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Objectives 

1. Develop a framework for using hierarchical models to explicitly account for multiple 
levels of uncertainty when estimating climate change effects on populations. 

2. Provide predictions of brook trout and stream salamander population persistence under a 
range of future climate scenarios. 

3. Compare population persistence among brook trout and salamander species based on life 
history traits. 

4. Identify specific areas where more research is needed based on partitioning uncertainty in 
the models. 

5. Provide a flexible framework to evaluate management scenarios and guide decision 
making. 

 
Background 
 Global average air temperature is increasing, but changes are not distributed evenly 
across the planet; some areas are warming more rapidly than others. In addition to warming 
temperatures, precipitation amounts and timing are changing, as are the frequency of extreme 
weather patterns, including droughts, heavy precipitation, heat waves, and wind storms (Core 
Writing Team et al. 2007; National Assessment Synthesis Team 2000). Understanding climate 
change effects on fish and wildlife populations is critical for developing strategies to anticipate 
and mitigate population declines and extinctions. I will use brook trout (Salvelinus fontinalis) 
and stream salamanders as model organisms to study climate change population predictions 
because they are sensitive to changes in temperature and hydrology and serve as indicators of 
water quality. Additionally, brook trout are expected to be more severely affected by temperature 
changes than many stream salamanders and using multiple species a trait-based comparison 
could increase the scope of the study and improve multi-species management plans. USGS is an 
ideal organization within which to tackle these critical and complex issues given their extensive 
databases of temperature and precipitation, stream flow, interagency relationships, and expertise 
in landscape change and hydroclimatology. 
 
Brook trout 

Brook trout are the only native trout in many eastern US streams and act as a top predator 
in these lotic systems, thereby influencing primary productivity and ecosystem functions, making 
them essential components of healthy, functioning ecosystems (e.g. Frank 2008; Hairston et al. 
1960; Schmitz et al. 2000). They are also indicators of ecosystem health owing to their 
sensitivity to eutrophication, siltation, acidity, temperature, stream flow, oxygen levels, and 
habitat fragmentation (Eastern Brook Trout Joint Venture 2005; Letcher et al. 2007; Marschall & 
Crowder 1996; Nislow & Lowe 2003). Brook trout have received considerable attention recently 
because of population declines throughout their native range (Figure 1; Hudy et al. 2008). The 
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Eastern Brook Trout Joint Venture (EBTJV), a 
partnership of state and federal agencies, 
nongovernmental organizations and academic 
institutions, was created to address population 
declines extending beyond local and state boundaries 
(Eastern Brook Trout Joint Venture 2008). The results 
of the EBTJV-sponsored range-wide assessment 
present a solemn picture of current brook trout 
populations and cast doubt on the future of the 
species. Brook trout have been extirpated from much 
of the southern half of their range and the remaining 
southern habitat is largely unsuitable for self-
sustaining populations (Hudy et al. 2008). In the US, 
northern New Hampshire, northern Vermont, and 
Maine have been less impacted and still supported 
self-sustaining populations (Figure 1). Forest cover 
within watershed was one of the best predictors of 
population health, along with the absence of exotic 
fish species (Hudy et al. 2008). Brook trout 
populations are also at risk from climate change 

because as cold-water adapted ectotherms, their growth, reproduction, survival, metabolism, and 
activity are strongly temperature dependent. They are not only sensitive to average changes in 
temperature and precipitation but also to changes in the spatial and temporal patterns of 
temperature and stream flow (Hakala & Hartman 2004; Meisner 1990a, b; Xu et al. 2010). I 
propose to integrate climate models with hydrological and population models to predict future 
population persistence and help identify subwatersheds for conservation priority. 
 
Stream salamanders 
 In addition to brook trout, I propose to examine climate change effects on stream-
breeding salamander populations. Like brook trout, salamanders can serve as indicators of 
ecosystem health and integrity (Welsh & Droege 2001). Stream-breeding salamanders lack lungs 
and have semi-permeable skin, which makes them especially sensitive to changes in water 
quality. As ectotherms, salamanders are also sensitive to changes in temperature and generally 
require cool, heavily forested headwater streams for reproduction and larval development. Some 
species continue to reside in streams as adults, post-metamorphosis, while others move to upland 
habitat for most of the year and migrate back to streams for reproduction (Petranka 1998). These 
life history differences will likely influence how species are affected by climate change. In 
addition to temperature, salamanders are sensitive to the timing of precipitation and resultant 
stream-flow for oviposition and larval development. If a headwater stream dries prior to larval 
metamorphosis, larvae risk increased mortality through desiccation or predation following 
downstream migration into the presence of predatory fish. 
 
Trait-based comparisons 

Comparison of various salamander species and brook trout will allow me to evaluate if 
climate change responses are trait-based or species-specific. Traits such as dispersal, habitat 
affinity (stream size), and activity patterns (duration and timing of stream use) can help predict 



2013%USGS%Mendenhall%Postdoctoral%Fellowship:%14<40% Daniel%J.%Hocking%

3"
"

the effects of climate change on populations. For example, brook trout are limited in dispersal to 
the dendritic network formed by the waterways; therefore, movements among populations are 
limited by stream conditions and connectivity (Grant  et al. 2007; Lowe 2003; Lowe & Bolger 
2002). Salamanders such as hellbenders (Cryptobranchus alleganiensis) and mudpuppies 
(Necturus maculosus) are similarly restricted to the dendritic network and use small to large 
streams. However, stream-breeding salamanders exhibit a range of dispersal capabilities and 
stream fidelity. Large-bodied dusky salamanders, such as Desmognathus fuscus, D. 
quadramaculatus, and D. monticola, tend to be found in or within a few meters of headwater 
streams, whereas small-bodied dusky salamanders (D. ochrophaeus, D. ocoee), brook 
salamanders (e.g. Eurycea bislineata, E. cirrigera, E. guttolineata), and spring salamanders 
(Gyrinophilus porphyriticus) tend to move farther from streams outside the breeding season, 
potentially allowing overland metapopulation dynamics (Crawford & Semlitsch 2007; Grant  et 
al. 2007; Lowe 2003). Differential dispersal abilities and specific habitat affinities can influence 
metapopulation dynamics and population persistence, especially in mountainous regions with 
considerable habitat heterogeneity (Akcakaya et al. 2004; Hanski et al. 1994; Marsh & Trenham 
2001). This appears to be the case for dusky salamanders (Desmognathus spp.) in the southern 
Appalachian Mountains where high levels of upstream and overland dispersal facilitate 
population persistence (Grant et al. 2010). The effect of climate change on metapopulation 
persistence through these dispersal pathways remains to be tested. Another difference that could 
be compared among species and taxa would be the effects of activity patterns including the time 
and timing of stream use. A trait-based approach will enhance the ability to generalize research 
findings to other locations and taxa. 
 
Modeling Framework 

Hierarchical Bayesian (HB) models are especially useful for meeting the type of 
objectives proposed here. HB models have the ability to account for processes and uncertainty at 
multiple levels. By conditioning on variables from other hierarchical levels, it becomes possible 
to simultaneously estimate multiple latent parameters while accounting for the full uncertainty 
across all levels of data (Clark 2007; Clark & Gelfand 2006; Gelman & Hill 2007). Most 
complex models in ecology and climate-effect forecasting only account for measurement and 
process error in their estimation of uncertainty (Clark 2003; Cressie et al. 2009). Ideally, models 
should also account for all uncertainty in the processes that generated the data including 
sampling design, model specification, parameters defining the specified models, and in initial 
and boundary conditions (Cressie et al. 2009). Formal statistical modeling in a HB framework 
provides an opportunity to do this explicitly (Clark 2005; Clark 2007; Gelman & Hill 2007). 
Delineation of uncertainty is valuable for researchers in addition to practitioners because it can 
highlight where data are limiting forecasting precision, thereby providing specific avenues for 
productive future research. 
 
Research Approach and Methods 

To meet the objectives proposed, I will develop a hierarchical model that includes (i) 
downscaled climate projections from General Circulation Models (GCM), (ii) stream 
temperature and flow as a function of air temperature, precipitation, landscape characteristics, 
and (iii) a population model conditional on stream temperature and flow (Figure 2). Using a 
Bayesian framework will provide an explicit method for characterizing error and uncertainty in 
model predictions and parameterizations (Clark 2003; Gelman & Hill 2007; Steinschneider et al. 
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2012). The overall statistical modeling 
structure will build on the methods of 
Steinschneider et al. (2012) and consist of 
calibration of the historic temperature and 
hydrologic models, followed by Monte 
Carlo resampling to simulate stream 
temperature and flow time series with 
uncertainty. This procedure will be repeated 
for multiple climate scenarios from GCM 
(~70 predicted climates across 3 emission 
scenarios), then stream flow and temperature 
statistics (e.g. mean, minimum, and 
maximum temperature and flow) and 
associated uncertainty will be calculated for 
use in the population model (sensu 
Steinschneider et al. 2012). The population 
model will combine broad-scale count data 
with detailed mark-recapture data 
conditional on stream temperature and flow 
and other environmental conditions to 
predict future population demography, 

abundance, and persistence. I will work with the project advisors to further compile and check 
the quality and accuracy of existing data sources for inclusion in the model. The data will be 
derived from a variety of sources (details below). 
 
Flow and Temperature 

The first stage in the modeling procedure will involve working with the project advisors 
and collaborators to fine-tune, calibrate, and evaluate the hydrologic and stream temperature 
parts of the overall model. For the hydrologic model, I will use USGS stream flow data from 
across the native range of brook trout, collected over the past 30 years. I will explore various 
models of stream flow and work with USGS Water Science Center contacts through Ben Letcher 
to assess the most appropriate model for our purposes. One potential is the Coupled Ground-
Water and Surface-Water Flow Model (GSFLOW) model which uses air temperature, 
precipitation, landscape features, evapotranspiration, solar exposure, geomorphology and similar 
covariates to predict stream flow (Markstrom et al. 2008). This USGS-developed model 
integrates the USGS Precipitation-Runoff Modeling System (PRMS) and USGS Modular 
Ground-Water Flow Model (MODFLOW; Markstrom et al. 2008). By conditioning the 
GSFLOW model on the downscaled climate data, the uncertainty in each part of the model is 
maintained and estimated jointly, which is valuable for informed management decisions (Figure 
2). The GSFLOW model produces spatially and temporally explicit stream flows that will be 
used in the brook trout population model (Figure 2). The modified ABCD model of stream flow 
is another potential model that has successfully been integrated with climate models to estimate 
climate change uncertainty (Steinschneider et al. 2012). 
 To link climate projections of air temperature to stream temperature, I will model stream 
temperature as a function of air temperature, solar radiation, canopy cover, and geomorphology 
derived from GIS layers. Geomorphic predictors will include watershed contributing area, 



2013%USGS%Mendenhall%Postdoctoral%Fellowship:%14<40% Daniel%J.%Hocking%

5"
"

network drainage density, elevation, and channel slope (Isaak et al. 2010). If this complex model 
of stream temperature proves intractable, I will examine the use of other, simpler models such as 
non-linear models based primarily on air temperature (Morrill et al. 2005). Paired air-stream 
temperature data is available for much of the Appalachian Mountains from the US Forest Service 
Boise Rocky Mountain Research Station (www.fs.fed.us/rm/boise/AWAE/projects/stream 
_temperature.shtml) and will be supplemented by additional data where available. 
 
Population Modeling 

Data on brook trout for the population sub-model will come from multiple sources. The 
broad-scale distribution data are being gathered by Ben Letcher (USGS) from state and federal 
agency monitoring programs throughout the specie’s native range within the United States 
(Georgia to Maine). There are approximately 5,000 streams with occupancy (presence/absence) 
data and approximately 1,000 with count data that can be used in abundance models. On average, 
there are 5 years of count data per stream, but it varies from 2 – 35 years, which will aid in 
modeling temperature and hydrologic effects on abundance. Many sites have multiple-pass 
electroshocking data, which will allow me to account for imperfect detection in count data and 
derive better estimates of abundance. This is particularly true for Massachusetts, Connecticut, 
Virginia, West Virginia, and especially Shenandoah National Park. The range-wide data will be 
supported by detailed mark-recapture data from at least six streams. The use of mark-recapture 
data in an integrated population model allows for incorporation of demographic data and 
age/stage-specific survival, immigration, and reproduction (Schaub & Abadi 2010; Schaub & 
Kéry 2012). These vital rates can be influenced by temperature and precipitation; therefore, by 
including these details in the model, I can derive estimates of abundance and population 
persistence with better precision (Schaub & Abadi 2010; Schaub & Kéry 2012). Data on stream 
salamanders will be gathered primarily from the USGS Amphibian Research and Monitoring 
Initiative (ARMI) with the aid of project advisor Evan Grant. These data will include presence-
absence observations, count data, and mark-recapture data from streams throughout the 
Appalachian Mountains, including many of the streams with brook trout data. Data are available 
for multiple species of the genera Eurycea, Desmognathus, Gyrinophilus, and Pseudotriton. As 
with brook trout, some of the most complete data are from Shenandoah National Park, but 
considerable data are also available from other areas, especially Massachusetts and the White 
Mountains of New Hampshire. 

I will develop three forms of population models. The simplest model will be a broad-
scale multi-season occupancy model. This model uses repeated presence-absence survey data to 
estimate the probability of site occupancy, while accounting for detection probability (Mackenzie 
et al. 2002; MacKenzie et al. 2006; Tingley & Beissinger 2009). Surveys within a season (or 
year) are assumed to remain occupied or unoccupied throughout the season. A multi-season 
model relaxes the assumption of population closure, thereby allowing populations to change in 
occupancy state through local extinction and recolonization between seasons (MacKenzie et al. 
2006; Royle & Dorazio 2008).  Detection probability in this model represents the probability of 
detecting a species given that it is present on the site (that the site is currently occupied during 
the survey). This model can be extrapolated into the future given various climate scenarios to 
estimate the probability of local population persistence (probability each site is occupied) 
through time. Occupancy models use presence-absence data, which is available for a large 
number of sites (~5000) because this type of data is easier to collect than abundance data. This 
quantity of data will help to produce robust model estimates. Stream temperature and stream 
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flow, plus any other environmental variables such as forest cover within the watershed, stream 
fragmentation, and presence of exotic species can be used as covariates to inform the four 
parameters of interest (occupancy, detection, extinction, and colonization). Whereas occupancy 
data are useful as an initial modeling step for population persistence over a broad scale, they are 
a rather coarse measure of populations. 

The second method of modeling populations in response to climate change involves the 
use of an open population binomial mixture model (Dail & Madsen 2011). This model is similar 
to the multiseason occupancy model but count data are used rather than simple presence-absence 
data. From repeated count data (~1,000 sites), I can estimate population abundance, detection 
probability, immigration, and emigration (Dail & Madsen 2011; Hocking et al. 2013). In this 
case, detection represents the probability of detecting any individual in the population. Each of 
the parameters of this model can also be modeled as a function of covariates including stream 
temperature and flow, passed from temperature and flow sub-models. The benefit of this model 
is that it provides more information on population trends over time, allowing managers to adjust 
practices based on the Structured Decision Model before local population extinction. The 
limitations of this model are the difficulty in fitting the model and the higher quality data 
required, which limits the number of sites that can explicitly be used in the model. 

The third and most exciting approach will be an integrated population model. Integrated 
population models can incorporate data from a variety of sources. In this case, count data over 
broad spatial scales can be combined with more detailed mark recapture data (Figure 3). One 

advantage of incorporating the 
population model directly into 
the larger HB framework is the 
ability to make predictions of 
unobserved populations or 
segments of the population. 
This can include difficult to 
measure portions of the 
population and streams with 
environmental and geologic 
data but lacking population data 
(e.g. specific age classes; Kery 
& Schaub 2012). Critically, the 
ability to predict abundance and 

characteristics of unobserved populations also includes future populations. Projecting the model 
to forecast future populations can be done during Markov Chain Monte Carlo (MCMC) iterative 
process to calculate the posterior predictive probability of future population states (Kery & 
Schaub 2012). The uncertainty in the posterior estimates explicitly includes all model uncertainty 
and directly allows for computation of population persistence probability. The information 
derived from these models can be fed directly into a structured decision process for informed 
management. This framework allows for further adaptive management, because as new data are 
gathered in response to management, policy decisions, and further climate change, the HB model 
can be updated to produce new predictions (Figure 2). By coding models in open source 
software, such as R (R Development Core Team 2012) and JAGS (Plummer 2012), the analysis 
is reproducible and new projections can be generated by importing updated data, with minimal 
change to the code. Due to the complexity, these models will be built in pieces and assembled by 
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adding each piece in turn to the overall model. More complexity can be added to simulate a 
greater variety of climate scenarios and to simulate various management decisions and land-use 
changes. This is an advantage of HB; the models are highly extensible by conditioning on 
additional levels and incorporating different variables in the regression portion of the models 
without greatly changing the existing core of the model. 
 
Future Climate Scenarios 
 General Circulation Models predict broad-scale temperature and precipitation patterns at 
a 100 km and greater resolution. This coarse scale is insufficient to answer most ecological and 
conservation questions. This is particularly true for mountainous areas where both temperature 
and precipitation vary over much finer spatial scales (Fridley 2009). There has been considerable 
research recently to downscale the GCM to produce bioclimatic variables on a 30 arc-second 
resolution grid (~1 km; Hijmans et al. 2005; Jones et al. 2009; Ramirez-Villegas & Jarvis 2010).  
  To predict future populations, I will use multiple downscaled GCM climate predictions in 
the hydrologic and temperature sub-models that feed the population sub-model (Figure 2). The 
downscaled GCM predictions are being developed by the Department of Interior’s Northeast 
Climate Science Center (NECSC).  In collaboration with NECSC, I will explore multiple options 
for downscaling GCM simulations to determine which method will prove both tractable and 
appropriate for the mountainous areas that constitute much of the brook trout’s native range. In 
particular, I will consider the Delta Method (Ramirez-Villegas & Jarvis 2010) and Bias 
Correction and Statistical Downscaling (BCSD; Maurer et al. 2007; Steinschneider et al. 2012) 
to generate predicted climate scenario data for future population predictions at ~1 km resolution. 
I will develop approximately 70 climate simulations from 1980 to 2100 with emission scenarios 
A1B, A2, and B1 compared to the baseline, which will allow for historical calibration as well as 
future prediction (Steinschneider et al. 2012). These scenarios will be assembled from the World 
Climate Research Programme’s Coupled Model Intercomparison Project Phase 5 (CMIP5) data 
set (available at http://cmip-pcmdi.llnl.gov/cmip5/data_portal.html). The full model, including 
hydrologic, temperature, and population sub-models, will be run iteratively over each of the ~70 
climate scenarios to produce population predictions accounting for observational, estimation, and 
process uncertainty in each sub-model(Clark 2003; Gelman & Hill 2007; Steinschneider et al. 
2012). Model outputs will include population abundance over time, probability of local 
extinction for each subwatershed (i.e. probability of population declining below critical 
threshold), population demographics, monthly stream temperatures, monthly flow rates, and 
uncertainty (95% credible intervals) associated with each parameter. 
 
Future Directions 

The modeling framework I propose here is flexible and extensible allowing for the future 
incorporation of complexities such as interspecific interactions, density effects, and climate 
change effects on the terrestrial habitat. For example, interspecific interactions are likely to be 
mediated by changes in temperature and hydrology. Most salamander species are highly 
vulnerable to predation by brook trout and breed in headwater streams partly to avoid trout (Barr 
& Babbitt 2002; Barr & Babbitt 2007; Petranka 1998). Additionally, salamanders often partition 
stream and riparian habitat spatially and temporally to avoid intraguild predation (Hairston 1987; 
Nelson 1980; Petranka 1998). However, if stream habitat with sufficiently cool temperatures and 
continuous flow becomes limiting, salamanders may be forced to use streams with brook trout or 
with other salamanders that act as both competitors and predators. Alternatively, if brook trout 
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populations are extirpated from a proportion of streams or are restricted to higher order streams, 
it may allow salamanders to expand into new habitat or shift to accommodate climate-driven 
hydrologic changes. After initial analyses of single-species hierarchical models, future models 
with begin incorporating further complexities such as interspecific interactions and density 
effects in multispecies models. Additionally, we can later integrate climate change effects on the 
terrestrial stage of stream-breeding salamanders, building on this hierarchical framework. 
 
Research Facilities 
 The data for this project have already been collected, and my primary objectives are to 
develop models to predict population persistence; therefore, no laboratory facilities are needed 
for completion of this project. I will be based primarily at the USGS Conte Anadromous Fish 
Research Laboratory, which will provide all the necessary office space and supplies including 
internet and telephone connections. Similarly, the USGS Patuxent Wildlife Research Center will 
provide work space, internet, and telephone access during visits with project advisor Andy Royle 
regarding population model development. 
 
Significance and Relevance to Conservation in Practice 
 Despite considerable climate change research over past decades and recent public 
discourse, continued changes appear unavoidable in the coming decades. Many predictions of 
climate effects on biodiversity suggest monumental change with declines, local extirpations, and 
species extinctions across the globe (e.g. Carpenter et al. 2008; Sekercioglu et al. 2008; Thomas 
et al. 2004). However, our ability to address and potentially mitigate the worst of these effects 
depends, in part, on the ability of scientists to provide managers and policy makers with specific 
predictions. Probabilistic predictions that include uncertainty can be especially useful for 
decision makers because a variety of management practices have the potential to mitigate some 
of the effects of climate change and understanding the causes of uncertainty can help prioritize 
management options. The project I propose here is part of a larger collaborative project with 
USGS, the University of Massachusetts, Northeast Climate Science Center, and the US Forest 
Service. The models I develop can help inform structural decision models which will be a focus 
of project advisor Evan Grant (Figure 2). Policy and management decisions can then be 
incorporated back into my larger HB framework to produce updated population predictions. For 
example, state fish and wildlife agencies might decide to increase stocking efforts and reduce 
fishing pressure in particular streams to mitigate some detrimental climate effects on brook trout 
populations. This information can be incorporated directly into the population sub-model to 
produced updated predictions. Additionally, managers might focus reforestation of riparian 
habitat around headwater streams to reduce stream temperature. This would influence 
temperature and stream flow and could be incorporated into the hydrologic and temperature sub-
models. Updated models could further help managers and policy makers refine decisions and 
prioritize conservation efforts.  

To make these methods accessible to managers, policy makers, and other scientists, I will 
work with collaborators at USGS to incorporate the population models along with updated 
hydrologic and temperature models into a web-based graphical user interface (GUI). Ben Letcher 
and his collaborators have already developed the alpha version of the GUI with some preliminary 
models (http://felek.cns.umass.edu:8888/streams). This will allow users to run simulations under 
various climate scenarios while changing landscape characteristics that might result from 
alternative management and policy decisions. 
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Budget 
 
Item Year 1 Year 2 Total 
International Scientific and Management Meetings 
(2X per year) $3,600  $3,600  $7,200  
Travel to Meet with Partners (2X per year) $2,000  $2,000  $4,000  
Publication Costs (Open Access) $6,000  $6,000  $12,000  
Computer for MCMC Computational Analysis (2 Intel 
Xeon 3.1GHz processors, 128 GB RAM, 500 SSD HD) $7,100    $7,100  
Total 

  
$30,300  
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Hocking, D. J., S. A. Callaghan, K. J. Babbitt, and M. Yamasaki. 2013. Comparison of 

silvicultural and natural disturbance effects on terrestrial salamanders in northern hardwood 
forests. Biological Conservation. 167: 194-202. DOI: 10.1016/j.biocon.2013.08.006 

 
In forested ecosystems timber harvesting has the potential to emulate natural disturbances, 
thereby maintaining the natural communities adapted to particular disturbances. We compared 
the effects of even-aged (clearcut and patch cut) and uneven-aged (group cut, single-tree 
selection) timber management techniques with natural ice-storm damage and unmanipulated 
reference forest sites on red-backed salamanders. We used cover boards and litter searches to 
survey for salamanders in northern hardwood forests in New Hampshire, USA. We estimated 
abundance while accounting for detection probability using the Dail–Madsen open population 
model. We found significant reduction in salamander abundance in recent group cuts, patch cuts, 
and clearcuts compared to reference forest sites, and significant but less effect of single-tree 
selection and ice-storm damage. Our results contribute to the evidence of detrimental effects of 
even-aged harvests on salamander abundance, but in contrast to most previous research, we also 
found lower abundance in sites following uneven-aged harvest practices when we accounted for 
detection probability. To more accurately reflect the total effect of harvests on salamanders, we 
also employed a parametric, nonlinear hierarchical model to estimate edge effects while 
accounting for imperfect detection. We found that group cut, patch cut, and clearcut logging 
reduced salamander abundance 34 m into the surrounding forest. These edge effects can greatly 
expand the total area affected by logging, especially in the northeastern US where cuts tend to be 
relatively small. This novel method for estimating edge effects will allow managers to directly 
calculate the total effects on populations for various size and shape harvesting plans. 
 
Hocking, D. J., G. M. Connette, C. A. Conner, B. R. Scheffers, S. E. Pittman, W. E. Peterman, R. 

D. Semlitsch. 2013. Effects of experimental forest management on a terrestrial, woodland 
salamander in Missouri. Forest Ecology and Management. 287: 32-39 

 
Successful multi-use planning for forested landscapes requires an understanding of timber 
management effects on wildlife species. Lungless, woodland salamanders depend on forested 
habitats and are sensitive to changes in temperature and moisture associated with many forestry 
practices. Additionally, woodland salamanders are territorial and have relatively low vagility, 
making it unlikely that they can successfully migrate to more favorable habitat when the 
surrounding forest is harvested. Therefore, we examined the abundance of the Western Slimy 
Salamander, Plethodon albagula, in an experimentally manipulated forest in central Missouri. 
We used artificial cover object searches to compare salamander abundance in three replicate 
treatments that were clear-cut then burned to reduce maple regeneration, clear-cut and not 
burned, partially harvested, and un-manipulated control forest. We captured a total of 300 
Western Slimy Salamanders between April 2007 and September 2011. We found significantly 
fewer salamanders in the burn and clear-cut treatments compared with the partial and control 
treatments. We also found a lower proportion of juveniles and had fewer recaptures in the burn 
and clear-cut than in the partial and control treatments. Consistent with other studies of 
woodland salamanders, our results suggest that for at least the first 7 years post-harvest, clear-
cutting is detrimental to woodland salamander populations. This initial reduction in abundance 
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combined with the further reduced proportion of juveniles may have longer lasting effects even 
as the forest regenerates. Finally, it appears that timber harvest resulting in limited canopy 
thinning may be compatible with maintaining populations of Western Slimy Salamanders in 
Missouri. 
 
Semlitsch, R. D., S. M Blomquist, A. J. K. Calhoun, J.W. Gibbons, J. P. Gibbs, G. J. Graeter, E. 

B. Harper, D. J. Hocking, M. L. Hunter, D. A. Patrick, T. A. G. Rittenhouse, B. B. 
Rothermel, and B. D. Todd. 2009. Effects of timber management on amphibian populations: 
understanding mechanisms from forest experiments. Bioscience 59(10):853-862. 

 
Harvesting timber is a common form of land use that has the potential to cause declines in 
amphibian populations. It is essential to understand the behavior and fate of individuals and the 
resulting consequences for vital rates (birth, death, immigration, emigration) under different 
forest management conditions. We report on experimental studies conducted in three regions of 
the United States to identify mechanisms of responses by pond-breeding amphibians to timber 
harvest treatments. Our studies demonstrate that life stages related to oviposition and larval 
performance in the aquatic stage are sometimes affected positively by clearcutting, whereas 
effects on juvenile and adult terrestrial stages are mostly negative. Partial harvest treatments 
produced both positive and weaker negative responses than clearcut treatments. Mitigating the 
detrimental effects of canopy removal, higher surface temperature, and loss of soil-litter moisture 
in terrestrial habitats surrounding breeding ponds is critical to maintaining viable amphibian 
populations in managed forested landscapes. 


