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ABSTRACT 

KENDAL PAUL. Assessing the Impacts of Urbanization on Stream Salamanders in 

Mecklenburg County, NC. (Under the direction of DR. SARA GAGNÉ) 

 

As metropolitan areas around the world grow, conservationists are managing more habitats 

adjacent to or within urban areas. Increased impervious surfaces and more abundant pollutants 

associated with urban landscapes can greatly impact the surrounding aquatic systems. While 

there has been much research into urban stream syndrome and its impacts on local flora and 

fauna, little of this research has focused on how urbanization specifically affects stream 

salamanders. The objective of this study is to determine the extent to which stream salamander 

relative density is impacted by the proportion of developed land cover in the surrounding area. 

From August to November 2025, we conducted monthly salamander surveys in 29 streams from 

10 watersheds in Mecklenburg County. During these monthly surveys, we collected 

environmental data on variables including canopy cover, local developed land cover, water 

quality, stream discharge, and streambed substrate composition. I collected data on adults of two 

salamander species, the northern dusky salamander (Desmognathus fuscus) and the southern 

two-lined salamander (Eurycea cirrigera), as well as larval salamanders. While both species rely 

on streams for breeding and larval development, northern dusky salamanders spend most of their 

life within streams, while southern two-lined salamanders utilize local terrestrial habitats to a 

greater extent. Larval salamanders are present in local streams year-round, with ovipositing from 

spring through summer for both species. My analysis indicates that the relative density of stream 

salamanders in Mecklenburg County are minimally impacted by changes in these variables—

with the exception of amount of developed cover within 150 m of the stream and the month of 

survey. The relative density of northern dusky salamander and combined dusky and southern 
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two-lined salamander numbers showed a positive correlation to local developed cover levels. 

Larval salamander relative densities had a positive relationship with the month of survey. These 

results may demonstrate high environmental tolerance by northern dusky salamanders and an 

increase in the juvenile cohort during the fall breeding season. Further research should 

investigate if similar patterns exist in cities with different salamander species and with varying 

greenspace management or abundance.  
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INTRODUCTION 

As the human population grows and cities expand, habitat loss from urban development will 

become an increasingly pressing issue for wildlife management and conservation. In 2020, over 

half of the world’s population resided in cities, and it is expected that 60% of people will be city-

dwellers by 2050 (Zipperer et al. 2020). Urban sprawl and land development result in habitat 

fragmentation, alterations in hydrology and water quality, and changes to local climates 

(Zipperer et al. 2020). The effect of urbanization varies between species. Some flora and fauna 

respond positively to urbanization, but many species are negatively impacted (Ducatez et al. 

2018). Understanding the impacts of development and how to mitigate them will be crucial for 

managing vulnerable species moving forward. 

As land continues to be developed globally, mitigating the impacts of urbanization on 

stream ecology will be imperative for conserving stream-dependent species. The changes 

observed in urban stream systems follow certain patterns, a phenomenon commonly referred to 

as the “Urban Stream Syndrome” (Walsh et al. 2005). Previous studies have shown that increases 

in impervious surface cover within a watershed, a change that often accompanies land 

development, can cause considerable changes to hydrologic systems in their temperature, biota, 

and chemical composition or pollutants (Nelson & Palmer 2007, Allan 2004, Brabec et al. 2002). 

Other reported changes to streams surrounded by impervious surfaces include higher nutrient 

content, altered channel morphology, decreased species richness, and flashier runoff events (Paul 

& Meyer 2001, Walsh et al. 2005, Chadwick et al. 2006, Anim et al. 2018). The severity of the 

Urban Stream Syndrome is largely influenced by how close the stream is to developed cover, and 

current research is assessing how to minimize these phenomena in developed catchments (Walsh 

et al. 2005). Among the many taxa within stream systems, amphibians are particularly sensitive  
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to the environmental changes associated with the Urban Stream Syndrome.  

While the literature on urban stream ecology is expansive, stream salamanders are 

underrepresented in these studies despite evidence that they are vulnerable. It is known that 

changes in canopy cover from disturbance, even if small or acute, can impact salamander 

behavior and abundance (Cecala 2012). Existing research demonstrates that stream salamanders 

are negatively impacted by water contaminants as well as increases of specific conductivity or 

ionic concentrations, changes that often accompany increased urbanization (Price et al. 2010, 

Hutton et al. 2020). Studies have also demonstrated that these higher water contaminant levels 

bioaccumulate in brook salamanders (Eurycea sp.) (Diaz et al. 2020). As for survivorship in 

these systems, developed land cover has been correlated with higher larval mortality for southern 

two-lined salamanders (Eurycea cirrigera) than pasture and forest cover (Barrett et al. 2010). 

Price et al. (2010) assessed the immediate impact of urbanization on stream salamanders within 

catchment areas, finding that the disturbance of urbanization caused decreased occupancy of 

adult and juvenile southern two-lined salamanders and of juvenile northern dusky salamanders. 

The model in this study indicated that both salamander species will likely persist locally, but the 

duration of these negative impacts were not assessed, nor was the impact of local environmental 

conditions. 

Previous studies have also assessed the immediate impacts of catchment level 

urbanization disturbance on stream salamanders, but we do not know how local environmental 

factors influence this trend, if at all. By collecting data on environmental features such as canopy 

cover, water quality, cover objects, and temperature, we hope to achieve a more comprehensive 

understanding of how these variables might be impacting salamanders in urban streams. While 

urbanization is unlikely to stop, identifying how local features influence urban stream 
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salamanders would give more management options for local conservation and inform 

improvements to current practices. 

I set out to address these knowledge gaps by answering the following research questions 

in Mecklenburg County, North Carolina: 1) How is the relative density of stream salamanders 

affected by local development? And 2) how are local environmental variables influencing 

salamander density in urban streams? I predicted that salamander relative density would be 

negatively correlated with local developed cover, that relative density would be negatively 

affected by decreased water quality and canopy cover variables, and that the streambed 

composition would have a significant impact on salamander density. To answer these questions, 

I did field surveys to determine the relative densities of salamanders in Mecklenburg County 

streams and collect environmental data. 
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METHODS 

Study Area 

Mecklenburg County is located in the Piedmont ecoregion and covers an area of 1,356 

km2. The population of Mecklenburg is approximately 1,233,383, with around 943,476 of these 

individuals residing within the City of Charlotte (U. S. Census Bureau 2026). Charlotte is often 

noted as an American city with high rates of urban sprawl, with urbanization rates in the region 

expected to surpass 100% between the years 2006 and 2030 (Boeing 2019, Shoemaker et al. 

2019). Mecklenburg County has an annual precipitation of 110.7 cm and an average temperature 

of 11-22°C (U.S. Climate Data 2026). Mecklenburg County is composed of approximately 71% 

developed cover, 19% forested cover, 4% crop and pasture cover, and 4% water cover (Figure 1) 

(U.S. Geological Survey 2024). 

Site Selection 

I selected 29 stream reaches in 10 HUC-12 watersheds of varying urbanization levels 

within Mecklenburg County as survey sites for field research. I estimated the urbanization levels 

using watershed and waterway data from Mecklenburg County Land Use and Environmental 

Services Agency (LUESA), and the National Land Cover Database (NLCD) 2024 data (U.S. 

Geological Survey). I categorized all cells from the NLCD 2024 map as being developed (Open 

Space, Low Intensity, Medium Intensity, and High Intensity) or non-developed (all other land 

cover classifications) (Figure 2). I then calculated the percentage of developed cover within each 

watershed and classified them into 5 natural (Jenks) breaks. I classified the watersheds in the 

county as having very high (≥83.59%), high (71.66-83.59%), moderate (52.16-71.66%), low 

(39.28-52.16%), and very low (≤39.28%) urbanization levels (Figure 3).  I randomly selected 2 

watersheds from each of the 5 urbanization levels, for a total of 10 watersheds surveyed. Within 
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these watersheds, I identified the locations of creeks on county property that might serve as study 

sites. 

After I determined potential site locations, we scouted streams in person to verify 

suitability for salamander surveys. Factors we considered for suitability included accessibility, 

stream width, if cover objects were representative of that within the reach, and stream depth. The 

depth of each stream section had to be deep enough that it was unlikely to dry out, but shallow 

enough to allow us to see streambed substrates and larval salamanders. Over the course of the 

study, stream depth ranged from 0.00 cm to 17.5 cm with an average depth in the search area of 

5.5 cm, rounded to the nearest 0.5 cm. I selected the 3 most suitable sites in 9 of the study 

watersheds, while I was only able to locate 2 suitable sites within Goose Creek Watershed. As 

such, I had a total of 29 stream survey sites for this project (Figure 3). All surveyed streams were 

1st or 2nd order. To ensure independence between sites, no two sites are the same tributary, and 

all sites are at least 500 m apart geographically (Lowe 2003).  

Study Species 

The salamander species that are known to reside in Mecklenburg County include: 

southern two-lined salamander, northern dusky salamander (Desmognathus fuscus), red 

salamander (Pseudotriton ruber), spotted salamander (Ambystoma maculatum), white-spotted 

slimy salamander (Plethodon cylindraceus), four-toed salamander (Hemidactylium scutatum), 

eastern newt (Notophthalmus viridescens), marbled salamander (A. opacum), three-lined 

salamander (E. guttolineata), spring salamander (Gyrinophilus porphyriticus), and mud 

salamander (P. montanus) (NC Partners in Amphibian and Reptile Conservation n.d.).  
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Salamander Surveys 

Visual Encounter Surveys and Salamander Density 

Between 24 August and 24 November 2025, I and trained volunteers collected data at all 

29 survey sites once a month. Upon the first visit of each survey site, we located a 10 m length of 

stream that was between 1.0 and 4.0 m wide and suitable for salamander surveys. We conducted 

visual encounter surveys (VES) utilizing flip-and-search of substrate materials (Edwards et al. 

2016). Each salamander survey was a 30-minute time-constrained search of a 10 m section of 

stream, starting downstream and traveling upstream against the direction of flow (Hutton et al. 

2020). Surveyors searched the streambed and banks, opportunistically lifting cover objects 

(rocks, man-made items, vegetation, etc.) and looking for salamanders in the open. We removed 

salamanders with dip-nets as we encountered them to avoid recounting any individuals. As 

surveyors captured salamanders, they gently placed them into buckets and returned cover objects 

as closely as possible to their original position. To prevent any risk of cannibalism or predation, 

surveyors deposited salamanders into either a 5-gallon bucket for larger individuals or a 32 oz 

bucket for smaller adults and juveniles. Technicians filled these buckets with stream water 

downstream of the survey area prior to sampling, and buckets were kept out of direct sunlight to 

prevent overheating. At the end of the 30 minutes, we recorded the total number of adults for 

each species and total number of juveniles collected (Hutton et al. 2020). After recording 

salamander data, we released the salamanders into the middle of the surveyed area. If we were 

concerned about potential predation, we released adults a few minutes after juveniles or in a 

slightly different area in our survey site. I collected environmental data after the salamander 

survey was completed to minimize disturbance to salamander prior to detection and capture. 

We flagged the stream section at the 0 m, 1 m, 5 m, 9 m, and 10 m mark. We measured  
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the stream width at each mark to estimate the area surveyed. The spaces between the flagged 

marks were estimated as trapezoids. For example, we used the width of the stream at 0 m and 1 

m as the 2 trapezoid base lengths, and the distance between the marks as the height of the 

trapezoid. I used the sum of the 4 trapezoid areas as the approximated search area. I divided the 

total number of salamanders (northern dusky salamanders, southern two-lined salamanders, total 

adults, and juveniles) captured per survey by the area searched to calculate the relative density of 

each group. 

For these surveys, we obtained local permits through Mecklenburg County Natural 

Resources as well as a state scientific wildlife collection permit (SWC25000157) and an 

endangered species permit (ESP25000172) through the North Carolina Wildlife Resources 

Commission (NCWRC). We conducted all salamander surveys in accordance with our protocol 

with the University of North Carolina at Charlotte (UNCC) Institutional Animal Care and Use 

Committee (IACUC-24-050).  

Environmental Variables  

We measured dissolved oxygen (DO), pH, specific conductivity (SC), water temperature, 

canopy cover, and streambed substrate composition (Figure 4). I collected water quality data at 

the 5 m mark. I measured DO with an EcoSense® DO200A (YSI, Yellow Springs, OH, U.S.A.), 

pH with an EcoSense® pH100A (YSI, Yellow Springs, OH, U.S.A.), and SC and water 

temperature with an EcoSense® EC300A (YSI, Yellow Springs, OH, U.S.A.). In instances where 

the EC300A was not working or available, I measured water temperature using the DO200A. 

These meters consistently gave readings within ± 0.1 °C of each other. We estimated the canopy 

cover over the stream section by averaging the scores of a convex spherical crown densiometer 

Model-A (No. 43887, Forestry Suppliers, Inc., Jackson, MS, U.S.A.). At each site, we estimated 
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precent canopy cover in all 4 cardinal directions directly over the 0 m and 10 m marks of the 

stream section. I took the average of these 8 densiometer readings as an estimate of canopy 

coverage over the survey area.  

For streambed composition, we placed a 1 x 1 m frame in the center of the streambed at 1 

m, 5 m, and 9 m and visually estimated the substrate composition (NC SAM 2013). I classified 

cover objects as bedrock (>4096 mm), boulder (256-4096 mm), cobble (64-256 mm), gravel (2-

64 mm), sand/silt (<2 mm), or leaf litter/vegetation. For each cover category, we estimated 

percent streambed composition as predominant (P) >70%, abundant (A) >40-70%, common (C) 

>10-40%, rare (R) <10%, or not present (NP) in the field. From these scores, I assigned a median 

value of coverage to each cover class, with P being 85%, A being 55%, C being 25%, R being 

5%, and NP being 0%. I took the mean of these coverage scores for each object class from the 3 

substrate plots to serve as the estimated percentage of cover for each cover class of each stream 

reach.  

 I also measured landscape urbanization level and stream discharge for each stream reach. 

I used ArcGIS, version 3.2.1 to calculate the percent of developed cover within a 150 m radius 

buffer of each survey site using NLCD 2024 data, again grouping all levels of development in 

the NLCD 2024 map (Dewitz 2023). There was a wider range of percent development amongst 

the 150 m site buffers (0.00-100.00%) compared to the percent development amongst watersheds 

(29.82-97.34%), so the natural breaks gave slightly different category thresholds. The 150 m 

development classes were very high (≥74.36%), high (48.68-74.36%), moderate (24.68-48.68%), 

low (24.68-10.13%), and very low (≤10.13%) urbanization levels (Figure 5). While little 

research has attempted to define the home range and dispersal patterns of northern dusky 

salamanders and southern two-lined salamanders, previous studies suggest that northern dusky 
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salamanders generally have a home range <5.0 m2 and limit movements to 20-30 m from the 

stream (Macklem et al. 2020). The longest movement recorded for a plethodontid salamander in 

the literature was a red-backed salamander (Plethodon cinereus) that traveled 143 m over an 8-

day period (Sterrett et al. 2015). As such, I assumed that 150 m would sufficiently encompass the 

home range of salamanders while maintaining independence between survey sites. I used data 

from the nearest United States Geological Survey (USGS) water monitoring station downstream 

of my survey site to calculate the median stream discharge in the 7 days preceding each survey 

(U. S. Geological Survey 2026). If no downstream station was available, I selected the station 

with the nearest overland distance to the site, giving preference to stations in the same reach if 

there were several of comparable distances (Figure 6). It is worth noting that there was a period 

of drought near the end of September which caused several streams to nearly or completely dry 

out. We still conducted salamander surveys and found individuals in the area of the stream 

during this time. 

Disinfection  

Amphibian species in the northeast United States are vulnerable to communicable 

diseases, most notably ranaviruses and chytrid fungus (Batrachochytrium dendrobatidis). These 

pathogens can survive on surfaces for long periods and translocation via contaminated equipment 

or footwear is a concern for amphibian conservation. Members of the Ranavirus genus are 

widespread in North America, and they are known to cause mass-mortality events when other 

stressors occur in the ecosystem (Teacher et al. 2010). Scientists have cited chytrid as a cause of 

decline or extinction for hundreds of amphibian species (Skerratt et al. 2007). Chytrid is known 

to be present in Mecklenburg County, and the fungus does not always have immediate impacts—

meaning that chytrid could be latent at any survey site. While salamanders may be less 
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susceptible to chytridiomycosis compared to anurans, they are still able to spread the fungus and 

may carry the pathogen with them in terrestrial dispersion (Vazquez et al. 2009).  

To prevent the spread or introduction of these pathogens through our fieldwork, we 

disinfected all field equipment and footwear upon arrival at properties. We adopted disinfection 

protocols from the Southeastern Partners in Amphibian and Reptile Conservation (SEPARC) and 

the National Park Service to mitigate risk of pathogen spread (Horner et al. 2016). All 

disinfection was done away from the stream and, when possible, on gravel, concrete, or asphalt 

surfaces in accordance with our IACUC protocol.  

Analysis 

I used mixed effects linear regression models to test the effects of water quality,  

canopy cover, streambed substrate composition, landscape urbanization, median weekly 

discharge, and survey on the relative density of salamanders (northern dusky salamanders, 

southern two-lined salamanders, total adults, and total juveniles) with survey site as a random 

variable. Residuals for all 4 response variables appeared coned, so I took the log of each 

response variable to correct for normalcy in my data distribution.  

 I performed a Principal Component Analysis (PCA) on water quality variables (pH, DO, 

SC, and water temperature) to minimize the degrees of freedom for my regression and mitigate 

the correlation between these variables (Figure 7) (Guzy et al. 2019). I transformed the pH 

values by calculating 10pH prior to any analysis. I used the first axis of my resultant PCA, which 

accounted for 34.38% of variation, as an explanatory variable for water quality metrics at each 

survey. PCA was appropriate for this set of variables because of correlation between these 

variables. We took the log of pH to ensure that all variables were linear. Similarly, I conducted a 

Principal Coordinates Analysis (PCoA) on my substrate category scores to minimize degrees of 
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freedom and mitigate correlation between percentages of each category (Figure 8). I used the 

first axis of the PCoA, which accounted for 40.84% of variation, as a summary of the substrate 

composition for each survey.  

There were 16 surveys in which we could not collect data on 1 or more water quality 

measures. As such, I elected to run mixed methods linear regression twice for each response 

variable; once with water quality as a variable (70 surveys) and once without water quality as a 

variable (85 surveys) to determine if points lost from missing data influenced my results.  

 I conducted statistical analysis using R (version 4.5.2; R Core Team 2026) and RStudio 

(Version 2026.01.1+403) with the packages “lme”, “readxl”, “vegan”, “ggplot2”, “dplyr”, 

“rlang”, “vctrs”. 
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RESULTS 

Between August 24 and November 24, 2025, we captured a total of 1,320 salamanders. 

Of these salamanders, 389 were northern dusky salamanders, 141 were southern two-lined 

salamanders, and 790 were juveniles (Figure 9). The fewest salamanders we captured in a survey 

was 1 individual—which occurred at Ramblewood Soccer Complex on October 17 and at 

Steven’s Creek Nature Preserve on October 23. These sites were in very low and high 

development categories, respectively. The greatest number of salamanders we captured in a 

survey was 45 individuals at Sherman’s Branch Nature Preserve on August 30. Sherman’s 

Branch was in the very low development category.  No northern dusky salamanders were 

captured at two sites, Steven’s Creek Nature Preserve (very low development category) and 

Ramblewood Soccer Complex (high development category). Steven’s Creek Nature Preserve 

was the only restored stream site we surveyed—but it is worth noting that this was also our 

deepest stream and thick vegetation along banks could have impacted salamander detection. We 

captured no southern two-lined salamanders at Melody Park (high development category), Plum 

Creek Park (high development category), or Latta Neighborhood Park (very high development 

category) sites. We caught no juveniles at the McIntyre Creek (moderate development category) 

site. The mean number of individuals we captured per survey was 15.25. 

The explanatory variables varied considerably between sites and surveys. The developed 

land coverage within 150 m ranged from 0.00% to 100.00%, with an average developed 

coverage of 65.71%. The estimated canopy cover over stream sites ranged from 7.54% to 97.4%, 

with the average canopy cover being 78.36%. The median stream discharge ranged from 0.001 to 

2.06 m3/second with an average discharge of 0.21 m3/second. For water quality: stream DO 1.41 

to 11.37 ppm with an average of 5.97, pH ranged from 6.16 to 8.17 with an average of 7.23, 
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stream SC ranged from 4.45 to 489.2 μS with an average of 179.15 μS, and water temperature 

ranged from 8 to 23.9 °C with an average of 16.3 °C. The average percent composition of 

streambed by category was: bedrock composition ranged from 0 to 1.67% with an average of 

0.02%, boulder composition ranged from 0 to 65% with an average of 14.63%, cobble 

composition ranged from 0 to 75% with an average of 22.74%, gravel composition ranged from 

1.67 to 75% with an average of 21.61%, silt/sand composition ranged from 1.67 to 85% with an 

average of 25.62%, and vegetative cover composition ranged from 0 to 85% with an average of 

20.64%. 

 I calculated the first 2 axes of the PCA for water quality (Table 1). Axis 1 accounted for 

34.38% of variation, while axis 2 accounted for 31.41% or variation. The correlation for DO was 

-0.25 for axis 1 and -0.42 for axis 2. For pH, the correlation was 0.66 for axis 1 and 0.20 for axis 

2. Correlation for SC was 0.71 for axis 1 and -0.33 for axis 2. Lastly, the correlation for water 

temperature was -0.001 for axis 1 and -0.82 for axis 2. I also calculated the first 2 axes of the 

PCoA for water quality (Table 2). The correlation for axis 1 was 40.84% and the correlation for 

axis 2 was 28.93%. 

Northern Dusky Salamander Relative Density  

The model that did not include water quality variables demonstrated that the proportion 

of developed land within 150 m of the sites had a significant effect on the relative density of 

northern dusky salamanders (Table 3). No other explanatory variables significantly impacted 

dusky density. The relative density of northern dusky salamanders responded positively to local 

developed land cover (Figure 10). No explanatory variables demonstrated significance in the 

model that included water quality PCA (Table 4). 
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Southern Two-lined Salamander Relative Density  

None of the explanatory variables were significant in the models for southern two-lined 

salamander relative density (Tables 5, 6). 

Adult Salamander Relative Density  

There was a significant relationship between the relative density of adult salamanders 

versus the percent developed cover within 150 m of the stream site in the model without the 

water quality as a variable (Table 7). A linear regression of adult salamander relative density 

versus percent urbanization within 150 m of the survey site demonstrated a positive relationship 

(Figure 11). No explanatory variables demonstrated significance in the model without water 

quality variables (Table 8). 

Juvenile Salamander Relative Density  

The model that included water PCA as an explanatory variable indicated a significant 

positive relationship between juvenile salamander relative density and survey (Table 9). The 

model for relative density of juveniles without the water quality as a variable also exhibited a 

significance positive relationship between juvenile salamander relative density and survey. 

(Table 10). Using linear regression, I found that there was a significant positive correlation 

between survey and juvenile salamander relative density (Figure 12, 13). 
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DISCUSSION 

My results failed to support my predictions on the impacts of urbanization on stream 

salamander densities and suggest that Mecklenburg salamanders are not negatively affected by 

developed land use. I found significant positive relationships between developed land cover 

within 150 m and the relative density of northern dusky salamanders and total adult salamanders. 

Southern two-lined salamander relative density, however, did not show a significant relationship 

with local development levels or any other predictor variables. These results indicate that 

development may not uniformly impact all salamander species. Some species may be able to 

take advantage of these urban environments. I also found that the survey had a significant 

positive relationship between surveys with relative density of juvenile salamanders. None of the 

local environmental variables that we measured in this study indicated significant impacts on the 

density of stream salamanders.  

These results contrasted with findings of past research. Possible explanations for our 

results could be the effectiveness of local management, decreased competition in urban streams, 

the utilization of urban food sources, and a change in juvenile detectability and abundance over 

the course of the fall season.  

 The positive relationship between northern dusky salamander relative density and local 

developed cover suggests that this species is not hindered by the effects of the Urban Stream 

Syndrome, and that the species may even be benefiting from increased developed cover. Since 

northern dusky salamanders have been regularly documented in urban streams, it would make 

sense that dusky salamanders could persist in urban areas where other salamanders are not 

present (Price et al. 2006, Price et al. 2012, Orser & Shure 1972, Macklem et al. 2020). However, 

our results contradict past studies, which have demonstrated that northern dusky salamanders 
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have lower densities with greater developed cover near streams (Price et al. 2010, Price 2012, 

Orser & Shure 1972).  

Possible reasons underlying a positive relationship between northern dusky salamander 

relative density and developed cover in our study may be the result of resource and water 

management within Mecklenburg County, a release from predation or competition with other 

salamander species, or an ability for northern dusky salamanders to utilize urban prey species. 

 Nearly all our survey sites were located on public land. Consequently, our sites may have 

overrepresented greenways, preserves, and otherwise managed lands. Literature on the impacts 

of roadways on salamanders have shown that, while paved cover is largely detrimental to 

salamander species, nearby forest cover and management can outweigh these impacts (Ochs et 

al. 2024, Guzy et al. 2019). Past research also suggests that dusky salamanders are sensitive to 

fine-scale landscape features, and it is possible that stream management practices within the 

county have enough of a positive effect on the local environment to mitigate the surrounding 

development levels (Macklem et al 2020). However, the lack of significant impact from local 

landscape variables makes it difficult to identify specific management choices that could aid 

stream salamander populations in the county. Only one survey site, Steven’s Creek Nature 

Preserve, was in a restored stream. Very few salamanders were captured here, but this may have 

been due to decreased detectability from how deep the water was and how much vegetative 

cover obstructed the stream banks. 

The absence of some aquatic species in the stream, such as spring salamanders, may be 

significant as well. As spring salamanders are a significant predator for northern dusky 

salamanders, its absence in the streams we sampled could result in increased survivorship and 

increased relative density of the species we captured (Petranka 1998). Even with non-predatory 
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species of salamanders, less interspecies competition may improve outcomes for northern dusky 

salamander populations. The literature suggests that the breeding season of the southern two-

lined salamander, the only other species we captured, overlaps with that of the northern dusky 

salamander (Petranka 1998). However, in our surveys the nesting sites and seasons of these 

species seemed dissimilar, as I found only northern dusky salamander broods in the fall during 

survey and southern two-lined salamander broods in the spring from personal observations. 

Additionally, nesting behavior varies between these species, with northern dusky salamanders 

ovipositing under cover along stream edges (within 1-2 m of the stream) and southern two-lined 

salamanders nesting under cover objects within the flowing water (Petranka 1998). Without other 

species competing for preferred brooding sites, northern dusky salamanders could have improved 

access to high quality nest sites, potentially improving brood outcomes and lowering stress on 

breeding females.  

This study did not investigate the diet of stream salamanders in Mecklenburg County, and 

as such we cannot compare the prey species of urban salamanders to those of salamanders in less 

developed streams. However, we do know that macroinvertebrate assemblages change with 

urbanization. Future research may indicate if there is variability in dietary habits of salamanders 

when invertebrate assemblages change with urbanization.  

While the impact of urbanization on southern two-lined salamanders was not statistically 

significant, the coefficient for local urbanization level was positive, indicating that the species is 

likely tolerating nearby development and impervious cover. As with northern dusky salamanders, 

southern two-lined salamander populations in Mecklenburg could potentially be benefitting from 

local management practices, less predation/competition with other salamanders, or an adaptive 

use of urban prey species. The fact that we see an increase with urbanization for northern dusky 
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salamander but not for this species could be in part caused by high territoriality of southern two-

lined salamanders, which may have limited the maximum relative density of our search areas 

(Petranka 1998). Previous research has also shown that adult southern two-lined salamanders are 

more terrestrial than other plethodontids, so individuals on the landscape may not have been 

detected during stream surveys (Petranka 1998). Female southern two-lined salamanders are 

dependent on streams for oviposition, so conducting surveys during peak breeding for this 

species (February through May) may yield more robust data (Petranka 1998).   

Past studies have demonstrated that southern two-lined salamanders are able to persist in 

urban landscapes (Barrett & Guyer 2008, Macklem et al. 2020, Price et al. 2010). However, these 

studies report negative correlations between southern two-lined salamander 

densities/occupancies and impervious surface or development levels.  

For the relative density of all adults, there was also a positive relationship between local 

urbanization levels and relative density. It is worth noting that, of the two species identified in 

the field, we captured 2.79 times more northern dusky salamanders than southern two-lined 

salamanders. Because of this, it is possible that the response of northern dusky salamanders to 

urbanization levels is skewing the results of our adult salamander model.  

As for juveniles, it is possible that individuals became more detectable as they grew, 

and/or individuals were added to the local population over time, resulting in the increase in 

juvenile density I observed from the first to the third survey. Recent research on southern two-

lined salamanders in Atlanta suggests that greater surface temperatures associated with 

impervious surfaces in urban areas may expedite growth and development of salamanders 

(Rittenburg & Pierson 2025). It is also known that stream systems with more surrounding 

impervious surfaces have higher temperatures and more frequent temperature spikes, which may 
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contribute to the growth rates of larval salamanders (Nelson & Palmer 2007). We also uncovered 

several brooding northern dusky salamanders and a hatching clutch of eggs during the survey 

season, which would suggest that new individuals were entering the population over our season.  

Either of these explanations would result in increased juvenile population densities between 

rounds of our surveys. As we did not take any measurements on the salamanders we captured, we 

cannot determine how, if at all, the average size of juveniles changed over the season.  

Since we only encountered two species of stream salamanders, we were not able to 

investigate other salamander population’s responses to our explanatory variables. As we do not 

have comparable data on salamander species density prior to urbanization, we also cannot know 

how salamander populations may have changed in the landscape over time, but models of 

southern two-lined salamanders and northern dusky salamanders suggest that the piedmont 

populations have decreased since the 1970s (Price et al. 2006). Research on more remote, 

undeveloped watersheds in the Piedmont region may help us infer what salamander diversity 

Mecklenburg stream systems had prior to the large-scale disturbance of a major metropolitan 

area.  

Limitations 

While our findings provide insight on understudied urban species, there are limitations to 

this research project. Mainly, this data only represents the relative densities of southern two-lined 

salamanders and northern dusky salamanders over a 3-month period. Further data collection 

during both fall and spring seasons and over recurring years would provide a greater 

understanding of how stream salamanders populations are changing over time in Mecklenburg as 

further land development occurs. Having before and after data to assess impacts of large-scale 

disturbances (large construction or restoration projects, large storms, pollution events, etc.) 
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would be particularly useful for conservation efforts. Repeated surveying would also allow for 

further investigation into salamander density as well as the life history and recruitment rates of 

each species in Mecklenburg.  

Future research on this topic will be vital to managing urban stream salamanders. While 

our stream surveys were ideal for studying northern dusky salamanders and larval salamanders, 

other salamander species in Mecklenburg were far less bound to the streams. Southern two-lined 

salamanders and the other salamanders listed on our permits utilize terrestrial habitat for large 

portions of their life history, sometimes only utilizing streams for their larval stage and 

reproduction (Petranka 1998). A more integrated survey approach with cover boards and pond 

surveying might better assess the populations of salamanders that largely reside in forest floors, 

ephemeral pools, or pond communities. We chose to conduct diurnal surveys for this study due to 

our large number of sites and the availability of student volunteers. Surveying at dawn for future 

research may increase capture rates, as we know many salamander species are most active on the 

surface within the first hour of sunrise (Petranka 1998).  
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CONCLUSION 

Our assessment of stream salamander populations in Mecklenburg County yielded 

unexpected results, highlighting the need to further investigate the ecology of salamanders in 

urban landscapes. We detected two species (northern dusky salamanders and southern two-lined 

salamanders) during field surveys. I found that increased developed land cover positively 

impacted northern dusky salamanders and overall adult salamander relative densities and that 

juvenile relative densities increased over the course of our surveys (August to November). We 

found that no other environmental factors significantly impacted the stream salamanders in the 

county. 

The expansion of urban development is a continuous challenge for conservation, and 

ensuring the persistence of wildlife within suburbs and cities will be an important part of 

mitigating the impacts of urbanization and sprawl. It is evident that stream salamander 

populations can endure within metropolitan footprints, and efforts should be made to assess how 

to improve habitat suitability within more urbanized watersheds. Determining where stream 

salamanders are present in Mecklenburg County could help to guide habitat improvement efforts 

and gauge if there is sufficient connectivity throughout the county to prevent extirpation from 

local stream systems. For these reasons, continued measure salamander presence will provide 

important insight on local water quality, ecosystem health, and effectiveness of existing green 

spaces. 
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Table 1. The correlations between the first 2 axes of a principal component analysis (PCA) and 

water quality variables. 

 

 

 Axis 1  Axis 2 

DO -0.2503 -0.4226 

pH 0.6561 0.1957 

SC 0.7120 -0.3301 

Temperature (°C) -0.0011 -0.8211 
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Table 2. The correlation between the first 2 axes of a principal coordinates analysis (PCoA) and 

substrate variables. 

 

 

 Variance Explained 

Axis 1 40.84% 

Axis 2 28.93% 
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Table 3. The results of a general linear mixed effects model of the log of northern dusky 

salamander (Desmognathus fuscus) without water quality measures as an explanatory variable in 

Mecklenburg County, North Carolina, USA. *t-value > |2.0|. Model contains 85 survey 

datapoints. 

 

 

 
Estimated 

Coefficient 
Standard Error t-Value 

Survey  0.0284 0.0267 1.065 

Percent Developed Land Cover 

(150 m)* 
0.0023* 0.0011* 2.088* 

Streambed Substrate PCoA Score -0.1341 0.0936 -1.432 

Estimated Canopy Cover at Site 0.0016 0.0010 1.550 

Median Stream Discharge -0.1070 0.0744 -1.439 
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Table 4. The results of a general linear mixed effects model of the log of northern dusky 

salamander (Desmognathus fuscus) including water quality PCA as an explanatory variable in 

Mecklenburg County, North Carolina, USA. Model contains 70 survey datapoints. 

 

 

 
Estimated 

Coefficient 
Standard Error t-Value 

Survey  0.0199 0.0306 0.650 

Percent Developed Land Cover 

(150 m) 
0.0022 0.0012 1.801 

Streambed Substrate PCoA Score -0.1692 0.1208 -1.401 

Estimated Canopy Cover at Site 0.0012 0.0013 0.891 

Median Stream Discharge -0.1111 0.0788 -1.410 

Water Quality (pH, temperature, 

DO, & SC) PCA Score 
0.0047 0.0180 0.262 
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Table 5. The results of a general linear mixed effects model of the log of southern two-lined 

salamander (Eurycea cirrigera) with water quality PCA included as an explanatory variable in 

Mecklenburg County, North Carolina, USA. Model contains 70 survey datapoints. 

 

 

 
Estimated 

Coefficient 
Standard Error t-Value 

Survey  -0.0303 0.0218 -1.390 

Percent Developed Land Cover 

(150 m) 
0.0002 0.0005 0.510 

Streambed Substrate PCoA Score 0.0314 0.0817 0.384 

Estimated Canopy Cover at Site -0.0002 0.0008 -0.290 

Median Stream Discharge -0.0291 0.0418 -0.696 

Water Quality (pH, temperature, 

DO, & SC) PCA Score 

0.0032 0.0112 
0.284 
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Table 6. The results of a general linear mixed effects model of the log of southern two-lined 

salamander (Eurycea cirrigera) without water quality PCA as an explanatory variable in 

Mecklenburg County, North Carolina, USA. Model contains 85 survey datapoints. 

 

 

 
Estimated 

Coefficient 

Standard 

Error 
t-Value 

Survey  -0.0226 0.0207 -1.092 

Percent Developed Land Cover (150 

m) 
0.0002 0.0005 0.357 

Streambed Substrate PCoA Score 0.0199 0.0703 0.283 

Estimated Canopy Cover at Site -0.0002 0.0007 -0.294 

Median Stream Discharge -0.0311 0.0408 -0.764 
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Table 7. The results of a general linear mixed effects model of the log of adult salamanders 

without water quality PCA as an explanatory variable in Mecklenburg County, North Carolina, 

USA. *t-value > |2.0|. Model contains 85 survey datapoints. 

 

 

 
Estimated 

Coefficient 

Standard 

Error 
t-Value 

Survey  0.0091 0.0342 0.267 

Percent Developed Land Cover 

(150 m)* 
0.0024* 0.0011* 2.212* 

Streambed Substrate PCoA Score -0.1125 0.1194 -0.942 

Estimated Canopy Cover at Site 0.0014 0.0013 1.071 

Median Stream Discharge -0.1389 0.0855 -1.625 
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Table 8. The results of a general linear mixed effects model of the log of adult salamanders with 

water quality PCA as an explanatory variable in Mecklenburg County, North Carolina, USA. 

Model contains 70 survey datapoints. 

 

 

 
Estimated 

Coefficient 

Standard 

Error 
t-Value 

Survey  -0.0034 0.0367 -0.094 

Percent Developed Land Cover 

(150 m) 
0.0023 0.0012 1.857 

Water Quality PCA score 0.0080 0.0211 0.382 

Streambed Substrate PCoA Score -0.1587 0.1434 -1.107 

Estimated Canopy Cover at Site 0.0009 0.0016 0.562 

Median Stream Discharge -0.1396 0.0886 -1.575 
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Table 9. The results of a general linear mixed effects model of the log of juvenile salamanders 

with water quality PCA as an explanatory variable in Mecklenburg County, North Carolina, 

USA. *t-value > |2.0|. Model contains 70 survey datapoints. 

 

 

 Estimated Coefficient Standard Error t-Value 

Survey* 0.1387* 0.0409* 3.391* 

Percent Developed Land Cover 

(150 m) 

-0.0013 0.0015 
-0.847 

Water Quality PCA score -0.0097 0.0238 -0.408 

Streambed Substrate PCoA 

Score 

-0.2937 0.1607 
-1.828 

Estimated Canopy Cover at Site 0.0006 0.0018 0.339 

Median Stream Discharge -0.0635 0.1023 -0.621 
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Table 10. The results of a general linear mixed effects model of the log of juvenile salamanders 

without water quality PCA as an explanatory variable in Mecklenburg County, North Carolina, 

USA. *t-value > |2.0|. Model contains 85 survey datapoints. 

 

 

 
Estimated 

Coefficient 

Standard 

Error 
t-Value 

Survey* 0.1188* 0.0447* 2.660* 

Percent Developed Land Cover 

(150 m) 
-0.0008 0.0013 -0.633 

Streambed Substrate PCoA Score -0.1912 0.1551 -1.233 

Estimated Canopy Cover at Site 0.0013 0.0016 0.800 

Median Stream Discharge -0.0897 0.1054 -0.851 
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Figure 1. A land use map of Mecklenburg County, NC, USA sourced from the National Land 

Cover Use Database 2024 Land Use Map (U. S. Geological Survey 2026). 
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Figure 2. A map of developed and non-developed land cover in Mecklenburg County, NC, USA 

based on 2024 NLCD data (U. S. Geological Survey 2026). 
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Figure 3. A map of the percentage of developed land cover in watersheds and the locations of 

salamander survey sites in Mecklenburg County, North Carolina, USA. 

 

 

 

 

  



40 

 

Figure 4. Illustration depicting the set-up of field data collection for this project. Each survey 

consisted of a 30-minute salamander visual encounter survey that started at the 10 m mark and 

progressed to the 0 m mark. After the salamander survey, we would collect water quality data at 

the 5 m mark, canopy cover data at the 0 and 10 m marks, and we would assess substrate plots at 

the 1, 5, and 9 m marks. 
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Figure 5. A map of the percentage of developed land cover within 150 m of salamander survey 

sites in Mecklenburg County, North Carolina, USA. 
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Figure 6. A map of the USGS Water Gauges that we sourced discharge data from for survey sites 

in Mecklenburg County, North Carolina, USA. 
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Figure 7. Biplot of the first 2 axes of a PCA for water quality variables (DO, pH, SC, and water 

temperature). 
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Figure 8. Biplot of the first 2 axes of a PCoA for substrate composition scores for cover 

categories of bedrock, boulder, cobble, gravel, sand/silt, and vegetative cover. 
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Figure 9. Photos of salamanders we collected during visual encounter surveys between August 

and November 2025 in Mecklenburg County, NC, USA. (A) An adult northern dusky salamander 

(Desmognathus fuscus). (B) An adult southern two-lined salamander (Eurycea cirrigera). (C) A 

juvenile stream salamander with external gills. 
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Figure 10. The effect of developed land cover within 150 m of survey site in Mecklenburg 

County, North Carolina, USA on northern dusky salamander (Desmognathus fuscus) relative 

density in streams. (85 datapoints without water quality PCA). 
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Figure 11. The effect of developed land cover within 150 m of survey site in Mecklenburg 

County, North Carolina, USA on adult salamander relative density in streams. (85 datapoints 

without water PCA). 
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Figure 12. The effect of survey round on juvenile salamander relative density in streams of 

Mecklenburg County, North Carolina, USA. (85 datapoints without water quality PCA). 
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Figure 13. Boxplot of juvenile salamander relative density by round from streams of 

Mecklenburg County, North Carolina, USA. (85 datapoints without water quality PCA). 
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APPENDIX A – REGRESSIONS FROM MODELS WITH WATER QUALITY PCA 

The effect of survey on northern dusky salamander (Desmognathus fuscus) relative density in 

streams in Mecklenburg County, North Carolina, USA. Model contains 70 datapoints.
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Boxplot of northern dusky salamander (Desmognathus fuscus) relative density by round from 

streams of Mecklenburg County, North Carolina, USA. Model contains 70 survey datapoints. 
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The effect of local developed cover (within 150 m of the survey site) on northern dusky 

salamander (Desmognathus fuscus) relative density in streams in Mecklenburg County, North 

Carolina, USA. Model contains 70 datapoints.
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The effect of water quality on northern dusky salamander (Desmognathus fuscus) relative density 

in streams in Mecklenburg County, North Carolina, USA. Water quality scores from first axis of 

a Principal Component Analysis of DO, pH, SC, and water temperature (°C). Model contains 70 

datapoints. 
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The effect of substrate composition on northern dusky salamander (Desmognathus fuscus) 

relative density in streams in Mecklenburg County, North Carolina, USA. Substrate composition 

scores from first axis of a Principal Coordinates Analysis of coverage scores for substrate 

categories (bedrock, boulder, cobble, gravel, sand/silt, and vegetation). Model contains 70 

datapoints. 
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The effect of canopy cover over the stream on northern dusky salamander (Desmognathus 

fuscus) relative density in streams in Mecklenburg County, North Carolina, USA. Model contains 

70 datapoints. 
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The effect of stream discharge (m3/sec) on northern dusky salamander (Desmognathus fuscus) 

relative density in streams in Mecklenburg County, North Carolina, USA. The median discharge 

was used from the 7 days preceding the survey. Discharge data taken from USGS water quality 

gauges. Model contains 70 datapoints. 
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The effect of survey on southern two-lined salamander (Eurycea cirrigera) relative density in 

streams in Mecklenburg County, North Carolina, USA. Model contains 70 datapoints.
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Boxplot of southern two-lined salamander (Eurycea cirrigera) relative density by round from 

streams of Mecklenburg County, North Carolina, USA. 70 survey datapoints. 
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The effect of local developed cover (within 150 m of the survey site) on southern two-lined 

salamander (Eurycea cirrigera) relative density in streams in Mecklenburg County, North 

Carolina, USA. Model contains 70 datapoints. 
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The effect of water quality on southern two-lined salamander (Eurycea cirrigera) relative density 

in streams in Mecklenburg County, North Carolina, USA. Water quality scores from first axis of 

a Principal Component Analysis of DO, pH, SC, and water temperature (°C). Model contains 70 

datapoints. 
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The effect of substrate composition on southern two-lined salamander (Eurycea cirrigera) 

relative density in streams in Mecklenburg County, North Carolina, USA. Substrate composition 

scores from first axis of a Principal Coordinates Analysis of coverage scores for substrate 

categories (bedrock, boulder, cobble, gravel, sand/silt, and vegetation). Model contains 70 

datapoints. 
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The effect of canopy cover over the stream on southern two-lined salamander (Eurycea 

cirrigera) relative density in streams in Mecklenburg County, North Carolina, USA. Model 

contains 70 datapoints. 
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The effect of stream discharge (m3/sec) on southern two-line salamander (Eurycea cirrigera) 

relative density in streams in Mecklenburg County, North Carolina, USA. The median discharge 

was used from the 7 days preceding the survey. Discharge data taken from USGS water quality 

gauges. Model contains 70 datapoints. 
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The effect of survey on juvenile salamander relative density in streams in Mecklenburg County, 

North Carolina, USA. Model contains 70 datapoints.
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Boxplot of juvenile salamander relative density by round from streams of Mecklenburg County, 

North Carolina, USA. 70 datapoints.
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The effect of local developed cover (within 150 m of the survey site) on juvenile salamander 

relative density in streams in Mecklenburg County, North Carolina, USA. Model contains 70 

datapoints. 
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The effect of water quality on juvenile salamander relative density in streams in Mecklenburg 

County, North Carolina, USA. Water quality scores from first axis of a Principal Component 

Analysis of DO, pH, SC, and water temperature (°C). Model contains 70 datapoints. 
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The effect of substrate composition on juvenile salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Substrate composition scores from first axis of a 

Principal Coordinates Analysis of coverage scores for substrate categories (bedrock, boulder, 

cobble, gravel, sand/silt, and vegetation). Model contains 70 datapoints. 
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The effect of canopy cover over the stream on juvenile salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Model contains 70 datapoints. 
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The effect of stream discharge (m3/sec) on juvenile salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. The median discharge was used from the 7 days 

preceding the survey. Discharge data taken from USGS water quality gauges. Model contains 70 

datapoints. 
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The effect of survey on adult salamander relative density in streams in Mecklenburg County, 

North Carolina, USA. Model contains 70 datapoints.
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Boxplot of adult salamander relative density by round from streams of Mecklenburg County, 

North Carolina, USA. 70 datapoints.
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The effect of local developed cover (within 150 m of the survey site) on adult salamander 

relative density in streams in Mecklenburg County, North Carolina, USA. Model contains 70 

datapoints. 
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The effect of water quality on adult salamander relative density in streams in Mecklenburg 

County, North Carolina, USA. Water quality scores from first axis of a Principal Component 

Analysis of DO, pH, SC, and water temperature (°C). Model contains 70 datapoints. 
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The effect of substrate composition on adult salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Substrate composition scores from first axis of a 

Principal Coordinates Analysis of coverage scores for substrate categories (bedrock, boulder, 

cobble, gravel, sand/silt, and vegetation). Model contains 70 datapoints. 
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The effect of canopy cover over the stream on adult salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Model contains 70 datapoints. 
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The effect of stream discharge (m3/sec) on adult salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. The median discharge was used from the 7 days 

preceding the survey. Discharge data taken from USGS water quality gauges. Model contains 70 

datapoints. 
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APPENDIX B – REGRESSIONS FROM MODELS WITHOUT WATER QUALITY PCA  

The effect of survey on northern dusky salamander (Desmognathus fuscus) relative density in 

streams in Mecklenburg County, North Carolina, USA. Model contains 85 datapoints.
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Boxplot of northern dusky salamander (Desmognathus fuscus) relative density by round from 

streams of Mecklenburg County, North Carolina, USA. 85 datapoints.
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The effect of substrate composition on northern dusky salamander (Desmognathus fuscus) 

relative density in streams in Mecklenburg County, North Carolina, USA. Substrate composition 

scores from first axis of a Principal Coordinates Analysis of coverage scores for substrate 

categories (bedrock, boulder, cobble, gravel, sand/silt, and vegetation). Model contains 85 

datapoints. 
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The effect of canopy cover over the stream on northern dusky salamander (Desmognathus 

fuscus) relative density in streams in Mecklenburg County, North Carolina, USA. Model contains 

85 datapoints. 
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The effect of stream discharge (m3/sec) on northern dusky salamander (Desmognathus fuscus) 

relative density in streams in Mecklenburg County, North Carolina, USA. The median discharge 

was used from the 7 days preceding the survey. Discharge data taken from USGS water quality 

gauges. Model contains 85 datapoints. 
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The effect of survey on southern two-lined salamander (Eurycea cirrigera) relative density in 

streams in Mecklenburg County, North Carolina, USA. Model contains 85 datapoints.
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Boxplot of southern two-lined salamander (Eurycea cirrigera) relative density by round from 

streams of Mecklenburg County, North Carolina, USA. 85 datapoints.
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The effect of local developed cover (within 150 m of the survey site) on southern two-lined 

salamander (Eurycea cirrigera) relative density in streams in Mecklenburg County, North 

Carolina, USA. Model contains 85 datapoints. 
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The effect of substrate composition on southern two-lined salamander (Eurycea cirrigera) 

relative density in streams in Mecklenburg County, North Carolina, USA. Substrate composition 

scores from first axis of a Principal Coordinates Analysis of coverage scores for substrate 

categories (bedrock, boulder, cobble, gravel, sand/silt, and vegetation). Model contains 85 

datapoints. 
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The effect of canopy cover over the stream on southern two-lined salamander (Eurycea 

cirrigera) relative density in streams in Mecklenburg County, North Carolina, USA. Model 

contains 85 datapoints. 
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The effect of stream discharge (m3/sec) on southern two-lined salamander (Eurycea cirrigera) 

relative density in streams in Mecklenburg County, North Carolina, USA. The median discharge 

was used from the 7 days preceding the survey. Discharge data taken from USGS water quality 

gauges. Model contains 85 datapoints. 
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The effect of local developed cover (within 150 m of the survey site) on juvenile salamander 

relative density in streams in Mecklenburg County, North Carolina, USA. Model contains 85 

datapoints. 
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The effect of substrate composition on juvenile salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Substrate composition scores from first axis of a 

Principal Coordinates Analysis of coverage scores for substrate categories (bedrock, boulder, 

cobble, gravel, sand/silt, and vegetation). Model contains 85 datapoints. 
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The effect of canopy cover over the stream on juvenile salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Model contains 85 datapoints. 
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The effect of stream discharge (m3/sec) on juvenile salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. The median discharge was used from the 7 days 

preceding the survey. Discharge data taken from USGS water quality gauges. Model contains 85 

datapoints. 
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The effect of survey on adult salamander relative density in streams in Mecklenburg County, 

North Carolina, USA. Model contains 85 datapoints.
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Boxplot of adult salamander relative density by round from streams of Mecklenburg County, 

North Carolina, USA. 85 datapoints.
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The effect of substrate composition on adult salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Substrate composition scores from first axis of a 

Principal Coordinates Analysis of coverage scores for substrate categories (bedrock, boulder, 

cobble, gravel, sand/silt, and vegetation). Model contains 85 datapoints. 
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The effect of canopy cover over the stream on adult salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. Model contains 85 datapoints. 
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The effect of stream discharge (m3/sec) on adult salamander relative density in streams in 

Mecklenburg County, North Carolina, USA. The median discharge was used from the 7 days 

preceding the survey. Discharge data taken from USGS water quality gauges. Model contains 85 

datapoints. 

 

 

 


