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Executive Summary

Aneides hardii (Sacramento Mountain salamander) is found in cool, moist islands of montane
forests, and talus rock at high elevation in Southern New Mexico. They have a fragmented
distribution that spans approximately 160 kilometers encompassing three high elevation mountains
ranges including the Capitan, White, and Sacramento Mountains. Aneides hardii is a species of
conservation concern in New Mexico. The objectives of this study were to obtain population-level
genetic data from 4. hardii, including both mitochondrial and nuclear DNA loci, to describe the
distribution of genetic variation across the range of the species. Our major findings were: (1)
mitochondrial sequence data identified three genetically distinct lineages restricted to the three
mountain ranges occupied by 4. hardii (Capitan, White, and Sacramento Mountains), consistent
with a previous study utilizing allozymes (Pope and Highton 1980). Preliminary microsatellite
results were also consistent with this result. (2) Estimates of divergence times among these lineages
suggest separation since the early Pleistocene, and there was no indication that these populations
came into contact during more recent glacial periods. This result suggests that other landscape
features may have served as barriers and/or life-history features of 4. hardii, such as small home
range, may have prevented secondary contact. (3) Genetic diversity differed among the lineages,
with high diversity and deeper divergence among haplotypes restricted to the Capitan Mountains,
very low diversity in the White Mountains, and high diversity with low divergence among
haplotypes in the Sacramento Mountains lineage. These results suggest very different demographic
histories within each lineage. Based on these results, we suggest that each of the lineages of 4.

hardii be designated as a distinct evolutionarily significant unit.



Introduction

Dramatic oscillations in climate produce significant changes in both fauna and flora. The last
700,000 years were dominated by ice ages occurring at approximately 100,000 year cycles. These
were punctuated by shorter, warmer and wetter interglacial periods (reviewed in Hewitt 1996). The
most recent ice age was 21,000 years ago and lasted until 11,500 year ago. During the interglacial
periods, many montane specialists migrated upslope to cool climatic refugia. These have been
referred to as “sky islands” (Warshall 1995). Sky islands are vertically stacked biotic communities
which can support this type of clinal migration. These complexes can harbor greater species
diversity, endemism, and clinal variation than comparable inland areas (Warshall 1999). Numerous
studies have shown that the isolation of sky islands tends to create genetic structure in populations,
and the degree of structure depends on how long local populations have been isolated on these
habitat islands and can also depend on the size of local populations. For example, highly structured
populations were identified in the New Mexico ridge-nosed rattlesnake (Crotalus willardi
obscurus, Holycross and Douglas 2007) and the Mexican jay (4dphelocoma ultramarina,
McCormack et al. 2008). In plethodontid salamanders, population fragmentation can promote
species diversity and rapid diversification, as seen in eastern Plethodontidae (Kozak et al. 2002).
Conversely, isolation and small effective population size can erode genetic diversity, which has
been documented in fire salamanders (Alvarez et al. 2015) and the long-toed salamander

(Ambystoma macrodactulym) over ecological time (Giordano et al. 1999).

Aneides hardii (Sacramento Mountain salamander) is found on high-elevation sky islands in New
Mexico mountains to the east of the Madrean sky island archipelago, which is between the
southern Rocky Mountains and Sierra Madre Occidental (Warshall 1999). Aneides hardii depends
on cool, moist islands of montane forests with talus rock. Aneides hardii’s range is distributed
across approximately 160 kilometers on three high elevation mountains ranges, Capitan, White,
and Sacramento Mountains, in southern New Mexico (Degenhardt et al. 2005, Pope and Highton
1980). Aneides hardii, like most Plethodontidae, are long lived (at least 10 years) and have a small
home range (Ramotnik 1997). Pope and Highton (1980) used alloymes to examine samples of 4.
hardii from Sacramento, White, and Capitan Mountains populations and they found evidence for
genetic divergence among populations in different mountain ranges. However, sampling was

limited to single sites representing each mountain range.
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Figure 4. Capitan Mountain haplotype network color coded by sampling locality. Dots between
large circles represent nucleotide substitutions. Numbers within the large circles refer to the

haplotype number. Circle size reflects haplotype frequency.
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Figure 5. White Mountains haplotype network color coded by sampling locality. Dots between
large circles represent nucleotide substitutions. Numbers within the large circles refer to the

haplotype number. Circle size reflects haplotype frequency.
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Figure 6. Sacramento Mountains haplotype network color coded by sampling locality. Dots
between large circles represent nucleotide substitutions. Numbers within the large circles refer to

the haplotype number. Circle size reflects haplotype frequency.
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Figure 7. Aneides hardii divergence time (in millions of years) between mitochondrial lineages
(Capitan- Green, White Mountains- Red and Sacramento Mountains- Blue) with 95% confidence
intervals shown by the branch nodes. Haplotype numbers are also shown. The outgroup is not

shown on the figure.
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