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A B S T R A C T

Urbanization has become the dominant form of landscape disturbance in parts of the Uni-

ted States. Small streams in the Piedmont region of the eastern United States support high

densities of salamanders and are often the first habitats to be affected by landscape-alter-

ing factors such as urbanization. We used US Geological Survey land cover data from 1972

to 2000 and a relation between stream salamanders and land cover, established from recent

research, to estimate the impact of contemporary land-cover change on the abundance of

stream salamanders near Davidson, North Carolina, a Piedmont locale that has experi-

enced rapid urbanization during this time. Our analysis indicates that southern two-lined

salamander (Eurycea cirrigera) populations have decreased from 32% to 44% while northern

dusky salamanders (Desmognathus fuscus) have decreased from 21% to 30% over the last

three decades. Our results suggest that the widespread conversion of forest to urban land

in small catchments has likely resulted in a substantial decline of populations of stream

salamanders and could have serious effects on stream ecosystems.

� 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Urbanization has become a dominant landscape-altering hu-

man activity in portions of the United States (Czech et al.,

2000; McKinney, 2002). Urban development diminishes many

native animal populations via habitat loss and alteration

and through the introduction of novel and human-subsidized

predators (McKinney, 2006). Unlike other human-induced

landscape modifications, such as those associated with for-

estry practices, urbanization nearly always represents a per-

manent change, allowing little chance for habitats to

recover (Marzluff and Ewing, 2001). Urbanization is currently

associated with more endangered species in the United States

than any other human activity (Czech et al., 2000; Ewing et al.,

2005).

Stream ecosystems are particularly sensitive to urbaniza-

tion (Paul and Meyer, 2001). Impervious surfaces increase sur-

face-water runoff, which can alter stream hydrology,

geomorphology, chemical composition, and the integrity of

riparian zones (Paul and Meyer, 2001). Stream salamanders

may be especially vulnerable to disturbance of catchments

because of sensitivity to changes in stream microhabitat

(Welsh and Olliver, 1998) and alteration of the surrounding

terrestrial habitats (Lowe and Bolger, 2002). Studies by Orser

and Shure (1972) and Willson and Dorcas (2003) have demon-

strated strong negative correlations between the amount of
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urban land in catchments and the number of salamanders

captured in the catchment streams.

Studies of land-cover changes from 1972 to 2000 in the

southeastern United States show a significant increase in

the amount of urban land and a corresponding reduction in

the amount of forested habitat (Griffith et al., 2003; Gallant

et al., 2004). In the Piedmont Ecoregion, small streams can

support high densities of salamanders (Spight, 1967; Orser

and Shure, 1975), and land use change has likely resulted in

their decline. In this study, we integrate land-cover data from

the US Geological Survey’s (USGS) Land Cover Trends study

(Loveland et al., 2002) with models estimating salamander

abundances (Willson and Dorcas, 2003) to assess the potential

impact that land cover change in recent decades has had on

stream salamander populations near Davidson, North

Carolina.

2. Methods

Our study builds upon previous work by Willson and Dorcas

(2003), who collected data on the relative abundance of larval

and adult northern dusky salamanders (Desmognathus fuscus)

and southern two-lined salamanders (Eurycea cirrigera) during

2001 in 10 first-order streams (average width 0.5–1.0 m, drain-

ing catchments <40.5 ha) located near Davidson, North Caro-

lina. Davidson is situated in the northern part of the Charlotte

Metropolitan area, one of the fastest-growing human popula-

tions in the United States (Ewing et al., 2005). The catchments

of these 10 streams contained varying amounts of distur-

bance (defined as agricultural and residential/urban land

uses), ranging from <20% to >50% of the catchment area. Both

D. fuscus and E. cirrigera are common inhabitants of streams in

the western Piedmont of North Carolina and are strongly

associated with forested habitats (Petranka, 1998).

Willson and Dorcas (2003) used linear regression to exam-

ine the relationship between the amount of disturbed land in

each stream’s catchment and the number of D. fuscus and E.

cirrigera captured in the streams. The data used to develop

the model were normally distributed; thus, the model is valid

under normal theory approximation. Strong inverse relations

were identified, and models for both species were highly sig-

nificant (D. fuscus: y = �0.300x + 29.02; R2 = 0.708; p = 0.001 and

E. cirrigera: y = �0.429x + 30.37; R2 = 0.480; p = 0.015). We used

these models for the current study to estimate the effects of

land-cover change on the relative abundance of salamanders.

We acquired land-cover information from the USGS Land

Cover Trends project (Loveland et al., 2002). This project

mapped land cover for approximately 1973, 1980, 1986, 1992,

and 2000 across a set of randomly selected, 20 km · 20 km

blocks contained within the Piedmont Ecoregion (US Environ-

mental Protection Agency, 1999). We obtained the data for the

block that encompasses the town of Davidson (Fig. 1; note,

the image years for the Davidson block were 1972, 1981,

1985, 1992 and 2000). The USGS classification scheme in-

cludes 10 land cover categories that occur in the Piedmont

Ecoregion (Gallant et al., 2004), seven of which occur in the

Davidson block (Table 1). We aggregated the classification

scheme to two land-cover categories, forested and disturbed,

to fit the predictive models of salamander abundance from

Willson and Dorcas (2003). We considered agricultural, resi-

dential, mined, and mechanically disturbed (i.e., area newly

cleared of vegetation) lands to be disturbed habitat. We also

considered permanent open water to be disturbed, as nearly

all open water in this block represents reservoirs, which are

not preferred habitat for D. fuscus or E. cirrigera (Petranka,

1998). A small portion (<2%) of the study block is mapped as

wetland. Because the USGS did not distinguish forested from

emergent wetlands, and because emergent wetlands are not

preferred habitats for these two salamander species, we

aggregated the wetland area with our non-forest, disturbed,

class even though the area was not necessarily disturbed.

There was little change in the wetland extent over time

and, because wetland extent was so minimal in this block,

the change did not have an appreciable effect on our analysis.

Catchment boundaries were provided by the USGS Eleva-

tion Derivatives for National Applications project (http://ed-

na.usgs.gov). The catchments were delineated through a

hierarchical, automated process applied to digital elevation

Fig. 1 – Land use changes near Davidson, North Carolina, from 1972 to 2000. Davidson sits in the rapidly-growing Charlotte

Metropolitan area. Forested areas are shown in black; note the decrease in forest through time.
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data (Franken, 2004). We extracted 1035 catchments that coin-

cided with our study block and analyzed the hierarchic level

corresponding with first-order streams. The majority of these

catchments ranged in size from approximately 20 to 40 ha,

matching the catchment sizes sampled by Willson and Dor-

cas (2003).

Using a geographic information system we overlaid the

catchment boundaries on the land cover data for the study

block and calculated the percent disturbed area for each

catchment for each time period. We input the percent dis-

turbed area into the regression models for both salamander

species to estimate the number of salamanders in each catch-

ment for each time period. In this analysis, we considered

regeneration of forest to positively influence salamander

abundance. Corn and Bury (1989) hypothesize that it may re-

quire up to 40 years for some western US stream salamander

species (e.g., Olympic salamander, Rhyacotriton olympicus) to

recolonize stream catchments after forest removal. Hence,

in a second analysis, we calculated percent disturbed land

and salamander abundance in each catchment using only

those areas that remained forested since 1972.

We summed salamander abundance estimates (for both

scenarios: forest/regeneration and always-forested) from

each catchment to obtain the predicted total number of sala-

manders that would be captured for each time period, then

used those predictions to calculate the percent change in sal-

amander abundance between years. Additionally, we esti-

mated the number of catchment extinctions for both

species from 1972 to 2000 using both scenarios. Extinctions

were calculated by summing the total number of catchments

that resulted in an abundance of zero salamanders.

3. Results

Land-cover data for the study block showed a substantial in-

crease in urban land and a corresponding decrease in forested

land from 1972 to 2000 (Table 1). Other land use categories re-

mained relatively stable during this time frame, although

there was an increase in open water, due to the construction

of a reservoir. When forest regeneration was considered as

the equivalent of forest land, the average percent of disturbed

land within individual catchments increased from 51% in

1972 to 61% in 2000 (a 10% increase). However, when we con-

sidered forest land to be only that which was forested contin-

uously from 1972, then the proportion of disturbed land per

catchment by 2000 was 65% (a 14% increase). Only slight in-

creases in the average percent disturbed land occurred from

1972 to 1985, but the amount of disturbed land increased sub-

stantially from 1985 to 2000 (Fig. 2).

If forest regeneration is regarded as positively influencing

salamander abundances, we predict the total number of D.

fuscus to have been 14,187 in 1972 and 11,200 in 2000

(Fig. 3a), resulting in a 21% decline from 1972 to 2000 in the

Davidson study block (Fig. 4a). We estimate the number of E.

Table 1 – The percent land cover and total area changed for each cover class in the 400 km2 study block from 1972 to 2000

Cover class 1972 1981 1985 1992 2000 % Block changed from 1972 to 2000

Forest 48.36 47.46 46.73 43.69 40.33 �8.10

Developed 15.69 16.40 16.73 18.18 23.22 +7.71

Mechanically disturbed 0.34 0.09 0.00 0.99 0.27 �0.07

Mining 0.05 0.05 0.05 0.33 0.31 +0.26

Agriculture 32.81 33.24 33.75 34.03 31.97 �0.91

Water 0.97 0.97 0.97 0.98 2.31 +1.33

Wetland 1.78 1.78 1.78 1.80 1.59 �0.21

Principle changes were the nearly 8% increase in developed (urban) land and the corresponding 8% decrease in forested land.
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Fig. 2 – Average amount of disturbed land per catchment over time. Two scenarios are included. In the first, forested lands

(including those in regeneration) are considered as undisturbed; in the second, only lands that have remained in forest since

at least 1972 are considered as undisturbed. Error bars represent 1 standard error.
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cirrigera to have been 10,347 in 1972 and 7070 in 2000 (Fig. 3a),

resulting in a population decline of 32% from 1972 to 2000 in

the study block (Fig. 4a). We also predict that D. fuscus went

extinct from 51 first-order streams (5.4% decrease) during that

time, while E. cirrigera was eliminated from 139 first-order

streams (18.2% decrease).

Predicted declines are greater if we do not consider forest

regeneration to positively influence population estimates.

Using this scenario, we estimate the abundance of D. fuscus

to have been 9962 individuals and E. cirrigera to have been

5767 in 2000 (Fig. 3b). This suggests a 30% decline of D. fuscus

populations and a 44% decline of E. cirrigera populations from

1972 to 2000 (Fig. 4b). We estimate that D. fuscus were locally

extirpated from 71 catchments (7.5% decrease) and E. cirrigera

were eliminated from 216 catchments (28.3% decrease).

4. Discussion

Our study used data on land-cover change to build upon a

relation between stream salamander abundance and the per-

cent of watershed covered by forest to identify threats to spe-

cies and habitats in small catchments across a landscape.

Small catchments, such as those modeled here, are numerous

in many landscapes, but usually receive minimal protection

and, thus, are improperly managed (Lowe and Likens, 2005).

Consequently, the change in distribution and abundance of

stream organisms, such as salamanders, is also poorly under-

stood. By incorporating land-cover change data and catch-

ment boundaries into salamander abundance models, we

estimated a substantial decline in D. fuscus and E. cirrigera

populations from 1972 to 2000 near Davidson, North Carolina.

However, rates of declines were likely not constant across

time, as most of the estimated declines occurred between

1985 and 2000, the period associated with the greatest in-

crease in urbanization.

We considered percent forest cover to serve as a surrogate

for identifying thresholds, where removal of forest cover is

associated with increased frequency of high rainfall runoff

events and other hydrological disturbances, which are likely

detrimental to stream salamanders (Orser and Shure, 1972;

Willson and Dorcas, 2003). From the standpoint of runoff,

treating undisturbed and regenerating forest areas similarly

in our models was reasonable, as the hydrology has not been

permanently altered. What is not known, is whether sala-

manders vacate a catchment following forest removal, then

return relatively quickly once the forest begins to regenerate

or if considerable lag time exists between forest removal

and salamander recolonization, as has been identified else-

where (e.g., Corn and Bury, 1989). For that reason, we also

modeled the scenario where regenerating forests were con-

sidered to be disturbed land. Connectivity among catchments

may help to mitigate short-term effects of forest clearing on

stream salamander populations and potentially facilitate dis-

persal from a minimally disturbed catchment to a catchment

where forest regeneration occurred (Lowe and Bolger, 2002).

However, the substantial amount of disturbed land within

catchments of our study block suggests that salamanders

from undisturbed, neighboring populations may have diffi-

culty ‘‘rescuing’’ populations in previously disturbed streams.

Our models also assumed that all types of anthropogeni-

cally disturbed land use are equally detrimental to stream

systems; yet, certain types of land use may be more damaging

than others. For example, Moore and Palmer (2005) found that

streams draining agricultural lands, where best management

practices (e.g., intact riparian buffers, no-till farming) were

employed had greater stream macroinvertebrate diversity

than urbanized watersheds. Catchments containing mostly

agricultural land may be less detrimental to stream salaman-

ders than catchments dominated by urban land, especially if

best management practices are utilized. In our study area, the

conversion of forest to urban land was the dominant land-

cover change from 1972 to 2000; therefore, our estimates of

change in stream salamander abundance were not greatly

influenced by the change in agricultural area.

Our estimates of stream salamander decline should be

viewed only as estimates. The model we used (Willson and

Dorcas, 2003) was based on recent field data. An assumption

inherent in our approach is that the relation identified be-

tween the stream salamanders and percent forest cover has

been consistent through time. Historic amphibian data are

not available to validate the model back in time. Additionally,

other factors, such as competition and predation among sal-

amander species and other stream organisms (Southerland,

1986), microhabitat availability (Petranka, 1998), water quality

(Gore, 1983), and land use history (Harding et al., 1998) may

also have influenced the current abundances of salamanders

near Davidson, North Carolina. Nonetheless, landscape-scale

habitat alteration and destruction are among the primary

causes for many amphibian declines throughout the world
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Fig. 3 – Estimated abundance in Desmognathus fuscus and

Eurycea cirrigera populations near Davidson, North Carolina,

from 1972 to 2000: (a) estimates were calculated with the

total amount of forested area in each time period (i.e., forest

regrowth increased salamander abundance estimates) and

(b) estimates were calculated based only on areas that

always remained forested (i.e., forest regrowth did not

increase salamander abundance estimates).
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(Dodd and Smith, 2003). Our findings suggest that the increas-

ing rate of urbanization from 1972 to 2000 near Davidson,

North Carolina may have resulted in a significant and rapid

decline in stream salamander populations.

Rapid decreases in stream salamander abundance could

have serious implications for stream ecosystems. Salaman-

ders are often the dominant vertebrate in streams, and can

reach extremely high population densities and biomass

(Spight, 1967; Orser and Shure, 1975; Petranka and Murray,

2001). They are important predators of stream invertebrates,

possibly functioning as ‘‘keystone species,’’ as they promote

invertebrate species and functional-group diversity by pre-

venting dominant invertebrate species from monopolizing

limited resources (Davic, 1983; Davic and Welsh, 2004). Simi-

larly, stream salamanders may regulate the processing of

detritus-litter by invertebrates (Burton and Likens, 1975a; Da-

vic, 1983) and, thus, indirectly slow the release of nutrients

and fine particulate matter to downstream areas. Stream sal-

amanders also serve as prey for birds, mammals, reptiles and

other organisms (Petranka, 1998), and are likely important

nutrient vectors from aquatic to terrestrial environments

(Burton and Likens, 1975b; Corn et al., 2003).

Rapid land-cover changes, particularly the urbanization of

forested landscapes, are not unique to the Davidson block.

From the early 1970s to 2000, urban land has increased from

approximately 12% to 16% while forested land has decreased

from 60% to 55% throughout the Piedmont (Griffith et al.,

2003). Since the ranges of both D. fuscus and E. cirrigera

encompass most of the Piedmont, we suspect these species

and other amphibians could be declining throughout the re-

gion. To prevent or reverse population declines of stream sal-

amanders, first-order streams require protection, and urban

development needs to be mediated to minimize the effect

on aquatic systems. Focusing future development into exist-

ing urban and suburban areas, building more compact neigh-

borhoods, and progressive planning strategies may reduce

some of the impacts of urbanization on stream systems. Ulti-

mately, an approach that focuses on the broader landscape,

such as protection and connectivity among catchments,

may be most beneficial to minimize the impacts of urbaniza-

tion. Such protection will not only benefit stream salaman-

ders and first-order stream ecosystems, but will also have

positive impacts on regional hydrology and the water quality

of downstream aquatic systems.
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