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ABSTRACT
Woodland salamanders (Plethodon spp.) are important contributors to
biodiversity and trophic processes within Appalachian forests. However, altered
microclimates and vegetation structure after timber harvest, such as increased soil
temperatures and reduced ground cover, can result in long-term population declines of
some Appalachian salamanders. If changes in forest structure following harvest alter
salamander habitat quality, conversion of forests to pastures or meadows presumably
would cause even more severe and permanent impacts. However, woodland salamander
responses to Appalachian grazing systems are virtually unknown. Herein, I present
results of research measuring responses of red-backed salamanders (Plethodon cinereus)
to silvopasture and m eadow conversion treatments in southern West Virginia. Artificial
coverboards searches within northern red oak (Quercus rubra) silvopasture (6.7 m2/ ha
basal area), hay meadow (>5 years after forest conversion), forest edge, and reference
forest plots yielded 2,675 salamanders between May 2004 and November 2005. Because
abundance differed significantly between years, I conducted analyses of the relationships
between salamander presence and abundance and habitat characteristics separately for
2004 and 2005. Models that contained percent herbaceous vegetation and treatment type
best predicted salamander presence and abundance in both 2004 and 2005. Salamander
presence and abundance was positively associated with percent herbaceous vegetation
and negatively associated with increasingly disturbed treatment types, such as grazed
meadows and silvopastures. Ungrazed meadows had the highest average percent cover
of herbaceous vegetation, followed by woodland edges. Dense herbaceous vegetation
may mitigate the loss of canopy cover in habitats that are not regularly grazed by
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livestock, such as silvopastures and grazed meadows. I found that salamander
physiological condition and adult sex ratios did not differ significantly among treatment
types, whereas hay meadows had significantly more adults than other treatments. My
results indicate that red-backed salamanders may be more resilient to changes in forest
cover and structure than previously thought, however populations within meadow
habitats may not represent healthy populations in their age structure. My Mark-recapture
results indicate that salamanders in both meadows and silvopastures were dispersers from
woodland habitats, rather than resident populations. Area-constrained searches showed
that silvopasture and meadow habitats were unsuitable for residence of red-backed
salamanders, but that salamanders may be able to use these habitats in the presence of
artificial cover objects.
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INTRODUCTION
Woodland salamanders of the family Plethodontidae are perhaps the most
abundant vertebrates in the moist temperate forests of North America (Petranka 1998). In
eastern deciduous forests the density of red-backed salamanders (Plethodon cinereus) and
other terrestrial plethodontids can exceed 1-2 individuals/m2 (Burton and Likens 1975,
Hairston 1987, Mathis 1991), with the biomass of woodland salamanders regularly
surpassing that of birds and mammals combined (Burton and Likens 1975, Hairston
1987). Accordingly, woodland salamanders are considered important components of
forest food webs. These species cycle nutrients into higher levels of food webs by
feeding on invertebrate detritivores (Jaeger 1972, Burton and Likens 1975, Burton 1976)
and in turn serve as prey for larger vertebrates (Pough 1983, Petranka 1998). Thus,
woodland salamanders provide an important link in the transfer of trophic energy within
forested ecosystems (Burton and Likens 1975, Dunson et al. 1992).
Despite their abundance, most woodland salamanders generally are restricted to a
relatively narrow range of environmental conditions. Because plethodontids are lungless
and rely entirely on cutaneous respiration, their skin must remain moist to permit efficient
gas exchange (Feder 1983). The moist and permeable skin of woodland salamanders
makes them vulnerable to desiccation and limits activity on the forest floor to periods
when humidity and soil moisture are high (Spotila 1972). Consequently, woodland
salamanders spend most of the time in moist and cool environments beneath woody
debris and rocks, or in burrows (Feder 1983, Grover 1998, Petranka 1998). Even when
conditions are favorable, terrestrial salamanders risk desiccation during periods of surface
activity and must periodically retreat to moist microhabitats to rehydrate (Feder 1983).
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Individuals surface to feed periodically, often at night, and then return to surface cover or
burrows where the risks of predation and desiccation are reduced (Smith and Petranka
2000).
Because of requirement for cool, moist environments, many woodland
salamanders are associated with characteristics of mature or late successional forests
(deMaynadier and Hunter 1995, Petranka 1998, Russell et al. 2004a). Presence and
abundance of woodland salamanders have been positively correlated with the volume of
coarse woody debris (CWD; Petranka et al. 1994, Brooks 1999, Grover and Wilbur
2002), stand age (Petranka et al. 1993, 1994; Ford et al. 2002a, Hicks and Pearson 2003),
canopy cover (DeGraaf and Yamasaki 2002, Duguay and Wood 2002, Morneault et al.
2004), depth and type of leaf litter (Pough et al. 1987, deMaynadier and Hunter 1998),
organic soil layer moisture and depth (DeGraaf and Yamasaki 2002), and understory
vegetation density (Pough et al. 1987, Brooks 1999, DeGraaf and Yamasaki 2002,
Morneault et al. 2004). Because they do not require aquatic habitats for breeding,
terrestrial plethodontids are relatively sedentary, with home ranges on the order of tens of
square meters or less and limited dispersal ability (Kleeberger and Werner 1982, Mathis
1990, 1991; Marvin 1998). Further, population densities, sex-ratios, and age distributions
of woodland salamanders are stable over time, and appear largely unaffected by
stochastic events, except for severe habitat disturbance (Hairston 1987, Grover 1998).
Therefore, woodland salamanders have been suggested as good indicators of changes in
the composition and structure of forest ecosystems (Jung et al. 2000, Hyde and Simons
2001, Welsh and Droege 2001).
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Studies in the Appalachians and other eastern forests have reported negative
effects of timber harvest on woodland salamanders, with responses related to the intensity
of disturbance and consequent changes to forest floor microhabitats (deMaynadier and
Hunter 1995, Russell et al. 2004a). Several studies reported that salamanders were
extirpated in clearcuts or remained at very low densities where CWD or leaf litter was
still present (Pough et al. 1987, Ash 1988, 1997; Petranka et al. 1993, 1994; Harper and
Guynn 1999, Ford et al. 2002a, DeGraaf and Yamasaki 2002, Duguay and Wood 2002,
Knapp et al. 2003, Morneault et al. 2004) or where this ground cover was completely
removed (Wyman 1988, Waldick et al. 1999). In contrast, responses of salamanders to
alternative harvest practices including firewood cutting, thinning, shelterwoods, and
selective harvests are equivocal, with some studies reporting relatively small reductions
in abundance (Pough et al. 1987, Enright 1998, Messere and Ducey 1998, Brooks 1999,
Harpole and Haas 1999, Knapp et al. 2003) or no effects (Bartman et al. 2001, Ford et al.
2002b).
Presumably, the microclimatic, vegetation, and structural changes that occur after
timber harvest, and clearcutting in particular, create unsuitable conditions for woodland
salamanders (deMaynadier and Hunter 1995, Russell et al. 2004a). Canopy removal
increases light penetration that results in higher soil temperatures and greater evaporative
water losses. Leaf litter, CWD, and understory vegetation, may be reduced following
harvest and site preparation. Moreover, harvested areas are subject to greater fluctuations
in temperature and humidity, and to increased soil surface disturbance (Russell et al.
2004a). Edge effects produced by the contrast between recently harvested areas and
adjacent mature stands also may degrade microclimates of remaining salamander habitats
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(deMaynadier and Hunter 1998, DeGraaf and Yamasaki 2002). These conditions can
force woodland salamanders into fossorial “refuge” habitats to avoid desiccation.
Unfortunately, successful foraging is infrequent and long-term physiological condition
then declines (Heatwole 1962, Jaeger 1980, Feder 1983, Morneault et al. 2004). Petranka
et al. (2003, 2004) suggested that clearcutting and other timber harvesting practices have
caused long-term declines and localized extirpation of woodland salamanders from many
eastern forests. However, several recent studies indicate that salamander populations in
the Appalachians eventually recover from the effects of timber harvest, often within 5-24
years of cutting (Ash 1997, Harper and Guynn 1999, Ford et al. 2002a, b; Morneault et
al. 2004).
In the fragmented forests of eastern North America, row crops, pasture, and old
fields are common matrix habitats (Humphreys 1997, Gibbs 1998, Gustafson et al. 2001).
In the Appalachian forest region, grassland and pasture-based livestock production
account for approximately 25% of the land use and most of the agricultural acreage
(Humphreys 1997). Within the Allegheny Mountains of east-central West Virginia, the
Monongahela National Forest coordinates one of the largest grazing allotment programs
on public lands in the eastern United States (A. Stump, USDA Forest Service, personal
communication). If woodland salamander populations decline, at least temporarily, after
timber harvest from changes in forest characteristics such as stand age, soil moisture, and
volume of CWD, forests that were converted to and maintained as grasslands, pastures,
and other non-forest habitats presumably represents a more severe and permanent
disturbance. Non-forested habitats such as open fields and pastures are thought to
represent unsuitable habitats for desiccation-prone, poorly dispersing woodland
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salamanders (Petranka 1998, Marsh et al. 2004). Although a recent experiment
demonstrated that red-backed salamanders were capable of dispersing across narrow
(e.g., 50 m) bands of non-forest habitat (Marsh et al. 2004), responses of most woodland
salamander species to grassland or pasture conversions remain largely unknown.
The hilly topography of much of the Appalachian region does not support
intensive crop agriculture, but is favorable for grazing livestock on lands producing longterm forest crops, which is an agroforestry practice called silvopasture (Carlson et al.
1994). Silvopasture, which combines livestock grazing and forest management on the
same unit of land (Clason and Sharrow 2000), probably is the most common form of
agroforestry in temperate North America (Gold et al. 2000). These silvopasture systems
are increasingly being considered as viable multiuse agricultural systems for the
Appalachian forested region (Buergler 2004), which are created from existing forest
stands by heavy thinning (e.g., reducing basal area to 6 – 7 m2/ha) to promote growth of
herbaceous forage (Buergler 2004). When abundance or nutritive value of existing
forage is insufficient, both cool- and warm-season grasses may be sown. Fertilizers and
herbicides are often applied to promote growth of desired forage and to control
competing vegetation (Buergler 2004). To facilitate forage production and prevent injury
to livestock, surface cover including understory vegetation, CWD, and emergent rocks is
often completely removed from the stand. As in traditional pastures, livestock are
periodically rotated among silvopastures to prevent overgrazing (Buergler 2004).
Productivity, nutritive value, and digestibility of forage are higher in silvopastures
than traditional pastures because of improved soil fertility, retention of soil moisture, and
moderated soil temperatures (Buergler 2004). Therefore, partial canopy retention in
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silvopastures may approximate effects of thinning or selective harvest and represent a
less severe impact to woodland salamanders than clearcutting or traditional pasture
conversion. In contrast with selective harvest methods, however, complete removal of
surface cover and direct disturbance from livestock grazing in silvopasture stands may
decrease suitability of these habitats for woodland salamanders. Despite the increasing
interest in the use of silvopasture systems within Appalachian forests (Buergler 2004),
biodiversity responses, especially those of woodland salamanders, to silvopasture
systems are currently unknown. The Appalachian region supports high densities of
salamanders and high species richness, therefore, woodland salamanders represent a
group of interest relative to the use of silvopastural systems.
Pilot work at the USDA Agricultural Research Service’s Appalachian Farming
System Research Center (AFSRC) in West Virginia during 2002 and 2003 indicated that
red-backed salamanders occurred under artificial cover objects in both actively grazed
meadow and silvopasture plots (Table 1). Presence of woodland salamanders within
these plots contradicts current understanding of plethodontid habitat relationships
(deMaynadier and Hunter 1995, Petranka 1998, Russell et al. 2004a). Whether these
salamanders represent residents, recent colonizers, or individuals dispersing to more
suitable forest habitats is unknown (Marsh et al. 2004). Presence of salamanders may not
accurately reflect habitat suitability if populations exhibit atypical age-class distributions,
sex ratios, or physiological condition (Ash et al. 2003, Knapp et al. 2003). For example,
Ash et al. (2003) reported that populations of southern graycheek salamanders (Plethodon
metcalfi) found within clearcuts were almost exclusively adults, thereby suggesting that
adult reproduction or survival of immature salamanders were altered. Larger adults may
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persist longer in poor-quality habitats because they are less prone to desiccation (Spotila
1972) and better able to defend remaining cover objects and burrows (Mathis 1990,
Jaeger and Forester 1993). Because woodland salamanders are tied to the density and
type of cover objects, presence of salamanders within meadows and silvopastures may
reflect the presence of artificial cover (Hyde and Simons 2001, Marsh and Goicochea
2003) rather than the suitability of these habitats.
OBJECTIVES
My first objective was to determine if red-backed salamander presence and
abundance responded to traditional pasture and silvopasture treatments within the
Appalachian Mountains of southern West Virginia. To accomplish this objective, I
surveyed extant salamanders and measured the associated habitat variables in plots
representing a gradient of forest conversion and grazing intensity, including reference
woodlands, woodland edges, silvopastures, and traditional ungrazed and grazed pastures.
I then modeled salamander presence and abundance as a function of these habitat
variables. I expected salamander responses to forest conversion to reflect the degree to
which these treatments experienced alterations of required microclimates and
microhabitats (deMaynadier and Hunter 1995, Russell et al. 2004a). For example, I
expected salamander presence and abundance to decline in response to decreased cover
of overhead canopy and removal of CWD associated with pasture and silvopasture
management.
My second objective was to determine if silvopasture and pasture treatments
influence salamander sex ratios, age-class structure, and physiological condition. To
accomplish this objective, I compared sex ratios, age-class structure and physiological
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condition of salamander populations within edge, silvopasture, and meadow treatments to
those within woodland reference stands. Differences in sex ratios, age-class structure, or
physiological condition may indicate that these treatment types negatively influenced
salamander populations. I expected salamanders of similar age to exhibit lower
physiological condition in disturbed habitats than in woodland reference sites. I also
expected silvopasture and pasture habitats to be populated primarily by adult salamanders
because immature individuals have larger surface area to volume ratios, and thereby have
a reduced ability to remain hydrated in areas with reduced canopy cover (Fraser 1976,
Blymyer and McGinnes 1977, Jaeger 1980, Pough et al. 1987, Ash et al. 2003, Marsh and
Goicochea 2003).
My third objective was to determine if red-backed salamanders in pasture and
silvopasture treatments were residents, recent colonizers, or dispersing individuals
(Marsh et al. 2004). To accomplish this objective, I used mark-recapture methods to
estimate the ratio of immigration and emigration within and among treatment plots.
When surveying silvopasture and pasture habitats, I expected to capture salamanders
almost exclusively under coverboards because natural surface cover was lacking. I also
expected to capture fewer salamanders under coverboards within reference woodlands,
where natural cover likely was not a limiting factor, than in silvopasture or meadow sites.
Lastly, my final objective was to determine if the presence and abundance of redbacked salamanders in pasture and silvopasture treatments was a result of artificial cover
object sampling. To accomplish this objective, I compared capture rates of salamanders
from artificial cover objects with those from surveys of natural microhabitats and surface
activity across the gradient of forest disturbance. Because traditional pastures and
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silvopastures are thought to represent unsuitable habitats for woodland salamanders, I
expected a high degree of turnover in these habitats when compared to reference
woodlands with salamanders in silvopastures and pastures being predominately
dispersers attempting to find more suitable habitats.
METHODS
Study Area
My study area was the USDA Agricultural Research Service’s Appalachian
Farming System Research Center (AFSRC) near Beckley, in Raleigh County, West
Virginia (Fig.1). The AFSRC occurs within the Allegheny Mountain and Plateau
physiographic province, a landscape of relatively flat or rolling plateaus incised by deep
narrow valleys (Fenneman 1938). Elevations range from 740 to 1200 m and the climate
is generally cool and moist with average annual precipitation exceeding 198 cm, much of
which can occur as snow from November through March (NOAA 2002). Forest cover of
the region primarily was a mixed mesophytic-Allegheny hardwood (Strausbaugh and
Core 1977) dominated by beech (Fagus grandifolia), sugar maple (Acer saccharum), red
maple (A. rubrum), and black cherry (Prunus serotina). White oak (Quercus alba), black
oak (Quercus velutina), chestnut oak (Quercus montana) blackgum (Nyssa sylvatica) and
pitch pine (Pinus rigida) occur on xeric aspects, whereas hemlock (Tsuga Canadensis)
and rhododendron (Rhododendron maximum) dominate mesic drains and creeks. The
region was a complex matrix of forests, natural meadows and other grasslands, with
numerous small farms comprised of both open pastures and small woodlots. The primary
non-forest land use in the study area was pasture for livestock grazing.
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I conducted my study at 3 AFSRC experimental farm sites. Reba (51 ha; 884-m
elevation) and School (22 ha; 884-m elevation) Farms were used extensively for research
and demonstrations by AFSRC since 1995 and included woodlands and traditional
pasture. Reba Farm included silvopasture plots that were rotationally grazed. Beef
cattle, sheep, and goats were grazed on both farms. The third site, Peters Farm (21 ha;
841-m elevation), was acquired by AFSRC in 1996 and was the least intensively
managed of the 3 sites with no livestock grazing. By 2004, 13 treatment plots
representing an increasing gradient of forest conversion and grazing intensity: reference
woodlands, woodland edges, silvopastures, ungrazed hay meadows, and grazed pastures
were established for research purposes (Table 2, Figs. 2-4).
Overstory trees on woodland and silvopasture plots primarily consisted of
northern red oak, red maple, and blackgum. Silvopastures were created between 1997
and 2002 by reducing the basal area to 6.7 m2/ha. Ground cover of woodland plots
consisted of herbaceous species, CWD, and abundant emergent rock, but essentially all
CWD and rocks were removed from silvopasture and pasture plots. Herbaceous species
within pasture and silvopasture plots included cinquefoil (Potentilla recta), orchardgrass
(Dactylis glomerata), ryegrass (Lolium perenne), tall fescue (Festuca arundinacea), and
white clover (Trifolium repens).
Species
The red-backed salamander is a small (65-125 mm adult total length) terrestrial
plethodontid found in forested habitats from North Carolina north to Quebec and west to
Minnesota (Petranka 1998). They often are abundant within this range, commonly
reaching average densities exceeding 2 individuals/m2 (Burton and Likens 1975, Mathis
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1991). In West Virginia, red-backed salamanders inhabit moist coniferous, deciduous, or
mixed forest habitats up to 1,460-m elevation, and commonly are found under rocks,
bark, logs, leaves, or other forest floor debris (Green and Pauley 1987). Several studies
indicate that a large percentage of red-backed salamanders are underground at any time,
and that individuals regularly move vertically between the soil and soil surface (Petranka
1998). Thus, only a small proportion of a population (e.g., 2-32%) is thought to be active
on the ground surface at any moment (Taub 1961, Smith and Petranka 2000, Hyde and
Simons 2001, Bailey et al. 2004). Soil moisture and temperature appear to be the primary
influences on the vertical distribution of individuals in the soil (Taub 1961, Heatwole
1962).
Surface-active salamanders remain under cover during the day but emerge at
night to prey on invertebrates and mate when weather conditions permit (Petranka 1998).
Individuals forage directly on the forest floor or climb on vegetation (Burton and Likens
1975), but may restrict feeding to underneath cover objects during dry periods to avoid
desiccation (Grover 1998). Red-backed salamanders in West Virginia breed in fall and
spring, and females lay and brood eggs from May to July in crevices of rotting logs or
bark, and under woody debris, rocks, and moss (Green and Pauley 1987). Clutch size
ranges between 6 and 20 eggs, which are laid annually or biennially (Petranka 1998).
Both sexes are territorial (Petranka 1998), and territorial defense often is centered
around a cover object, which is defended against other salamanders (Jaeger et al. 1982,
Mathis 1991). Larger red-backed salamanders occupy higher-quality territories (Mathis
1990), and both size and density of natural cover are positively correlated with mean
body size (Grover 1998, Marsh and Goicochea 2003). Average home ranges of red-
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backed salamanders have been estimated to be about 5 m2 but can range <1-25 m2
depending on habitat quality (Kleeberger and Werner 1982, Mathis 1991). Daily
movements typically are small (e.g., 0.43 m) but individuals often move more than 1 m
after periods of rain (Kleeberger and Werner 1982). Although red-backed salamanders
generally are thought to be poor dispersers (Gibbs 1998, Marvin 1998), individuals have
returned to their territories after displacement of up to 90 m (Kleeberger and Werner
1982, Marsh et al. 2004).
Salamander Sampling
Coverboards.—Plethodontid salamanders rapidly colonize artificial cover
objects, particularly wood boards, consequently coverboards are widely used for
salamander monitoring and studies of salamander behavior, ecology, and responses to
disturbance (Grant et al. 1992, Monti et al. 2000, Hyde and Simons 2001, DeGraaf and
Yamasaki 2002, Marsh and Goicochea 2003). Although detection probabilities of
surface-active salamanders under coverboards can vary spatially and temporally (Bailey
et al. 2004), captures of red-backed and other salamanders under coverboards and natural
cover objects have been correlated with independent indices of abundance (DeGraaf and
Yamasaki 1992) and absolute population size (Smith and Petranka 2000).
Personnel at the AFSCR established an array of 20 coverboards in each of the 13
study plots (Figs. 2-4). Because salamanders may avoid newly-installed coverboards
(Grant et al. 1992, Monti et al. 2000), arrays were established at least 1 month prior to
data collection. Coverboard arrays on Reba farm were established in 2002 and 2003, on
School farm in 2003, and on Peters farm in 2004. Arrays within edge plots consisted of 2
rows of boards parallel to the woodland edge. One row was placed approximately 10 m
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inside and the other row an equal distance outside the woodland boundary. Each row
consisted of 10 boards spaced approximately 15 m apart. For the remaining 10 plots, a 4
× 5 grid of boards was established in each plot, with boards spaced approximately 15 m
apart when space, topography, and vegetation permitted. Coverboards were constructed
from 3 white oak boards, with 2 boards on the bottom and 1 board placed on top for total
dimensions of 30 cm × 46 cm × 5 cm. All surface debris was removed from under the
boards so that each board lay flush against the topsoil. Each board was numbered for
identification.
AFSCR staff or I checked coverboards weekly during 17 May-10 August 2004,
and 1-2 times monthly between September and December. In 2005, coverboards were
checked once in March and April, weekly during 30 May–2 August, and monthly from
September through November. I used weekly surveys, when possible, because more
frequent checking of cover objects may reduce salamander use (Marsh and Goicochea
2003, Williams and Berkson 2004). Searches were performed during the day, and I
attempted to check all boards over the course of 2 days to avoid time-since-rainfall
effects. I measured soil temperature under each board with an IR 101 InfraScan Infrared
Thermometer (La Crosse Technology, La Crescent, Minnesota, USA) during each sample
period. I also measured soil moisture to a depth of 12 cm under each cover board with a
HydroSense Portable Probe (Campbell Scientific, Inc., Logan, Utah, USA). I recorded
the following information for each captured salamander: species, snout-vent length
(SVL) and tail length (nearest 0.1 mm), mass (nearest 0.01 g), juvenile or adult age class
(juveniles ≤34 mm SVL; Petranka 1998), and presence of previous marks. I also noted
whether tail autotomy had occurred, and measured the length of the regenerated portion
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of the tail on salamanders that experienced tail loss (Grover 1998). I determined sex and
presence and number of eggs by holding salamanders up to a fiber-optic light (Gillett and
Peterson 2001). Males were identified by the presence of pigmented testes and
inspection of external morphological characteristics (e.g., inter-nares difference, head
shape, swollen mental and nasiolabial glands; Petranka 1998, Quinn and Graves 1999). I
marked salamanders for individual recognition by toe-clipping (Donnelly et al. 1994) or
injecting a small amount of fluorescent elastomer (Northwest Marine Technology, Inc.,
Shaw Island, Washington, USA) at up to 4 body locations (base of each limb; Davis and
Ovaska 2001). After measurements and marking, salamanders were released next to the
coverboard (Monti et al. 2000, Marsh and Goicochea 2003). Salamanders were only
marked and measured during the summer field seasons. During spring and fall sampling
because of time constraints, salamanders were not measured, sexed, or marked during
these periods.
Area-constrained searches.—Salamander use of coverboards may depend on the
density and type of natural cover available (Hyde and Simons 2001). For example, if
natural cover is limited, adding coverboards may attract salamanders to areas that
otherwise are unsuitable (Monti et al. 2000). Thus, animals found under artificial cover
objects may not accurately reflect populations under natural cover (Marsh and Goicochea
2003) or population responses to disturbances that reduce or eliminate cover (Hyde and
Simons 2001). Additionally, differences in the type and quality of cover objects and
associated habitat characteristics underneath these objects (e.g., soil moisture, arthropod
prey abundance) may influence the surface activity of red-backed salamanders (Grover
1998, Hyde and Simons 2001). Low-quality or limited density of cover objects may
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force salamanders to forage more often in the open, thereby increasing the risk of
desiccation or predation (Jaeger 1980, Hill et al. 1982, Grover 1998).
To provide an independent assessment of red-backed salamander populations,
habitat characteristics, and surface activity within each treatment plot, I used 2 areaconstrained sampling methods: daytime searches for salamanders under natural cover
objects along transects (Monti et al. 2000, Hyde and Simons 2001) and opportunistic
night-time surface counts (Hyde and Simons 2001, Knapp et al. 2003, Williams and
Berkson 2004) within circular plots surrounding coverboards. Each transect and circular
plot was sampled once during May-August of both 2004 and 2005, and all treatments
within a farm site were sampled on the same day or night to minimize weather- or
season-related influences on salamander activity. I established 3 approximately 60 m × 3
m natural cover transects between and parallel to coverboard rows in each treatment plot.
For edge plots I established 1 long transect between and parallel to the coverboards. I
searched each transect for salamanders by turning and replacing all natural cover (e.g.,
logs, sticks, and rocks). Because the success of daytime cover object searches has been
shown to be negatively correlated with mean daily temperature (Williams and Berkson
1994), I only conducted searches on relatively cool days. Day transect surveys were
conducted during 10 June – 13 July 2004 and 6-14 July 2005. I recorded the type of
cover object where each salamander was found and placed a numbered flag at the
location.
I used a headlamp to conduct night-time surveys for surface-active salamanders
within a 3-m radius plot centered on each coverboard. I began night-time surveys
approximately 20 min after sunset and continued until all plots at a farm were sampled. I
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hand-captured salamanders on the surface or climbing vegetation and flagged their
locations but did not disturb potential cover objects or leaf litter. Surface foraging
activity of red-backed salamanders is regulated by humidity and soil moisture levels
(Feder 1983, Grover 1998). Accordingly, I only conducted surface counts on cool,
humid nights within 24 h of precipitation (Williams and Berkson 1994). Night surface
surveys were conducted during the weeks of 11 July 2004 and 19 June 2005. Soil
moisture and surface temperature were measured under each cover object or salamander
surface location (night-time surveys). I marked and recorded data for all salamanders as
previously described and released them at the point of observation.
Habitat Sampling
Vegetation and climate.— Because red-backed salamanders are territorial and will
defend cover objects from conspecifics, I used coverboards and flagged locations of
salamanders found under natural cover as sampling foci for habitat variables. During the
summers of 2004 and 2005, I measured biotic and abiotic variables that were potentially
important habitat correlates of red-backed salamander occurrence and abundance (e.g.,
deMaynadier and Hunter 1995, Petranka 1998, DeGraaf and Yamasaki 2002, Russell et
al. 2004a). Habitat features were measured within the 3-m radius plots centered on each
board or natural cover object. I recorded the species and diameter at breast height (dbh)
of all trees larger than 10 cm DBH within each plot. I estimated percent canopy closure
above each board with a spherical densitometer. Densiometer readings were taken from
each cardinal direction and then averaged for the plot.
Within each plot, I visually estimated percent cover of CWD (≥10 cm diameter),
fine woody debris (FWD; <10 cm diameter), woody shrubs (≤1.5 m high), herbaceous
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plants, planted livestock forage, emergent rock, bare soil, and leaf litter. I also measured
total length and mid-point height of all CWD to calculate actual areal cover. I used a
ruler to measure leaf litter depth adjacent to each board and at 4 random locations within
each plot.
I acquired weather data, including temperature, rainfall, and humidity (recorded
every 30 min) from permanent weather stations at the farms. Weather data were not
available at Peters Farm for 2004.
Soil.—Because of their permeable skin, salamander distribution can be influenced
by soil acidity (Mushinsky and Brodie 1975, Sugalski and Claussen 1997), and many
plethodontid salamanders have been associated with less acidic soil with higher pH
(Vernberg 1955, Mushinsky and Brodie 1975, Wyman 1988). I collected soil samples
within 1 m of each coverboard for pH analyses. The humus layer was cleared away and
soil samples were collected down to 10 cm below the surface. Samples were placed in
paper bags and air dried to a constant weight and then coarsely ground through a 2 mm
sieve. I placed samples in sealed plastic bags and kept them in cool storage until
analysis. Samples were then sent to the University of Wisconsin’s Soil and Forage lab in
Marshfield, Wisconsin for pH measurement, which was determined by a 1:1 paste of air
dried soil and deionized water (USDA, NRCS 1996) using a digital ionanalizer pH meter
and combination electrode.
The moist, permeable skin of red-backed salamanders makes them vulnerable to
desiccation and limits activity on the forest floor to periods when humidity and soil
moisture are high (Spotila 1972). Therefore, salamanders are often restricted to moist,
cool underground burrows (Taub 1961, Fraser 1976). The red-backed salamander lacks
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the strength to dig its own burrows and instead uses burrows constructed by other
organisms. At my site, the ability of moles, shrews, ants, and earthworms to create
burrows is influenced by soil strength or soil penetrability. Soil penetrability is a
measure of the ease with which an object can be pushed or driven into the soil (Vas et al.
2001). I used an electronic soil cone penetrometer to assess soil penetrability (Kpa)
around each coverboard (Vas et al. 2001). Four readings (2 each at depths of 5 cm and
10 cm) were taken within 1 m of each coverboard. Penetration resistance is influenced
by soil factors such as water content and bulk density. I averaged the 4 values to
determine mean soil penetrability immediately surrounding each coverboard. All
penetrometer readings were collected within 24 h of a rain event to minimize variation in
water content.
Data Analyses
To detect potential weather differences between Reba and School farm during 1
May – 5 December 2004, I used t-tests to compare mean daily temperature, precipitation,
and minimum and maximum relative humidity. A permanent weather station was not
installed on Peters Farm until 2005. I used a 1-way analysis of variance (ANOVA) to
compare weather data among all 3 farms during 1 March–4 September 2005.
Habitat Relationships.— I used an information-theoretic modeling approach
(Burnham and Anderson 2002, Russell et al. 2004b, 2005) to examine habitat
relationships of red-backed salamanders across the gradient of forest disturbance and
livestock grazing. Because few salamanders were captured during area-constrained and
night searches, only coverboard captures were used to model habitat relationships. Prior
to model specification, I eliminated redundant variables (Spearman’s r2 ≥0.70) and
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retained 22 variables for inclusion in models (Tables 3, 4). I examined scatterplots and
residual plots to ensure that variables met assumptions of analyses (i.e., linearity,
normality, colinearity). I used the square-root transformation on abundance to
approximate normality. Abundance was defined as the total number of red-backed
salamanders observed under a coverboard per year. Since coverboards with 0
observations were accounted for in the presence/absence modeling, I only included
boards where at least 1 salamander was observed when modeling abundance. Because
some salamanders were not individually marked, some individuals were likely counted
multiple times during a year. Thus, these counts more accurately reflected an index of
abundance and not population estimates. Treatments were coded on a gradient of their
perceived level of habitat disturbance: woodland reference, edge, silvopasture, ungrazed
meadow, and grazed meadow (least disturbed to most disturbed).
I specified a set of plausible a priori candidate models explaining salamander
presence and abundance using my prior knowledge and a review of relevant literature. I
specified 13 models: a global model containing all variables and subset models
representing potential influences of abiotic and biotic habitat attributes on red-backed
salamanders (Table 5). I analyzed the model set separately for salamander presence
using logistic regression and abundance using linear regression. Prior to model selection,
I examined fit of global models by examination of residuals, measures of fit,
classification tables, and histograms of expected probabilities (Burnham and Anderson
2002). Because, abundance of salamanders under coverboards was significantly higher
in 2005 than in 2004 (t = -2.58, P = 0.01), I modeled habitat relationships separately for
each year.
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Because the number of coverboards sampled (n = 260) was small relative to the
number of parameters (K) in most models (i.e., n/K < 40), I used Akaike’s Information
Criterion corrected for small sample size (AICc) for model selection (Hurvich and Tsai
1989, Burnham and Anderson 2002) for maximum likelihood (logistic regression):
^
n
⎛
⎞
AICc = −2 log( L (θ )) + 2 K ⎜
⎟
⎝ n − K −1⎠

and least-squares (linear regression):
⎛ ^2 ⎞
n
⎛
⎞
AIC c = n log ⎜⎜ σ ⎟⎟ + 2 K ⎜
⎟
⎝ n − K −1⎠
⎝ ⎠
where the penalty term, 2K, is multiplied by the correction factor n/(n-K-1). I ranked all
candidate models according to their AICc values, and the best model (i.e., most
parsimonious) was the model with the smallest AICc value (Burnham and Anderson
2002). I ranked other models relative to the best model using Δ AICc, which was the
difference between the lowest AICc value (AICcmin) and AICc values from the other
models. I drew primary inference from models within 2 units of AICcmin, although
models within 4 units may have limited empirical support (Burnham and Anderson
2002). I also calculated Akaike weights (wi) to determine the weight of evidence in favor
of each model (Burnham and Anderson 2002).
Physiological condition, sex ratio, and age class.— Physiological condition is an
important determinant of individual fitness (Green 2001). Animals in good condition are
assumed to have more energy reserves than those in poor condition. Salamanders of
relatively high mass for their length are assumed to be in better physical condition than
those of relatively low mass for their length (Grover 1998). Indices of physiological
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condition attempt to determine the mass of the individual associated with energy reserves
after correcting for body size (Green 2001, Schulte-Hostedde et al. 2005). A common
method to measure physiological condition involves regression of body mass on a linear
index of body size and using the residuals from this regression as an index of
physiological condition (Jakob et al. 1996, Green 2001, Schulte-Hostedde et al. 2005).
An individual with a positive residual is considered to be in better condition than an
individual with a negative residual (Jakob et al. 1996, Green 2001).
I limited analyses of physiological condition to salamanders with marks, known
age and sex. Of 568 individually-marked salamanders captured from the 13 treatment
plots, 52 were eliminated from analyses because of missing data. Mean length, mass, and
physiological condition were used for salamanders captured more than once within a
treatment type. If a salamander was captured in more than one treatment type (n = 15),
measurements from each treatment type were used. Thus, 531 salamander observations
were used for these analyses (Table 6). Because of the limited number of individuallymarked salamanders from grazed meadow treatments (n = 4), I combined these data with
those from ungrazed meadows. Since weight increases with age, the process error around
the weight-length relationships is multiplicative, not additive. Therefore I log
transformed the model to estimate the parameters using linear regression with additive
errors. I defined physiological condition of a salamander as the residual of the regression
of log mass on log SVL. Because body condition changes with age, log(mass) –
log(SVL) residuals can be confounded with age (Ormerod and Tyler 1990, Green 2001).
Therefore, I calculated residual indices separately for adult and immature salamander age
classes.
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Red-backed salamanders commonly experience tail loss, and tail autonomy could
influence body mass that is not accounted for by SVL, thereby biasing condition indices.
However, the frequency of tail autonomy was similar among treatments (χ2 = 2.118, df =
3, P = 0.463). Consequently, differences in condition indices among treatments were not
likely influenced by tail autonomy.
I used a 2-way ANOVA to examine how physiological condition of salamanders
varied by sex among treatments. Determining sex of immature salamanders is unreliable
without dissection, so I did not specify sex for salamanders shorter than 34 mm SVL. I
examined interactions between treatment and sex-class to assess whether adult males,
adult females, and immature salamanders responded differently to treatment types in their
physiological condition.
I used a 1-way ANOVA to determine if sex ratios and age-class structure of
salamander populations varied among woodland reference (n = 3), edge (n = 3),
silvopasture (n = 3), and meadow (n = 3) treatments. Because treatments were applied to
plots rather than individual salamanders, the plot mean square was used as the error term
when evaluating the statistical significance of treatment effects. When an ANOVA
yielded a significant F-statistic, I used Tukey’s honestly significant difference (HSD) to
test significant differences among treatment means (Systat 2002, SPSS 2005). Means are
presented ± 1 Standard Error (SE) and the significance level for all tests was α = 0.05.
Residents, dispersers, and use of artificial cover.—Insufficient mark-recapture
data and small sample sizes from area-constrained and night searches precluded statistical
analyses of either salamander movements among treatments or potential influence of
artificial cover objects. Thus, I present only qualitative results for these datasets.

RESULTS
I captured 2,749 red-backed salamanders from the 3 farms during coverboard,
area-constrained, and night surface searches in 2004 and 2005. Of these, 2,675
salamanders (97.3%) were captured under coverboards. During the study, 568
salamanders were captured, measured, and marked. Incidental captures of other
salamander species included southern two-lined salamanders (Eurycea cirrigera; n = 37),
northern dusky salamanders (Desmognathus fuscus; n = 10), red spotted newts
(Notophthalmus v. viridescens; n =10), ravine salamanders (Plethodon richmondi; n = 7),
northern slimy salamanders (Plethodon glutinosus; n = 5), northern red salamanders
(Pseudotriton r. ruber; n = 2), and green salamanders (Aneides aeneus; n = 1).
In 2004, Reba farm received significantly more precipitation than School farm (t
= 2.644; df = 436; P = 004). Mean air temperature and minimum and maximum relative
humidity were not significantly different between the two farms (t = -0.649, df = 436, P =
0.258; t = 0.169, df = 436, P = 0.433; and t = 1.165, df = 436, P = 0.122, respectively).
In 2005, mean air temperature, precipitation, and minimum relative humidity were
similar among farms (F = 0.138, P = 0.871; F = 1.321, P = 0.268; F = 2.492, P = 0.084).
However, Peters farm had significantly higher maximum relative humidity (F = 14.189, P
≤ 0.001) than both Reba and School farms.
Habitat Relationships
Presence.— I observed 1,268 red-backed salamanders under 195 of 260
coverboards (75.0%) in 2004 and 1,481 salamanders under 203 of 260 boards (78.1%) in
2005. Woodland edge and woodland reference plots contained the largest percentage of
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occupied coverboards in 2004 and 2005, respectively (Fig. 5). Ungrazed meadows had
the lowest percentage of occupied coverboards in both years (Fig. 5).
In 2004, “herbaceous disturbance” as the best model of 13 logistic regression
models explaining salamander presence (Table 7). Salamander presence was positively
associated with greater cover of herbaceous vegetation and negatively associated with
treatment disturbance (Table 8). The second-best model, with a single variable for
“treatment”, received limited empirical support (ΔAICc < 4; Table 7) and indicated that
salamander presence decreased in increasingly disturbed treatments (Table 8). Weight of
evidence (wbest model/wsecond best model) for the “herbaceous disturbance” model was 4.3
times greater than for the “treatment” model, thereby indicating relatively little
uncertainty in selection of the best candidate model (Burnham and Anderson 2002).
However, evidence for a treatment effect on salamander presence was strong in that the
sum of Akaike weights for the 2 supported models containing this variable was 0.85
(Table 7). The remaining 11 models explaining salamander presence in 2004 received no
empirical support (Δ AICc >4, wi ≤0.07; Table 7).
In 2005, the best-approximating model explaining salamander presence was the
“multi-level” model (Table 9) that included variables for treatment, herbaceous
vegetation, soil moisture, canopy cover, and rock cover. Salamander presence was
positively associated with increasing cover of herbaceous vegetation and overhead
canopy (Table 8). This model also indicated that salamander presence was less likely in
more disturbed habitat types, particularly grazed meadow habitats (Table 8). Weight of
evidence for the “multi-level” model was 99 times greater than that of the “treatment”
model, thereby indicating almost no uncertainty in selection of the best candidate model.
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The remaining 12 models explaining salamander presence in 2005 received no empirical
support (Δ AICc >9, wi ≤0.01; Table 9).
Abundance.— In 2004, the best-approximating model explaining abundance of
red-backed salamanders was the single variable “herbaceous vegetation” (Table 10).
Salamander abundance increased with greater cover of herbaceous vegetation (Table 11).
The second-best model, “multi-level,” also received strong empirical support (Δ AICc =
1.12; Tables 10-11). A third model, “ground cover,” received only limited empirical
support (Δ AICc = 3.99; Tables 10, 11). This model indicated that salamander abundance
was positively associated with increased cover of leaf litter (Table 11). Weight of
evidence for the herbaceous vegetation model was only about 1.7 times greater than the
multi-level model, thereby indicating some uncertainty in selection of the best candidate
model. However, evidence for the effect of herbaceous vegetation on salamander
abundance was strong in that the sum of Akaike weights for the 3 supported models
containing this variable was 0.97 (Table 10). The remaining 10 models explaining
salamander abundance received no empirical support (Δ AICc >8, wi ≤0.01; Table 10).
In 2005, the best-approximating model explaining salamander abundance was the
“ground cover” model (Table 12). Salamander abundance was positively associated
with increasing amounts of herbaceous vegetation and leaf litter (Table 11). The secondbest model, “multi-level,” also received strong empirical support (Δ AICc = 0.26; Table
12). This model indicated that salamander abundance was positively influenced by
increased herbaceous cover and soil moisture, and negatively associated with rock cover,
canopy cover, and treatment disturbance (Table 11). The third-best model, “herbaceous
vegetation,” also received strong empirical support (Δ AICc = 0.79; Table 12). Weight of
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evidence was similar for all 3 models, and the ground cover model was only about 1.2
times greater than the multi-level model, thereby indicating considerable uncertainty in
selection of the best candidate model (Burnham and Anderson 2002). Collectively, these
models provide evidence for a positive effect of herbaceous vegetation and a negative
effect of treatments on salamander abundance, as the sum of Akaike weights was 0.97
(Table 12). The remaining 10 model sets explaining salamander abundance in 2005
received no empirical support (Δ AICc >5, wi ≤0.02; Table 12).
Physiological condition, sex ratio, and age class
Mean physiological condition of red-backed salamanders did not differ
significantly among treatments (Table 13). Mean physiological condition did not differ
significantly between sexes, and the physiological condition between sexes did not differ
significantly among treatments (Table 13).
Sex ratios of red-backed salamander populations did not differ significantly
among treatments (Table 14). In contrast, age-class structure of red-backed salamanders
differed significantly among treatments. Adult salamanders were almost twice as
abundant as immature salamanders in all 5 treatment types. However, although age-class
was skewed regardless of treatment, the proportion of adults to immature salamanders
differed significantly among treatments (Table 14) with the proportion of adult
salamanders being significantly higher in meadow treatments than other treatment types.
Residents, dispersers, and use of artificial cover
Silvopasture, ungrazed meadow, and grazed meadow habitats contained nearly
half of all salamander observations in 2004 and 2005. In 2004, 621 salamanders (49.0 %
of total observations) were observed in these treatment plots (Table 15, Fig. 6). In 2005,
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696 salamanders (47.0 % of total observations) were from silvopasture, and grazed and
ungrazed meadows (Table 15, Fig. 6). I only observed salamanders in meadow habitats
during fall 2004 (September –December) and during spring (March-May) and fall
(September-November) 2005 (Table 15).
Of 568 marked salamanders, 193 were recaptured at least once, for a total
recapture rate of 34 % (Table 16). Eighty-one salamanders were recaptured at a different
coverboard from where they were originally marked, of which 24 moved among different
treatment types. Fifteen of these salamanders were recorded moving from a less
disturbed habitat (e.g., woodlands) to a more disturbed habitat (e.g., ungrazed meadows).
Nine salamanders were recorded moving from a more disturbed habitat to a less disturbed
habitat. Of the 24 salamanders dispersing among habitat types, 6 returned to the original
habitat of capture. Only 1 salamander that moved among treatments was a juvenile (SVL
at final capture = 32.90 mm). Mean change in body mass of salamanders that moved
from less disturbed to more disturbed treatments ( x 0.068 g ± 0.105 g) did not differ
significantly from that of salamanders that moved from more disturbed to less disturbed
habitats ( x 0.072 g ± 0.112 g; t = 0.021, df = 22, P = 0.492).
I only observed red-backed salamanders in woodland reference and woodland
edge plots during daytime area-constrained searches and night surface surveys in 2004
and 2005. During daytime surface searches, I captured, marked, and measured 39
salamanders in 2004 and 34 salamanders in 2005, most of which were juveniles (Table
17). Red-backed salamanders were found under a variety of cover objects, including
CWD, FWD, and emergent rock. Salamanders were captured most often under rocks in
both 2004 (48% of captures) and 2005 (47% of captures), and less often under FWD
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(33% in 2004 and 18% in 2005) and CWD (18 % in 2004 and 35% in 2005). No
salamanders were captured during daytime surveys while raking through leaf litter. Most
CWD in woodland reference and edge plots consisted of newly-fallen limbs with little
decay. No logs were torn open during daytime searches to prevent habitat disturbance
and because few logs had decayed enough to allow sampling. Only 1 juvenile
salamander was captured on leaf litter during night surface surveys in 2004 and no
salamanders were captured during night searches in 2005.
DISCUSSION
Habitat Relationships
My primary result was the specification and evaluation of multivariate models
that explained responses of red-backed salamanders to a gradient of forest disturbance
and conversion. According to the models that received empirical support for explaining
both presence and abundance, red-backed salamanders appeared to be negatively
associated with more disturbed habitats over woodland reference plots. Management
practices that create canopy gaps and subsequently modify temperature and moisture
regimes of the forest floor influence microclimates and therefore the microhabitats
available for terrestrial salamanders (Heatwole 1962, Herbeck and Larsen 1999). Most
studies examining the response of salamanders to different silvicultural practices have
found that salamander abundance typically is lower in clearcuts when compared to older
or more closed-canopy stands (Pough et al. 1987, deMaynadier and Hunter 1995,
Herbeck and Larsen 1999, Grialou et. al. 2000). For example, Herbeck (1998) found 5
times more salamanders in old-growth stands when compared to second growth stands
and 20 times more salamanders in second growth than in regeneration cuts. Similarly, I
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found that salamander presence and abundance was lower in open-canopy treatments
than in woodland reference plots. Salamander abundance also was negatively associated
with increasingly disturbed treatment types. Specifically, grazed meadows had the
lowest coverboard occupancy rates and lowest relative abundance during both years of
the study.
Because salamanders respond to changes in their environment, resulting in the
occupancy of specific microhabitats (Heatwole 1962), I assumed that open and partial
canopy habitats would be unsuitable for terrestrial salamanders. The unexpected
abundance of salamanders in silvopasture and meadow treatments indicates that the
retention of dense vegetation and low grazing pressure can allow salamanders to occupy
these areas. While intensive livestock grazing has been attributed to declines of
California tiger salamander (Ambystoma californiense) populations through soil
compaction and loss of vegetative cover (Harvey et al. 2000), light grazing does appear to
be compatible with the persistence of this species (Marty 2005). Red-backed salamander
presence and abundance increased as herbaceous vegetation increased, therefore the lack
of constant disturbance and presence of a thick vegetative layer (0.30 – 1.2 m tall) may
possibly compensate for the lack of canopy cover, leaf litter, and natural cover objects
normally found in a woodland site. For example, the ungrazed meadow at Peters farm
had the highest relative abundance of red-backed salamanders per coverboard and the
highest percentage of natural herbaceous vegetation, no livestock, and was never mowed
for hay during the course of my study. The lack of agriculturally-related disturbance to
this site since purchased by AFSRC in 1996 has allowed this meadow habitat to begin
natural succession. Livestock forage had been primarily replaced with native herbaceous
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vegetation and small woody saplings were beginning to grow on site by the completion of
my study.
Similar to my results, previous research has demonstrated the positive influence
of herbaceous vegetation on presence and abundance of terrestrial salamanders,
particularly in degraded habitats. For example, amphibian abundance in upland forests of
the Chicago region was positively associated with increased cover of herbaceous
vegetation in an area where the majority of forests were altered by grazing, logging, fire
exclusion, and excessive deer herbivory (Nuzzo and Mierzwa 2000). Similarly, redbacked salamander abundance within clearcut treatments was positively associated with
percent herbaceous and shrub cover (Duguay and Wood 2002).
My results demonstrate the influence of ground cover and lack of habitat
disturbance on presence and abundance of red-backed salamanders. However, although
silvopasture and meadow habitats appear to negatively influence red-backed salamander
presence and abundance, the retention of dense natural herbaceous vegetation may at
least partially mitigate the loss of canopy cover, CWD, and leaf litter. Conversion of
forest stands to silvopastures and hay meadows has been assumed to represent more
drastic and permanent impacts on salamander populations than traditional forest
management practices, but I observed hundreds of salamanders in agriculturally altered
habitats, which indicates that red-backed salamanders may be more resilient to
disturbance than previously thought (Marsh et al. 2004). Whether, with cover, the
number of salamanders retained or present in silvopasture and meadow sites is
biologically meaningful remains to be determined. If populations within silvopastures
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are determined to be viable then silvopasture systems may achieve multiple use goals for
agriculture, forestry, and wildlife.
Physiological condition, sex ratio, and age class
Meadows and silvopastures, especially those regularly disturbed by the presence
of livestock, should represent harsh habitats for poorly dispersing woodland species like
red-backed salamanders. Increased surface temperatures and decreased soil moisture
could lead to increased rates of desiccation, increased time in fossorial refuges, fewer
opportunities to forage, and thus decreased physiological condition. Some studies
investigating impacts of forest management practices on salamander body size also
indicate that thinning of the forest canopy may not be as detrimental to the physiological
condition of salamanders as previously thought (Dupuis and Bunnell 1999, Rothermel
and Luring 2005). For example, body length of western red-backed salamanders
(Plethodon vehiculum) was unrelated to forest cover in coastal British Columbia (Dupuis
and Bunnell 1999). Similarly, 90% of juvenile mole salamanders (Ambystoma

talpoideum) without access to burrows, survived in thinned stands without apparent
negative impacts on body condition (Rothermel and Luring 2005).
In contrast, size of western red-backed salamanders in southwestern Washington
was smaller in clearcuts than in uncut forests (Grialou et al. 2000). Significant difference
in SVL between adult male and female southern graycheek salamanders were observed in
the southern Blue Ridge Mountains, with mature females being significantly larger than
adult males on clearcut treatments (Ash et al. 2003). Mass and size-corrected mass
(mass/SVL) of gravid red-backed salamanders were also found to be higher on harvested
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than on uncut plots in the southern Appalachian Mountains of Virginia and West Virginia
(Knapp et al. 2003).
Sex ratios of surface-active red-backed salamanders, based on studies conducted
in Michigan, New York, and Virginia appear to be approximately 1:1 (Hood 1934, Test
1955, Mathis 1991). My results indicate that sex ratios of red-backed salamanders in
silvopastures and meadows were similar to those in woodland habitats. Similarly,
Williams (2003) found no significant differences in adult sex ratios of 6 salamander
species before and after clearcutting in a central Appalachian industrial forest.
In addition to skewed sex ratios, changes to age-class structure resulting from
habitat disturbance could influence the viability of salamander populations. Populations
with altered sex or age distributions often are characterized as “sinks” because of reduced
reproductive success (Pulliam 1988). All treatment types had approximately twice as
many adults as juveniles under coverboards. However, the proportion of adult
salamanders was significantly higher in meadow treatments when compared to the other
treatments. This may be a result of sampling bias and the territorial behavior of redbacked salamanders (Mathis 1990, Marsh and Goicochea 2003). Territorial defense often
is centered on a cover object, which is defended against both conspecific and
heterospecific intruders, with larger individuals generally having a territorial advantage,
especially when cover objects are limited (Jaeger et al. 1982, Mathis 1990, Smith and
Pough 1994). Likewise, populations of southern graycheek salamanders in clearcut stands
in the Blue Ridge Mountains were composed almost entirely of adults (Ash et al. 2003).
Proportions of juvenile slimy salamanders in uncut forested plots were also significantly
higher than in cut plots (Knapp et al. 2003).
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Contrary to my results, previous studies have reported higher proportions of small
adult and immature salamanders than larger adults in open fields and clearcuts compared
to forested plots (Mathis 1990, deMaynadier and Hunter 1998, Marsh et al. 2004). These
studies indicate that open-canopy sites may serve as sink habitats for non-breeding
“floaters” that are excluded from mature forest territories by larger, competitively
dominant salamanders and forced to search for territories in less suitable habitats (Moore
et al. 2001).
The near-absence of juveniles within meadow treatments may indicate that on-site
reproduction was poor or that immature salamanders could not survive within open
canopy habitats. The presence of artificial cover objects (i.e., coverboards) or
underground refugia in silvopasture and meadows may mitigate negative effects of
habitat disturbance on salamanders. Alternatively, salamanders observed in silvopastures
and meadows may represent recent dispersers from adjacent woodland habitats. The
inconsistency among studies suggests that our understanding of forest disturbance effects
on amphibian physiological condition, sex ratio, and age structure remains unclear.
Residents, dispersers, and use of artificial cover
Similar to the impacts of clearcutting, agricultural landscapes should limit
colonization by desiccation prone, poorly dispersing woodland salamanders. Currently,
little is known about the extent to which matrix habitats reduce amphibian dispersal.
Some species appear to be adverse to crossing roads (deMaynadier and Hunter 2000,
Marsh and Beckman 2004), open habitats (Rothermel and Semlitsch 2002, Marsh et al.
2004), or forests (deMaynadier and Hunter 1998, DeGraaf and Yamasaki 2002) even if
they may be physiologically capable of doing so. Other amphibians may enter matrix
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habitats but suffer high mortality while dispersing through (Hels and Buchwald 2001).
Red-backed salamanders have been previously observed colonizing coverboards in open
field plots in the spring and fall, which had been unexpected, given that dispersal to new
habitats had not been documented previously as an important feature in terrestrial
salamander life histories (Marsh et al. 2004). Marsh et al. (2004) concluded that
salamander dispersal was limited more by distance than by the absence of forest cover.
The lack of salamander observations in meadow treatments during the summer
may indicate that individuals observed in the spring and fall were dispersers from
surrounding habitats. The timing of these captures coincides with red-backed salamander
courtship and breeding behavior (Petranka 1998). Additionally, Jaeger (1980) found that
high-density red-backed salamander populations in Appalachian woodland habitats
tended to be near carrying capacity, putting a premium on dispersal to new breeding
territories.
Woodland salamanders typically have relatively short dispersal patterns, with
home ranges <1 m2 (Kleeberger and Werner 1982, Mathis 1991). Some terrestrial
salamanders exhibit seasonal fluctuations in dispersal patterns (Petranka 1998), which
coincides with my observations of peak activity in open habitats during the spring and
fall breeding seasons. Species of plethodontid salamanders have been reported to move
25-60 m in a 12-hr period during the breeding season (Madison and Shoop 1970).
During one sample period in October 2004, I collected 146 salamanders from the 2
ungrazed meadow treatments. I brought these salamanders to the AFSRC lab for
processing and returned them to their respective boards the following morning. I
discovered that many of the boards had already been re-colonized by new salamanders,
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<12 hr since I originally checked them. These findings add further support to my
hypothesis that salamanders were dispersing rapidly into the open habitat matrix.
It is possible that salamanders were not observed in meadow treatments
throughout the summer via any of the surveying techniques because they were in
subterranean retreats, yet it is unlikely that salamanders would be able to survive for such
an extended period of time without experiencing declined physiological condition
(Stebbins 1954, Heatwole 1962, Jaeger 1980, Feder 1983, Morneault et al.2004).
Lunglessness coupled with ectothermy results in lower rates of metabolism for
plethodontids when compared to other vertebrates (Merchant 1970). Several studies
indicate that up to 68 % of a population may be in underground burrows at any time,
(Taub 1961, Smith and Petranka 2000, Hyde and Simons 2001, Bailey et al. 2004)
limiting the ability to detect salamanders during sampling efforts. This behavior may be
especially likely in areas with high densities of ant colonies, which provide an abundant
food source and access to subterranean retreats (Cadwell and Jones 1973, Pauley 1978).
During area constrained surveys, salamanders were observed only in woodland
reference and woodland edge plots, indicating that silvopasture and meadow plots
represented unsuitable habitats without the presence of artificial cover objects. The
limited number of salamanders captured during area constrained searches prohibited
statistical analyses and further research is needed to fully assess the role of artificial cover
in the agriculturally altered habitats.
Because area-constrained searches were conducted only once, in mid-summer,
rather than during optimal weather conditions in spring and fall, it is possible that some
salamanders were in subterranean retreats and thus went undetected. The fossorial
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behavior of red-backed salamanders and the timing of searches may account for the low
number of observations during night surface surveys. However, the absence of
salamander detections in silvopastures and meadows during cover object surveys,
combined with the lack of natural cover in these habitats, supports the conclusion that
artificial coverboards most likely are responsible for the presence of salamanders within
silvopastures and meadows. Additionally, salamanders were only observed in large
numbers under coverboards in meadows and silvopastures in the spring and fall when air
temperatures were lower and relative humidities higher than in the summer.
Thus, artificial cover objects within silvopastures and meadows may mitigate the
negative impacts of agricultural conversion on red-backed salamanders. Further, it is
possible that coverboards provide “stepping stones” that facilitate dispersal through these
open habitats. Previous research indicates that retention of CWD during forest
management may mitigate some detrimental effects of clearcutting, particularly for
species strongly associated with ground cover (Aubry et al. 1988, Grover 1998).
Therefore, it is possible that artificial cover objects may provide the same role in
agriculturally disturbed habitats. Further research is needed to assess whether
salamanders within silvopastures and meadows represent residents or dispersers (Marsh
et al. 2004), and why red-backed salamanders appear to using what historically have been
considered unsuitable habitats.
MANAGEMENT IMPLICATIONS
The sse of silvopasture and other agroforestry systems is increasing in the
Appalachians (Buergler 2004), but my findings suggest that managers may need to more
closely consider effects of these practices on woodland salamanders and other
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disturbance-sensitive species. Densities of terrestrial salamander populations track
habitat features such as age, soil moisture, and amounts of CWD. Even selection harvest
methods, which typically retain much of the overhead canopy and structural
characteristics of the original stand, have been shown to temporarily affect plethodontid
salamanders. Thus, open and disturbed habitats such as traditional pastures and
silvopastures also should be unsuitable habitats for desiccant-prone woodland
salamanders. Habitat modeling of presence and abundance indicated that pasture and
silvopasture conversion negatively influenced red-backed salamander populations and
confirmed previous research that woodland salamanders are sensitive to habitat
disturbance (deMaynadier and Hunter 1995, Petranka 1998, Russell et al. 2004a).
The presence of red-backed salamanders in disturbed habitats and the apparent
lack of disturbance effects on physiological condition or sex ratios that I found indicate
that this species may be less sensitive to or recovers more quickly from habitat
disturbance than previously thought. Although previous research has documented redback salamanders dispersing across fields (Marsh et al. 2004) and into residential areas
(Gibbs 1998), no studies have reported viable, resident populations of woodland
salamanders in open, disturbed habitats. Although I was unable to determine if
salamanders in silvopasture and meadow habitats represented residents or dispersers, my
qualitative results suggest that they may be using these habitats during seasonal dispersal.
If resident populations of red-backed salamanders can persist within grazed pastures,
recommendations to protect plethodontids in eastern deciduous forests (e.g., prohibiting
clearcutting; Petranka et al. 1993, 1994) may need to be revisited. Viable populations of
red-backed salamanders in heavily-disturbed, open-canopy habitats may also indicate that
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they are not suitable indicators of biodiversity and forest ecosystem integrity (Jung et al.
2000, Welsh and Droege 2001). However, presence or abundance of salamanders within
meadows and silvopastures may not reflect population viability or habitat suitability if
populations are atypical with respect to age structure, sex-ratios, or physiological
condition (Hairston 1983, Ash et al. 2003). Thus, managers must consider the possibility
that although salamanders may persist in open, disturbed habitats these populations may
not reflect those associated with more suitable forest stands.
Although red-backed salamanders were capable of dispersing across open fields,
successful colonization of adjacent forest patches has been found to decrease as distance
to forest increased (Marsh et al. 2004). If persistence of red-backed salamanders in
pastures and silvopastures depends on presence of coverboards, these artificial
microhabitats may not only partially mitigate effects of habitat disturbance for resident
salamanders but also provide temporary refugia for dispersers. Red-backed salamanders
tend to be highly territorial and larger individuals (i.e., older adults) have a territorial
advantage (Mathis 1990). Thus, these refugia may be particularly important for newly
mature salamanders as they disperse to find new breeding territories (Marsh et al. 2004).
Research has indicated that forestry practices that leave woody debris on the forest floor
may mitigate some negative effects of intensive timber harvesting (Aubry et al. 1988,
Grover 1998). While management of actively used agricultural hay meadows for
salamanders is unlikely, my results suggest that the placement of artificial cover objects
in a restoration setting may be useful for linking isolated patches of woodlands and
accelerate the recovery of salamanders in disturbed habitats.

LITERATURE CITED
ASH, A. N. 1988. Disappearance of salamanders from clearcut plots. Journal of the
Elisha Mitchell Scientific Society 104:116-122.
_____. 1997. Disappearance and return of salamanders to clearcut plots in the southern
Blue Ridge Mountains. Conservation Biology 11:983-989.
_____, R. C. BRUCE, J. CASTANET, AND H. FRANCILLON-VIELLOT. 2003. Population
parameters of Plethodon metcalfi on a 10-year-old clearcut and in nearby forest in
the southern Blue Ridge Mountains. Journal of Herpetology 37:445-452.
AUBRY, K. B., L .L. C. JONES, AND P. A. HALL. 1988. Use of woody debris by
plethodontid salamanders in Douglas-fir forest in Washingtion. Pages 32-37 in R.
C. Szaro, K. E. Severson, and D. R. Patton (editors). Management of amphibians,
reptiles and small mammals in North America. USDA Forest Service General
Technical Report
BAILEY, L. L., T. R. SIMONS, AND K. H. POLLOCK. 2004. Spatial and temporal variation
in detection probability of Plethodon salamanders using the robust capturerecapture design. Journal of Wildlife Management 68:14-24.
BARTMAN, C. E., K. C. PARKER, J. LEARM, AND T. S. MCCAY. 2001. Short-term
response of Jordan’s salamander to shelterwood timber harvest in western North
Carolina. Physical Geography 22:154-166.
BLYMYER, M. J., AND B. S. MCGINNES. 1977. Observations on possible detrimental
effects of clearcutting on terrestrial amphibians. Bulletin of the Maryland
Herpetological Society 13:79-83.

39

40
BROOKS, R. T. 1999. Residual effects of thinning and high white-tailed deer densities of
northern redback salamanders in southern New England oak forests. Journal of
Wildlife Management 63:1172-1180.
BUERGLER, A. L. 2004. Forage production and nutritive value in a temperate
Appalachian silvopasture. Thesis, Virginia Polytechnic Institute and State
University, Blacksburg, USA.
BURKE, D. M., AND E. NOL. 1998. Influence of food abundance, nest site habitat, and
forest fragmentation on breeding ovenbirds. The Auk 115:96-104.
BURNHAM, K. P., AND D. R. ANDERSON. 2002. Model selection and inference: a
practical information-theoretic approach. Second edition. Springer-Verlag, New
York, New York, USA.
BURTON, T. M. 1976. An analysis of the feeding ecology of the salamanders (Amphibia,
Urodela) of the Hubbard Brook Experimental Forest, New Hampshire. Journal of
Herpetology 10:187-204.
_____, AND G. E. LIKENS. 1975. Salamander populations and biomass in the Hubbard
Brook Experimental Forest, New Hampshire. Copeia 1975:541-546.
BURY, R. B. 1983. Differences in amphibian populations in logged and old-growth
redwood forest. Northwest Science 57:167-178.
CADWELL, R. S., AND G. S. JONES. 1973. Winter aggregations of Plethodon cinereus in
ant mounds, with notes on their food habits. The American Midland Naturalist
90:482-485.

41
CARLSON, D. H., S. H. SHARROW, W. H. EMMINGHAM, AND D. P. LAVENDER. 1994.
Plant-soil-water relations in forestry and silvopastoral systems in Oregon.
Agroforestry Systems 25:1-12.
CLASON, T. R., AND S. H. SHARROW. 2000. Silvopastoral practices. Pages 119-147 in
Garrett, H. E., W. J. Rietveld, and R.F. Fisher (editors). North American
agroforestry: an integrated science and practice. American Society of Agronomy,
Inc, Madison, WI, USA.
DAVIS, T. M., AND K. OVASKA. 2001. Individual recognition of amphibians: effects of
toe-clipping and fluorescent tagging on the salamander Plethodon vehiculum.
Journal of Herpetology 35:217-225.
DEGRAAF, R. M., AND M. YAMASAKI. 1992. A nondestructive technique to monitor the
relative abundance of terrestrial salamanders. Wildlife Society Bulletin 20:260264.
_____, AND_____. 2002. Effects of edge contrast on redback salamander distribution in
even-aged northern hardwoods. Forest Science 48:351-363.
DEMAYNADIER,

P. G., AND M. L. HUNTER, Jr. 1995. The relationship between forest

management and amphibian ecology: a review of the North American literature.
Environmental Reviews 3:230-261.
_____, AND_____. 1998. Effects if silvicultural edges on the distribution and abundance
of amphibians in Maine. Conservation Biology 9:645-653.
_____, AND _____. 2000. Road effects on amphibian movements in a forested landscape.
Natural Areas Journal 20:56-65.

42
DONNELLY, M. A., C. GUYER, J. E. JUTERBOCK, and R. A. ALFORD. 1994. Techniques
for marking amphibians. Pages 277-284 in Heyer, W.R., M. A. Donnelly, R. W.
McDiarmid, L. C. Hayek, and M. S. Foster (editors). Measuring and monitoring
biological diversity: standard methods for amphibians. Smithsonian Institution
Press, Washington D.C., USA.
DUGUAY, J. P., AND P. B. WOOD. 2002. Salamander abundance in regenerating forest
stands on the Monongahela National Forest, West Virginia. Forest Science
48:331-335.
DUNSON, W. A., R. L. WYMAN, AND E. S. CORBETT. 1992. A symposium on amphibian
declines and habitat acidification. Journal of Herpetology 26:349-352.
DUPUIS, L. A., AND F. L. BUNNELl. 1999. Effects of stand age, size, and juxtaposition on
abundance of western redback salamanders (Plethodon vehiculum) in coastal
British Columbia. Northwest Science 73(1):27-33.
ENRIGHT, L. 1998. Effects of selection logging on amphibian diversity and abundance in
shade-tolerant hardwood forests of Algonquin Provincial Park, Ontario. Thesis.
University of Guelph, Ontario, Canada.
FEDER, M. E. 1983. Integrating the ecology and physiology of plethodontid
salamanders. Herpetologica 39:291-310.
FENNEMAN, N. M. 1938. Physiography of the eastern United States. McGraw Hill, New
York, New York, USA.
FORD, W. M., B. R. CHAPMAN, M A. MENZEL, AND R. H. ODOM. 2002a. Stand age and
habitat influence on salamanders in Appalachian cove hardwood forests. Forest
Ecology and Management 155:131-141.

43
_____, M. A. MENZEL, T. S. MCCAY, J. W. GASSETT, AND J. LAERM. 2002b. Woodland
salamander and small mammal responses to alternative silvicultural practices in
the southern Appalachians of North Carolina. Proceedings of the Annual
Conference of Southeastern Association of Fish and Wildlife Agencies 54:241250.
FRASER, D. F. 1976. Empirical evaluation of the hypothesis of food competition in
salamanders of the genus Plethodon. Ecology 57: 459-471.
GARMAN, S. L. 2001. Response of ground-dwelling vertebrates to thinning young stands:
the young stand thinning and diversity study. Oregon State University,
Coravallis, USA.
GIBBS, J. P. 1998. Distribution of woodland amphibians along a forest fragmentation
gradient. Landscape Ecology 13:263-268.
GILLETT, J. R., AND M. G. PETERSON. 2001. The benefits of transparency: candling as a
simple method for determining sex in red-backed salamanders (Plethodon

cinereus). Herpetological Review 32: 233-235.
GOLD, M. A., W. J. RIETVELD, H. E. GARRETT, AND R. F. FISHER. 2000. Agroforestry
nomenclature,concepts, and practices for the USA. Pages 63-77 in Garrett, H. E.,
W. J. Rietveld, and R. F. Fisher (editors). North American Agroforestry: An
Integrated Science and Practice. American Society of Agronomy, Inc., Madison,
WI, USA.
GRANT, B. W., A. D. TUCKER, J. E. LOVICH, A. M. MILLS, P. M. DIXON, AND J. W.
GIBBONS. 1992. The use of coverboards in estimating patterns of reptile and

44
amphibian biodiversity. Pages 379-403 in McCullough, D. R., and R. H. Barrett
(editors). Wildlife 2001. Elsevier Science Publishing, London, UK.
GREEN, A. J. 2001. Mass/length residuals: measures of body condition or generators of
spurious results? Ecology 82:1473-1483.
GREEN, B. N., AND T. K. PAULEY. 1987. Amphibians and reptiles in West Virginia.
Pittsburgh University Press, Pittsburg, Pennsylvania, USA.
GRIALOU, J. A., S. D. WEST, AND R. N. WILKINS. 2000. The effects of forest clearcut
harvesting and thinning on terrestrial salamanders. Journal of Wildlife
Management 64:105-113.
GROVER, M. C. 1998. Influence of cover and moisture on abundance of the terrestrial
salamanders Plethodon cinereus and Plethodon glutinosus. Journal of
Herpetology 32:489-497.
_____, AND H. M. WILBUR. 2002. Ecology of ecotones: interactions between
salamanders on a complex environmental gradient. Ecology 83:2112-2123.
GUSTAFSON, E. J., N. L. MURPHY, AND T. R. CROW. 2001. Using a GIS model to assess
terrestrial salamander response to alternative forest management plans. Journal of
Environmental Management 63:281-292.
HAIRSTON, N. G. 1983. Growth, survival, and reproduction of Plethodon jordani: tradeoffs between selective pressures. Copeia 1983:1024-1035.
_____. 1987. Community ecology and salamander guilds. Cambridge University Press,
Cambridge, UK.

45
HARPER, C. A., AND D. C. GUYNN. 1999. Factors affecting salamander density and
distribution within four forest types in the southern Appalachian Mountains.
Forest Ecology and Management 114:245-252.
HARPOLE, D. N., AND C. A. HAAS. 1999. Effects of seven silvicultural treatments on
terrestrial salamanders. Forest Ecology and Management 114:349-356.
HARVEY, D., J. KNIGHT, AND G. CANTEBURY. 2000. Proposed rule: California tiger
salamander Ambystoma californiense. U.S. Fish and Wildlife Service,
Sacramento, California, USA.
HEATWOLE, H. 1962. Environmental factors influencing local distribution and
abundance of the salamander Plethodon cinereus. Ecology 43:460-472.
HELS, T., AND E. BUCHWALD. 2001. The effects of road kills on amphibian populations.
Biological Conservation 99:331-340.
HERBECK, L. A. 1998. Ecological interactions of Plethodontid salamanders and
vegetation in Missouri Ozark Forests. Thesis. University of Missouri –
Columbia, USA.
_____, AND D. R. LARSEN. 1999. Plethodontid salamander response to silvicultural
practices in Missouri Ozark forests. Conservation Biology 13:623-632.
HICKS, N. G., AND S. M. PEARSON. 2003. Salamander diversity and abundance in forests
with alternative land use histories in the Southern Blue Ridge Mountains. Forest
Ecology and Management 177:117-130.
HILL, J., D. R. FORMANOWICZ, JR., AND R. G. JAEGER. 1982. Patch foraging by a
terrestrial salamander. Journal of Herpetology 16:405-408.

46
HOOD, H. H. 1934. A note on the red-backed salamander at Rochester, New York.
Copeia 1934:141-142.
HUHTA, V. 1976. Effects of clear-cutting on numbers, biomass and community
respiration of soil invertebrates. Annales Zoologici Fennici 13:63-80.
HUMPHREYS, L. R. 1997. The evolving science of grassland improvement. Cambridge
University Press, Cambridge, UK.
HURVICH, C. M., AND C-L. TSAI. 1989. Regression and time series model selection in
small samples. Biometrika 78:297-307.
HYDE, E. J., AND T. R. SIMONS. 2001. Sampling plethodontid salamanders: sources of
variability. Journal of Wildlife Management 65:624-632.
JAEGER, R. G. 1972. Food as a limited resource in competition between two species of
terrestrial salamanders. Ecology 55:535-546.
_____. 1980. Microhabitats of a terrestrial forest salamander. Copeia 1980:265-268.
_____, AND D. C. FORESTER. 1993. Social behavior of plethodontid salamanders.
Herpetologica 49:163-175.
_____, D. KALVARSKY, AND N. SHIMIZU. 1982. Territorial behavior of the red-backed
salamander: expulsion of intruders. Animal Behaviour 30:490-496.
JAKOB, E. M., S. D. MARSHALL, AND G. W. UETZ. 1996. Estimating fitness: a
comparison of body condition indices revisited. Oikos 77:61-67.
JOHNSON, J. E., D. W. SMITH, AND J. A. BURGER. 1985. Effects on the forest floor on
whole-tree harvesting in an Appalachian oak forest. American Midland Naturalist
114:51-61.

47
JOHNSTON, G. 1993. SAS software to fit the generalized linear model. From the SAS
user group international proceedings, 18th annual conference, New York, New
York, USA.
JUNG, R. E., S. DROEGE, J. R. SAUER, AND R. B. LANDY. 2000. Evaluation of terrestrial
and streamside salamander monitoring techniques at Shenandoah National Park.
Environmental Monitoring and Assessment 63:65-79.
KLEEBERGER, S. R., AND J. K. WERNER. 1982. Home range and homing behavior of

Plethodon cinereus in northern Michigan. Copeia 1982:409-415.
KNAPP, S. M., C. A. HAAS, D. N. HARPOLE, AND R. L. KIRKPATRICK. 2003. Initial effects
of clearcutting and alternative silvicultural practices on terrestrial salamander
abundance. Conservation Biology 17:752-772.
MADISON, D. M., AND R. C. SHOOP. 1970. Homing behavior, orientation, and home range
of salamanders tagged with Tantalum-182. Science 168:1484-1486.
MARSH, D. M., AND M. A. GOICOCHEA. 2003. Monitoring terrestrial salamanders: biases
caused by intense sampling and choice of cover objects. Journal of Herpetology
37:460-466.
_____, AND N. G. BECKMAND. 2004. Effects of forest roads on the abundance and
activity of terrestrial salamanders. Ecological Applications 14:1882-1891.
_____, K. A. THAKUR, K. C. BULKA, AND L. B. CLARKE. 2004. Dispersal and
colonization through open fields by a terrestrial, woodland salamander. Ecology
85:3396-3405.
MARTY, J. T. 2005. Effects of cattle grazing on diversity in ephemeral wetlands.
Conservation Biology 19:1626-1632.

48
MARVIN, G. A. 1998. Territorial behavior of the plethodontid salamander Plethodon

kentucki: influence of habitat structure and population density. Oecologia
114:133-144.
MATHIS, A. 1989. Do seasonal spatial distributions in a terrestrial salamander reflect
reproductive behavior or territoriality? Copeia 1989: 788-791.
_____. 1990. Territoriality in a terrestrial salamander: the influence of resource quality
and body size. Behaviour 112:162-175.
_____. 1991. Territories of male and female terrestrial salamanders: cost, benefits, and
intersexual spatial associations. Oecologia 86:433:440.
MCCULLAGH, P., AND J. A. NELDER. 1989. Generalized linear models. Chapman and
Hall, London, England.
MERCHANT, H. C. 1970. Estimated energy budget of the red-backed salamander,

Plethodon cinereus. Dissertation. Rutgers University, New Brunswick, New
Jersey, USA.
MESSERE, M., AND P. K. DUCEY. 1998. Forest floor distribution of eastern red-backed
salamanders, Plethodon cinereus, in relation to canopy gaps: first year following
selection logging. Forest Ecology and Management 107:319-324.
MITCHELL, J. C., S. C. RINEHART, J. F. PAGELS, K. A. BUHLMAN, AND C. A. PAGUE. 1997.
Factors influencing amphibian and small mammal assemblages in the central
Appalachians. Forest Ecology Management 96:65-76.
MONTI, L., M. HUNTER, JR., AND J. WITHAM. 2000. An evaluation of the artificial cover
object (ACO) method for monitoring populations of the redback salamander

Plethodon cinereus. Journal of Herpetology 34:624-629.

49
MOORE, A. L., C. E. WILLIAMS, T. H. MARTIN, AND W. J. MORIARITY. 2001. Influence of
season, geomorphic surface, and cover item on capture, size, and weight of

Desmognathus ochrophaeus and Plethodon cinereus in Allegheny Plateau
riparian forests. American Midland Naturalist 145:39-45.
MORNEAULT, A. E., B. J. NAYLOR, L. W. SCHAEFFER, AND D. C. OTHMER. 2004. The
effect of shelterwood harvesting and site preparation on eastern red-backed
salamanders in white pine stands. Forest Ecology and Management 199:1-10.
MUSHINSKY, H. R., AND E. D. BRODIE, JR. 1975. Selection of substrate pH by
salamanders. American Midland Naturalist 93:440-443.
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION. 2002. Snow climatology for
West Virginia. http.www.ncdc.noass.gov/servlets/Scoptions?state=111&short=46.
NUZZO, V. A., AND K. S. MIERZWA. 2000. The effect of forest structure on amphibian
abundance and diversity in the Chicago region. United States Environmental
Protection Agency Great Lakes National Program Office, Chicago, Illinois, USA.
OMEROD, S. J., AND S. J. TYLER. 1990. Assessments of body condition in Dippers

Cinclus cinclus: potential pitfalls in the derivation and use of condition indices
based on body proportions. Ringing and Migration 11:31-41.
PAULEY, T. K. 1978. Food types and distribution as a Plethodon habitat partitioning
factor. Bulletin of the Maryland Herpetological Society 14:79-82.
PETRANKA, J. W. 1998. Salamanders of the United States and Canada. Smithsonian
Institution Press, Washington D.C., USA.
_____, M. E. ELDRIDGE, AND K. E. HALEY. 1993. Effects of timber harvesting on
southern Appalachian salamanders. Conservation Biology 7:363-370.

50
_____, M. P. BRANNON, M. E. HOPEY, AND C. K. SMITH. 1994. Effects of timber
harvesting on low elevation populations of southern Appalachian salamanders.
Forest Ecology and Management 67:135-147.
POUGH, F. H. 1983. Amphibians and reptiles as low-energy systems. Pages 141-188 in
Aspey, W. P., and S. I. Lustick (editors). Behavioral energetics: the cost of
survival in vertebrates. Ohio State University Press, Columbus, Ohio, USA.
_____, E. M. SMITH, D. H. RHODES, AND A. COLLAZO. 1987. The abundance of
salamanders in forest stands with different histories of disturbance. Forest
Ecology and Management 20:1-9.
PULLIAM, H. R. 1988. Sources, sinks, and population regulation. American Naturalist
132:652-661.
QUINN, V. S., AND B. M. GRAVES. 1999. A technique for sexing red-backed salamanders
(Plethodon cinereus). Herpetological Review 30:32.
ROTHERMEL, B. B., AND R. D. SEMLITSCH. 2002. An experimental investigation of
landscape resistance of forest versus old-field habitats to emigrating juvenile
amphibians. Conservation Biology 16:1324-1332.
______, AND T. M. LUHRING. 2005. Burrow availability and desiccation risk of mole
salamanders (Ambystoma talpoideum) in harvested versus unharvested forest
stands. Journal of Herpetology 39:619-626.
RUSSELL, K. R., T. B. WIGLEY, W. M. BAUGHMAN, H. G. HANLIN, AND W. M. FORD.
2004a. Responses of southeastern amphibians and reptiles to forest management:
a review. Pages 319-334 in Rauscher, H. M., and K. Johnsen (editors). Southern

51
Forest Science: Past, Present, and Future. GTR SRS-75. USDA Forest Service,
Southern Research Station, Asheville, NC.
_____, T. J. MABEE, AND M. B. COLE. 2004b. Distribution and habitat of Columbia
torrent salamanders at multiple spatial scales in managed forests of northwestern
Oregon. Journal of Wildlife Management 68:405-417.
_____, _____, _____, AND M. J. ROCHELLE. 2005. Evaluating biotic and abiotic
influences on torrent salamanders in managed forests of western Oregon.
Wildlife Society Bulletin 33:1-12.
SATTLER, P., AND N. REICHENBACH. 1998. The effects of thinning on Plethodon

hubrichti: short-term effects. Journal of Herpetology 32:399-404.
SAYLER, A. 1966. The reproductive ecology of the red-backed salamander, Plethodon
cinereus, in Maryland. Copeia 1966:183-193.
SCHULTE-HOSTEDDE, A. I., B. ZINNER, J. S. MILLAR, AND G. J. HICKLING. 2005.
Restitution of mass-size residuals: validating body condition indices. Ecology
86:155-163.
SEBER, G. A. F. 1982. The estimation of animal abundance and related parameters.
Second edition. MacMillan, New York, New York, USA.
SMITH, C. K., AND J. W. PETRANKA. 2000. Monitoring terrestrial salamanders:
repeatability and validity of area-constrained cover object searches. Journal of
Herpetology 34:547-557.
SMITH, E. M., AND F. H. POUGH. 1994. Intergeneric aggression among salamanders.
Journal of Herpetology 28 41–45.

52
SPOTILA, J. R. 1972. Role of temperature and water in the ecology of lungless
salamanders. Ecological Monographs 42:95-125.
SPSS. 2005. SPSS Version 14.0 for Windows. SPSS, Inc., Chicago, Illinois, USA.
STEBBINS, R. C. 1954. Natural history of the salamanders of the plethodontid genus

Ensatina. University of California Publications in Zoology 54:47-124.
STRAUSBAUGH, P. D., AND E. L. CORE. 1977. Flora of West Virginia. Seneca Books,
Gainesville, West Virginia, USA.
SUGALSKI, M. T., AND D. L. CLAUSSEN. 1997. Preference for soil moisture, soil pH, and
light intensity by the salamander, Plethodon cinereus. Journal of Herpetology
31:245-250.
SYSTAT. 2002. Systat Version 11.0 for Windows. Systat Software Inc., Point
Richmond, California, USA.
TAUB, F. B. 1961. The distribution of red-backed salamanders, Plethodon c. cinereus,
within the soil. Ecology 42:681-698.
TEST, F. H. 1955. Seasonal differences in populations of the red-backed salamander in
southeastern Michigan. Papers of the Michigan Academy of Sciences, Arts and
Letters 40:137-153.
_____, AND B. A. BINGHAM. 1948. Census of a population of red-backed salamanders
(Plethodon cinereus). American Midland Naturalist 39:362-372.
USDA, NRCS NATIONAL SOIL SURVEY CENTER. 1996. Soil survey laboratory methods
manual. Soil survey investigations report # 42, version 3.0. Washington D. C.,
USA.

53
VAS, C. M. P., L. H. BASSOI, AND J. W. HOPMANS. 2001. Contributions of water content
and bulk density to field penetration resistance as measured by a combined cone
penetrometer-TDR probe. Soil and Tillage Research 60:35-42.
VERNBERG, F. J. 1955. Hematological studies on salamanders in relation to their
ecology. Herpetologica 11:129-133.
WALDICK, R. C., B. FREEDMAN, AND R. J. WASSERSUG. 1999. The consequences for
amphibians of the conversion of natural, mixed-species forests to conifer
plantations in southern New Brunswick. Canadian Field-Naturalist 113:408-418.
WELSH, H. H., AND S. DROEGE. 2001. A case for using plethodontid salamanders for
monitoring biodiversity and ecosystem integrity of North American forests.
Conservation Biology 15:558-569.
WILLIAMS, L. A. 2003. Amphibian population and community characteristics, habitat
relationships, and first-year responses to clearcutting in a central Appalachian
industrial forest. Thesis. Virginia Polytechnic Institute and State University,
Blacksburg, Virginia, USA.
WILLIAMS, A. K., AND J. BERKSON. 2004. Reducing false absences in survey data:
detection probabilities of red-backed salamanders. Journal of Wildlife
Management 68:418-428.
WYMAN, R. L. 1988. Soil acidity and moisture and the distribution of amphibians in five
forests of southcentral New York. Copeia 1988:394-399.

54
Table 1. Observations of red-backed salamanders from
preliminary research of coverboard sampling at 2
Appalachian Farming Service Research Center
experimental farms in Raleigh County, West Virginia,
USA, 2002-2003.
Treatments
Reba Silvopasture

2002

2003

23

56

Reba Grazed Meadow

.

32

School Grazed Meadow

.

5

Reba Ungrazed Meadow

.

119

School Woodland Reference

.

67

11

48

Reba Woodland Edge

5

92

School Woodland Edge

.

77

Reba Woodland Reference

55

Table 2. Description of 13 treatment plots from 3 Appalachian Farming Service Research
Center farm sites sampled for red-backed salamanders, in Raleigh County, West Virginia,
USA, 2004-2005.
Farm
Peters

Reba

School

Treatments

Dominant vegetation

Woodland Reference

Northern red oak, maple, pine

Woodland Edge

Northern red oak, maple

Ungrazed Meadow

Mixed grasses, cinquefoil

Woodland Reference

Northern red oak, maple, blackgum

Woodland Edge

Northern red oak, maple, blackgum

Silvopasture A

Northern red oak, ryegrass, orchardgrass, white clover

Silvopasture B

Northern red oak, ryegrass, orchardgrass, white clover

Silvopasture C

Northern red oak, ryegrass, orchardgrass, white clover

Ungrazed Meadow

Tall fescue

Grazed Meadow

Orchardgrass, white clover

Woodland Reference

Northern red oak, maple, blackgum

Woodland Edge

Northern red oak, maple, blackgum

Grazed Meadow

Tall fescue, orchardgrass

cm
%
%
%
%
%
%
%
%
%
°F
kPa

-

Treatment

Average Diameter at Breast Height
Percent Bare Soil
Percent Canopy Cover
Percent Coarse Woody Debris
Percent Emergent Rock
Percent Fine Woody Debris
Percent Herbaceous Vegetation
Percent Leaf Litter
Percent Woody Shrubs
Soil Moisture
Soil pH
Surface Temperature
Overstory
Average Soil Compaction

-

Units

Livestock Presence

Variable

DBH
SOIL
CC
CWD
ROCK
FWD
HERB
LL
WOODY
MOIST
pH
TEMP
OVER
COMPACT

TREAT

LIVE

Abbreviation

Presence or absence of livestock species
Treatment type (woodland, edge, silvopasture,
ungrazed meadow, grazed meadow)
Average diameter at breast height for trees
The percent area of bare soil
The average percent canopy closure
The percent area of coarse woody debris
The percent area of emergent rock
The percent area of fine woody debris
The percent area of herbaceous vegetation
The percent area of leaf litter
The percent area of woody shrubs
The soil moisture at the time of sampling
The soil pH for the top 10 cm of soil
The surface temperature at the time of sampling
Tree type (Coniferous, Deciduous, Mixed, None)
The average compaction of the soil

Description

Appalachian Farming Service Research Center experimental farms in Raleigh County, West Virginia, USA, 2004-2005.

included in logistic and linear regression models explaining habitat relationships of red-backed salamanders from 3

Table 3. Biotic and abiotic habitat variables measured within 3-m radius circles centered over salamander locations,

56

n = 60.

n = 40.

a

b

Variable
DBH
CC
CWD
FWD
WOODY
HERB
ROCK
SOIL
LL
pH
COMPACT
TEMP 2004
MOIST 2004
TEMP 2005
MOIST 2005

Woodland
Referencea
Χ
SE
22.27
1.91
95.03
0.48
2.83
0.76
8.95
1.19
11.33
1.88
9.90
1.49
2.10
0.57
4.58
1.17
60.35
3.38
4.27
0.04
1849.23 98.85
55.30
0.07
32.59
0.43
55.85
0.09
21.03
0.42
Χ
21.30
90.85
2.73
8.83
22.82
31.75
1.98
4.80
18.03
4.47
2188.65
54.93
33.81
56.51
21.38

SE
3.10
1.90
0.00
0.04
0.06
0.41
0.19
0.41
0.02
0.06
80.17
0.13
0.59
0.14
0.50

Silvopasturea

SE
Χ
2.46
17.27
1.04
54.42
0.98
0.00
1.31
0.13
3.08
0.13
3.20
1.15
0.57
0.43
1.26
1.43
2.97
0.02
0.07
5.70
112.06 1782.80
0.11
59.25
0.71
34.72
0.14
59.20
0.54
25.51

Woodland Edgea

Ungrazed
Meadowb
Χ
SE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.13
0.09
39.23
6.30
0.00
0.00
0.08
0.06
0.00
0.00
5.51
0.10
1053.88 59.87
58.56
0.24
39.57
0.64
60.82
0.33
26.98
0.42

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.58
0.00
5.87
1709.98
59.41
35.86
59.48
24.14

Χ

SE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.00
0.08
96.06
0.22
0.49
0.24
0.57

Grazed Meadowb

farms in Raleigh County, West Virginia, USA, 2004-2005. Abbreviations correspond to model variables in Table 3.

ungrazed meadow, and grazed meadow treatments on 3 Appalachian Farming Service Research Center experimental

Table 4. Measurements of mean biotic and abiotic attributes in woodland reference, woodland edge, silvopasture,
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Table 5. Logistic and linear regression models explaining influence of biotic and
abiotic habitat attributes on presence and abundance of red-backed salamanders at 3
Appalachian Farming Service Research Center experimental farms in Raleigh
County, West Virginia, USA, 2004-2005. Abbreviations correspond to model
variables in Table 3.
Model

Variables

Global

ALL

Abiotic

SOIL

Canopy Cover

CC

Disturbance

TREAT LIVE

COMPACT

Ground Cover

CWD

FWD

ROCK

Microclimate

MOIST

TEMP

Overstory

DBH

CC

OVER

Herbaceous Vegetation

HERB

Soil

MOIST

pH

TEMP

Treatment

TREAT

Vegetation

OVER

CC

Herbaceous Disturbance

TREAT HERB

Multi-level

TREAT HERB

.

ROCK COMPACT

pH

LL

HERB

WOODY

LL

DBH

MOIST

CC

ROCK

HERB

59

Table 6. Sex and age frequencies of red-backed salamanders by treatment type
on 3 Appalachian Farming Services Research Center experimental farms in
Raleigh County, West Virginia, USA, 2004-2005.
Treatments

Adult Female

Adult Male

Immature

Total

Woodland Reference

51 (29.0%)

53 (30.1%)

72 (40.9%)

176

Woodland Edge

53 (31.7%)

61 (36.5%)

53 (31.7%)

167

Silvopasture

30 (42.3%)

16 (22.5%)

25 (35.2%)

71

Meadow

48 (41.1 %)

52 (44.4%)

17 (14.5%)

117

60

Table 7. Logistic regression models explaining the influence of biotic and abiotic
habitat attributes on presence of red-backed salamanders in 2004 on 3 Appalachian
Farming Services Research Center experimental farms in Raleigh County, West
Virginia, USA.
Modela

-2 log likelihood

Kb

AICcc

∆AICcd

Herbaceous Disturbance

246.672

6

259.004

0.000

0.692

Treatment

251.678

5

261.914

2.910

0.161

Multi-level

244.744

9

263.464

4.460

0.074

Vegetation

241.281

11

264.346

5.342

0.048

Disturbance

251.647

7

266.091

7.087

0.020

Canopy Cover

267.127

2

271.174

12.170

0.002

Overstory

259.355

6

271.687

12.683

0.001

Ground Cover

259.459

6

271.791

12.787

0.001

Abiotic

264.466

5

274.702

15.698

0.000

Soil

266.764

4

274.921

15.917

0.000

Global

230.499

22

278.769

19.765

0.000

Herbaceous Vegetation

275.709

2

279.756

20.752

0.000

Microclimate

277.243

3

283.337

24.333

0.000

a

Variables in each model are indicated in Table 5.

b

Number of estimable parameters in approximating model.

d

Akaike’s Information Criterion corrected for small sample size.

e

Difference in value between AICc of the current model versus the best

wie

approximating model (AICcmin).
f

Akaike weight. Probability that the current model (i) is the best approximating
model among those considered.
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Table 8. Parameter estimates (B) and standard errors (SE) from the most highly
supported models explaining the influence of biotic and abiotic habitat attributes on
presence of red-backed salamanders on 3 Appalachian Farming Services Research
Center experimental farms in Raleigh County, West Virginia, USA, 2004-2005.
Coefficients of the categorical variable treatment were calculated relative woodland
reference treatments.
Model

B

SE

Herbaceous Disturbanceb
Herbaceous Vegetation

0.239
0.020

0.010

Woodland Edge

-0.197

0.611

Silvopastures

-0.940

0.499

Ungrazed Meadows

-1.377

0.576

Grazed Meadows

-2.356

0.525

Multi-levelc
Herbaceous Vegetation

a
b
c

R2a

0.391
0.033

0.012

Percent Rock

-0.296

0.083

Canopy Cover

0.003

0.021

Average Soil Moisture

-0.074

0.050

Woodland Edge

-5.448

1.987

Silvopastures

-4.951

2.205

Ungrazed Meadows

-6.163

2.916

Grazed Meadows

-6.721

2.872

Nagelkerke R Square
Logistic regression model explaining presence of red-backed salamanders in 2004.
Logistic regression model explaining presence of red-backed salamanders in 2005.
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Table 9. Logistic regression models explaining the influence of biotic and abiotic
habitat attributes on presence of red backed salamanders in 2005 on 3 Appalachian
Farming Service Research Center experimental farms in Raleigh County, West
Virginia, USA.
-2 log
likelihood
197.098

Kb

AICcc

9

215.818

0.000 0.991

Global

177.051

22

225.321

9.503 0.009

Disturbance

218.516

7

232.960

17.142 0.000

Herbaceous Disturbance

220.897

6

233.229

17.411 0.000

Treatment

225.889

5

236.125

20.307 0.000

Ground Cover

229.132

6

241.464

25.646 0.000

Overstory

231.338

6

243.670

27.852 0.000

Vegetation

221.941

11

245.006

29.188 0.000

Canopy Cover

242.490

2

246.537

30.719 0.000

Abiotic

240.094

5

250.330

34.512 0.000

Soil

248.749

4

256.906

41.088 0.000

Microclimate

260.137

3

266.231

50.413 0.000

Herbaceous Vegetation

266.163

2

270.210

54.392 0.000

Modela
Multi-level

∆AICcd

wie

a

Variables in each model are indicated in Table 5.

b

Number of estimable parameters in approximating model.

c

Akaike’s Information Criterion corrected for small sample size.

d

Difference in value between AICc of the current model versus the best approximating
model (AICcmin).

e

Akaike weight. Probability that the current model (i) is the best approximating model
among those considered.
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Table 10. Linear regression models explaining influence of biotic and abiotic habitat
attributes on the abundance of red-backed salamanders under coverboards in 2004 on 3
Appalachian Farming Service Research Center experimental farms in Raleigh County,
West Virginia, USA.
Residual Sum of
Squares
165.164

Kb
3

-26.256

0.000

0.573

Multi-level

153.763

10

-25.134

1.122

0.327

Ground Cover

161.409

7

-22.267

3.989

0.078

Herbaceous Disturbance

164.911

7

-18.082

8.174

0.010

Global

136.230

23

-17.482

8.774

0.007

Vegetation

156.529

12

-17.139

9.117

0.005

Disturbance

187.556

8

9.184

35.440

0.000

Soil

200.706

5

15.942

42.198

0.000

Microclimate

212.403

4

24.880

51.136

0.000

Canopy Cover

229.937

3

38.263

64.519

0.000

Overstory

229.549

7

46.407

72.663

0.000

Abiotic

232.802

6

46.999

73.255

0.000

Treatment

234.188

6

48.156

74.412

0.000

Model a
Herbaceous Vegetation

AICcc

∆AICcd

wie

a

Variables in each model are indicated in Table 5.

b

Number of estimable parameters in approximating model.

c

Akaike’s Information Criterion corrected for small sample size.

d

Difference in value between AICc of the current model versus the best approximating
model (AICcmin).

e

Akaike weight. Probability that the current model (i) is the best approximating model
among those considered.
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Table 11. Parameter estimates from the most highly supported models explaining the
influence of biotic and abiotic habitat attributes on abundance of red-backed
salamanders on 3 Appalachian Farming Service Research Center experimental farms
in Raleigh County, West Virginia, USA, 2004-2005.
Model
Herbaceous Vegetationa
Herbaceous Vegetation
Multi-levela
Herbaceous Vegetation
Percent Rock
Canopy Cover
Treatments
Ground Coverb
Herbaceous Vegetation
Coarse Woody Debris
Percent Rock
Fine Woody Debris
Percent Leaf Litter
Herbaceous Vegetationb
Herbaceous Vegetation
Multi-levelb
Herbaceous Vegetation
Percent Rock
Canopy Cover
Average Soil Moisture
Treatment

B

SE

R2
0.299

0.022

0.002
0.347

0.020
-0.035
-0.009
-0.289

0.003
0.020
0.004
0.133
0.191

0.019
-0.001
-0.056
-0.006
0.007

0.003
0.015
0.030
0.010
0.003
0.154

0.017

0.003
0.216

0.016
-0.067
-0.011
0.031
-0.499

0.003
0.030
0.005
0.021
0.155

a

Linear regression models explaining abundance of red-backed salamanders in 2004.

b

Linear regression models explaining abundance of red-backed salamanders in 2005.
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Table 12. Linear regression models explaining influence of biotic and abiotic
habitat attributes on the abundance of red-backed salamanders under coverboards in
2005 on 3 Appalachian Farming Service Research Center experimental farms in
Raleigh County, West Virginia, USA.
Residual Sum of
Squares
230.596

Kb
7

40.449

0.000

0.379

Multi-level

223.540

10

40.712

0.263

0.333

Herbaceous Vegetation

241.340

3

41.240

0.791

0.256

Herbaceous Disturbance

236.992

7

46.003

5.554

0.024

Vegetation

227.669

12

48.924

8.475

0.005

Soil

246.641

5

49.834

9.385

0.003

Global

210.848

23

59.868

19.419

0.000

Disturbance

258.943

8

66.153

25.704

0.000

Abiotic

266.724

6

67.849

27.400

0.000

Microclimate

279.710

4

73.273

32.824

0.000

Canopy Cover

285.100

3

75.066

34.617

0.000

Treatment

283.312

6

80.097

39.648

0.000

Overstory

281.896

7

81.226

40.777

0.000

Model a
Ground Cover

AICcc

∆AICcd

a

Variables in each model are indicated in Table 5.

b

Number of estimable parameters in approximating model.

c

Akaike’s Information Criterion corrected for small sample size.

d

Difference in value between AICc of the current model versus the best

wie

approximating model (AICcmin).
e

Akaike weight. Probability that the current model (i) is the best approximating
model among those considered.
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Table 13. Results of 2-way ANOVA of physiological condition
by treatment, and sex of red-backed salamanders on 3
Appalachian Farming Services Research Center experimental
farms in Raleigh County, West Virginia, USA, 2004-2005.
Source

df

MS

F

P

Treatment

3

0.003

1.696

0.196

Sex

2

0.000

0.154

0.858

Treatment x Sex

6

0.001

0.864

0.536

23

0.001

Error
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Table 14. Results of 1-way ANOVA of salamander sex and age
by treatment type from coverboard searches on 3 Appalachian
Farming Service Research Center experimental farms near
Beckley, West Virginia, USA, 2004-2005.
Source
Sex

MS

Between Treatments

3

0.02

Within Treatments

8

0.018

Total
Age

df

P

1.144

0.389

12.534

0.002

11

Between Treatments

3

0.053

Within Treatments

8

0.004

Total

F

11

Table 15. Total observations of red-backed salamanders by treatment type during 19 coverboard sampling efforts in
2004 and 14 coverboard sampling efforts in 2005 on 3 Appalachian Farming Service Research Center experimental
farms in Raleigh County, West Virginia, USA.

Treatments
Woodland Reference
Woodland Edge
Silvopasture
Grazed Meadow
Ungrazed Meadow
Total
Treatments
Woodland Reference
Woodland Edge
Silvopasture
Grazed Meadow
Ungrazed Meadow
Total

Mar

Apr
.
.
.
.
.
.

Mar
39
69
33
0
37
175

.
.
.
.
.
.
Apr
70
75
65
1
59
263

May
13
6
6
0
0
25

2004
June
July
43
26
24
24
5
2
0
0
0
0
72
52

Aug
8
7
0
0
0
15

May
68
41
1
1
2
105

2005
June
July
110
59
46
19
6
2
0
0
0
0
151
76

Aug Sept
10
40
7
41
1
3
0
0
0
4
17
85

Sept
34
80
23
1
49
187

Oct
72
161
109
15
233
590

Nov
54
68
45
10
114
291

Dec
8
19
0
0
9
36

Total
258
389
190
26
405
1268

Oct
Nov
53
14
69
16
146
16
29
21
265
29
535
74

Dec
.
.
.
.
.
.

Total
428
357
273
27
396
1481

0-,

co
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Table 16. Number of marked and recaptured red-backed salamanders
on 3 Appalachian Farming Service Research Center experimental
farms in Raleigh County, West Virginia, USA, 2004-2005.
Farm

Total marked

Total Recaptured

% Recapture Rate

Reba

189

43

22.75

School

118

38

32.20

Peters

261

112

42.91

Total

568

193

33.98
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Table 17. Number of red-backed salamanders captured in woodland reference and woodland
edge plots via day transect and night surface surveys on 3 Appalachian Farming Service
Research Center experimental farms in Raleigh County, West Virginia, USA, 2004-2005.
2004
Treatments

2005

Female

Male

Juvenile

Total

Female

Male

Juvenile

Total

Reba Woods

8

2

5

15

5

3

10

18

School Woods

2

0

4

6

1

1

4

6

Peters Woods

0

1

4

5

1

2

2

5

Reba Edge

2

0

2

4

0

1

3

4

School Edge

1

0

5

6

0

0

0

0

Peters Edge

0

0

3

3

0

0

1

1

Total

13

3

23

39

7

7

20

34
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West Virginia

N

t
Raleigh County
West Virginia

0 Reba Farm
0 School Farm

•

Peters Farm

*

City of Beckley

Figure 1. Approximate locations of the 3 Appalachian Farming Service Research Center
experimental farm sites in Raleigh County, West Virginia, USA, 2004-2005.
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Raleigh County
West Virginia

Peters Farm

N

•••••••• •
•••••
•• • •

Interstate US 77

Woodland Reference
Ungrazed Meadow
Woodland Edge

Figure 2. Coverboard placement at the Appalachian Farming Service Research Center
Peters experimental farm, 4 km Southwest of Shady Spring, Raleigh County, West
Virginia, USA, 2004-2005.
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Reba Farm
Raleigh County
West Virginia

N

Woodland Reference
Woodland Edge
Meadows
Silvopasture A
Silvopasture B
Silvopasture C

Figure 3. Coverboard placement at the Appalachian Farming Service Research
Center Reba experimental farm, 4 km West of Meadow Creek, Raleigh County, West
Virginia, USA, 2004-2005.
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Raleigh County
West Virginia

School Farm

N

Woodland Reference
Grazed Meadow
Woodland Edge
Figure 4. Coverboard placement at the Appalachian Farming Service Research Center
School experimental farm, 12 km North East of Shady Spring, Raleigh County, West
Virginia, USA, 2004-2005.
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Figure 5. Percentage of coverboards in each treatment occupied by red-backed
salamanders on 3 Appalachian Farming Service Research Center experimental farms in
Raleigh County, West Virginia, USA, 2004-2005.
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Figure 6. Relative abundance of red-backed salamanders per coverboard by treatment on
3 Appalachian Farming Service Research Center experimental farms in Raleigh County,
West Virginia, USA. There were 3 plots for woodland reference, woodland edge, and
silvopasture treatments (coverboards = 60) and 2 plots for grazed and ungrazed meadow
treatments (coverboards = 40). Coverboards were sampled 19 times in 2004 and 14 times
in 2005.

