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 POPULATION ECOLOGY OF THE NORTHERN SLIMY SALAMANDER 
(PLETHODON GLUTINOSUS) IN EAST-CENTRAL ILLINOIS

ABSTRACT: The importance of plethodontid salamanders in forested habitats has been recognized for 
decades and more recently plethodontids have been touted as a model taxon for monitoring ecosys-
tem integrity and recovery. However, basic demographic data that are crucial to conservation and 
management plans are currently lacking for many species and regions. The objectives of our study 
were to characterize the population density, biomass, and capture success of a peripheral population 
of Plethodon glutinosus to provide a comparison for eastern populations and set a baseline for future 
monitoring of Midwestern populations. We estimated the population density of P. glutinosus at our site 
to be 0.41 salamanders/m2, with an estimated biomass of 0.70 g/m2. We did not fi nd any evidence for 
temperature or precipitation affecting capture success. Our results showed that our density estimate 
falls within the range of other population ecology studies of Plethodon and sets a baseline for other 
peripheral Midwestern populations.

1National Great Rivers Research and Education Center, East Alton, IL 62024
2University of Illinois at Urbana-Champaign, Prairie Research Institute, Illinois Natural History 

Survey, Champaign, IL 61820
3University of Pikeville, Division of Mathematics and Science, Pikeville, KY 41501
4 Author for correspondence: joacrawford@lc.edu

JOHN A. CRAWFORD1,4, ANDREW R. KUHNS2, AND MATHYS J. MEYER3

INTRODUCTION
The importance of plethodontid salamanders in forest-

ed habitats has been recognized for decades (Hairston, 
1987; Davic and Welsh, 2004; Peterman et al., 2008). 
More recently, plethodontids have been used as a model 
taxon for monitoring ecosystem integrity and recovery 
(Welsh and Droege, 2001; Welsh and Hodgson, 2013) 
because of their unique physiology (lungless; semiper-
meable skin), which makes them susceptible to slight 
variations in their environment. Additionally, plethodon-
tids are long-lived, highly philopatric, and exist in rela-
tively stable populations (Hairston, 1987; Welsh and Ol-
livier, 1998). Despite their importance in and to forested 
habitats, the population ecology of many plethodontid 
species remains unstudied (see plethodontid species ac-
counts in Lannoo, 2005). Further, there is a relative lack 
of information on the population ecology of plethodon-
tids in the Midwestern United States, which represents 
the western range limit for a number of species (Lannoo, 
2005). Data from these peripheral populations may be of 
conservation value because these populations may con-
tain genotypic and phenotypic variation not present in 
the main portions of their range (Brown, 1984); however 
peripheral populations are expected to be smaller in size 
making them more prone to extirpation events (Kirkpat-
rick and Barton, 1997).

Because of greater plethodontid richness and abun-
dance in the Eastern United States, studies from this re-
gion are more common than in the Midwest (e.g., Petran-
ka and Murray, 2001; Peterman et al., 2008; Crawford 
and Peterman, 2013). Studies have shown that biomass 
estimates from the Eastern U.S. are highly variable and 
range from 0.18 g/m2 (Burton and Likens, 1975) in the 
north to 27.16 g/m2 in the southern Appalachian Moun-
tains (Crawford and Peterman, 2013). Further, there 
can also be a great deal of variation within a single spe-
cies; biomass estimates for the Black-bellied Salaman-
der (Desmognathus quadramaculatus) range from 0.60 
g/m2 (Davic and Welsh, 2004) to 9.93 g/m2 (Peterman 
et al., 2008). Variation in biomass estimates allows for 
inferences to be made into of the biological productivity 
of forested ecosystems and the relative importance that 
each species has within an ecosystem (Davic and Welsh, 
2004). However, in certain instances, the variability of 
biomass estimates may be due to temporary immigration 
and/or to a large portion of the salamander population 
occurring below the surface (Bailey et al., 2004).
Plethodon glutinosus (Northern Slimy Salamander) has 

a broad distribution ranging from south-central Illinois 
to New York and south to Alabama and Georgia (Beamer 
and Lannoo, 2005). Throughout its range, P. glutinosus 
is more abundant in mature forests (Bennett et al., 1980; 
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Grant et al., 1994) and is typically found under logs and 
rocks (Bishop, 1941; Rubenstein, 1969). Given Highton 
(2005) found 87% (26/30) of the P. glutinosus popula-
tions he sampled had experienced declines and the ap-
parent declines of a number of amphibian species in the 
Midwest (see Lannoo, 1998), it is important to investi-
gate the population ecology of Midwestern amphibians 
in order to guide conservation efforts. To that end, the 
objectives of our study were to characterize the popula-
tion density, biomass, capture success, and habitat use 
of a peripheral population of P. glutinosus to provide a 
comparison to eastern populations and set a baseline for 
future monitoring of Midwestern populations.

MATERIALS AND METHODS
The site for this study was located in Kickapoo State Rec-

reation Area, Vermilion County, Illinois, USA (40.13579, 
-87.74862). Our 70 x 50 m study plot was located on a 
north-facing slope in a deciduous forest that consisted 
primarily of sugar maple (Acer saccharum) and mixed 
oaks (Quercus spp.). Within the study plot, leaf litter 
was relatively uniform (averaging 50.5 mm in depth) 
and there was an abundance of coarse woody debris and 
rocks. Two species of salamanders, Plethodon cinereus 
(Eastern Red-backed Salamander) and P. glutinosus, 
were readily encountered on the plot while adult Eurycea 
cirrigera (Southern Two-lined Salamander) were occa-
sionally encountered.
We conducted mark-recapture surveys approximately 

once every four days; twenty-nine plot searches were 
conducted between 31 March (fi rst plot search) and 25 
July 2001 (last plot search). The 70 x 50 m study plot 
was divided into 1 m2 grids and we searched each grid 
moving in a serpentine fashion through the plot. Within 
each grid all appropriate cover items were over-turned to 
search for salamanders and were subsequently replaced. 
When a salamander was encountered, we recorded the 
grid number in which it was found as well as the type of 
cover object it was under (coarse woody debris or rock) 
and the length/width of the cover object (to calculate 
the area of the object). Salamanders were captured and 
placed in a plastic bag, weighed with a Pesola™ spring 
scale to the nearest 0.25 g, and measured with a plas-
tic hand ruler to the nearest mm for snout-vent length 
(SVL) and total length (TL). Each novel salamander 
captured was given a unique toe clip (toe clipping has 

repeatedly been found to be an acceptable and effec-
tive method of amphibian marking; Perry et al., 2011; 
Brantley et al. 2014). Upon recapture, each clipped toe 
was inspected for regrowth and the toe was reclipped if 
visible regrowth was apparent. We did not clip more than 
two digits per foot, no adjacent digits were clipped, and 
no salamander had more than fi ve toes clipped during 
the study. All salamanders were released at the point 
of capture following demographic data collection. The 
mark-recapture data were analyzed with open population 
models using Jolly-Seber estimation in Program MARK 
(version 6.2; available from http://warnercnr.colostate.
edu/~gwhite/mark/mark.htm) to provide population size 
estimates. The population estimate was divided by the 
plot size (3500 m2) to determine the average density/
m2 of salamanders. Biomass was calculated by multiply-
ing the density of salamanders by the average weight of 
salamanders in the population. The average weight was 
determined using only initial capture weights of the 773 
salamanders in the study.
To determine if either temperature or precipitation af-

fected the number of salamanders captured per sam-
pling period we used linear regressions. Specifi cally, we 
evaluated the effect of: 1) maximum temperature the 
day before sampling; 2) minimum temperature the day 

 Species Density (ind./m2) Biomass (g/m2) Reference

 P. cinereus 0.09—0.89 N/A Heatwole, 1962
 P. cinereus 0.5 N/A Kniowski and Reichenbach, 2009
 P. glutinosus 0.41 0.70 Crawford et al., This study
 P. glutinosus (= cylindraceus) 0.004 N/A Gordon et al., 1962
 P. glutinosus 0.23 N/A Merchant, 1972
 P. glutinosus 0.069 0.275 Petranka and Murray, 2001
 P. glutinosus 0.418—0.844 N/A Semlitsch, 1980
 P. hubrichti 0.6-3.3 N/A Kniowski and Reichenbach, 2009
 P. jordani 0.18 N/A Ash, 1988
 P. jordani 0.86 N/A Merchant, 1972
 P. jordani 0.86 N/A Petranka, 1998
 P. kentucki <0.20 N/A Marvin, 1996
 P. punctatus 0.36—0.67 N/A Flint and Harris, 2005
 P. punctatus 0.03—0.54 N/A Fraser, 1976
 P. shenandoah 0.1 N/A Griffi s and Jaeger, 1998
 P. wehrlei 0.1 N/A Hall and Stafford, 1972
    

Table 1. Summary of published density and biomass estimates from salamanders in the genus Plethodon.

Figure 1. Size histogram of a population of Plethodon glutinosus near their 
western range limit, Vermilion County, Illinois.
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before sampling; 3) average temperature the day before 
sampling; 4) total precipitation in the 24 hours prior to 
sampling; and 5) total precipitation in the 120 hours be-
fore sampling. We used an independent samples t-test to 
determine if the size of salamanders found under coarse 
woody debris was signifi cantly different (P< 0.05) from 
salamanders found under rocks (using only SVL from ini-
tial salamander capture events). Lastly, we used a linear 
regression to determine if the number of salamanders 
captured increased as the total area of a cover object 
increased. All statistical analyses were conducted in IBM 
SPSS Statistics for Windows (version 19.0).

RESULTS
We captured 773 unique P. glutinosus with 468 recap-

ture events. We averaged 43 captures per survey (range 
= 2–96). Recapture events ranged from 1–6 with 464 
salamanders that were never recaptured. The total es-
timated population size in the study plot (3500 m2) was 
1433 salamanders (95% CI = 1115–1752), and the total 
estimated biomass was 2464.76 g (95% CI = 1917.80–
3013.44). The estimated population density of salaman-
ders on the study plot was 0.41 salamanders/m2. We 
considered individuals ≤ 46 mm in SVL to be juveniles 
(Highton 1962) and an age structure diagram revealed 
that the majority of the salamanders in the population 
were pre-reproductive individuals (juveniles and sub-
adults; Figure 1).
We did not fi nd a signifi cant relationship between num-

ber of salamanders captured per sampling period and 
maximum temperature (F(1,27) = 0.758; P = 0.392; R2 
= 0.027), minimum temperature (F(1,27) = 0.809; P = 
0.376; R2 = 0.029), average temperature (F(1,27) = 0.832; 
P = 0.370; R2 = 0.030), 24 hour precipitation (F(1,27) = 
2.827; P = 0.104; R2 = 0.095), or 120 hour precipitation 
(F(1,27) = 1.842; P = 0.186; R2 = 0.064). Capture success 
was relatively constant throughout the activity season 
(Figure 2). There were only three sampling periods (of 
the 29 total) in which there were no precipitation events 
in the 120 hours preceding sampling.
Of the 773 unique captures, we found 565 individu-

als (429 juveniles, 136 adults) under coarse woody de-
bris and 208 individuals (152 juveniles, 56 adults) un-
der rocks. Overall there was no signifi cant difference in 
SVL of individuals under the two types of cover objects 
(T(771) = 0.110; P = 0.913). Additionally, there was no 
signifi cant difference in SVL of juveniles found under the 
two types of cover objects (T(579) = 1.556; P = 0.118) or 

adults found under the two types of cover objects (T(190) 
= 0.335; P = 0.738). There was a signifi cant trend for 
number of salamanders to increase as the total area of a 
cover object increased (F(1,697) = 201.793; P < 0.001; R2 
= 0.225; Figure 3).

DISCUSSION
We estimated the population density of P. glutinosus at 

our site to be 0.41 salamanders/m2, with an estimated 
biomass of 0.70 g/m2. Thus, the population we studied 
falls within the range of other population ecology studies 
of Plethodon (Table 1). In studies of P. glutinosus, both 
Gordon et al. (1962) and Petranka and Murray (2001) 
found very low densities of these salamanders in their 
study plots (0.004/m2 and 0.069/m2, respectively; Table 
1); while Merchant (1972) and Semlitsch (1980) found 
higher densities of P. glutinosus in their study plots 
(0.23/m2 and 0.418-0.844/m2, respectively; Table 1). 
Despite our population existing near the periphery of the 
species range, our density estimate is average to above 
average when compared to the aforementioned studies. 
Only Petranka and Murray (2001) have provided a prior 
biomass estimate for P. glutinosus (0.275 g/m2; Table 
1) from an eastern population, so biomass comparisons 
are limited.
Due to their physiological requirements, plethodontids 

typically require cool, moist environments so precipita-
tion and temperature can considerably affect the demog-
raphy, activity, life history, and distribution of plethodon-
tid populations. Milanovich et al. (2006) found that the 
amount of precipitation in the year prior to oviposition in 
P. albagula (Western Slimy Salamander) was correlated 
with clutch size, while Wells and Wells (1976) found that 
prolonged droughts can alter terrestrial activity patterns 
of P. glutinosus. Further, temperature and precipitation 
have been shown to signifi cantly infl uence abundance 
and capture success. Grover (1998) found that on ex-
perimental plots that received supplemental water (vs. 
unwatered controls), abundance of both P. cinereus and 
P. glutinosus were signifi cantly increased. Williams and 
Berkson (2004) found that increased temperature de-
creased the probability of detection of P. cinereus, while 
recent precipitation events were positively correlated 
with detection probability. In this study we did not fi nd 
any evidence for temperature or precipitation affecting 
capture success. Our relatively constant capture suc-
cess may be attributed to the frequency of rain events at 
our site in 2001. All but three sampling events occurred 
within 120 hours of a precipitation event. However, the 
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surface activity (and capture probability) of P. glutinosus 
is likely less affected by temperature and precipitation 
as compared to smaller species of Plethodon due to their 
greater surface area to volume ratio. Studies on larger 
species of Plethodon have shown that surface activity 
is largely unaffected by moisture (Petranka and Mur-
ray, 2001) or time since last rainfall event (Kniowski and 
Reichenbach, 2009).
In contrast to other studies investigating microhabitat 

use of Plethodon, we found no signifi cant differences 
in microhabitat use (rocks vs. coarse woody debris) of 
adults and juveniles. Kniowski and Reichenbach (2009) 
found that adult and juvenile cohorts of both P. cinereus 
and P. hubrichti signifi cantly preferred rocks to leaf litter 
and logs. However, our results may have been infl uenced 
by the consistent precipitation throughout the sampling 
period and preferences may become apparent during 
drier periods. We did fi nd a trend for an increase in cap-
ture number of P. glutinosus as the cover object size in-
creased (Figure 3). This also seems to differ from more 
eastern populations of P. glutinosus where it is unusual 
to capture multiple salamanders under one cover object, 
regardless of cover object size (Wells and Wells, 1976).
The long-term persistence of many wildlife populations 

is in doubt due to anthropogenic factors such as habitat 
loss and climate change, with the greatest risk to periph-
eral populations; thus monitoring of these populations 
can be crucial in detecting early ecosystem changes. Ad-
ditionally, the lack of basic demographic data for most 
species limits the effectiveness of conservation and man-
agement strategies (Mills, 2013). In this study we have 
provided basic demographic data on a broadly distrib-
uted species (in a peripheral location) to be used in com-
parison with other populations throughout the range of 
P. glutinosus. While future research will continue in the 
conservation and management of wildlife populations, 
we urge others to undertake basic demographic studies 
to collect this valuable data and implore scholarly outlets 
to publish this valuable information so that conservation 
and land managers will have it available to make land 
use decisions.
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