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Vegetation Preferences of Blue-spotted Salamanders 
(Ambystoma laterale) Using Readily Accessible  
Monitoring Protocols

The Chicago Wilderness region contains ca. 150,000 ha of 
protected natural land that includes some of the world’s best 
surviving remnants of prairies, oak savannas, oak woodlands, 
and other rare communities (Wang and Moskovits 2001; Sullivan 
2003). Taken together, this land harbors more than 500 federally- 
or state-listed endangered or threatened species (Illinois Natural 
Heritage Database 2020; Indiana Natural Heritage Data Center 
2020), as well as many species of particular conservation concern 
such as the Blue-spotted Salamander (Ambystoma laterale). 
Due to its restricted and vulnerable habitat, A. laterale has 
been designated a “priority species” in the Chicago Wilderness 
region and is considered a “species of greatest conservation 
need” in Illinois by the Department of Natural Resources and by 
Midwest Partners in Amphibian and Reptile Conservation, with 
a “medium-high” concern score for the entire Midwest region 
(https://www.chicagowilderness.org/page/PrioritySpecies; 
www.mwparc.org/species/). Conservation of pond-breeding 
salamanders such as A. laterale has broader implications for 
the ecosystem, as these animals may be an important means of 
nutrient transfer from aquatic to terrestrial food webs (Gibbons 
et al. 2006; Regester et al. 2006), and such energy transfer by 
animals is thought to play a critical role in the movement of 
biomass between trophic levels (Vanni 2002). Furthermore, A. 
laterale is the only salamander species known to occur at the 
study site (see below). Because functional redundancy is thought 
to be an important determinant of ecosystem stability, it has 
been argued that species representing the sole member of a 
functional group should receive priority conservation attention 
(Walker 1992; Palmer et al. 1997; Tilman et al. 1997). 

Chicago Wilderness is home to thousands of land managers 
and volunteer stewards dedicated to improving the health of 
our natural areas. They do so primarily through techniques 
such as invasive species removal, prescribed fire, sowing seeds, 
and planting seedlings (CRBC 1999; Fahey et al. 2015). Culling 
White-tailed Deer is one of the few direct animal manipulations 
commonly practiced (CRBC 1999). Since most land management 
techniques focus on plants rather than animals, it is worth asking 
how management of the vegetation community is indirectly 
impacting wildlife species of concern.

However, the intensive time, expertise, and resources 
required for many amphibian monitoring methods make their 
use impractical for most practitioners (Heyer et al. 1994). For 
anurans, nighttime calling surveys have proven to be an easily-
learned, reliable, and sustainable means of monitoring long-
term population changes at large spatial scales (Droege and 
Eagle 2005), and they allow site stewards to track the number 
of anuran species breeding on site. Urodeles present a greater 

monitoring challenge due to their fossorial habits and non-vocal 
breeding behavior. The most accurate monitoring methods for 
these species (for example, dye tracking, drift fences with pitfall 
traps, and radio tracking; e.g., Regosin et al. 2005; Graeter et al. 
2008; Hoffman et al. 2018) require extensive expertise and high 
resource investment. Simpler methods such as visual encounter 
surveys and cover board transect monitoring can be suitable 
substitutes for more intensive methods, provided their rigor 
and efficacy have been tested (Heyer et al. 1994). Site stewards 
aiming to restore and manage habitat for fossorial salamanders 
need monitoring methods that are practical in the short term 
and sustainable over time and that can be conducted with on-
site training, small budgets, and limited time. 

The first goal of the current study was to explore the 
relationship between A. laterale numbers and the composition 
of the vegetation community at a local oak woodland preserve 
that is undergoing ecological management. We know that adult 
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Fig. 1. “Flitch wood” pile (a) and cover board monitoring (b), showing 
partial transect layout in the background of photo 1b. 
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amphibians preferentially select terrestrial habitat based on 
structural elements such as leaf litter depth, coarse woody debris, 
canopy cover, and vegetation cover (Graeter et al. 2008; Osbourn 
et al. 2014; Hoffman et al. 2018). However, very few studies 
have examined the extent to which vegetation composition, 
as opposed to simply vegetation cover, impacts amphibian 
abundance (but see Nuzzo and Mierzwa 2000; Belasen et al. 2013). 
Since increasing plant diversity and removing invasive species 
are stated goals of most land management plans in the local oak 
ecosystems where A. laterale occurs (Fahey et al. 2015), I wanted 
to learn the extent to which these factors influenced salamander 
counts. I was particularly interested in two invasive plant species 
that are abundant at the study site and that receive a great deal 
of management attention by site stewards, Common Buckthorn 
(Rhamnus cathartica) and Tall Goldenrod (Solidago altissima). 
The negative ecosystem impacts of the shrub R. cathartica have 
been widely documented (Heneghan et al. 2004; Warren et 
al. 2017), and its abundance within the woodlands of Chicago 
Wilderness has been estimated to exceed 26 million stems, or 
more than 500 sapling stems/acre (Glennemeier 2004). Solidago 
altissima is a native forb that forms monocultures often needing 
active control in order to support native plant diversity (Chicago 
Wilderness 2016). It exhibits dense rhizomatous growth and 
allelopathic activity and can remain dominant in natural areas 
for decades (Werner 1980; Abhilasha et al 2008). I quantified the 
vegetation community within salamander monitoring transects 
in order to identify any correlations between salamander counts 
and key measures of vegetative composition such as species 
richness and invasive species prevalence. 

The second study goal was to determine the practicality 
and efficacy of my chosen monitoring method for use by site 
stewards and land managers who have limited time, resources, 
or herpetological backgrounds. The method was designed 
to not unduly disturb the habitat, to be readily learned and 
conducted by site stewards, and to be affordable, effective, and 
rigorous. While collecting data for the vegetation study (goal 
number one), I examined three components of the monitoring 
method toward goal number two: First, I tested a novel cover 
board material that closely mimicked natural fallen logs, due to 
concerns over possible (albeit untested) chemical leaching from 
plastics or preservative-treated plywood, as well as the desire to 

maintain site conditions as close as possible to the presumed 
natural state. Using cover boards also ameliorated concerns 
over habitat disturbance from repeated sampling of natural 
cover objects (Goode et al. 2004; MWPARC 2012). Second, I 
determined the ability of photo mark-recapture methods to 
provide useful information with a reasonable investment of time 
and technology. Visual pattern identification has long been used 
to identify and track individuals, especially for large animals 
(Urian et al. 2014). Advances in digital cameras and pattern 
recognition software have made this technique more useful for 
smaller animals and more accessible for monitors (e.g., Sannolo 
et al. 2016; Speybroeck and Steenhoudt 2017). I wanted to test its 
practical efficacy for use by monitors with extensive ecological 
expertise but little specific training in wildlife population studies. 
Third, I worked alongside many site stewards and volunteers to 
collect the data, and I recorded the time required for training, 
data collection, and photo ID analysis, in order to determine the 
suitability of this monitoring method for other practitioners.

Materials and Methods

The study site was an 87-ha parcel within the Forest 
Preserves of Cook County (FPCC) that historically was likely 
a mix of open oak woodland and savanna (Packard and Mutel 
2005). It sits within the Village of Northbrook, Illinois and is 
a relatively isolated, suburban preserve surrounded by roads 
and developed land. For most of the last century, it was heavily 
degraded by invasive species, primarily Rhamnus cathartica, 
and was characterized by bare ground, dense shade, and low 
biodiversity. Since 1989, FPCC land managers and volunteer 
stewards have been removing invasive species, spreading the 
seeds of a diverse mix of native plants, returning prescribed fire 
to the landscape (McClain et al. 2010), and restoring the canopy 
cover to levels that support oak reproduction and that support 
herbaceous communities characteristic of oak woodlands. Oak 
woodlands within the Chicago Wilderness region are thought 
to have developed under a canopy cover of 50–80%, whereas 
most unmanaged woodlands currently have canopy cover well 
above this range, due to fire suppression and invasive brush 
encroachment (CRBC 1999). The site’s current condition ranges 
from heavily degraded in some areas to very high quality (i.e., 
rich in plant and animal diversity) in others. 

In November 2017, I established 22 transects of 30-m length, 
each containing 10 cover boards spaced ca. 3 m apart. Board 
sizes were 20–30 cm wide by 80–95 cm long, with the long edge 
oriented perpendicular to the direction of the transect. For the 
cover board material, I obtained undried ash (Fraxinus sp.) 
lumber harvested as end cuts, or “flitch wood,” from local trees, 
and placed the outer surface (curved, with some bark attached) 
against the ground (Horigan Urban Forest Products, Inc., 
North Chicago, Illinois, USA; Fig. 1). I chose transect locations 
to represent a wide range of vegetation diversity and invasive 
species prevalence, based on qualitative meander surveys. 
Boards were placed 15–124 m away from nearby breeding ponds 
(Fig. 2), representing distances that salamanders are known to 
occupy (Semlitsch 1998; Regosin et al. 2005; Ryan and Calhoun 
2014). Mean distance from one transect to the next nearest 
transect was 61 m (median = 58 m; range = 10–185 m). 

Salamander surveys.—We (interns, volunteers, and I) 
checked boards approximately weekly from 2 April through 27 
August 2018 by lifting the board and looking underneath for 
salamanders (median sampling interval = 8 d; range = 3–21 d). 

Fig. 2. Locations of transects. Inset: Map of Illinois with star showing 
approximate location of study site. (Map created with arcgis.com. 
Inset from Wikimedia Commons, labeled for noncommercial reuse 
with modification.)
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Animals were weighed, measured for snout–vent length (SVL), 
photographed, and immediately released next to the cover board 
where they were found. We sterilized all equipment and boots 
with a 3% bleach solution before and after each site visit. While 
in the field, we sterilized equipment with isopropyl alcohol after 
each transect where an animal was encountered (NEPARC 2014) 
and wore gloves when handling animals.

Vegetation surveys.—During the first week in August 2018, 
I collected vegetation data within a ¼ m2 quadrat placed next 
to each cover board, for a total of 10 quadrats per transect. This 
standard quadrat size is small enough to allow for rapid and 
complete species lists and reasonably precise vegetation cover 
estimates while being large enough to accurately represent the 
sample area (Dengler 2008; Spyreas 2016). Within each quadrat, 
I recorded the species and percent cover of all plants (including 
all herbaceous species and all woody species under one meter 
tall), as well as leaf litter depth. At each quadrat, I visually 
estimated canopy cover as a proxy for ground-level shade, using 
photographs taken with a 180° fish-eye lens attached to a smart 
phone and held at 1-m height. I recorded visual estimates of 
coarse woody debris (fallen logs or bark) within the 3-m sections 
between boards (and 3 m beyond board 10), for a total of ten 
estimates per transect. 

Photo mark-recapture.—We (interns, volunteers, and I) 
used a non-invasive photographic mark-recapture technique to 
identify individual animals. Each animal was placed facing left 
on a small white board and then photographed with a Panasonic 
DMC-FZ200 Lumix camera using a macro lens. We over-exposed 
the photographs to admit as much light as possible, to help 
distinguish the light blue spots from the darker surrounding skin. 
Photographs were cropped to include only the area from the tip 
of the snout to the insertion point of the front left forelimb. We 
used the open-source, pattern recognition software Wild-ID 
(Bolger et al. 2012) to narrow down the list of potential matches 
for each individual and then used manual inspection (which 
identified matches clearly and unambiguously) to make the final 
determination. We also manually inspected all images, including 
all possible combinations of photos, to be certain we were 
positively identifying all re-captures and to test the accuracy of 
the Wild-ID program.

Statistical analysis.—Due to a large influx of first-year 
metamorphs in August, I focused the analysis on pre-August 
captures in case there were behavioral differences among 
cohorts. To avoid multiple counts of the same individual, re-
captured animals were not included in the analysis. Values for 
vegetation metrics, leaf litter depth, canopy cover, and coarse 
woody debris were each averaged to provide a single value of 
each variable per transect, to be used in statistical analyses. I 
addressed the hypothesis that adult salamanders were non-
randomly selecting habitat based on vegetation diversity or 
invasive plant prevalence, using linear regression of vegetation 
variables against the number of salamander captures per 
transect as the dependent variable. I did not hypothesize an 
interaction between these two vegetation components with 
regard to salamander counts. The two species making up the 
vast majority of invasive species cover, R. cathartica and Solidago 
altissima, were analyzed individually, using linear regression for 
S. altissima and Analysis of Variance (ANOVA) for R. cathartica, 
as described next. 

Because R. cathartica grows as a shrub well over one meter 
tall, its prevalence was likely underestimated based on the 
vegetation quadrat sampling (which only counted woody species 

under 1 m tall). I therefore also specifically compared salamander 
captures within R. cathartica thickets to captures within areas 
of varying degrees of floristic quality. Rhamnus cathartica 
thickets were easily distinguished from other areas by their 
nearly ubiquitous R. cathartica cover and extensive bare ground. 
I performed an ANOVA of the number of new captures versus 
floristic quality, with “buckthorn thicket” as one floristic quality 
group, to address the hypothesis that salamanders were avoiding 
buckthorn thickets in favor of areas with greater floristic quality.  
Habitat quality was defined by the Floristic Quality Index (FQI), 
which incorporates species richness and composition as follows. 
Each plant in the flora of the Chicago region has been assigned 
by collective, expert judgment a Coefficient of Conservatism 
ranging from 0 to 10 that indicates the degree to which the 
species is faithful to high-quality natural communities. The FQI 
= (Mean C) × √N, where C is the Coefficient of Conservatism and 
N is the number of native species (Swink and Wilhelm 1994; Taft 
et al. 1997). The FQI at the scale of the  ¼ m2 quadrat ranges from 
9–15 for the highest quality habitats, with FQI of 7–9 indicating 
good habitat, and scores below 7 indicating fair or poor quality 
habitat (unpublished observations). 

Statistical analyses were conducted using R version 3.5.1 (R 
Core Team 2018). For parametric tests, normality was assessed 
using visual analysis of frequency histograms and normal 
quantile plots (Whitlock and Schluter 2009). Square root 
transformation of count data was used to meet assumptions 
of normality. All habitat variables met the assumptions of 
normality necessary for correlation tests, with the exception of 
S. altissima cover, which was not amenable to transformation. 
I therefore used a categorical, binary dummy variable within 
regression to allow S. altissima cover to be analyzed along with 
the other quantitative variables (Quinn and Keough 2002). 
Visual inspection of the relationship between S. altissima and 
salamander abundance showed a non-linear relationship, with 
an apparent threshold value of about 7% S. altissima cover. I used 
this apparent threshold to assign a value of 0 or 1 to S. altissima 
cover for inclusion in the linear model. To address the risk of 
overfitting the data by this post hoc selection of a threshold value, 
I also tested the S. altissima model with the first year (August) 
metamorphs as an out-of-sample group. 

To assess support for models representing alternative 
predictive habitat variables, I ranked models using Akaike’s 
Information Criterion (AIC; Burnham and Anderson 2002) and 
adjusted R2 values from linear regression.

results

Our monitoring team recorded 261 total captures, with 212 
new captures and 49 recapture events (Table 1). Twenty-nine 
individuals were recaptured, with seven captured more than 
once (thus accounting for the difference between the number of 
recapture events and the number of recaptured individuals). All 

table 1. Capture totals and sizes for two cohorts of Blue-spotted 
Salamanders (Ambystoma laterale). 

Capture dates Mean weight Mean SVL Total number Number of
 ± SD (g) ± SD (cm) of captures re-captures

2 April–16 July 4.7 ± 1.6 4.7 ± 0.6 142 39

6–27 August 1.6 ± 1.3 3.2 ± 0.7 119 10
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but one recaptured animal was found within the same transect 
as its original capture, and 23 of the 29 recaptured animals were 
found under the same cover board as their original capture. Of 
the six salamanders that moved between boards but within the 
same transect, three were found in the board adjacent to the 
original board (3 m distance), and three were found two boards 
(6 m) away from the original board. Time between recaptures 
ranged from 1 to 11 weeks, although animals may have remained 
in place after the final survey date in late August, meaning that 
the 11-week maximum may be an underestimate of the time 
animals spent in one location. 

Each site visit averaged just under four hours in duration, 
with a team of 3–4 people covering all 22 transects each visit. 
Our team included the principle investigator, two interns, and 
seven volunteers or site stewards who alternated monitoring 
days. Training was conducted on site, concurrent with data 

collection. Photo recognition software training and use required 
approximately three person-hours per visit, with manual photo 
inspection requiring an additional one person-hour per visit.

Capture numbers were low in early spring and then increased 
mid-May through July, followed by a dramatic increase mid-
August (Fig. 3). Based on animal size, the vast majority of August 
captures appeared to be first-year metamorphs. There was no 
relationship between distance to the nearest pond and the first 
date at which animals were found within a transect (t = -0.699, P 
= 0.493; data not shown).

Fig. 4 shows an individual captured on two different dates and 
illustrates the confidence with which individual salamanders 
can be identified according to their spot patterns. Of the 49 
manually identified recapture events, only 21 matches, or 43%, 
were identified by the Wild-ID pattern recognition program. 

I tested the degree to which salamander counts were 
explained by vegetation species diversity or invasive plant 
prevalence, using linear regression of these two vegetation 
variables against the number of salamander captures per transect 
as the dependent variable. The regression model explained 11% 
of the variance in salamander numbers, with a significant effect 
of invasive species cover but not of vegetation species number 
(Table 2). Invasive species were primarily comprised of S. 
altissima and R. cathartica, so these species were next examined 
individually for their ability to explain salamander numbers. 
Cover by S. altissima (high vs. low) explained 29% of the variance 
in salamander numbers (P = 0.005, t = -3.11, Adj. R2 = 0.293). 
There were no differences in salamander abundance among 
different habitats, with habitats defined as R. cathartica thicket 
or varying levels of floristic quality (Fig. 5; ANOVA: F = 0.539, P = 
0.661).

I then tested whether the S. altissima effect might be 
explained by other habitat variables known to be associated 
with salamander abundance, including canopy cover, leaf litter 
depth, and coarse woody debris. Solidago altissima cover was 
somewhat correlated with canopy cover (Pearson’s correlation: r 
= -0.639, df = 20, P = 0.001), but not with leaf litter depth (Pearson’s 
correlation: r = -0.240, df = 20, P = 0.282) or coarse woody debris 
(Pearson’s correlation: r = 0.0482, df = 20, P = 0.831). Canopy cover 
alone did not significantly affect salamander numbers (P = 0.218, 
t = 1.27, Adj. R2 = 0.0968). Due to their strong auto-correlation, 
I was unable to include both S. altissima and canopy cover in 
a single regression. However, comparison of the two separate 
models suggests that S. altissima was a modestly stronger 
predictor than canopy cover, due to the former’s higher adjusted 
R2 value (S. altissima  R2 = 0.293, canopy cover R2 = 0.0968) and 

Fig. 3. Total number of Blue-spotted Salamanders (Ambystoma later-
ale) captured on different dates, 2018.

Fig. 4. A Blue-spotted Salamander (Ambystoma laterale) captured on 
6 August 2018 (a) and again on 13 August 2018 (b). Spot patterns are 
clearly recognizable as the same individual. (Photographed by Karen 
Glennemeier.)

table 2. Regression table examining variation in salamander counts 
explained by number of plant species and invasive species cover.

Coefficient Estimate Standard t-value P-value
  Error

Intercept   2.12  0.527 4.03 0.0007

Number of  0.0547 0.0788 0.694 0.496
plant species

Cover by invasive  -0.0189 0.00899 -2.11 0.0488
plant species 
  
Multiple R-squared = 0.1909;  Adjusted R-squared = 0.1058
F = 2.242, df = 2 and 19, P = 0.1336
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lower AIC value (S. altissima AIC = -10.5, canopy cover AIC = 
-5.17). Models that differ by more than 2 AIC units from the top 
model are generally considered to be less supported than the 
top model (Burnham and Anderson 2002). Figure 6 illustrates 
the relationships between salamander counts and each of these 
two habitat variables. The out-of-sample test of August captures 
against S. altissima cover also showed a significant effect, with 
21% of the variation in salamander number explained by S. 
altissima cover (P < 0.001, t = 8.96, Adj. R2 = 0.206).

discussion

Goal Number One.—Most land managers and stewards focus 
their direct efforts primarily on the vegetation community, with 
increased plant diversity being the most widely cited management 
goal for Midwestern ecosystems (e.g., Laatsch and Anderson 2000; 
Jackson 2009; Reid et al. 2020). Healthy wildlife populations are 
nonetheless a high priority for most ecological restoration efforts 
(CRBC 1999), and amphibians in particular are of high concern 
due to global population declines (Wake 1991), their potential for 
signaling the health of isolated wetlands (Simon et al. 2000; Crewe 
and Timmermans 2005), and their important ecosystem roles 
(Gibbons et al. 2006; Regester et al. 2006). Despite these concerns, 
the impacts of plant diversity on amphibian numbers remain 
poorly studied (but see Nuzzo and Mierzwa 2000). 

A potential mechanism by which vegetation composition 
may affect amphibian populations is through an increase in the 
availability of prey items. Many studies have demonstrated that 
native plant species host a greater abundance and diversity of 
insects compared to non-native species (Herrera and Dudley 
2003; Burghardt and Tallamy 2013; McCary et al. 2015), and some 
studies have found greater insect abundance and diversity within 
more diverse vegetation plots compared to less diverse plots 
(Haddad et al. 2001). Maerz et al. (2005a) found lower weight 
gain in Green Frogs (Lithobates clamitans) within areas invaded 
by Japanese Knotweed and with lower plant diversity, compared 
to un-invaded, higher diversity areas. Some studies also suggest 
that the composition of plant species within the terrestrial habitat 
impacts habitat choice or quality for amphibians. For example, 
Maerz et al. (2005a) found lower frog weight gain in plots invaded 
by F. japonica, based on a hypothesized reduction in arthropod 
abundance, and Belasen et al. (2013) found a preference in 
salamanders for Red Maple (Acer rubrum) versus Black Cherry 
(Prunus serotina) leaf litter, possibly mediated through chemical 
cues. 

I found no relationship in the current study between plant 
diversity and salamander numbers, suggesting that, although 
plant diversity is vitally important for ecosystem health and 
function (Tilman et al. 1997; Isbell 2011; Cardinale et al. 2012), 
adult salamanders do not appear to be directly responding to 
terrestrial plant diversity when selecting burrowing sites. As a 
contrasting example, both bird abundance and bird diversity have 
shown positive relationships with native plant abundance and 
diversity (Burghardt et al. 2008; Bonifacio et al. 2011). Although 
avian prey such as caterpillars and other herbivorous insects 
show distinct preferences for native plant species with which they 
have co-evolved (Tallamy 2004; Burghardt and Tallamy 2013), 
salamander prey may be less sensitive to the composition of the 
herbaceous layer compared to other invertebrate prey (but see 
McCary et al. 2015). Ambystoma laterale prey consist largely of 
generalist herbivores such as slugs and earthworms, whose own 
diets include a significant proportion of decaying plant matter, 

fungi, and soil components such as bacteria (Chichester and 
Lowell 1973; Keller and Snell 2002). The indirect importance of 
a diverse plant community on salamanders is likely profound, 
through effects on ecosystem processes, stability, and productivity 
(Tilman et al. 1997; Haddad et al. 2011), and soil invertebrates may 
be affected by the presence of invasive plant species (Heneghan 
et al. 2007; McCary et al. 2015). However, salamanders may not 
be cueing into or making choices based on the living plant 
community at a fine scale. Whether they are maximizing growth 
and reproduction within these low-diversity plant communities 
or are simply “making due” within sub-optimal habitat (see Van 
Horne 1983) is unknown; to answer this question will require 
long-term studies that follow individuals over time. 

Amphibians also can be negatively impacted by particular 
plant species and may avoid these species when selecting 
terrestrial habitat. Recent studies have found that invasive species 
such as R. cathartica, Amur Honeysuckle (Lonicera maackii), F. 
japonica, and Purple Loosestrife (Lythrum salicaria) may have 
negative impacts on amphibians. Most of these studies have 
focused on the egg and larval stages of anurans, finding direct, 
allelopathic effects on embryo survival and tadpole survival and 
behavior (Maerz et al. 2005b; Brown et al. 2006; Hickman and 
Watling 2014; Sacerdote and King 2014; but see Cohen et al. 2018). 

I found a weak but significant effect of another invasive 
species, S. altissima, on A. laterale numbers. The negative effect 
did not appear to be wholly explained by the correlation between 
S. altissima and canopy cover, although this explanation cannot 
be entirely ruled out based on the current study. Although native 
to North America, S. altissima behaves similarly to the invasive 
species mentioned above by forming aggressive monocultures 
that land managers actively work to control (Chicago Wilderness 
2016). A 2005 survey of protected grasslands throughout the 
Chicago Wilderness region found S. altissima to be the most 
abundant herbaceous species present (Glennemeier 2006), and 
woodlands undergoing restoration are also heavily impacted by 
this species (Glennemeier 2004; Cook County Land Audit 2008, 
unpubl. data). 

If the negative relationship between S. altissima and A. 
laterale proves robust to further testing, it is worth asking why 
salamanders may avoid dense goldenrod patches. Ambystomatid 
adults use burrows, typically created by small mammals, to 

Fig. 5. Abundance of Blue-spotted Salamanders (Ambystoma later-
ale) versus floristic habitat quality. Abundance represents the mean 
total new captures per transect within each habitat group for sala-
manders captured before August. Error bars represent the standard 
errors of the mean. Sample size for each group, from left to right, was 
N = 4, 7, 5, and 6 transects, respectively.
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maintain skin moisture levels, and salamanders fare poorly where 
burrowing is inhibited (Semlitsch 1983; Osbourn et al. 2014). The 
dense, rhizomatous root masses created by S. altissima may make 
burrowing into the soil more difficult (Meyer and Schmid 1999) 
and thus result in fewer burrows within dense S. altissima stands. 
It also is possible that dense S. altissima patches may be difficult 
for salamanders to move through. Movement and dispersal 
behavior may be influenced by fine-scale habitat features and 
may have critical impacts on long-term population persistence 
(Cosentino et al. 2011; Pittman et al. 2014). Solidago altissima 
also emits allelopathic chemicals that may inhibit the growth of 
other plants (Bing-yao et al. 2006; Abhilasha et al. 2008). These 
chemicals have not been tested for impacts on amphibians, but 
given amphibians’ sensitivity to secondary metabolites from 
other plant species, (Maerz et al. 2005b; Hickman and Watling 
2014; Sacerdote and King 2014), this hypothesis is worth testing. 
Alternatively, any effects of S.altissima may be indirect, through 
impacts on prey species or physical habitat. Whether salamander 
prey species avoid S. altissima is unknown, but Cates and Orians 
(1975) found low palatability of Solidago canadensis (a closely 
related goldenrod species) to one species of slug (the Banana 
Slug, Ariolimax columbianus, native to the northwestern USA). 

Future research should directly test the hypothesis that 
A. laterale adults avoid areas of dense S. altissima cover, using 

experiments that manipulate S. altissima density while holding 
canopy cover and other associated habitat variables constant. 
Behavioral choice experiments as in Patrick et al. (2008), Belasen 
et al. (2013), and Feuka (2017) would help determine whether 
salamanders are directly avoiding S. altissima, versus indirect 
effects mediated through prey items or physical habitat.

It is worth noting that other studies have found significant 
impacts of canopy cover on ambystomatid salamander 
abundance and survival (Rothermel and Luhring 2005; Rothermel 
and Semlitsch 2006; Osbourn et al. 2014). In the current study, I 
found no difference in salamander abundance with changes in 
canopy cover. However, the range of values for these variables 
in the current study was relatively small (37% to 87%, Fig. 6), as I 
confined this study to woodlands that were generally considered 
to be good habitat for salamanders (Phillips et al. 1999) but that 
differed in fine-scale habitat quality. Therefore, I may not have 
sampled across the range of these variables necessary to see an 
effect of canopy cover on salamander numbers. 

Goal Number Two.—The successful use of affordable 
and locally sourced cover material, non-invasive monitoring 
and photo-mark-recapture methods, and reasonable time 
investments highlights the potential for increased monitoring of 
fossorial salamanders by site stewards and land managers. With 
approximately weekly half-day site visits, we were able to learn 
the distribution of A. laterale adults throughout the site, track 
the arrival of (presumed) first-year metamorphs in the terrestrial 
habitat, establish the typical adult summer range, and examine 
salamander habitat choices. Although the principal investigator 
was present for every visit during the current study, all monitors 
received sufficient training and experience after one half-day 
visit to enable them to conduct similar surveys on their own in 
the future. 

The “flitch wood” cover boards, made from local, native ash 
species, were well-used by A. laterale adults, making it a suitable 
addition to the list of accepted cover board materials used to 
assess amphibian habitat preference and relative abundance 
(DeGraaf and Yamasaki 1992; Moore 2005; Dodd 2010). The 
use of flitch wood from native tree species may be particularly 
appropriate for high quality natural areas where stewards wish to 
minimize the introduction of foreign materials such as plywood, 
rubber, or metal boards. 

Many authors have raised concerns over detection 
probabilities using surface counts of fossorial animals (e.g., Dodd 
and Dorazio 2004; Bailey et al. 2018), while other studies support 
the use of such counts as a correlate for relative abundance 
(Smith and Petranka 2000). The ability to account for imperfect 
detection continues to improve as new analytical methods are 
developed (O’Donnell and Semlitsch 2015). In the current study, 
the use of standardized cover objects and the spatially and 
temporally replicated approach should have ameliorated many 
of the concerns related to variation in counts over space and 
time, while the focus on a single salamander species removes 
concerns over species-specific biases in detection probabilities. 

Photo mark recapture proved promising as a means for site 
stewards to track individual salamanders across space and time, 
as the technique was non-invasive and easily learned. Risks to 
animals were limited to those incurred by handling stress and 
potential disease transmission, both of which were minimized 
with appropriate training, protective gear, and decontamination 
techniques. Restricting the monitoring to site stewards who were 
only monitoring a single site further reduced the risk of disease 
transmission. The Wild-ID pattern recognition software was of 

Fig. 6. Number of Blue-spotted Salamanders (Ambystoma laterale) 
versus percent cover by Solidago altissima (a) or percent canopy cov-
er (b). Salamander number represents the total number of new cap-
tures per transect for salamanders captured pre-August. (Note that 
two points completely overlapped in (a), each with 0% S. altissima 
cover and 7 captures, so that only 21 points are visible out of the ac-
tual sample size of 22).
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limited help in identifying matches, with failure rates similar to 
those reported elsewhere (Morrison et al. 2016). Closer cropping 
of the images to remove all extraneous shapes and colors might 
have improved program accuracy. However, if sample sizes are 
modest, stewards may find manual inspection of spot patterns 
to be more efficient, effective, and accessible than pattern 
recognition software, especially given the time required to learn 
and use the software.

Photo identification mark-recapture revealed that A. laterale 
adults did not move far after their initial foray away from 
breeding ponds, consistent with other studies showing small 
summer home ranges for adult ambystomatids (Semlitsch 1981). 
For site stewards wishing to monitor salamanders with minimal 
time commitment, this pattern suggests that future monitoring 
of terrestrial habitat might be adequately conducted with a 
handful of visits concentrated in late spring, to establish the 
locations adults have selected and where they presumably will 
remain for the duration of the season. If first-year metamorphs 
are also of interest, then the current results suggest that a 
second round of monitoring should be conducted in August. 
With a very manageable investment of time and resources, such 
targeted monitoring would provide critical information about 
adult salamander habitat use that can be incorporated into 
management planning.

conclusion

Given the important ecosystem role of Ambystoma laterale 
as the lone salamander species at the study site, increased 
understanding of its habitat needs is vital, particularly with 
regard to components of the vegetation community that can 
be influenced by site stewards and land managers. The current 
study suggests that rigorous data on salamander habitat choices 
can be obtained with reasonable investments of time, training, 
and resources, and that A. laterale adults may be sensitive to the 
presence of invasive species within otherwise suitable habitat. 
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An Unanticipated Ecological Trap: Entrapment of the  
California Tiger Salamander in Technogenic Structures  
as a Confounding Stressor for a Threatened Species

Numerous wildlife species have been captured or collected 
in natural and manmade ecological traps throughout the 
world (Hawken 1951; Brattstrom 1953; Delibes et al. 2001; 
Villa et al. 2018). The Rancho La Brea tar pits in Los Angeles 
County, California, provide a prime example of a natural trap, 
where millions of specimens and approximately 600 species 
were trapped in naturally occurring tar pits and have been 
preserved (Brattstrom 1953). Sites like Rancho La Brea collect 
indiscriminately, and mortality to individuals is nearly certain 
(Brattstrom 1953). These sites appear to represent natural 
habitats (i.e., aquatic features, retreat sites, etc.) to which 
species would normally be attracted (Lemon and Churcher 
1971; Churcher 1966; Campbell 1979). Delibes et al. (2001) 
characterized these natural sites as attractive sinks and believed 
that this maladaptive selection of habitat or microhabitat is 
likely rare or goes unreported for most species. A more recent 
suite of potential population sinks is the ecological trap, whereby 
an individual or species mistakenly selects suboptimal habitat 
for its preferred habitat (Hale and Swearer 2010; Sih 2013). They 
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