenance of populations across landscapes (Semlitsch and Bodie 
1998).

Several studies have shown a negative relationship between amphibian occu-
pancy or abundance and amount of land in urban or suburban cover at large-spa-
tial scales (see Hamer and McDonnell 2008). For example, Rubbo and Kiesecker 
(2005) detected few occurrences of the forest-dependent wood frog ( Lithobates syl-
vaticus) and spotted salamander ( Ambystoma maculatum) in urban wetlands com-
pared to wetlands surrounded by forested land. Willson and Dorcas (2003), study-
ing salamanders in a suburban landscape in North Carolina, USA, showed that the 
abundance of stream-dwelling salamanders was highly correlated with the amount 
of undisturbed land within the entire stream catchment, but was not correlated with 
the amount of undisturbed land within required buffer zones.

Many amphibians and reptiles migrate to terrestrial environments to nest, for-
age, hibernate, or disperse to adjacent aquatic environments. Urban wetlands and 
streams often are surrounded by roads, a cover type either behaviorally avoided or a 
potential source of significant mortality from vehicular traffic (Gibbs 1998; Maze-
rolle 2004; Steen and Gibbs 2004; Mazerolle et al. 2005; Andrews et al. 2008). For 
species, such as turtles, that require high adult survival to maintain viable popula-
tions (Congdon et al. 1993), mortality during terrestrial movements may represent a 
significant threat to their long-term persistence in urban areas. Pittman et al. (2011) 
estimated annual survival of a suburban bog turtle population to be 0.89, a rate 
likely lower than required to maintain a stable population. Eskew et  al. (2010a) 
found annual survival of mud turtles (Kinosternon subrubrum), a species known 
for extensive terrestrial movements (Harden et al. 2009), to be lower in a suburban 
environment than estimates from rural environments. Thus, it appears that fragmen-
tation due to roads and other anthropogenic surfaces in urban areas may serve to 
isolate populations by hindering critical metapopulation processes. Indeed, genetic 
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divergence among amphibian populations is positively correlated with urban devel-
opment in the surrounding landscape (Reh and Seitz 1990; Hitchings and Beebee 
1997; Safner et al. 2011); however, for long-lived semiaquatic reptiles, significant 
time lags between urban development and changes to genetic structure likely occur 
(Pittman et al. 2011).

As mentioned above, some species of aquatic and semiaquatic wildlife persist 
in urban areas. Barrett and Guyer (2008) determined that the alteration of streams 
from semipermanent, closed-canopy systems to open vegetation and deeper, warm-
er water favored some riverine turtles and snakes. Specifically, Barrett and Guyer 
(2008) suggested that urbanization may not be as detrimental to reptiles as am-
phibians because reptiles are able to recolonize urban areas more easily and their 
skin and amniotic eggs are less affected by changes in water quality. Furthermore, 
urbanization has led to gains in some types of aquatic habitats (Dahl 2006, 2011), 
especially permanent ponds often inhabited by semiaquatic reptiles, fish, and some 
amphibians (e.g., bullfrogs). From 1998 to 2004, over 280,000 ha of ponds were 
created in the lower 48 USA, due, in part, to the construction of stormwater deten-
tion ponds, ponds in suburban parks, and ponds on recreational lands, such as golf 
courses (Tilton 1995; Dahl 2006). In particular, golf course ponds have been shown 
to provide suitable habitat for semiaquatic reptiles and some amphibians in urban 
areas (McDonough and Paton 2006; Harden et al. 2009; Foley et al. 2012; Puglis 
and Boone 2012; Guzy et al. 2013; Price et al. 2013).

16.5 � Elements of Effective Management of Aquatic and 
Semiaquatic Animals in Urban Aquatic Habitats

Effective management strategies that benefit multiple populations and species are 
built on identification of key stressors and development of tools that mitigate their 
sources (Wenger et al. 2009). Because stormwater runoff is widely recognized as 
the most significant stressor to urban aquatic systems (Walsh et al. 2005), we be-
gin this section with a description of stormwater management techniques and then 
move to habitat restoration, reintroduction, and translocation, and habitat protection 
and planning. We caution that these general strategies, and may not be suitable for 
every given species; managing individual species in urban and suburban regions 
requires a detailed knowledge of life history, which is not always available, even 
for relatively common species.

16.5.1 � Stormwater Management

Improving stormwater management facilities and modifying human behavior near 
aquatic habitats can reduce the impacts to wildlife associated with runoff. A variety 
of control measures can be used to slow, retain, and absorb pollutants and excess 
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water associated with stormwater runoff (Tsihrintzis and Hamid 1997). First, in 
most developed countries, water from urban communities is often treated via water 
treatment facilities (WTFs) prior to release into the environment. This has obvious 
positive effects on fish, amphibians, and reptiles (and numerous other taxa) as the 
wastes removed include pollutants such as plastic bags, condoms, fecal matter, toi-
let paper, and colloidal and dissolved organic matter (i.e., bacteria, urine and soaps; 
Adams and Lindsey 2010). However, leaking sewage pipes associated with dated 
sanitary sewer infrastructure and sewage overflows associated with systems too 
small for the demands placed on them can be significant sources of contaminated 
water and nutrients to urban lakes and streams, and efforts to modernize sewage 
systems are needed in many larger cities.

Best management practices (BMPs), including both structural and nonstruc-
tural measures, should also be used near urban aquatic habitats. Structural control 
measures are physical structures that collect and treat runoff that does not go to 
WTFs. For example, the placement of stormwater ponds adjacent to streams and 
wetlands prevents chemical contamination, sedimentation, and variability of wa-
ter flow (Tsihrintzis and Hamid 1997; Behera et  al. 1999; Harrell and Ranjithan 
2003), benefitting fish, amphibian, and reptile populations. In addition to reducing 
pollutant loading and excess water, stormwater ponds also may provide habitat for 
some amphibian and reptile species (Simon et al. 2009; Ackley and Meylan 2010; 
Birx-Raybuck et al. 2010; Brand and Snodgrass 2010; Hamer et al. 2012; Le Viol 
et al. 2012), although the high levels of pollutants in runoff may affect survival and 
reproduction (Snodgrass et al. 2008). Therefore, BMP structures that are expected 
to accumulate large amounts of pollutants should be managed in ways that dis-
courage wildlife use (e.g., vegetation kept to a minimum). Nonstructural measures 
include public education, street cleaning, reducing fertilizer application and zoning 
to restrict population densities near waterways (Tsihrintzis and Hamid 1997). Ef-
fectively managing stormwater and runoff should involve a combination of WTFs, 
structural control measures, and nonstructural control measures; together they can 
lead to the reduction of chemicals and other pollutants near wetlands and streams.

16.5.2 � Habitat Restoration

A goal of habitat restoration is to support a wide variety of native species and maxi-
mize resilience and persistence of populations to environmental disturbances (Mill-
er and Hobbs 2007). Restoring habitat suitable for aquatic and semiaquatic wildlife 
in urban environments varies among the aquatic environments found in urban areas. 
The restoration of wetland habitat relies on the restoration of appropriate hydro-
period, which often leads to a decline in populations of introduced, predatory fish 
that prey upon amphibians and native fishes (Semlitsch 2000). Restoring stream 
habitat is also related to management of stormwater. The removal of stormwater 
pipes that directly connect impervious surfaces to streams and lakes limits frequent 
excessive flows (Walsh et al. 2005), which negatively affect salamanders (Barrett 
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et al. 2010) and fishes (Bain et al. 1988). In drier landscapes, restoration of stream 
flows and natural disturbance regimes may reduce populations of nonnatives that 
lack the adaptations to cope with flow disturbances and assure wetted habitats are 
available on the appropriate seasonal basis to support the life cycles of native spe-
cies (Marchetti and Moyle 2001; Harvey et al. 2006; Bradford and Heinonen 2008). 
Other stream restoration techniques include bank stabilization and provisioning of 
instream structural complexity. These techniques are believed to reduce sediment 
loads in critical riffle habitats and provide smaller animals with hiding places from 
predators (Roni et al. 2005; Bernhardt and Palmer 2007).

Dredging and removal of contaminated sediment in combination with elimina-
tion or reduction of point and nonpoint nutrient inputs can reverse eutrophic con-
ditions in urban lakes (Ruley and Rusch 2002), and increasing the piscivorous to 
planktivorous fish ratio can be used to shift lake trophic states and promote the 
establishment of littoral zone vegetation (Jeppesen et al. 1990). Restoration of near-
shore areas may involve adding coarse woody debris and restoring native macro-
phyte communities. Yet, the addition of course woody debris alone may not reverse 
the effects of shoreline urbanization on fish populations, at least in the short-term 
(Sass et al. 2012).

Efforts to revegetate riparian zones and terrestrial environments surrounding 
ponds and streams can reduce excessive flows and improve water quality; addi-
tionally it will provide amphibians and reptiles with the critical upland conditions 
necessary to complete their life cycles (Semlitsch and Bodie 2003; Crawford and 
Semlitsch 2007). Even leaving a buffer of unmowed grass around wetlands has 
been shown to positively affect local amphibian and turtle populations on golf 
courses (Foley et al. 2012; Puglis and Boone 2012). Revegetation of riparian zones 
also will likely benefit fish populations by supporting insect populations, increasing 
leaf litter inputs, and adding large woody debris to aquatic environments. In turn, 
semiaquatic reptiles (e.g., watersnakes) may benefit from the increased abundance 
of fish prey.

Efforts to restore habitat for aquatic wildlife in urban areas should consider im-
pacts at the landscape scale (Brooks et al. 2002; Violin et al. 2011). Landscape-scale 
restoration is needed to create connectivity among populations. Methods used to 
promote connectivity may include increasing pond density across the landscape 
(Petranka and Holbrook 2006; Lesbarrères et al. 2010), and creating corridors in 
which dispersing amphibians and reptiles can bypass roads and other less-permeable 
land cover types (Aresco 2005; Woltz et al. 2008). The creation of large-scale veg-
etated corridors, such as urban greenways, may be particularly beneficial to aquatic 
and semiaquatic wildlife (Guzy et al. 2013, Chap. 12). Removal of human-created 
structures such as low-head dams and weirs can reestablish genetic exchange and 
allow anadromous and catadromous stream fishes to complete their life cycles (de 
Leaniz 2008). However, caution should be exercised as barriers to movement may 
be needed to prevent dispersal of invasive species (Thompson and Rahel 1998; 
Kerby et al. 2005).
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16.5.3 � Reintroduction and Translocation

Recovery of aquatic and semiaquatic wildlife populations in urban areas may in-
volve reintroduction, repatriation, and translocation (RTT) of individuals. These 
methods are controversial management procedures and largely untested for aquatic 
and semiaquatic species (Dodd and Seigel 1991; Germano and Bishop 2008), thus 
criteria to evaluate the success rate (i.e., establishment of populations) of RTTs are 
lacking. Prior to RTT, several factors should be evaluated including hydroperiod, 
food availability, water quality, and the suite of competitors and predators in the 
receiving area (Semlitsch 2002). Aquatic habitats should have hydroperiods suit-
able for focal species or taxonomic group and lack introduced invertebrate and ver-
tebrate predators. Food availability and water conditions (i.e., Sacerdote and King 
2009) also need to be monitored prior to reintroduction to determine their suitability 
for a given species. Terrestrial upland habitat requirements should also be known 
for the reintroduced species. At minimum, wetlands should have surrounding buf-
fers that include the critical upland habitat for reptiles and amphibians (Semlitsch 
and Bodie 2003), and appropriate BMPs to reduce flow variability, sedimentation, 
and chemical contamination should be in place prior to reintroduction. We advocate 
for the long-term monitoring of populations after RTTs to determine if populations 
become established.

16.5.4 � Habitat Protection and Planning

In theory, prioritizing critical habitat and protecting habitat from degradation as-
sociated with urban development (e.g., invasive species, human subsidized preda-
tors, etc.) is the best way to manage semiaquatic and aquatic wildlife in urban and 
suburban areas (Chap. 12). For aquatic urban wildlife, critical habitat includes both 
aquatic and adjacent terrestrial environments (Semlitsch 2000; Semlitsch and Bodie 
2003). Furthermore, to facilitate dispersal and continued functioning of population 
processes, connectivity among patches of critical habitat should be strongly consid-
ered (Semlitsch 2000). However, the land use within critical local habitats and land-
scapes varies in terms of permeability on a species by species basis. For example, 
semiaquatic turtles require open canopy uplands around aquatic environments to 
nest (Steen et al. 2006), whereas population persistence of some amphibian and fish 
species is determined by the extent of forested land surrounding wetlands, lakes, 
and streams (Homan et  al. 2004; Francis and Schindler 2009). Thus, translating 
land preservation strategies to all aquatic and semiaquatic species is fraught with 
difficulty, as significant differences exist among fish, amphibian, and reptile species 
in terms of their habitat requirements.

Nonetheless, several general strategies in terms of land preservation and man-
agement can be applied to benefit the majority of species. First, land preservation 
strategies should be biologically based, such that the amount and type of land criti-
cal to the persistence of the local population is conserved. Findings by Semlitsch 
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and Bodie (2003) indicated aquatic habitats should be buffered by 159 to 290 m of 
unfragmented, upland to protect wetland-breeding amphibians and 127 to 289 m to 
protect populations of semiaquatic reptiles. The effectiveness of critical habitat des-
ignations to protecting local populations of some semiaquatic species, especially in 
urban areas, may be questionable. Crawford and Semlitsch (2007) suggested 93 m 
of terrestrial buffer is required to protect stream-associated salamander populations; 
however, Willson and Dorcas (2003), Miller et al. (2007), and Roy et al. (2007) in-
dicated that even small amounts of impervious surface cover (≥ 10 %) within these 
stream catchments areas can have a profound negative impact on stream amphibian 
and fish populations.

Maintaining buffer zones around aquatic environments also serve to decrease the 
effects of urban and suburban areas on water quality and provides terrestrial subsi-
dies to fish, amphibians, and reptiles inhabiting both lentic and lotic environments. 
If roads are near aquatic environments or located within critical habitat, proper 
measures, such as culverts or underpasses, should be incorporated and designed 
correctly to reduce mortality (Aresco 2005; Woltz et al. 2008, Chap. 15), and chemi-
cal treatments, particularly the use of road deicers, should be eliminated. Finally, 
critical features of habitat should not be removed or altered for aesthetic reasons. 
For example, deadwood and shoreline vegetation should be maintained in aquatic 
environments as these habitat features provide basking, breeding, and foraging sites 
for numerous species of aquatic and semiaquatic wildlife.

Implementing conservation through land purchase and protection in urban set-
tings is often a costly endeavor, and thus comprehensive landscape planning that 
incorporates local knowledge of biodiversity “hotspots” is necessary to maximize 
the efficiency of funding. Thus, the first step in planning for land protection in urban 
and suburban settings should include a detailed inventory of habitats and species 
(see Chap. 12). Unfortunately, unless a species is protected by law (Buckley and 
Beebee 2004), knowledge of where these “hotspots” of aquatic and semiaquatic ani-
mal species exist is rarely available to or considered by landscape planners (Miller 
et al. 2009). When knowledge is lacking regarding sites of significant biodiversity, 
protecting habitats sensitive to urbanization, such as ephemeral wetlands and low-
order streams should be priorities. These aquatic habitats have seen the sharpest lev-
el of decline and deterioration in urban and suburban settings (Rubbo and Kiesecker 
2005; Roy et al. 2007; Elmore and Kaushal 2008), are known to be critical habitats 
for numerous fishes, amphibians, and reptiles, and will have positive impacts on 
regional hydrology and the water quality of downstream aquatic environments.

Local support for land conservation can be especially pervasive when coupled 
with recreation opportunities, such as those provided by greenways. In rapidly de-
veloping regions, the inclusion of green spaces has been common and they have 
been shown to counteract environmental impacts of urbanization (McPherson 1990; 
Rowntree and Nowak 1991; Simpson and McPherson 1996; Jim and Chen 2003), 
aid local economies by increasing property values (NPS (National Park Service) 
2012), enhance the attractiveness of cities (Schroeder 1989), and play an important 
role in education (Rodenburg et al. 2002). Additionally, green spaces in urban areas 
can act as refuges for wildlife and aid in connectivity among populations (Terman 
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1997; Sodhi et al. 1999; Pirnat 2000; but see Garber and Burger 1995). However, 
knowledge of the effectiveness of green spaces in conserving populations of some 
taxonomic groups, such as semiaquatic animals, are generally lacking and/or re-
stricted to certain types of green space, such as golf courses (See McDonough and 
Paton 2006; Harden et al. 2009; Foley et al. 2012; Puglis and Boone 2012; Guzy 
et al. 2013; Price et al. 2013).

�Conclusion

Urban and suburban areas have a strong, usually negative, effects on aquatic en-
vironments, thus many species of semiaquatic and aquatic wildlife have experi-
enced local extirpation or population declines in urban environments. However, a 
few species exhibit resistance to urbanization, and some may even thrive in urban 
and suburban aquatic environments. Regardless, in most regions, urban areas will 
continue to expand and degradation of aquatic environments will likely continue. 
General management strategies for semiaquatic and aquatic wildlife in urban areas 
require the use of proper stormwater treatment (including WTFs and BMPs), habi-
tat restoration, potentially reintroductions or translocations, and sufficient planning 
to protect remaining critical habitats. These management strategies will not only 
protect aquatic and semiaquatic wildlife in urban and suburban areas, but also will 
benefit human inhabitants by conserving water quantity and quality.

Acknowledgments  We thank Kristen Cecala, Jacquelyn Guzy, and Brenee’ Muncy for comments 
that improved the manuscript. Manuscript preparation was partially supported by the Department 
of Forestry at University of Kentucky, Department of Biological Sciences at Towson University, 
Department of Biology at Davidson College, Duke Power, and National Science Foundation 
Grants (DEB-0347326) to M.E.D. and (CHE-0959226) to J.W.S.

References

Able, K. W., S. M. Hagan, and S. A. Brown. 2003. Mechanisms of marsh habitat alteration due to 
Phragmites: Response of young-of-the year mummichog ( Fundulus heteroclitus) to treatment 
for Phragmites removal. Estuaries 26:484–494.

Ackley, J. W., and P. A. Meylan. 2010. Watersnake eden: Use of stormwater retention ponds by 
Mangrove salt marsh snakes ( Nerodia clarkia compressicauda) in urban Florida. Herpetologi-
cal Conservation and Biology 5:17–22.

Adams, C. E., and K. J. Lindsey. 2010. Urban wildlife management. 2nd ed. Boca Raton: CRC 
Press.

Andrews, K. M., J. W. Gibbons, and D. M. Jochimsen. 2008. Ecological effects of roads on am-
phibians and reptiles: A literature review. In Urban herpetology. Herpetological conservation, 
vol. 3, ed. J. C. Mitchell, R. E. Jung Brown, and B. Bartholomew, 121–143. Salt Lake City: 
Society for the Study of Amphibians and Reptiles.

Aresco, M. J. 2005. Mitigation measures to reduce highway mortality of turtles and other herpeto-
fauna at a north Florida lake. Journal of Wildlife Management 69:549–560.



377

Arnold, C. L., P. J. Boison, and P. C. Patton. 1982. Sawmill Brook: An example of rapid geomor-
phic change related to urbanization. Journal of Geology 90:155–166.

Arthington, A. H., D. A. Milton, and R. J. McKay. 1983. Effects of urban development and habitat 
alterations on the distribution and abundance of native and exotic freshwater fish in the Bris-
bane region, Queensland. Austral Ecology 8:87–101.

Ashpole, S. L., C. A. Bishop, and R. J. Brooks. 2004. Contaminant residues in snapping turtle 
( Chelydra serpentina serpentina) from the Great Lakes-St. Lawrence River Basin (1999 to 
2000). Archives of Environmental Contamination and Toxicology 47:240–252.

Baillie, J. E. M., C. Hilton-Taylor, and S. N. Stuart, eds. 2004. 2004 IUCN red list of threatened 
species. A global species assessment. Gland: IUCN.

Bain, M. B., J. T. Finn, and H. E. Booke. 1988. Streamflow regulation and fish community struc-
ture. Ecology 69:382–392.

Barber, J. R., K. R. Crooks, and K. M. Fristrup. 2010. The costs of chronic noise exposure for ter-
restrial organisms. Trends in Ecology and Evolution 25:180–189.

Barrett, K., and C. Guyer. 2008. Differential responses of amphibians and reptiles in riparian and 
stream habitats to land use disturbances in western Georgia, USA. Biological Conservation 
141:2290–2300.

Barrett, K., B. S. Helms, C., Guyer, C., and J. E. Schoonover. 2010. Linking process to pattern: 
Causes of stream-breeding amphibian decline in urbanized watersheds. Biological Conserva-
tion 143:1998–2005.

Barringer, T. H., R. G. Reiser, and C. V. Price. 1994. Potential effects of development on flow 
characteristics of two New Jersey streams. Water Resources Bulletin 30:283–295.

Beasley, C. A., and J. E. Hightower. 2000. Effects of a lowhead dam on the distribution and char-
acteristics of spawning habitat used by striped bass and American shad. Transactions of the 
American Fisheries Society 129:1316–1330.

Bee, M. A., and E. M. Swanson. 2007. Auditory masking of anuran advertisement calls by road 
traffic noise. Animal Behavior 74:1765–1776.

Beebee, T. J. C. 1979. Habitats of the British amphibians. (2): Suburban parks and gardens. Bio-
logical Conservation 15:241–257.

Behera, P. K., F. Papa, and B. J. Adams. 1999. Optimization of regional storm-water management 
systems. Journal of Water Resources Planning and Management 125:107–114.

Bergeron, J. M., D. Crews, and J. A. McLachlan. 1994. PCBs as environmental estrogens: Turtle 
sex determination as a biomarker of environmental contamination. Environmental Health Per-
spectives 102:780–781.

Bernhardt, E. S., and M. A. Palmer. 2007. Restoring streams in an urbanizing world. Freshwater 
Biology 52:738–751.

Biebighauser, T. R. 2007. Wetland drainage, restoration, and repair. Lexington: University of 
Kentucky Press.

Birx-Raybuck, D., S. J. Price, and M. E. Dorcas. 2010. Pond age and riparian zone proximity influ-
ence anuran occupancy of urban retention ponds. Urban Ecosystems 13:181–190.

Bishop, C. A., J. Struger, D. R. Barton, L. J. Shirose, L. Dunn, A. L. Lang, and D. Shepherd. 
2000a. Contamination and wildlife communities in stormwater detention ponds in Guelph and 
the Greater Toronto Area, Ontario, 1997 and 1998. Part I-Wildlife communities. Water Quality 
Research Journal of Canada 35:399–435

Bishop, C. A., J. Struger, L. J. Shirose, L. Dunn, and G. D. Campbell. 2000b. Contamination and 
wildlife communities in stormwater detention ponds in Guelph and the Greater Toronto Area, 
Ontario, 1997 and 1998. Part II-Contamination and biological effects of contamination. Water 
Quality Research Journal of Canada 35:436–474.

Blaustein, A. R., and J. M. Kiesecker. 2002. Complexity in conservation: Lessons from the global 
decline of amphibian populations. Ecology Letters 5:597–608.

Boarman, W. I., M. A. Patten, R. J. Camp, and S. J. Collis. 2006. Ecology of a population of sub-
sidized predators: Common ravens in the central Mojave Desert, California. Journal of Arid 
Environments 67:248–261.

16  Managing Aquatic Environments for Wildlife in Urban Areas



378 S. J. Price et al.

Boone, M. D., and C. M. Bridges. 2003. Impacts of chemical contaminants on amphibian popula-
tions. In Amphibian conservation, ed. R. D. Semlitsch, 152–167. Washington, DC: Smithson-
ian.

Booth, D. B., and C. R. Jackson. 1997. Urbanization of aquatic systems: Degradation thresholds, 
stormwater detection, and the limits of mitigation. Journal of American Water Resources As-
sociation 33:1077–1190.

Bouska, W. W., and C. P. Paukert. 2009. Road crossing designs and their impact on fish assemblag-
es of Great Plains streams. Transactions of the American Fisheries Association 139:214–222.

Bowne, D. R., M. A. Bowers, and J. E. Hines. 2006. Connectivity in an agricultural landscape as 
reflected by interpond movements of a freshwater turtle. Conservation Biology 20:780–791.

Bradford, M. J., and J. S. Heinonen. 2008. Low flow, instream flow needs and fish ecology in 
small streams. Canadian Water Resources Journal 33:269–284.

Brand, A. B., and J. W. Snodgrass. 2010. Value of artificial habitats for amphibian reproduction in 
altered landscapes. Conservation Biology 24:295–301.

Bridgeman, T. B., C. D. Wallace, G. S. Carter, R. Carvajal, L. C. Schiesari, S. Aslam, E. Cloyd, 
E. Elder, A. Field, K. L. Schulz, P. M. Yurista, and G. W. Kling. 2000. A limnological survey 
of Third Sister Lake, Michigan with historical comparisons. Journal of Lake and Reservoir 
Management 16:253–267.

Brinson, M. M., and A. Inés Malvárez. 2002. Temperate freshwater wetlands: Types, status and 
threats. Environmental Conservation 29:115–133.

Brites, V. L. C., and F. T. Rantin. 2004. The influence of agricultural and urban contamination 
on leech infestation of freshwater turtles, Phrynops geoffroanus, taken from two areas of the 
Uberabinha River. Environmental Monitoring and Assessment 96:273–281.

Brooks, S. S., M. A. Palmer, B. J. Cardinale, C. M. Swan, and S. Ribblett. 2002. Assessing stream 
ecosystem rehabilitation: Limitations of community structure data. Restoration Ecology 
10:156–168.

Brown, L. R., M. B. Gregory, and J. T. May. 2009. Relation of urbanization to stream fish assem-
blages and species traits in nine metropolitan streams. Urban Ecosystems 12:391–416.

Buckley, J., and T. J. C. Beebee. 2004. Monitoring the conservation status of an endangered am-
phibian: The natterjack toad Bufo calamita in Britain. Animal Conservation 7:221–228.

Bunnell, J. F., and J. L. Ciraolo. 2010. The potential impact of simulated ground-water withdraw-
als on the oviposition, larval development, and metamorphosis of pond-breeding frogs. Wet-
lands Ecology and Management 18:495–509.

Burke, R. L., C. M. Schneider, and M. T. Dolinger. 2005. Cues used by raccoons to find turtle 
nests: Effects of flags, human scent, and diamondback terrapin sign. Journal of Herpetology 
39:312–315.

Bury, R. B. 2008. Do urban areas favor introduced turtles in western North America? In Urban 
herpetology. Herpetological conservation, vol. 3, ed. J. C. Mitchell, R. E. Jung Brown, and 
B. Bartholomew, 343–345. Salt Lake City: Society for the Study of Amphibians and Reptiles.

Cadi, A., and P. Joly. 2003. Competition for basking places between the endangered European 
pond turtle ( Emys orbicularis galloitalica) and the introduced red-eared slider ( Trachemys 
scripta elegans). Canadian Journal of Zoology 81:1392–1398.

Cadi, A., and P. Joly. 2004. Impact of the introduction of the red-eared slider ( Trachemys scripta 
elegans) on survival rates of the European pond turtle ( Emys orbicularis). Biodiversity and 
Conservation 13:2511–2518.

Campbell, K. R. 1994. Concentrations of heavy metals associated with urban runoff in fish liv-
ing in stormwater treatment ponds. Archives of Environmental Contamination and Toxicology 
27:352–356.

Carey, C., Pessier, A. P., and Peace, A. D. 2003. Pathogens, infectious disease, and immune defens-
es. In Amphibian conservation, ed. R. D. Semlitsch, 127–136. Washington, DC: Smithsonian.

Christensen, D. L., B. R. Herwig, D. E. Schindler, and S. R. Carpenter. 1996. Impacts of lakeshore 
residential development on coarse woody debris in North Temperate lakes. Ecological Appli-
cations 6:1143–1149.



379

Churcher, J. B., and J. H. Lawton. 1987. Predation by domestic cats in an English village. Journal 
of Zoology 212:439–456.

Congdon, J. D., A. E. Dunham, and R. C. Van Loben Sels. 1993. Delayed sexual maturity and 
demographics of Blanding’s turtles ( Emydoidea blandingii): Implications for conservation and 
management of long-lived organisms. Conservation Biology 7:826–833.

Coops, H., M. Beklioglu, and T. L. Crisman. 2003. The role of water-level fluctuations in shallow 
lake ecosystems-workshop conclusions. Hydrobiologia 506–509:23–27.

Correll, D. L. 1997. Buffer zones and water quality protection: General principles. In Buffer zones: 
Their processes and potential in water protection, eds. N. E. Haycock, T. P. Burt, K. W. T. 
Goulding, and G. Pinay, 7–20. Hertfordshire: Quest Environmental.

Conner, C. A., B. A. Douthitt, and T. J. Ryan. 2005. Descriptive ecology of a turtle assemblage in 
an urban landscape. American Midland Naturalist 153:428–435.

Crawford, J. A., and R. D. Semlitsch. 2007. Estimation of core terrestrial habitat for stream-breed-
ing salamanders and delineation of riparian buffers for protection of biodiversity. Conservation 
Biology 21:152–158.

Crews, D., J. M. Bergeron, and J. A. McLachlan. 1995. The role of estrogen in turtle sex determi-
nation and the effect of PCBs. Environmental Health Perspectives 103:73–77.

Crooks, K. R., and M. E. Soulé. 1999. Mesopredator release and avifaunal extinction in a frag-
mented system. Nature 400:563–566.

Cushman, S. A. 2006. Effects of habitat loss and fragmentation on amphibians: A review and pro-
spectus. Biological Conservation 128:231–240.

de Leaniz, C. G. 2008. Weir removal in salmonid streams: Implications, challenges and practicali-
ties. Hydrobiologia 609:83–96.

de Solla, S. R., C. A. Bishop, H. Lickers, and K. Jock. 2001. Organochlorine pesticides, PCBs, 
dibensodioxin and furan concentrations in common snapping turtle eggs ( Chelydra serpen-
tina serpentina) in Akwesasne, Mohawk territory, Ontario, Canada. Archives of Environmental 
Contamination and Toxicology 40:410–417.

Dahl, T. E. 2006. Status and trends of wetlands in the conterminous United States 1998 to 2004, 
112 pp. Washington, DC: U.S. Department of the Interior, Fish and Wildlife Service.

Dahl, T. E. 2011. Status and trends of wetlands in the conterminous United States 2004 to 2011, 
112 pp. Washington, DC: U.S. Department of the Interior, Fish and Wildlife Service.

Davic, R. D., and H. H. Welsh Jr. 2004. On the ecological roles of salamanders. Annual Review of 
Ecology, Evolution and Systematics 35:405–434.

Demers, C. L. 1992. Effects of road deicing salt on aquatic invertebrates in four Adirondack 
streams. In Chemical deicers and the environment, ed. F. M. D’Itri, 245–251. Boca Raton: 
Lewis.

Dodd, C. K. Jr., and R. A. Seigel. 1991. Relocation, repatriation and translocation of amphibians 
and reptiles: Are they conservation strategies that work? Herpetologica 47:336–350.

Dodd, C. K., and Smith L. L. 2003. Habitat destruction and alteration: Historical trends and future 
prospects for amphibians. In Amphibian conservation, ed. R. D. Semlitsch, 94–112. Washing-
ton, DC: Smithsonian.

Doi, H., K.-H. Chang, T. Ando, H. Imai, and S. Nakano. 2010. Shoreline bank construction modi-
fies benthic-pelagic coupling of foods webs. Ecological Engineering 36:601–604.

DonnerWright, D. M., M. A. Bozek, J. R. Probst, and E. M. Anderson. 1999. Responses of turtle 
assemblage to environmental gradients in the St. Croix River in Minnesota and Wisconsin, 
U.S.A. Canada Journal of Zoology 77:989–1000.

Ehrenfeld, J. G. 2000. Evaluating wetlands within an urban context. Ecological Engineering 
15:253–265.

Ehrenfeld, J. G., and E. K. Stander. 2010. Habitat function in urban riparian zones. In Urban eco-
system ecology. Agronomy Monograph 55, ed. J. Aikenhead-Peterson and A. Volder, 103–118. 
Madison: American Society of Agronomy.

Eitzmann, J. L., and C. P. Paukert. 2009. Urbanization in a Great Plains river: Effects on fishes and 
food webs. River Research and Applications 25:948–959.

16  Managing Aquatic Environments for Wildlife in Urban Areas



380 S. J. Price et al.

Elias, J. E., and M. W. Meyer. 2003. Comparisons of undeveloped and developed shorelines, 
Northern Wisconsin, and recommendations for restoration. Wetlands 23:800–816.

Elmore, A. J., and S. S. Kaushal. 2008. Disappearing headwaters: Patterns of stream burial due to 
urbanization. Frontiers in Ecology and the Environment 6:308–312.

Elosegi, A., and L. B. Johnson. 2003. Wood in streams and rivers in developed landscapes. Ameri-
can Fisheries Society Symposium 37:337–353.

Ernst, C. H., and J. E. Lovich. 2009. Turtles of the United States and Canada. 2nd ed. Baltimore: 
Johns Hopkins University Press.

Eskew, E. A., S. J. Price, and M. E. Dorcas. 2010a. Survival and recruitment of semiaquatic turtles 
in an urbanized region. Urban Ecosystems 13:365–374.

Eskew, E. A., S. J. Price, and M. E. Dorcas. 2010b. Survivorship and population densities of 
painted turtles ( Chrysemys picta) in recently modified suburban landscapes. Chelonian Con-
servation and Biology 9:244–249.

Eskew, E. A., S. J. Price, and M. E. Dorcas. 2012. Effects of river-flow regulation on anuran oc-
cupancy and abundance in riparian zones. Conservation Biology 26:504–512.

Ficetola, G. F., L. Maiorano, A. Falcucci, N. Dendoncker, L. Boitani, E. Padoa-Schioppa, C. Mi-
aud, and W. Thuiller. 2010. Knowing the past to predict the future: Land-use change and the 
distribution of invasive bullfrogs. Global Change Biology 16:528–537.

Findlay, C. S., and J. Bourdages. 2000. Response time of wetland biodiversity to road construction 
on adjacent lands. Conservation Biology 14:86–91.

Finkenbine, J. K., J. W. Atwater, and D. S. Mavinic. 2000. Stream health after urbanization. Jour-
nal of the American Water Resources Association 36:1149–1160.

Fitzhugh, T. W., and B. D. Richter. 2004. Quenching urban thirst: Growing cities and their impacts 
on freshwater ecosystems. BioScience 54:741–754.

Foley, S. M., S. J. Price, and M. E. Dorcas. 2012. Nest-site selection and nest depredation of semi-
aquatic turtles on golf courses. Urban Ecosystems 15:489–497.

Fraker, M., J. W. Snodgrass, and F. Morgan. 2002. Differences in growth and maturation of blac-
knose dace ( Rhinichthys atratulus) across an urban-rural gradient. Copeia 2002:1122–1127.

Francis, T. B., and D. E. Schindler. 2006. Degradation of littoral habitats by residential develop-
ment: Woody debris in lakes of the Pacific Northwest and Midwest, United States. Ambio 
35:274–280.

Francis, T. B., and D. E. Schindler. 2009. Shoreline urbanization reduces terrestrial insect subsidies 
to fishes in North American lakes. Oikos 118:1872–1882.

Francis, T. B., D. E. Schindler, J. M. Fox, and E. Seminet-Reneau. 2007. Effects of urbanization on 
the dynamics of organic sediments in temperate lakes. Ecosystems 10:1057–1068.

Gallagher, M., J. Snodgrass, A. Brand, R. Casey, S. Lev, and R. Van Meter. 2014. The role of 
pollutant accumulation in determining the use of stormwater ponds by amphibians. Wetlands 
Ecology and Management 22.

Garber, S. D., and J. Burger. 1995. A 20-yr study documenting the relationship between turtle 
decline and human recreation. Ecological Applications 5:1151–1162.

Germano, J. M., and P. J. Bishop. 2008. Suitability of amphibians and reptiles for translocation. 
Conservation Biology 23:7–15.

Gibbons, J. W., and M. E. Dorcas. 2004. North American watersnakes: A natural history. Okla-
homa: University of Oklahoma Press.

Gibbons, J. W., T. J. Ryan, K. A Buhlman, T. D. Tuberville, B. S. Metts, J. L. Greene, T. Mills, Y. 
Leiden, S. Poppy, and C. T. Winne. 2000. The global decline of reptiles, déjà vu amphibians. 
BioScience 8:653–666.

Gibbons, J. W., C. T. Winne, D. E. Scott, J. D. Willson, X. Glaudas, K. M. Andrews, B. D. Todd, 
L. A. Fedewa, L. Wilkinson, R. N. Tsaliagos, S. J. Harper, J. L. Greene, T. D. Tuberville, B. S. 
Metts, M. E. Dorcas, J. P. Nestor, C. A. Young, T. Akre, R. N. Reed, K. A. Buhlmann, J. Nor-
man, D. A. Croshaw, C. Hagen, and B. B. Rothermel. 2006. Remarkable amphibian biomass 
and abundance in an isolated wetland: Implications for wetland conservation. Conservation 
Biology 20:1457–1465.



381

Gibbs, J. P. 1993. Importance of small wetlands for the persistence of local populations of wetland 
associated animals. Wetlands 13:25–31.

Gibbs, J. P. 1998. Distribution of woodland amphibians along a forest fragmentation gradient. 
Landscape Ecology 13:263–268.

Gilinsky, E. 1984. The role of fish predation and spatial heterogeneity in determining benthic com-
munity structure. Ecology 65:455–468.

Gill, D. E. 1978. The metapopulation ecology of the red-spotted newt, Notophthalmus viridescens 
(Rafinesque). Ecological Monographs 48:145–166.

Gilliam, J. W. 1994. Riparian wetlands and water quality. Journal of Environmental Quality 
25:896–900.

Godley, J. S., 1980. Foraging ecology of the striped swamp snake, Regina alleni, in southern 
Florida. Ecological Monographs 50:411–436.

Gompper, M. E., and A. T. Vanak. 2008. Subsidized predators, landscapes of fear and disarticu-
lated carnivore communities. Animal Conservation 11:13–14.

Glooschenko V., W. F. Weller, P. G. R. Smith, R. Alvo, and J. H. G. Archbold. 1992. Amphibian 
distribution with respect to pond water chemistry near Sudbury, Ontario. Canadian Journal of 
Fisheries and Aquatic Sciences 49 (Suppl. 1): 114–121.

Gregory, K. J., A. M. Gurnell, C. T. Hill, and S. Tooth. 1994. Stability of the pool-riffle sequence 
in changing river channels. Regulated Rivers: Research and Management 9:35–43.

Grischek, T., A. Foley, D. Schoenheinz, and B. Gutt. 2002. Effects of interactions between sur-
face water and groundwater on groundwater flow and quality beneath urban areas. In Current 
problems of hydrogeology in urban areas, urban agglomerates and industrial centres, ed. K. 
Howard and R. Israfilov, 201–219. Dordrecht: Kluwer.

Guzy, J. C., E. D. McCoy, A. C. Deyle, S. M. Gonzalez, N. Halstead, and H. R. Mushinsky. 2012. 
Urbanization interferes with the use of amphibians as indicators of ecological integrity of wet-
lands. Journal of Applied Ecology 49:941–952.

Guzy, J. C., S. J. Price, and M. E. Dorcas. 2013. The spatial configuration of greenspace affects 
semiaquatic turtle occupancy and species richness in a suburban landscape. Landscape and 
Urban Planning 117:46–56.

Hamer, A. J., and M. J. McDonnell. 2008. Amphibian ecology and conservation in the urbanizing 
world: A review. Biological Conservation 141:2432–2449.

Hamer, A. J., and M. J. McDonnell. 2010. The response of herpetofauna to urbanization: Inferring 
patterns of persistence from wildlife databases. Austral Ecology 35:568–580.

Hamer, A. J., P. J. Smith, and M. J. McDonnell. 2012. The importance of habitat design and 
aquatic connectivity in amphibian use of urban stormwater retention ponds. Urban Ecosystems 
15:451–471.

Harden, L. A., S. J. Price, and M. E. Dorcas. 2009. Terrestrial activity and habitat selection of east-
ern mud turtles ( Kinosternon subrubrum) in a fragmented landscape: Implications for habitat 
management of golf courses and other suburban environments. Copeia 2009:78–84.

Harrell, L. J., and S. R. Ranjithan. 2003. Detention pond design and land use planning for water-
shed management. Journal of Water Resources Planning and Management 129:98–106.

Harvey, B. C., R. J. Nakamoto, and J. L. White. 2006. Reduced stream flow lowers dry-season 
growth of rainbow trout in a small stream. Transactions of the American Fisheries Society 
135:998–1005.

Helms, B. S., J. W. Feminella, and S. Pan. 2005. Detection of biotic responses to urbanization using 
fish assemblages from small streams of western Georgia, USA. Urban Ecosystems 8:39–57.

Helwig, D. D., and M. E. Hora. 1983. Polychlorinated biphenyl, mercury and cadmium concentra-
tions in Minnesota snapping turtles. Bulletin of Environmental Contamination and Toxicology 
30:186–190.

Hirsch, R. M., J. F. Walker, J. C. Day, and R. Kallio. 1990. The influence of man on hydrologic 
systems. In Surface water hydrology (The geology of America, Vol. 0–1), ed. M. G. Wolman 
and H. C. Riggs, 329–359. Boulder: Geological Society of America, USA.

16  Managing Aquatic Environments for Wildlife in Urban Areas



382 S. J. Price et al.

Hitchings, S. P., and T. J. C. Beebee. 1997. Genetic substructuing as a result of barriers to gene 
flow in urban Rana temporaria (common frog) populations: Implications for biodiversity con-
servation. Heredity 79:117–127.

Homan, R. N., J. M. Reed, and B. S. Windmiller. 2004. Critical thresholds associated with habitat 
loss for two vernal pool-breeding amphibians. Ecological Applications 14:1547–1553.

Hunt, S. D., J. C. Guzy, S. J. Price, B. J. Halstead, E. A. Eskew, and M. E. Dorcas. 2013. Re-
sponses of riparian reptile communities to damming and urbanization. Biological Conservation 
157:277–284.

Jeppesen, E. J., P. Jensen, P. Kristensen, M. Søndergaard, E. Mortensen, O. Sortkjær, and K. Olrik. 
1990. Fish manipulation as a lake restoration tool in shallow, eutrophic, temperate lakes 2: 
Threshold levels, long-term stability and conclusions. Hydrobiologia 200/201:219–227.

Jennings, M. J., M. A. Bozek, G. R. Hatzenbeler, E. E. Emmons, and M. D. Staggs. 1999. Cumula-
tive effects of incremental shoreline habitat modification on fish assemblages in north temper-
ate lakes. North American Journal of Fisheries Management 19:18–27.

Jennings, M. J., E. E. Emmons, G. R. Hatzenbeler, C. Edwards, and M. A. Bozek. 2003. Is littoral 
habitat affected by residential development and land use in watersheds of Wisconsin lakes? 
Lake and Reservoir Management 19:272–279.

Jim, C. Y., and S. S. Chen. 2003. Comprehensive greenspace planning based on landscape ecology 
principals in compact Nanjing City, China. Landscape and Urban Planning 65:95–116.

Karr, J. R. 1981. Assessment of biotic integrity using fish communities. Fisheries 6:21–27.
Karraker, N. E., J. P. Gibbs, and J. R. Vonesh. 2008. Impacts of road deicing salt on the demogra-

phy of vernal pool-breeding amphibians. Ecological Applications 18:724–734.
Kemp, S. J., and J. R. Spotila. 1997. Effects of urbanization on Brown Trout Salmo trutta, other 

fishes and macroinvertebrates in Valley Creek, Valley Forge, Pennsylvania. American Midland 
Naturalist 138:55–68.

Kennedy, C., J. Cuddihy, and J. Engel-Yan. 2007. The changing metabolism of cities. Journal of 
Industrial Ecology 11:43–59.

Kentula, M. E., S. E. Gwin, and S. M. Pierson. 2004. Tracking changes in wetlands with urbaniza-
tion: Sixteen years of experience in Portland, Oregon, USA. Wetlands 24:734–743.

Kerby, J. L., S. P. D. Riley, L. B. Kats, and P. Wilson. 2005. Barriers and flow as limiting factors 
in the spread of an invasive crayfish ( Procambarus clarkia) in southern California streams. 
Biological Conservation 126:402–409.

Kiesecker, J. M., A. R. Blaustein, and C. L. Miller. 2001. Transfer of a pathogen from fish to am-
phibians. Conservation Biology 15:1064–1070.

King, R. S., W. V. Deluca, D. F. Whigham, and P. P. Marra. 2007. Threshold effects of coastal 
urbanization on Phragmites australis (Common Reed) abundance and foliar nitrogen in Chesa-
peake Bay. Estuaries and Coasts 30:469–481.

Klein, R. D. 1979. Urbanization and stream quality impairment. Water Resources Bulletin 15:948–
963.

Knight, A. W., and J. W. Gibbons. 1968. Food of the painted turtle, Chrysemys picta, in a polluted 
river. American Midland Naturalist 80:558–562.

Knutson, M. G., J. R. Sauer, D. A. Olsen, M. J. Mossman, L. M. Hemesath, and M. J. Lannoo. 
1999. Effects of landscape composition and wetland fragmentation on frog and toad abundance 
and species richness in Iowa and Wisconsin, USA. Conservation Biology 13:1437–1446.

Lamb, T., J. W. Bickham, L. T. Barret, and J. W. Gibbons. 1995. The slider turtle as an environ-
mental sentinel: Multiple tissue assays using flow cytometric analysis. Ecotoxicology 4:5–13.

Le Viol, I., F. Chiron, R. Julliard, and C. Kerbiriou. 2012. More amphibians than expected in high-
way stormwater ponds. Ecological Engineering 47:146–154.

Legange, T. 2008. Traffic noise effects communication behavior in a breeding anuran, Hyla arbo-
rea. Biological Conservation 141:2023–2031.

Leidy, R. A., K. Cervantes-Yoshida, and S. M. Carlson. 2011. Persistence of native fishes in small 
streams of the urbanized San Francisco Estuary, California: Acknowledging the role of urban 
streams in native fish conservation. Aquatic Conservation: Marine and Freshwater Ecosystems 
21:472–483.



383

Lesbarrères, D., M. S. Fowler, A. Pagano, and T. Lodé. 2010. Recovery of anuran community 
diversity following habitat replacement. Journal of Applied Ecology 47:148–156.

Lever, C. 2003. Naturalized amphibians and reptiles of the world. New York: Oxford University 
Press.

Limburg, K. E., and R. E. Schmidt. 1990. Patterns of fish spawning in Hudson River tributaries: 
Response to an urban gradient? Ecology 71:1238–1245.

Lindeman, P. V. 1999. Surveys of basking map turtles Graptemys spp. in three river drainages and 
the importance of deadwood abundance. Biological Conservation 88:33–42.

Marsh, D. M., and P. C. Trenham. 2001. Metapopulation dynamics and amphibian conservation. 
Conservation Biology 15:40–49.

May, C., R. Horner, J. Karr, B. Mar, and E. Welch. 1997. Effects of urbanization on small streams 
in the Puget Sound ecoregion. Watershed Protection Techniques 2:483–494.

Marchand, M. N, J. A. Litvaitis, T. J. Maier, and R. M. DeGraaf. 2002. Use of artificial nests to 
investigate predation on freshwater turtle nests. Wildlife Society Bulletin 30:1092–1098.

Marchetti, M. P., and P. B. Moyle. 2001. Effects of flow regime on fish assemblages in a regulated 
California stream. Ecological Applications 11:530–539.

Mazerolle, M. J. 2004. Amphibian road mortality in response to nightly variations in traffic inten-
sity. Herpetologica 60:45–53.

Mazerolle, M. J., M. Huot, and M. Gravel. 2005. Behavior of amphibians on the road in response 
to car traffic. Herpetologica 61:380–388.

McDonough, C., and P. W. C. Paton. 2006. Salamander dispersal across a forested landscape frag-
mented by a golf course. Journal of Wildlife Management 71:1163–1169.

McKinney, M. L. 2002. Urbanization, biodiversity, and conservation. BioScience 52:883–890.
McKinney, M. L. 2008. Effects of urbanization on species richness: A review of plants and ani-

mals. Urban Ecosystems 11:161–176.
McPherson, E. G. 1990. Modeling residential landscape water and energy use to evaluate water 

conservation policies. Landscape Journal 9:122–134.
Meador, M. R., J. F. Coles, and H. Zappia. 2005. Fish assemblage response to urban intensity 

gradients in contrasting metropolitan areas: Birmingham, Alabama and Boston, Massachusetts. 
American Fisheries Society Symposium 47:409–423.

Meyerson, L. A., K. Saltonstall, L. Windham, E. Kiviat, and S. Findlay. 2000. A comparison of 
Phragmites australis in freshwater and brackish marsh environments in North America. Wet-
lands Ecology and Management 8:89–103.

Miller, J. R., and R. J. Hobbs. 2007. Habitat restoration-do we know what we’re doing? Restora-
tion Ecology 15:382–390.

Miller, J., G. Hess, and C. Moorman. 2007. Southern two-lined salamanders in urbanizing water-
sheds. Urban Ecosystems 10:73–85.

Miller, J. R., M. Groom, G. R. Hess, T. Steelman, D. L. Stokes, J. Thompson, T. Bowman, L. 
Fricke, B. King, and R. Marquardt. 2009. Biodiversity conservation in local planning. Conser-
vation Biology 23:53–63.

Mills, N. E., and M. C. Barnhart. 1999. Effects of hypoxia on embryonic development in two Am-
bystoma and two Rana species. Physiological and Biochemical Zoology 72:179–188.

Moll, E. O. 1995. The turtle Trachemys scripta and the pet trade. Aliens 2:3.
Moore, M. J. C., and R. A. Seigel. 2006. No place to nest or bask: Effects of human disturbance 

on the nesting and basking habits of yellow-blotched map turtles ( Graptemys flavimaculata). 
Biological Conservation 130:386–393.

Moore, J. W., D. E. Schindler, M. D. Scheuerell, D. Smith, and J. Frodge. 2003. Lake eutrophica-
tion at the urban fringe, Seattle region, USA. Ambio 32:13–18.

Naiman, R. J., H. Décamps, and M. E. McClain. 2005. Riparia: Ecology, conservation and man-
agement of streamside communities. Amsterdam: Elsevier.

Ney, J. J., and J. H. Van Hassel. 1983. Sources of variability in accumulation of heavy metals by 
fishes in a roadside stream. Archives Environmental Contamination and Toxicology 12:701–
706.

16  Managing Aquatic Environments for Wildlife in Urban Areas



384 S. J. Price et al.

Novotny, E. V., D. Murphy, and H. G. Stefan. 2008. Increase of urban lake salinity by road deicing 
salt. Science of the Total Environment 406:131–144.

    NPS (National Park Service). 2012. Economic impacts of protecting rivers, trails, and greenway 
corridors. http://www.nps.gov/pwro/rtca/econ_all.pdf. Accessed 20 Jan 2012.

O’Hanley, J. R., and D. Tomberlin. 2005. Optimizing the removal of small fish passage barriers. 
Environmental Modeling and Assessment 10:85–98.

Orser, P. N., and D. J. Shure. 1972. Effects of urbanization on the salamander Desmognathus fus-
cus fuscus. Ecology 53:1148–1154.

Osgood, D. T., D. J. Yozzo, R. M. Chambers, D. Jacobson, T. Hoffman, and J. Wnek. 2003. Tidal 
hydrology and habitat utilization by resident nekton in Phragmites and non-Phragmites marsh-
es. Estuaries 26:522–533.

Ostergaard, E. C., K. O. Richter, and S. D. West. 2008. Amphibian use of stormwater ponds in 
the Puget lowlands of Washington, USA. In Urban herpetology. Herpetological conservation, 
vol. 3, ed. J. C. Mitchell, R. E. Jung Brown, and B. Bartholomew, 259–270. Salt Lake City: 
Society for the Study of Amphibians and Reptiles.

Pauchard, A., M. Aguayo, E. Peña, and R. Urrutia. 2006. Multiple effects of urbanization on the bio-
diversity of developing countries: The case of a fast-growing metropolitan area (Concepcíon, 
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