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ABSTRACT 

Because of conservation concerns regarding the Wisconsin state endangered 

Western Slender Glass Lizard, Ophisaurus attenuatus, a study was undertaken to:  (1) 

determine the most effective protocol for sampling O. attenuatus in Wisconsin; and to (2) 

identify habitat variables associated with sites occupied by O. attenuatus. Success of 

three sampling methods (active search, cover-board arrays, and drift fences) were 

compared between 23 May – 20 June 2007 at ten sampling plots within the Fort McCoy 

military installation, Monroe County, Wisconsin.  Each of the ten sampling plots was 

visited twenty times with only eleven O. attenuatus being encountered.  Hand-sampling 

was significantly the most productive method (n=7) and also by far the most efficient 

method in terms of time and cost.  Assessment of habitat use was performed during May 

and June of 2008 by measuring a total of fifteen habitat variables at nineteen pairs of 

occupied and random sites.  The variables included nine percent cover variables, four 

distance variables, and two other variables.  Canopy closure, leaf/needle litter, woody 

debris, and woody vegetation were all significantly lower in occupied sites than random 

sites, whereas thatch cover and grass cover were significantly higher in occupied sites 

than random.  The results of this study are consistent with those of other studies in 

indicating a preference by O. attenuatus for more open areas (less trees and thus lower 

values of variables associated with trees), having more coverage associated with open 

areas such as grass and thatch.  Additionally the results suggest a preference for 

proximity to an edge and for large woody debris, the latter known to be important nesting 

structures in open areas. 
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INTRODUCTION 

Issues regarding the conservation of natural resources, including wildlife, become 

increasingly relevant each year.  As human populations continue to grow and develop in 

rural areas, previously non-threatened species become imperiled (Gaston and Fuller 

2007).  Therefore, it is especially important for biologists and land managers to work in 

unison to acquire knowledge regarding the population status of threatened and 

endangered species.  Management decisions are contingent upon this knowledge, and the 

sampling of individuals of a species of interest is a necessary component to acquiring 

baseline population data.  Simple count-based estimations, mark-recapture studies, and 

other population estimators are dependent upon an efficient and repeatable protocol for 

the sampling of individuals (Krebs 1999).  The primary purpose of this study was to 

determine the most effective method for efficiently assessing populations of the 

Wisconsin state endangered Western Slender Glass Lizard, Ophisaurus attenuatus.  In so 

doing, this study also aimed to determine what habitat characteristics were associated 

with the species occurrence.  

Glass lizards of the genus Ophisaurus belong to the anguid sub-family Anguinae, 

which contains sixteen species several of which occur in North America (Pianka et al. 

2003).  They are referred to as Glass lizards because they are legless and readily 

autotomize their tail when threatened.  The Western Slender Glass lizard, Ophisaurus 

attenuatus, is widely distributed throughout its range in the United States (Virginia to 

Florida west to Texas, Oklahoma, north to Illinois and Minnesota with isolated 

populations in Wisconsin; Fitch 1989; Fig. 1A).  In Wisconsin, however, O. attenuatus 

reaches the northern limit of its distribution and is found only in isolated populations 
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throughout the west-central region of the state (Vogt 1981; Fig. 1B).  This region is 

unique in Wisconsin in that it was not covered during the most recent glaciation.  

Referred to as the driftless area, the region is characterized by a landscape of rolling hills, 

ridges, and coulees with oak savannas, sand prairies, old fields, and pine-barrens, habitats 

commonly used by O. attenuatus (Pleyte 1975; Vogt 1981; Hay et al. 1992).  Tall grass 

and a dense ground layer of thatch have been shown to be important habitat components 

for O. attenuatus, which are typically found in open oak savannas, dry open woodlands, 

sandy grassland prairies, and pine-barrens containing exceptionally sandy or loose soils 

(Fitch 1989; Vogt 1981; Hay et al. 1992).  The isolation of Wisconsin populations is 

likely due to the limited amount, and fragmented nature, of such suitable habitat within 

the state (Milstead 1967; Vogt 1981).   

Because the distribution of Ophisaurus attenuatus in Wisconsin is limited to the 

driftless area and the species occurs in isolated populations, it has been designated as a 

Wisconsin endangered species by the Wisconsin Department of Natural Resources (Hay 

et al. 1992).  Although common and well studied elsewhere, little research has been 

devoted to characterizing specific habitat components used by populations of O. 

attenuatus at the edge of its distribution in Wisconsin.  Such studies would be particularly 

valuable for conservation efforts because of the unique ecological and genetic 

characteristics often associated with isolated populations at the edge of a species 

distribution.  Furthermore, a better understanding of habitat use within the state would 

allow wildlife managers to conduct habitat suitability analyses for O. attenuatus and 

accomplish overall better management for the species statewide.  However, conservation 

efforts have suffered because of the difficulty locating the isolated populations in 
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Wisconsin and the lack of an established protocol for assessing population status in an 

efficient and repeatable manner (R. Hay WDNR, pers. comm.).  

To address these deficiencies, the objectives for the present study were to:  (1) 

determine the most effective protocol for sampling Ophisaurus attenuatus in Wisconsin; 

and to (2) identify habitat variables associated with sites occupied by O. attenuatus 

within the study area. 
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MATERIALS AND METHODS 

 Study Site.—Within Wisconsin, known populations of Ophisaurus attenuatus are few 

(Vogt 1981; Hay et al. 1992).  However, several locality records exist at or near the Fort 

McCoy military installation located in Monroe County (Fig 1B; T. Wilder pers. comm.; 

R. Hay pers. comm.).  In addition to being located within the driftless area, Fort McCoy 

is an ideal study area due to its combination of large size (approx. 24,280 ha), habitat 

availability (oak savannas, sand prairies, old fields, and pine-barrens), and lack of 

disturbance in areas where individuals of O. attenuatus have been documented.  

Furthermore, Fort McCoy is federally owned and restricted from public use or 

disturbance, making it a relatively undisturbed study site and, based upon current 

knowledge, home to what is likely the largest population of O. attenuatus in Wisconsin.   

For comparison of sampling methods, specific localities with known presence of 

Ophisaurus attenuatus were identified by compiling previously documented localities 

within Fort McCoy.   Only localities documented in the last four years were used for 

sampling since natural succession had likely altered older sites to such a degree that they 

no longer reflected the conditions associated with the original recorded presence of O. 

attenuatus.  The resulting sixty-four localities were visited during May 2007 – June 2008, 

and the presence of O. attenuatus was confirmed at nineteen of them, ten of which were 

used as sites to test the efficacy of different sampling methods (Fig 2). 

 Comparison of Sampling Methods.—In an attempt to determine the most effective 

method for sampling Ophisaurus attenuatus one active and two passive traditional 

herpetological sampling methods were assessed between 23 May – 20 June 2007:  (1) 

active search with hand-sampling, (2) cover-board arrays, and (3) drift fences combined 
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with funnel and pit fall traps.  Ten sampling plots were located where occurrences had 

been confirmed, and were designed to be approximately 0.5 ha (~1.24 ac) because plots 

of that size are likely to encompass the average home range of O. attenuatus [estimated 

by Fitch (1989) to be 0.14-0.44 ha, and by Pleyte (1975) in Wisconsin to be 0.11 ha, with 

few (<1%) encompassing nearly 2 ha]. 

Active search with hand-sampling followed the methods of Pleyte (1975) and 

Fitch (1989), with slight modification.  The procedure consisted of hunting for specimens 

by systematically pacing from one end of a study area to the other.  Lizards were 

typically flushed from dense stands of Pennsylvania sedge or smooth brome grass and 

would usually dart away to distances of 2-5 m.  Pursuit of the lizard would involve slow 

and stealthy movement towards the point of last visual contact, usually by observing 

movement of grass blade tops.  Within 1 m of last movement, a sighting of the actual 

lizard (either a small section of its body or tail) would typically occur, usually visible at 

the base of grass stems or resting atop a dense thatch layer just below vertically growing 

grass.  A butterfly net was slowly placed on the ground anterior and perpendicular to the 

lizards’ position (~5-10 cm), at which point the specimen would be enticed into darting 

into the net either by a slight nudge of the tail or by stomping on the ground directly 

behind it.  Occasionally captures were made by a series of 1-3 m forward lunges while, at 

the same time, aiming for the head and fore body (to avoid contact with its tail section 

which readily autotomize) of the lizard in order to pin it by hand against the substrate 

(Fitch 1989). 

Spatial arrays of drift fences with funnel traps and pit falls have been popular and 

effective methods for sampling Ophisaurus attenuatus in the past (Fitch 1989).  In the 



6 

present study spatial arrays were installed at each of the ten sampling plots.  The arrays 

consisted of a “Y” configuration of drift fence with the three radiating arms 

approximately 20 m long.  Six double-ended funnel traps were used with pairs placed at 

the approximate halfway point of each fence arm one on each side.  Additionally, six 

single-ended funnel traps used, again with pairs placed at the end of each arm one on 

either side.   Lastly, a single pitfall trap (~26 cm wide and ~60 cm deep) was placed at the 

confluence of the fence arms (Kopachena and Kollar 1999; Fig. 3).  Drift-fences were 

constructed with 0.5 cm mesh hardware screen approximately 50 cm in height with 

approximately 10 cm buried into the substrate (Kopachena and Kollar 1999).  To prevent 

harm to potential captors, shade-boards were placed over traps to protect specimens from 

exposure to intense sunlight. 

Cover-boards have also been successfully used in several instances to sample a 

variety of snake-like reptiles, including Ophisaurus attenuatus (Parmelee and Fitch 

1995).  In the present study cover-board arrays were replicated at each of the ten 

sampling sites.  Cover-boards consisted of 1/2” (1.28 cm) thick untreated plywood (1.2 m 

by 1.2 m) and were placed in square arrays consisting of 16 boards (four wide and four 

long) that encompassed an area equal to that occupied by the drift-fence arrays. 

Assessment of Habitat Use.—Assessment of habitat use by Ophisaurus attenuatus was 

performed during May and June of 2008 by comparing habitat variables of occupied sites 

with paired random sites.  Since sampling of (or encounters with) O.attenuatus did not 

occur at any random sites they were assumed to be unoccupied but potentially available.  

Pairing random sites with occupied sites within close proximity allowed same-day data 

collection, which eliminated confounding effects of seasonal habitat variability (Compton 
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et al. 2002).  Selection of random sites employed the random number generator function 

of Microsoft Excel to determine the distance (100-500 m) from the corresponding 

occupied site.  The random number generator was also used to determine cardinal 

direction of a random site from a corresponding occupied site (e.g., 1=north, 2=east, 

3=south, and 4=west).  A point-centered 30 m sampling radius was established at each 

site to measure biotic and abiotic habitat variables considered to be potential correlates 

with the presence and abundance of O. attenuatus (Pleyte 1975; Vogt 1981; Fitch 1989; 

Hay et al. 1992).  At occupied sites, the center point for sampling radii were located at the 

approximate position where a lizard was originally observed.  At random sites, center 

points for sampling radii were located with a handheld GPS unit at the precise distance 

and direction determined by the randomized procedure of Microsoft Excel. 

A total of fifteen habitat variables were measured in an identical manner for each 

of the nineteen occupied sites and paired random sites.   Nine of these variables were 

measured as percent cover using five 1 m2 quadrats established within each sampling 

radii, one centrally located and four others at random distance (2-29 m) and direction 

from the central quadrat.   Quadrats were assumed to represent the overall cover at each 

site and therefore were pooled together to obtain an average for a specific site.  For 

habitat assessment, the borders of each quadrat were outlined by the placement of four 1 

m sticks with vegetative cover being grouped into categories including:  exposed soil, 

leaf/needle litter, lichen/moss, woody debris, thatch, grass, woody stem vegetation, and 

other vegetation (forbs, etc.).  Percent cover was visually estimated to the nearest 25%, 

except for the variable canopy closure which was measured at each quadrat using a 

spherical densitometer (Lemmon 1956).  Four distance variables were also measured for 
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each occupied and paired random site:  distance to nearest edge, distance to nearest sand 

or dirt trail, distance to nearest sufficient cover [e.g. shrub or brush pile > 1 m by 1 m 

and/or log >3” (7.68 cm) dia. and >1’ (30.72 cm) in length], and distance to nearest shade 

tree (>10 cm diameter at breast height).  Distance variables were measured with a 100-

meter tape and averaged to produce a mean for each distance variable per site.  Two final 

variables included large woody debris and percent slope.  Because the nest chambers of 

Ophisaurus attenuatus often include hollow rotted stumps and empty spaces beneath logs 

or rocks (Smith 1995), large woody debris (LWD) within sampling radii was assessed  

(present or absent) and assigned a decay class  (see Table 1) (Cline et al. 1980).  Percent 

slope was visually estimated. 
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DATA ANALYSIS 

 Comparison of Sampling Methods.—Efficacy of the three sampling methods was 

assessed using Chi-square goodness of fit of the null hypothesis:  no difference between 

observed number of lizards sampled among the three methods and the expected equal 

number of lizards across methods.  Effort was measured as the proportion of the total 

number of hours spent sampling (i.e., checking cover-boards, funnel and pitfall traps, and 

hand-sampling), driving during surveys, and setup and take down time (passive methods) 

to the number of Ophisaurus attenuatus caught by each method.  This was reported as 

hours per capture and captures per visit. 

Assessment of Habitat Use.—As the quadrats were assumed to represent the overall 

cover at each site, habitat data from each quadrat were pooled together to obtain an 

average for a specific random or occupied site.  These averages were compared in order 

to decipher whether occupied sites varied from random sites in habitat composition, and 

thus suggesting habitat components potentially critical to Ophisaurus attenuatus.  Tests 

for statistical significance of the differences between occupied and random sites for the 

variables of canopy closure, exposed soil, leaf/needle litter, lichen/moss coverage, thatch 

and grass coverage, woody debris, woody vegetation, and other vegetation used the 

nonparametric Mann-Whitney U-test.  The differences between occupied and random 

sites for the distance variables of distance to nearest edge, to sufficient cover, to sand/dirt 

trail, and to shade tree were tested for statistical significance using the Students T-Test.  

Fisher’s Exact Test was used to test the significance of differences between occupied and 

random sites for the variables of large woody debris (presence/absence) and slope. among 

random and occupied sites.    
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RESULTS 

Between the dates of 23 May 2007 and 20 June 2007, twenty sampling visits were 

made to each of ten sampling plots, including ten in the morning (AM) and ten in the 

afternoon (PM).  Of the 200 total sampling visits, only eleven Ophisaurus attenuatus 

were captured within the study area.  Hand-sampling was the most productive method 

(n=7) followed by cover-board arrays (n=3) and then funnel traps combined with drift 

fences and pitfall traps (n=1), although no lizards were caught in pit-fall traps placed in 

the center of drift fence arrays (Table 3).  The analysis rejects the null hypothesis (X2 = 

5.0863, p = 0.0.0786, df = 2), indicating that there are significant differences among 

sampling methods.  

Approximately 37.25 hours were spent conducting hand-sampling surveys (7 

captures), resulting in a rate of 5.32 hours per capture and 0.035 captures per visit.  

Unlike hand surveys, the two passive sampling methods required time to set up and 

disassemble.  Setting-up and removing ten cover-board arrays took approximately 3.42 

hours, whereas 25.52 hours were spent setting-up and disassembling the ten drift-fence 

arrays.  Total hours spent setting-up and taking down combined with checking for lizards 

was 85.09 hours for the cover-boards and 107.19 hours for the drift fence arrays.  Three 

captures were made using cover-boards, resulting in a rate of 28.36 hours per lizard and 

0.015 lizards per visit.  Whereas, only one capture was made in a funnel trap in a drift-

fence array, resulting in 107.19 hours per lizard (although several other species of 

herpetofauna and small mammals were caught) and 0.005 lizards per visit (Table 3).   

Since hand-sampling produced more captures and was more time efficient than 

the other sampling methods in 2007, especially regarding the potential surface area that 
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could be covered in the same amount of time (i.e., no set up and take down time), it was 

used exclusively for detecting presence among additional sampling sites during the 2008 

portion of the study.   

Between 2007 and 2008 a total of nineteen sites were confirmed to have 

Ophisaurus attenuatus present and thus considered occupied and used for the assessment 

of habitat usage during May and June of 2008.  All fifteen habitat variables were 

measured at all occupied and paired random sites, however only two occupied sites and 

one random site had all habitat variables represented.  Among the nine percentage cover 

variables exposed soil, lichen/moss, and other vegetation did not differ significantly 

between occupied and random sites (Table 2; Figure 2).  The other six percentage cover 

variables did differ significantly between occupied and random sites (Table 2; Figure 2).  

Four of these variables were significantly lower in occupied sites than random sites:  

canopy closure (p = 0.0058), leaf/needle litter (p = 0.0065), woody debris (p = 0.0330), 

and woody vegetation (p = 0.0155).  However, it would not be a surprise if all four of 

these variables were correlated with the presence of trees and negatively so with open 

areas. The remaining two percent coverage variables were both significantly higher in 

occupied sites than random.  Average thatch cover among occupied sites was  = 54% 

compared to = 24% at random sites (p = 0.0010).  Likewise, the average grass cover 

was  = 44% among occupied and 24% among random sites (p = 0.0061).  In summary, 

the sites with lizards appear to be more open (less trees and thus lower values of variables 

associated with trees), and have more coverage associated with open areas such as the 

variables of grass and thatch.  

X 

X 

X 
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Of the four distance measures two differed significantly between occupied and 

random sites, distance to nearest edge and distance to nearest sand or dirt trail (Table 2; 

Figure 5).  Occupied sites averaged  = 27.1 m from the nearest edge while random sites 

averaged further at  = 68.4 m (p = 0.0577).   Likewise, occupied sites averaged  = 

45.3 m to sand or dirt trails while random sites averaged further at  = 108.2 m (p = 

0.0182).  The variables of distance to nearest sufficient cover (p = 0.2011), and distance 

to nearest shade tree (p = 0.9059) did not differ significantly between occupied and 

random sites. 

Of the remaining two variables, presence/absence of large woody debris differed 

significantly between occupied and random sites (p = 0.0019).  Twelve of the nineteen 

occupied sites had woody debris present whereas only two of the random sites had woody 

debris (Table 2).  This observation reinforces the notion that large woody debris provides 

nesting sites in an otherwise open landscape.  Not surprisingly, the variable slope did not 

differ significantly (p = 1.000) between occupied and random sites with fifteen of the 

occupied and sixteen of the random sites having slope in the 0-10° range, likely reflecting 

the general lack of topography in the larger area. 

In summary, occupied sites have greater cover of thatch and grass, and less of the 

variables associated with trees (canopy closure, leaf/needle litter, woody debris, woody 

vegetation) and are thus more open than random sites.  However, the occupied sites are 

closer to trails and to an edge, the latter perhaps indicating a preference by Ophisaurus 

attenuates for open areas near edge habitats, and more frequently have large woody 

debris present, perhaps reflecting past presence of trees.   

 

X 

X X 

X 
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DISCUSSION 

 Sampling Methods.—The present study found active searches with hand-sampling to be 

the most successful of the three methods of sampling with 76% of the captures being by 

this method.  Additionally six additional lizards were caught by hand-sampling during the 

2007 season, but were not caught while conducting official surveys.  Although hand-

sampling was more productive, none of the sampling methods were particularly bountiful 

with a total of only 11 captures from all three methods combined from 200 visits. 

Hand-sampling was also the most time efficient method of sampling by a large 

margin, with one lizard for every 5.32 hours spent sampling (28.36 and 107.19 hours for 

cover-boards and drift fences respectively) and 0.035 lizards per visit (0.015 and 0.005 

lizards for cover-boards and drift fences).  Although the passive methods for sampling 

involved little time spent checking (approximately 12 min per site combined with drive 

time between sites), the time to set up and take down the ten cover-board arrays (4 hours) 

and the ten drift-fence arrays (approximately 3 days) did not prove to be a worthy 

investment of time.  Hand-sampling was also the most cost effective of the methods 

employed.  Materials fort drift-fence arrays and cover-boards for the ten sites were 

estimated at approximately $500, with an additional $500 for fuel costs, whereas hand-

sampling required only two butterfly nets to be purchased for under $20.  Hand-sampling 

does incur fuel costs as well, however if one was to perform hand-sampling only to 

document presence or absence visits would be minimized.  On the other hand, if a passive 

method was used to document presence or absence sites would have to be visited more 
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frequently thus increasing the volume of fuel used.  In conclusion, considering 

effectiveness, time, and cost, active searches with hand-sampling proved to be the 

preferred sampling method in this study. 

This was not the first assessment of sampling methods for Ophisaurus attenuatus.  

Additionally, sampling comparisons have been undertaken by biologists and land 

managers in order to successfully obtain specimens of similar species (Enge 1997).  Such 

studies have included the methods assessed in the present study; the use of cover-boards 

(i.e., artificial shelters), drift fence arrays combined with funnel and/or pitfall traps, and 

active searches with hand-sampling.  For example, throughout 43 trapping seasons Fitch 

(1992) used a number of methods to sample more than fifteen species of snakes in a 420 

ha area in Kansas.  Numbers of captures by species were compared using live-traps, 

cover-boards, and random encounters.  Depending on the species being sampled, each 

method of sampling was successful to varying degrees.   Fitch also sampled numerous O. 

attenuatus using wire funnel traps set for snakes but, as for the present study, hand-

sampling techniques proved to be most successful for O. attenuatus in his field study at 

the University of Kansas Natural History Reservation (Fitch 1989).  In another example, 

Kopachena and Kollar (1999) conducted a herpetofaunal study using an array of drift 

fences combined with funnel traps, and as in the present study had limited success in 

sampling O. attenuatus.  The Texas study site consisted of 72 ha where 94 days of 

sampling took place resulting in 1674 trap-days.  Relative abundance data for twelve 

species of reptiles were acquired by this study, but only a small percentage of the twelve 

species sampled (n=60) were O. attenuatus (n=3). 
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Systematically sampling with arrays of artificial shelters (i.e., cover-boards) can 

yield large numbers of reptiles and amphibians, as well provide quantitative estimates of 

relative abundance, which may include limited representation by rare species, such as 

Ophisaurus attenuatus (Grant et al. 1992).  Cover-boards have been a successful method 

for determining herpetofaunal species composition and abundance when placed in areas 

with sparse natural cover (Parmelee and Fitch 1995).  All three O. attenuatus found 

underneath cover-boards during the present study occurred in an area with limited 

vegetation and so cover-boards may have indeed provided cover where there was none.  

When comparing various factors of effectiveness, Parmelee and Fitch (1995) found that 

shelters made of tin were most effective for sampling snakes in their study (n>700), 

although plywood cover-boards had far greater success over tin in a study conducted by 

Grant et al. (1989; n~2,900).  In the present study cover-boards made only of plywood 

were used.  Cover-board techniques require less maintenance and sampling effort when 

compared to setting drift fence arrays combined with either pitfall or funnel traps (Grant 

et al. 1992), however, cover-boards tend to be used by certain species at specific periods 

throughout any given day (Grant et al. 1992).  From 1988 until 1991, Grant et al. (1992) 

used cover-boards to conduct a herpetofaunal study in South Carolina.  Over 50,000 

cover-boards were placed at 444 sites in arrays of 60-250.  Only one encounter of O. 

attenuatus was recorded with nearly 3,000 other reptiles and amphibians, comprising a 

total of 31 species caught throughout the study (Grant et al. 1992).  The majority of 

specimens sampled consisted of salamanders and skinks [approximately half (~1,500) 

were comprised of five skink species that can be found in habitats similar to that 

preferred by Ophisaurus sp.].  Success in their study was measured at a rate of 5-6 
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specimens per 100 cover-boards (Grant et al. 1992).  In the present study ten arrays with 

16 cover-boards each (160 total) produced only two cover-boards that were used by O. 

attenuatus, one of which had two lizards in one single encounter.  From these previous 

studies, and the study presented herein, active search with hand-sampling is the more 

successful than other methods of sampling for O. attenuatus to date, however an 

abundantly successful and efficient method for sampling O. attenuatus has yet to be 

found. 

Certain life history attributes may impose difficulties when sampling Ophisaurus 

attenuatus in Wisconsin.  Although they are diurnally active from early May until late 

September, O. attenuatus spend a majority of their time below ground (Conant 1991) and 

typically spend fall and winter months in hibernacula, similar to many snake species (Hay 

et al. 1992).  Due to a relatively short sampling season combined with subterranean 

tendencies, it is clear why capturing this species can be difficult (Pleyte 1975).  Sampling 

during the May/June breeding season may be sufficient for attempting to detect presence 

of O. attenuatus at sites in Wisconsin (Pleyte 1975), but insufficient for more detailed 

objectives such as population estimates.  Furthermore, at any given time, even one of 

peak activity, only a small percentage of a total population may be active (Pleyte 1975).  

Therefore, encounters with low numbers of O. attenuatus may yet represent an 

established population at a particular site.   

Ophisaurus attenuatus are well known for their tendency to readily autotomize 

their tail, which is presumed to be an escape mechanism.  Although hand-sampling is the 

most effective method for sampling, it is possible this defense mechanism can influence 

the ability to sample O. attenuatus by hand.  Furthermore, once a tail is lost this defense 
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is temporarily absent and an individual may experience increased vulnerability to 

predation plus the energetic costs of tail regeneration.  The process of tail regeneration 

may take an individual up to 56 months (Fitch 2003).  Regenerated tails tend to be 

significantly shorter than originals (12-15%) and may reduce the effectiveness for future 

displays of caudal autotomy as a defense mechanism (Fitch 2003).  However, studies 

have indicated that caudal autotomy may play an insignificant role for O. attenuatus 

when faced with opportunist predators such as snakes, hawks, and carnivorous mammals 

(Gerald 2005).  Only two of the seventeen (2007) lizards handled in this study 

demonstrated caudal autotomy when handled (shedding ~20-30% of their tail section, 

less than 1/4 of their total length), but did not demonstrate any noticeable adverse affects 

in mobility when released.  While the risk of tail loss when handling O. attenuatus does 

exist, findings from this study suggest it to be a rare occurrence.  A small percentage of 

specimens handled displayed this behavior, and likely regenerated their tails.  Only one 

of the 17 lizards handled during the study had a partially regenerated tail (approx. 30 cm), 

suggesting it was shed weeks or months prior to being handled.  It seems that handling O. 

attenuatus for research purposes does not negatively impact the overall well being of 

individuals or populations nor bias sampling efforts, even though causing them to 

autotomize their tail section (due to handling) may seem invasive. 

The development of effective sampling protocols for species with unique life 

histories is particularly challenging (Thompson 2004).  Ophisaurus attenuatus is one 

species that is both endangered in Wisconsin and has unusual life history characteristics 

(Vogt 1981; Hay et al. 1992).  Furthermore, they are known to be at low population 
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densities (Vogt, 1981).  Combined, these factors make the development of a sampling 

protocol for O. attenuatus challenging, as this study has shown.   

Habitat Use.—The biology of populations at the periphery of their natural range, 

such as populations of Ophisaurus attenuatus in Wisconsin, is likely different than for 

those populations located centrally in their range (Wild per. comm.).  Limiting 

environmental features and habitat characteristics, plus corresponding low population 

densities can be anticipated (Gaston 1996).  It follows that conservation issues for 

populations located on the edge of a species geographical range are likely to be different 

than populations of the same species within their common range (Kirkpatrick and Barton 

1997).  Mapping and documenting environmental features and habitat characteristics 

would make the sampling process more efficient in allowing land managers and wildlife 

biologists (e.g., WDNR) to pinpoint, in advance, areas likely to contain O. attenuatus 

populations throughout the state.  Development of an innovative protocol based on 

detailed habitat analysis is necessary for effective conservation efforts with O. attenuatus 

in Wisconsin.  The present study has begun this endeavor by identifying some habitat 

characteristics that may indeed serve this conservation purpose. 

It was not surprising that the present study found that high percentage cover of 

grass and high percentage cover of thatch are significantly associated with sites occupied 

by Ophisaurus attenuatus.  Oak savannas, sand prairies, old fields, and pine-barrens are 

known to contain these cover types and are known to be commonly used by O. attenuatus 

(Pleyte 1975; Vogt 1981; Fitch 1989; Hay et al. 1992).  Furthermore, these habitats are 

abundantly present on Fort McCoy.  Most O. attenuatus in this study were found in or 

near areas comprised of Pennsylvania sedge (Carex pensylvanica), a short grass that, 
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once established, contains a dense thatch layer.  The sandy, loose, soil types found at Fort 

McCoy combined with abundant Pennsylvania sedge (dense thatch layer and grass cover) 

could very well be the most logical reason for the persistence of this species within the 

study area.  However, there remains the possibility that Fort McCoy contains more open 

areas allowing for lizards to be more easily detected than in habitats with greater 

percentages of closed canopy. 

 The four variables of cover which were significantly lower in occupied sites than 

random sites included canopy closure, leaf/needle litter, woody debris, and woody 

vegetation.  All four of these variables are likely correlated with the presence of trees and 

negatively so with open areas. In summary, the sites with lizards appear to be more open 

(less trees and thus lower values of variables associated with trees), and have more 

coverage associated with open areas such as the variables of grass and thatch.  The only 

the distance variable to show a significant difference between occupied and random sites 

was distance to nearest edge with occupied sites being significantly nearer edges.  This 

difference may be indicating a preference by Ophisaurus attenuates for open areas but 

yet near edge habitats.   

What seems contradictory about the occupied sites that are significantly positively 

associated with variables of open areas (grass and thatch) and negatively so with forested 

areas (less trees and thus lower values of variables associated with trees) is the positive 

significance of the presence of large woody debris at occupied sites.  One might expect 

there to be more down woody debris in a forested area where there are trees, not in the 

open areas lacking trees.  One possible explanation is that open areas are open because of 

the loss of previous forest, and the large woody debris represents the remnants of this lost 



20 

forest.  On the other hand, forested areas retain the majority of potential large woody 

debris in standing timber.  Nonetheless, the significant presence of large woody debris in 

occupied sites is consistent with the previously proposed notion that large woody debris 

provides nesting sites in an otherwise open landscape.   

It seems clear that canopy cover and thatch layer are not independent among 

occupied sites.  Thatch and grass variables will likely have higher percent coverage in 

areas of open canopy, but are also widely distributed (within the study area) in areas of 

closed canopy as well.  However, thatch seems to be much more dense in open canopy.  

These two habitat variables (grass and thatch) were based upon the presence of 

Ophisaurus attenuatus among occupied sites and assumed absence at corresponding 

random sites, which could potentially be used sites in some cases where habitat 

conditions are favorable.  It appears the combination of these variables, in addition to the 

presence of decayed large woody debris and a short distance to an edge and sandy or dirt 

trail, are correlated with O. attenuatus presence among occupied sites. 

In summary, occupied sites have greater cover of thatch and grass, and less of the 

variables associated with trees (canopy closure, leaf/needle litter, woody debris, woody 

vegetation) and thus are more open than random sites.  However, the occupied sites are 

closer to an edge and more frequently have large woody debris present, perhaps reflecting 

past presence of trees, providing nesting sites and cover for the lizards. 

Wisconsin Conservation Concerns.—In Wisconsin, Ophisaurus attenuatus has 

been listed as endangered since 1979 (Wisconsin Endangered and Threatened Species 

List, 2009).  Although the species has been known to exist in Wisconsin dating back to 

the early twentieth century, it has been recognized as “uncommon” ever since (Wagner 
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1922).  The rarity of O. attenuatus in Wisconsin is largely due to its natural range, which 

extends throughout the southeastern quarter of the United States, from southwestern 

Wisconsin to Texas and east to Florida (King and Behler 1979; Vogt 1981).  Ophisaurus 

attenuatus are currently found at the edge of their range, disjunct from their overall range, 

in the driftless area of west-central Wisconsin (Wisconsin Department of Natural 

Resources 2008).  There remains uncertainty with the distribution of  O. attenuatus in 

Wisconsin as different sources are contradict one another (i.e., DNR distribution map 

versus other reptile manuscripts)  It has been suggested that the actual (current) range of 

O. attenuatus in Wisconsin may not include all counties listed by more general sources, 

including Waushara, Marquette, Green Lake, Adams, Juneau, Monroe, Columbia, Sauk, 

and LaCrosse (Hay et al. 1992).  Ophisaurus attenuatus may have persisted in all of these 

counties at some point, but have not had specimens officially documented during the time 

of this study.  

Because Ophisaurus attenuatus are rare in Wisconsin and may be declining, the 

need for research seems particularly relevant.  Furthermore, it is vital to make certain that 

the natural range of O. attenuatus is not on the decline nationwide by ensuring that their 

habitat within Wisconsin is conserved (Wild pers. comm.).  Additionally, O. attenuatus 

fill an important niche in grassland and woodland ecosystems as a generalist predator, 

having a broad range of prey items including: beetles, crickets, grasshoppers, snails, 

slugs, spiders, mice, worms, and eggs (including their own) of various birds and reptiles 

(Hay et al. 1992). 

Although Ophisaurus attenuatus is naturally rare in Wisconsin, concern over their 

abundance in the state has increased in recent years due to habitat reduction resulting 
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from natural succession of grassland to forest, suppression of natural fire regimes, 

plowing for agricultural development, incidental take, and urban sprawl (Vogt 1981; Hay 

et al. 1992).  In particular, an escalating incidence of habitat fragmentation by roads has 

led to increased mortality fairly recently (Hay et al. 1992).  Unlike other limbless reptiles, 

which use flexible ventral (belly) scales for locomotion, O. attenuatus utilize leverage 

against terrain features, such as rock, loose soils, densely matted grass, and course woody 

debris, for lateral movement (Smith 1995).  Therefore, when faced with smooth surfaces 

such as roads, O. attenuatus may have severely impaired locomotion (Pleyte 1975; Hay 

et al. 1992).  When trapped on roadways or smooth surfaces O. attenuatus may become 

vulnerable to predation, vehicle mortality, desiccation, or inevitable starvation (Hay et al. 

1992).  However, Pleyte (1975) found no incidence of road kills or live specimens on 

paved roads, even though the majority of his sample size was found within 3 m of them.  

He did note that lizards released on paved roads struggled frantically to move forward, 

but made very little forward progress (Pleyte 1975).  Furthermore, Pleyte (1975) 

documented that lizards chased towards roads would not attempt to cross, but instead turn 

back towards the pursuer.  Additionally, none of Pleyte’s specimens caught on one side 

of a road were ever recaptured on the other side of the same road.  It could be assumed 

that the mere association of O. attenuatus with grassy roadside cover could, in effect, 

play a role in their demise due to their availability to predators and huge susceptibility to 

fragmentation.  On a side note, the majority of (open canopy) habitat within the study 

area described by Pleyte in his 1975 study, in recent years, has become engulfed by 

woodlands due to natural succession.  Pleyte’s study site was visited in 2008 with zero O. 

attenuatus observations taking place. 
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In the past, Ophisaurus attenuatus may have been considered a prairie fire 

dependent species in order for their habitat needs to be met and maintained (Cavitt 2000).  

Ophisaurus attenuatus may have once thrived in Wisconsin when prairie dominated the 

landscape, but populations possibly declined due to development of prairie acreage and 

suppression of the fire regimes necessary for the existence of suitable prairie habitat for 

this and possibly other herpetofaunal species (Wilgers and Horne 2006). 

Another source of increased Ophisaurus attenuatus mortality can be attributed to 

contact with chemical pesticides (Vogt 1981; Hay et al. 1992).  Contact occurs by means 

of either absorption through the skin or, more commonly, through ingestion of insects 

containing high levels of bio-accumulated chemicals (Hay et al. 1992).  Harmful 

compounds may be found at increasingly high concentrations in many environments due 

to agricultural pesticide and herbicidal runoff and industrial activity (Vogt 1981; Hay et 

al. 1992).  Additionally, pesticides applied to wipe out certain insect species (i.e., locusts) 

may deprive certain O. attenuatus populations of prey availability. 

More recently, concern for this species has been due to incidental take associated 

with a trans-continental pipeline currently under construction in western Wisconsin 

(Enbridge Energy Limited Partnership 2006).  The Wisconsin Department of Natural 

Resources should be particularly concerned with potential increasing natural mortalities 

of Ophisaurus attenuatus, as certain life history characteristics of the lizard might 

possibly make Wisconsin populations less likely to recover from decline.  These 

characteristics include high juvenile mortality, predation, competition with other species, 

low genetic variation, low reproductive rates, climatic changes, prey availability, and 

disease (Hay et al. 1992).  Potential threats to Wisconsin populations of O. attenuatus 
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may serve as the primary justification for the development of an effective sampling 

protocol in order to accurately assess their population status within the state.   

Management Suggestions.—Because Ophisaurus attenuatus are recognized as an 

open-area species (Pleyte 1975; Vogt 1981; Fitch 1989; Hay et al. 1992; Pianka et al. 

2003) it seems logical to sample, and effectively compare sampling methods, in areas 

and/or habitats potentially containing the highest concentration of lizard populations 

available in a particular area.  Based upon literature review and 2007 sampling data, 

actively searching with hand-sampling is the preferred method for encountering O. 

attenuatus (Pleyte 1975; Fitch 1989). In addition, the results of this study are consistent 

with life history and habitat variables associated with occurrence of glass lizards as 

described by other studies.  Information gained from this study could potentially be used 

by others to obtain a better understanding of O.attenuatus populations specific to 

Wisconsin habitat types.  In combination with a proven sampling protocol, managers now 

have a starting point for areas within the state (by region and habitat type/vegetation 

species) they may target in order to detect O.attenuatus. 

As mentioned earlier, a preliminary field season was conducted in 2007 in order 

to determine an effective method for sampling Ophisaurus attenuatus.  Ten sites were 

established in areas consisting of ample ground cover, loose, sandy soil containing mixed 

oak savanna and pine barren habitat types; consistent with habitat types used by O. 

attenuatus described by Pleyte (1975) in Waushara County, WI.  Plots (~50 m2) were 

contingent upon estimated home range sizes (~0.13-0.44 ha) of O. attenuatus (Fitch 

1989).  Some sites contained open-canopy, while others were interspersed among red 

pine (Pinus resinosa) and mature oak (Quercus sp.) stands, but all contained or were 
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adjacent to loose, sandy soils and thatch grass.  Approximately 2 months (~01 May – 30 

June) were spent sampling during the 2008 field season.  Ophisaurus attenuatus have 

been known to be most active, above ground in Wisconsin from mid-May to mid-June, 

making this an ideal sampling period (Pleyte 1975; Vogt 1981; Hay et al. 1992).  

Sampling efforts occurred during daylight hours since O. attenuatus prefer to be active at 

these times and are rarely nocturnally active (Krysko and Reppas 1998).  Furthermore, 

hand-sampling efforts coincided with peak activity times: mid-morning (~0800-1200hrs) 

and late afternoon (~1500-1900) because O. attenuatus are typically inactive during 

periods of intense mid-day sunlight (Pleyte 1975; Fitch 1989).  Ophisaurus attenuatus are 

known to be active in warm weather (20-27 0C) and prefer conditions of high humidity, 

especially periods following brief summer-time showers (Pleyte 1975; Fitch 1989).  Any 

noticeable or significant sampling successes occurring on days of these specific climatic 

conditions should be documented.  Data on historical land cover, historic fire regime, and 

any significant human-based landscape disturbance (i.e., logging or heavy equipment 

operations) should be obtained from the any available environmental staff within a 

potential study area. 
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Table 1.  Decay class characteristics for large woody debris (LWD) following Cline et al. 

(1980). 

Class                   Characteristics 

1 Bark intact and firmly attached.  Any exposed wood fresh, and not stained by weathering.  Branches 

and twigs present.  Log a solid piece.  Primary log surface substrate is sound bark. 

2 Bark sloughing, and fairly easy to remove.  Generally solid wood.  Branches present, but few small 

twigs remain.  Log a solid piece, but decay may be present.  Primary surface substrate is hard wood. 

3 Log may be a solid piece, but decay is present.  Surface may flake, or shreddy flakes may remain 

attached to the log, or wet surface may flatten and then rise back again when thudded with foot.  

Branches may be present, but likely only stubs remain.   Primary surface substrate is soft wood. 

4 Log is not one solid piece, but solid pieces remain.  Log may break into multiple pieces or crush when 

thudded with foot.  Few or no branch stubs remain.  Primary surface substrate is very spongy wood. 

5 Log has become one with the earth.  No branches remain.  Log may be oval, or flattened.  Log crushes 

when thudded.  Primary surface substrate is powder wood. 
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Table 2.  Variables included for assessment of habitat usage by Ophisaurus attenuatus at 

paired occupied and random sites.  Variables that differed significantly between occupied 

and random sites are bold.  All tests of significance of variables reported as percents used 

the nonparametric Mann-Whitney U-Test, tests for variables reported as distances used 

the Student’s T-Test (two-tailed), and the variables of Large Woody Debris and Slope 

used Fisher’s Exact Test. 

 
Habitat Variable Occupied Random Statistical Significance 

Canopy closure  = 12 % 
(0-38 %) 

 = 43 % 
(0-90 %) 

P = 0.0058 

Exposed soil  = 16 % 
(0-47 %) 

 = 10 % 
(0-42 %) 

P = 0.1772 

Leaf/needle litter  = 8 % 
(0-25 %) 

 = 29 % 
(0-82 %) 

P = 0.0065 

Woody debris  = 3 % 
(0-15 %) 

 = 8 % 
(0-31 %) 

P = 0.0330 

Lichen/moss  = 7 % 
(0-67 %) 

 = 3 % 
(0-17 %) 

P = 0.2716 

Thatch  = 54 % 
(5-93 %) 

 = 24 % 
(0-60 %) 

P = 0.0010 

Grass  = 44 % 
(13-85 %) 

 = 24 % 
(1-56 %) 

P = 0.0061 

Woody vegetation  = 1 % 
(0-5 %) 

 = 4 % 
(0-15 %) 

P = 0.0155 

Other vegetation  = 11  % 
(0-30 %) 

 = 10 % 
(0-40 %) 

P = 0.5272 

Distance to nearest 
edge 

 = 27.1 m 
(3.6-67.4 m) 

 = 68.4 m 
(10.4-369.0 m) 

P = 0.0577 

Distance to nearest 
sand or dirt trail 

 = 45.3 m 
(1-384.6) 

 = 108.2 m 
(4.8-433.4) 

P = 0.0182 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 

- -
X X 
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Table 2. Continued.    

Distance to nearest 
sufficient cover 

 = 5.1 m 
(1.8-10.8 m) 

 = 10.4 m 
(0.4-70.0 m) 

P = 0.2011 

Distance to nearest 
shade tree 

 = 12.2 m 
(3.6-48.6 m) 

 = 11.6 m 
(1.8-54.4 m) 

P = 0.9059 

Large woody debris Present = 12 
Absent = 7 

Present = 2 
Absent = 17 P = 0.0019  

Slope  
0-10° = 15 
10-20° =  2 
20°+ =  2 

0-10° = 16 
10-20° = 1 
20°+ = 2 

P = 1.000 

 

- -
X X 

- -
X X 
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Table 3.  Comparison of number of captures and effort for the three sampling methods 

used.   

 

Sampling 
Method 

Number of 
Sampling 

Visits 
 

Number of 
Captures 
*p = 0.0786 
X2 = 5.0863,  

df = 2 

Hours 
(including set-

up and take 
down) 

Hours per 
Capture 

Captures 
per visit 

Hand-
sampling 200 7 37.25 hrs 5.32 0.035 

Cover-
boards 200 3 85.09 hrs 28.36 0.015 

Drift fence 
array 200 1 107.19 hrs 107.19 0.005 
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Figure 1.  Map showing the distribution of Ophisaurus attenuatus.  Note the isolated 

distribution within Wisconsin within driftless area (A), and the location of study site (B), 

(Map A copyright Center for North American Herpetology; Map B courtesy WI DNR). 
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Figure 2.  Map showing fourteen areas of contiguous habitat surrounding positive 

identification of WSGL during this study.  The 19 WSGL localities confirmed by this 

study are among the shaded regions (distributed by Fort McCoy Environmental & 

Biological Staff - SENSITIVE IMAGE DO NOT REPRODUCE). 
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Figure 3. Diagram showing example of drift-fence array with funnel and pitfall traps used 

afield.  Drift fence arms were 20 m long; single-ended funnel traps were placed at the 

ends and double-ended funnel traps were placed approximately half way on either side.  

A pitfall trap (i.e., 5 gal bucket) was placed at the center of the array where all three arms 

intersected. 

 

Double-ended I I '" ... , ..... 
~ ~ Single-end ed 
T T . funnel t rap 
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Figure 4.  Bar diagram showing the percentages of percentage categories of coverage for 

the nine coverage variables in occupied and random sites.  Variables that differ 

significantly between occupied and random sites are indicated by an asterisk (*).  P-

values are from the nonparametric Mann-Whitney U-test. 
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Figure 5.  Average distance (in meters) to nearest occurrence of variable.  Variables that 

differ significantly between occupied and random sites are indicated by an asterisk (*).  

P-values are from the Student’s T-Test. 
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