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Amphibian and reptile communities are difficult to sample as 
many species are cryptic organisms with variable life histories 
and habitat requirements. One method for sampling herpetofauna 
is by searching under or within natural cover objects; however, 
this method is time intensive, non-standardized and can result in 
the destruction of microhabitat sites (Davis 1997). Consequently, 
many alternative census techniques are used (e.g., Bishop et al. 
1997; Gibbons and Semlitsch 1982; Grant et al. 1992; Shirose et 
al. 1997; Todd et al. 2007). Ryan et al. (2002) used various sam-
pling techniques (i.e., drift fence, coverboard arrays [i.e., ACOs] 
and time-constrained searches) and concluded that coverboards 
effectively measured herpetofauna presence-absence and revealed 
species not detected by drift fences and time-constrained surveys. 
Many researchers in North America have used ACOs to sample 
salamanders (e.g., DeGraaf and Yamasaki 1992; Moore 2005), 
snakes (e.g., Engelstoft and Ovaska 2000; Kjoss and Litvaitis 2001) 
and lizards (Ryan et al. 2002). Though various ACOs are commonly 
used, more research is needed that compares different materials for 
sampling herpetofauna (Grant et al. 1992; Moore 2005). 

In this study, we used two ACO materials (wood and carpet) to 
sample herptetofaunal communities in oak-hickory forests of the 
upper Ozark Plateau, Missouri. This area supports more than 30 
species of amphibians and reptiles, many of which are common 
through much of the eastern United States; therefore, the results 
of this study have specific applications to Midwest herpetofauna 
as well as other areas throughout eastern North America. 

Methods.—Research was performed at three sites within the 1424 
ha Daniel Boone Conservation Area, Warren County, Missouri 
(38º46’N, 91º23’W). The study site is dominated by a mature, 
secondary growth oak-hickory forest (Quercus spp. and Carya 
spp.) and has a rolling hill geomorphology categorized by ridge top 
to rock ravine with local relief (i.e., elevation change within 2.59 
km²) ranging from 46–76 m (Rittenhouse and Semlitsch 2007). A 
pond (160–330 m2) centers each study site. 

Artificial cover objects (ACOs) were placed at sites in April–May 

2006. All transects were perpendicular to the pond edge. There were 
eight transects per site, primarily in second growth oak-hickory 
forests but extending into some sites that had been recently logged 
or logged and burned. Each transect was 110 m long with paired 
ACOs every 10 m (11 paired ACOs per transect; total of 264 paired 
ACOs). We used two types of ACOs, a solid untreated wood board 
measuring ~ 90 × 30 × 2.5 cm, and an undyed Berber style carpet 
slab of equal length and width, but ~1.5 cm depth. These ACOs 
were placed side by side, less than 10 cm apart, parallel to the 
transect at each 10 m interval. The soil beneath each ACO was 
cleared of any litter, debris, and/or large rocks to ensure that each 
ACO lay flat. Carpet ACOs were placed carpet side down. 

ACOs were monitored from 6 June to 25 August 2006, and 
again from 11 April to 13 September 2007. We randomized the 
order in which each site was checked on collection dates. ACOs 
were checked during daylight hours, between 0900 and 1800 h 
and approximately every 10 days during the monitoring period. In 
order to minimize disturbance of microhabitats, ACOs were never 
checked more than once every seven days (Marsh and Goicochea 
2003). All vertebrates beneath ACOs were recorded. Additionally, 
we measured salamander mass using a 20 g Pesola® (accuracy ± 0.1 
g) spring scale and snout–vent length (SVL) with a hand ruler. 

We recorded microhabitat variables during the weeks of 23 Au-
gust 2006, 17 May 2007, and 24 July 2007. We used an infrared 
laser thermometer (Raytek, MT4) to measure surface temperature 
and a 4-prong moisture meter (Aquaterr, M-300) to measure mois-
ture content under each ACO. We measured litter depth by insert-
ing a metric ruler into the litter at three randomly chosen spots, 
1 m from ACOs. Canopy cover was determined using a concave 
spherical densiometer held 1 m directly over the ACOs.

We used binomial exact tests to determine if captures were equal 
under wood and carpet ACOs for each species with greater than ten 
total captures. A bonferroni adjustment was used for comparisons 
(α < 0.007). Tests were performed using SAS v9.1.3 (SAS Institute 
Inc.) with the exact binomial option in PROC FREQ. We were 
also interested in size differences among salamanders using the 
different ACOs. We used a T-test to compare SVL of P. albagula 
found under the two types of cover objects.

To test for microhabitat differences under wood and carpet 
ACOs, we descriptively compared mean temperature and moisture 
values for three sampling periods, fall, summer and winter. Due to 
differences in slope, aspect, and microhabitat, we considered each 
pair of coverboards to be independent. 

Results.—Of the 31 possible amphibian and reptile species 
found within our study area, 58% (18/31) of potential herpetofauna 
species were captured using both types of ACOs. However, the 
sampling effectiveness between ACO types in detecting the most 
species present in our study area was not equivalent as 17 of 31 
potential species were captured by wood ACOs whereas 11 of 31 
species were captured using carpet. Though 18 species were cap-
tured in total, 11 species contained low total captures for our two 
year period (<10 captures). Within our study area, both ACO types 
detected the presence of 67% (4/6) of salamanders, 20% (2/10) of 
anurans, 75% (3/4) of lizards, and 82% (9/11) of snakes.

More amphibians and lizards were captured under wood ACOs 
than carpet, whereas few differences in snakes captures existed be-
tween ACO types (Table 1). Of the 18 species captured using both 
ACOs, five of the 18 species had high captures for wood ACOs. No 
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species in this study were captured 
significantly more under carpet than 
wood ACOs (Table 1). Plethodon 
albagula and Bufo americanus 
were the most captured amphibian 
species, two snake (Carphophis 
vermis, Lampropeltis triangulum) 
and two lizard species, (Eumeces 
fasciata, Scincella lateralis) were 
also frequently captured, all of 
which were captured more under 
wood ACOs than carpet. Diadophis 
punctatus and Virginia valeriae 
were the two most captured snake 
species; however, captures were 
not particular to either ACO type. 
There was no significant difference 
in P. albagula SVL among the ACO 
types (t = -1.42, df= 3 P = 0.2511). 
Additionally, there were no apparent 
differences in soil temperature or 
moisture between ACO types and 
sampling periods.

Discussion.—Wood and carpet 
ACOs confirmed the presence of all 
known fossorial snake species in our 
study area. Similarly, Willson and 
Dorcas (2004) used plywood ACOs 
to sample fossorial snakes in North Carolina and detected all 5 spe-
cies present within their study area. In particular, we captured C. 
vermis more often under wood ACOs than carpet, and both ACO 
types had high captures of V. valeriae and D. punctatus compared 
to other snake species in our study area. Wood also detected the 
presence of other cryptic species such as L. triangulum. Size of 
ACO may have affected our low detection of larger snake species 
such as Thamnophis spp. and Coluber spp., as the majority of 
snakes captured by ACOs were small bodied species. 

In our study, we had higher lizard captures under wood over 
carpet ACOs and caught three of four possible species. Sceloporus 
undulatus is present in our study site but was not captured by either 
wood or carpet ACOs. Our study, as well as studies from different 
geographical regions (i.e., Grant et al. 1992; Tietje and Vreeland 
1997; Hampton 2007), indicates that wood ACOs could be used 
across North America to sample skink species (Eumeces and Scin-
cella spp.); however, our methods did not capture S. undulatus in 
our Midwestern study site, whereas both S. occidentalis and S. 
undulatus were sampled using ACOs in the East and West (Grant 
et al. 1992; Tietje and Vreeland 1997). Further research is needed 
to definitively decipher the regional effectiveness of sampling 
methodologies for herpetofauna guilds. 

Similar to other studies of plethodontid salamanders (see review 
by Moore 2005 and Grant 1992), western slimy salamander (P. 
albagula) accounted for 94% (303/322) of all amphibians captured 
in our study. B. americanus was the only other amphibian species 
that was sampled in high numbers via wood ACO. Six salamander 
species were captured using drift fences in our study area (Hocking 
et al. 2008) and we caught four of the six using ACOs. However, 
drift fences often resulted in P. albagula mortality in our study 

area (RDS, unpublished data). Both ACOs detected the presence 
of six of 16 amphibian species present in our study area; however, 
captures for all but P. albagula and B. americanus were low in 
numbers. We, therefore, suggest using wood ACOs to sample 
for Plethodon salamanders because of high P. albagula captures 
compared to carpet ACOs and wood ACOs caused no mortality 
compared to drift fences.

In our study, as well as Houze and Chandler (2002), body size did 
not affect choice of ACO type by slimy salamanders (P. albagula 
and P. ocmulgee, respectively). In contrast, salamander (Plethodon 
cinereus) size class influenced the use of artificial and natural cover 
objects in Virginia (Marsh and Goicochea 2003), whereas Monti et 
al. (2000) found that body size class did not influence the use of ar-
tificial and natural cover objects by P. cinereus in Maine. A species 
use of ACO may vary by habitat type, regional temperatures and 
climate, and natural history of target organism (Davis 1997), thus 
sampling techniques that use ACOs may regionally differ among 
similar taxa. Further research is needed to definitively decipher the 
regional effectiveness of sampling methodologies for herpetofauna 
guilds, particularly those in the Midwest. 

Various materials have been previously deployed as an ACO, 
however, no studies to date used carpet to sample herpetofauna. 
Overall, wood was more effective than carpet in detecting the most 
species in our study area. However, carpet type should be selected 
with caution as many carpets contain chemicals that may affect 
use by some taxa. One potential benefit for using carpet may be 
the cost of carpet over wood ACOs. We purchased wood at a cost 
of $7.05 per ACO whereas the cost of carpet was $2.88 per ACO. 
However, we were only able to conduct this comparative study 
for two years as carpet significantly degraded by the third sample 

TABLE 1. Total captures of all amphibians and reptiles. Binomial exact tests for species with greater than 
ten captures to evaluate if captures were equal under wood and carpet artificial cover objects. Significant 
P-values are in bold (Bonferroni adjustment for multiple comparisons α < 0.007). “Unknown sp.” represents 
species that escaped before identification. 

 Cover Object Type

Species Carpet  Wood Total   P

Plethodon albagula 47  256 303 <0.0001
Ambystoma annulatum 2  2 4   
Ambystoma opacum 0  1 1 
Notophthalmus viridescens 0  2 2
Bufo americanus 0  11 11 0.0010
Rana clamitans 0  1 1

Eumeces fasciata  16  41 57 0.0013
Eumeces laticeps  0  5 5   
Eumeces unknown sp. 1  3 4
Scincella lateralis 35  53 88 0.0693

Carphophis vermis 3  13 16 0.0213
Diadophis punctatus 29  24 53 0.5831
Elaphe obsoleta  0  1 1
Lampropeltis triangulum  0  6 6   
Opheodrys aestivus 1  0 1
Storeria dekayi 2 1 3
Storeria occipitomaculata  2  1 3
Thamnophis proximus 0 1 1
Virginia valeriae 10 8 18 0.8145
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season whereas wood ACOs had minimal degradation. Therefore, 
the initial costs of carpet, though less expensive, may not be as 
economical in a multiyear study when compared to the initial costs 
and extended life span of using wood. 
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In recent years, the use of elastomers to mark amphibians has 
been gaining acceptance. Several studies have reported the use of 
injected tags such as Visual Implant Elastomers (VIE) and Visual 
Implant Alpha (VIAlpha) tags (Northwest Marine Technologies, 
NMT) for marking individual amphibians in the field and labo-
ratory (e.g., Gower et al. 2006; Moosman and Moosman 2006; 
Nauwelaerts et al. 2000). VIAlpha tags are small medical grade 
elastomers available in a variety of fluorescent colors. Each tag is 
stamped on one side with a letter (A–Z) and a number (00–99). Use 
of a UV light aids in detection and readability of tags. VIAlpha tags 
have been shown to be safe for amphibians (Buchan et al. 2005), 
and lack the drawbacks that may be associated with toe-clipping, 
such as reduced survivorship, behavioral changes, or inflammation 
(Golay and Durrer 1994; Lemckert 1996; McCarthy and Parris 
2004). In addition, VIAlpha tags are relatively inexpensive. 

VIAlpha tags are not without disadvantages. One disadvantage 
is the difficulty of marking frogs with loose skin. Developed for 
tagging fish, the injector available from NMT is not well-suited 
to species with skin that easily slides on the body (pers. obs.). 
Moreover, in amphibians, tags may migrate once injected. The 
webbing between toes is a stable place for elastomer tags in some 
amphibians (Nauwelaerts et al. 2000), but the small size of many 
species make this a difficult undertaking. Indeed, many studies us-
ing VIAlpha tags have involved ranid frogs, and few have focused 
on the viability of using tags in smaller frogs (but see Buchan et 


