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Figure 1 Map of study sites. Map of study sites in relation to urbanization in the NYC metropolitan area.
Areas colored in shades of red and purple denote landscape areas with increasingly greater percentages of
impervious surfaces as measured by the 2006 National Landcover Database (Homer et al., 2004).

(http://www.fws.gov/ventura/species_information/protocols_guidelines/docs/DAFTA.
pdf) and the NY State Department of Environmental Conservation’s “Bio-safety Protocols
for Reptile and Amphibian Sampling”. Five previously described microsatellite loci were
PCR-amplified in 15 1 volumes using Promega PCR master mix and published thermal
cycling profiles. PCR included one primer with a CAG or M13R tail and an associated
probe with fluorescent WellRED D2, D3, or D4 dye. The total reaction included 7.5 1
master mix, 4.4 lwater, 0.8 lofthe 10 M untailed primer, and 0.4 leachofthe 10 M
tailed primer and 10 M fluorescent probe. The amplified loci included Dau3, Daull, and
Daul2 from Croshaw ¢ Glenn (2003), Doc03 from Adams, Jones ¢ Arnold (2005), and
ENS6 from Devitt et al. (2009). PCR fragments were separated and sized on a Beckman
Coulter CEQ8000 sequencer. Alleles were scored using automatic binning procedures
followed by visual inspection in the Beckman fragment analysis software. The genotypes
and spatial coordinates for all study sites are available on the Dryad digital repository
(DOI110.5061/dryad.q1nc0).
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Each locus was tested for deviations from Hardy—Weinberg (HWE) and linkage
equilibrium over the total sample of 141 genotypes and within each of the five sampling
sites using GENEPOP 4.0 (Rousset, 2008). We also used MICRO-CHECKER to analyze
genotypes within each population for homozygote excess due to null alleles, allelic
dropout, or errors in allele calling due to stuttering (van Qosterhout et al., 2004). To
characterize genetic diversity, we calculated the numbers of alleles, effective alleles, and
private alleles at each site, and the observed and expected heterozygosity at each site and
for each locus across the entire sample, using GenAlex 6.4 (Peakall & Smouse, 2005). We
tested for genetic bottlenecks in each population using the authors’ recommended settings
for microsatellites (TPM; 95% single-step mutations) in BOTTLENECK 1.2 (Piry, Luikart
¢~ Cornuet, 1999).

To examine population differentiation, we calculated pairwise Fsr between all site pairs
using 1,000 random permutations in GenAlex to assess significance. We then used the
evolutionary clustering method implemented in STRUCTURE 2.3 to place individual
genotypes in clusters that minimized deviations from Hardy—Weinberg and linkage
equilibria (Pritchard, Stephens ¢ Donnelly, 2000). We did not use the sampling site as
prior information, and allowed for correlated allele frequencies and genetic admixture
across populations (Falush, Stephens ¢ Pritchard, 2003). We conducted ten replicate runs
for each value of K = 1-10, with a burn-in of 500,000 followed by 4.5 million iterations.
The most likely K was identified using the mean and standard deviation of Pr (X|K), and
the AK method from Evanno, Regnaut & Goudet (2005), as calculated by the STRUCTURE
HARVESTER (Earl ¢ vonHoldt, 2011). We used CLUMPP 1.1 (Jakobsson ¢ Rosenberyg,
2007) and DISTRUCT 1.1 (Rosenberg, 2004) to align and visualize the results of the ten
replicates at the most likely value of K. We also used the ‘spatial clustering of groups’
module in BAPS 5.2 to identify the best value of K using predefined sampling sites and
spatial coordinates as prior information (Corander, Sirén ¢ Arjas, 2008).

RESULTS & DISCUSSION

All loci were in linkage equilibrium across the entire dataset and within each population.
However, all loci deviated from HWE across the entire dataset (Table 1), most likely due
to a Wahlund effect resulting from population structure. Most loci within sites were in
HWE except for three loci in Highbridge Park South (Table 2). Loci within each population
exhibited no evidence of homozygote excess in MICROCHECKER due to microsatellite
errors, with the exception of two markers in the Highbridge Park South population that
were positive for null alleles (Doc03 and Ens06).

Heterozygosity was moderately low for the NJ and Staten Island sites (Hp = 0.40-0.57),
but considerably lower for both north (Hp = 0.14) and south (Hp = 0.29) Highbridge
Park in Manhattan (Table 2). We found evidence of genetic bottlenecks for both
Highbridge sites and the Watchung Reservation, but not the Staten Island populations.
These populations all exhibited substantially lower heterozygosity at the same loci as D.
auriculatus (Hp = 0.63-0.94; Croshaw ¢ Glenn, 2003) and D. ocoee (Hp = 0.95; Adams,
Jones & Arnold, 2005) sampled from non-urban streams. Five microsatellite markers are
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Table 1 Characteristics of five microsatellite loci genotyped in five NYC populations.

Locus Allele size range N N Ab Ng© HO‘l Hg¢ HWES

Dau3* 124-268 122 8 1.86 0.246 0.462 ek

Daull® 275-319 136 9 2.42 0.331 0.589 ek

Daul2® 273-405 110 17 5.3 0.573 0.811 ks

D0c03h 153-185 125 8 2.01 0.32 0.502 ity

Ens6“ 120-188 127 10 2.19 0.142 0.542 bbb
Notes.

? Number of individuals genotyped in five populations.
b Number of alleles.

¢ Number of effective alleles.

d Observed heterozygosity.

¢ Expected heterozygosity.

feex significant deviation (P < 0.0001) from Hardy-Weinberg equilibrium for entire dataset.

Table 2 Genetic variation and bottlenecks among populations of northern dusky salamanders in NYC
area. Statistics were calculated both separately and combined for the north and south samples from

Highbridge Park.
Site N*  N4® Ng¢ Npd He® Hgf By®  HWE!
Highbridge North 32.4 2.4 1.24 1 0.143 0.151 0.016 —
Highbridge South 29.0 5.2 1.65 11 0.288 0.293 0.031 Daull, Doc3, Ens6
Highbridge combined  61.4 5.8 1.44 13 0.18 0.229 0.016 Daull, Doc3, Ens6
Corson’s Brook Woods 18.8 5.4 3.58 5 0.567  0.651 0.89 Daull, Ens6
Reed’s Basket Willow 242 3.6 1.9 3 0.406  0.428 0.313 Ensé6
Watchung Reservation 19.6 4.0 2.15 5 0.398 0.425 0.031 Dau3
Notes.

 Average number of individuals genotyped at five loci.

b Average number of alleles.

¢ Average number of effective alleles.

d Number of private alleles.

¢ Observed heterozygosity.

f Expected heterozygosity.

& P-value from bottleneck analysis.

h Loci deviating significantly (P < 0.05) from Hardy—Weinberg equilibrium.

predicted to have sufficient power for detecting only moderate to severe bottlenecks, but
the variability of tetranucleotide microsatellites and relatively large number of individuals
sampled from each population somewhat offset concerns over the number of loci (Cornuet
& Luikart, 1996). Substantial population bottlenecks are plausible demographic scenarios
for the Manhattan populations given that they inhabit two tiny seeps in a degraded urban
secondary forest, and dusky salamanders do not occur elsewhere in Manhattan or even
in neighboring counties on different landmasses. The Watchung Reservation population
occurs in a relatively large, contiguous protected area, but D. fuscus may be confined to a
single stream there and no known extant populations exist nearby. Larger protected areas,
population sizes, and the potential ability to disperse through stream networks may have
prevented substantial demographic decline in Staten Island populations.
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