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Abstract.-! examined the species composition, species richness, and 
relative abundance ofherpetofaunal communities on southwest­
facing and northeast-facing slopes on the MOFEP sites. For the 
landscape-scale investigations, herpetofaunal communities on south­
west-facing slopes were relatively similar, averaged 23.4 species/site, 
and had relative abundance estimates ranging from 14.4 to 38.2 
captures/100 trap days. Communities on northeast-facing slopes 
were also relatively similar, averaged 23.2 species/site, and had 
relative abundance estimates ranging from 14.7 to 41. 1 captures I 
100 trap days. For the small-scale investigations, herpetofaunal 
community similarity indices ranged from 0.56 to 0. 77 and relative 
abundance estimates ranged from 15.9 to 29.7 captures/100 trap 
days. 

Natural resource management agencies are 
increasingly expected to manage for the entire 
spectrum of wildlife species. The public is 
interested in nongame species and the conser­
vation of plant and animal communities of 
native habitats (MO Department of Conserva­
tion 1990). This increasing public interest 
encourages resource management agencies to 
examine the effects of their management prac­
tices on nongame animal communities. In 
Missouri, forest management agencies are 
under fire to justify traditional silvicultural 
practices. We already have information on the 
advantages and disadvantages of silvicultural 
practices to several game species, but we lack 
much information about the effects of forest 
management practices on less obvious, yet 
abundant vertebrates, such as amphibians and 
reptiles. 

Herpetofauna are worthy subjects for research 
examining the effects of forest management 
because they make up a significant portion of 
biomass in forest ecosystems (Gibbons 1988), 
are non-migratory or short-distance migrants, 
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and are sensitive to abiotic changes in the 
environment. In Hubbard Brook studies in the 
eastem deciduous forest ecosystem, sala­
manders alone make up 2.6 times the biomass 
of birds and are equal in biomass to mammals 
(Burton and Likens 1975). Unlike birds and 
mammals that can quickly move from a 
changed environment or undergo annual migra­
tions, most forest herpetofauna occupy small 
home ranges (e.g., redback salamanders occupy 
10 to 20 m2 territories, Kleeberger and Wemer 
1982) and reside in a small area throughout the 
year. Many herpetofaunal species are not likely 
to or cannot move from an area that has been 
drastically impacted by changes in the environ­
ment. Also, because all amphibians require 
water or moist environments for breeding and 
respiration, they are likely to be most impacted 
by the changes in soil moisture, surface tem­
perature, and vegetation that result from forest 
management. 

Previous research on herpetofaunal communi­
ties in Missouri has described the animal 
species and numbers present in different habi­
tat types in central Missouri (Clawson and 
Baskett 1982, Clawson et al. 1984). Research­
ers in other portions of the United States have 
evaluated the effects of clearcutting on 
herpetofaunal communities (Ash 1988, Blymer 
and McGinnes 1977, Bury 1983, deMaynadier 
and Hunter 1995, Dupuis et al. 1995, Enge and 
Marion 1986, Pais et al. 1988, Petranka et al. 
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1993, Petranka et al. 1994, Pough et al. 1987, 
Welsh 1990), but information on the effects of 
forest management practices on the 
herpetofaunal communities of Ozark oak­
hickory forests is lacking. 

This study examines the effects of standard 
Missouri Department of Consetvation (MDC) 
forest management practices, even- and un-­
even-aged silviculture, on herpetofaunal com­
munities inhabiting southem Missouri's Ozark 
oak-hickory forests on MDC property. I have 
two objectives for this research. First, I want to 
determine if even-aged and uneven-aged forest 
management has landscape-scale effects on the 
species composition, species richness, and 
relative abundance of herpetofaunal communi­
ties inhabiting MOFEP sites during 1992-2001. 
Secondly, I will determine if even-aged forest 
management has a small-scale effect on the 
species composition, species richness, and 
relative abundance of herpetofaunal communi­
ties inhabiting stands to be cut, and adjacent 
uncut forest (50 m and 200 m from clearcut 
boundary edge) on MOFEP sites during 1992-
2001. The information presented in this paper 
describes the pre-treatment conditions of 
herpetofaunal communities studied during 
1992-1995. For further information concerning 
the genesis and development of MOFEP, see 
Brookshire et al. (1997). 

METHODS 

Sampling Design 

The overall design of MOFEP is described 
elsewhere (Sheriff and He 1997). To meet the 
objective of examining the landscape-scale 
effect of even- and uneven-aged forest manage­
ment on the species composition, species 
richness, and relative abundance of 
herpetofaunal communities, 12 herpetofaunal 
sampling arrays were randomly placed on 
southwest-facing slopes (ecological land type 
(ELT) 17) and northeast-facing slopes (ELT 18) 
on each site. Of the 12 arrays, six were placed 
on ELT 17 landscapes and six were placed on 
ELT 18landscapes (see fig. 5, Brookshire et al. 
1997). Twelve arrays were used per site be­
cause I believed that two technicians could 
check all 12 arrays within the average work 
day. Southwest-facing and northeast-facing 
slopes were sampled because they make up 68 
to 83 percent of the area within the sites. 
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To meet the objective of examining the small­
scale effect of even-aged forest management on 
herpetofaunal communities within a clearcut, 
and 50 m and 200 m from the edge of clearcuts, 
two stands within each even-aged treatment site 
were randomly selected for sampling. A sam­
pling array was randomly placed within each 
stand to be clearcut. Additional arrays were 
placed 50 m and 200 m from the treatment 
stand boundary. The three arrays associated 
with a clearcut stand were on the same slope 
type (either southwest- or northeast-facing). 
Only two designated even-aged treatment 
stands per site were sampled because few 
designated clearcut stands could meet the 
criteria allowing me to place two additional 
arrays 50 m and 200 m from the clearcut edge 
and remain on the same slope-type as the 
clearcut. 

Field Sampling Methods 

The species composition, species richness, and 
relative abundance of herpetofaunal communi­
ties on the MOFEP study sites were sampled 
using arrays modified from the Jones (1981) 
design (fig. 1). Arrays were composed of three, 
7 .5-m x 0. 75-m drift fences of aluminum flash­
ing buried 10 em in the ground. Wings of the 
array were placed 120 degrees apart. The pitfall 
trap at the junction of the drift fences was a 19-
liter plastic bucket. Funnel traps, made from 
aluminum window screening, were placed along 
the sides and at the distant ends of the drift 
fences. The small ends of funnel trap openings 
were 6 to 8 em in diameter. 

I selected a modified Jones' array as the sam­
pling technique because it is well-suited for 
long-term research projects. Many collaborat­
ing research projects are simultaneously occur­
ring on MOFEP sites (Brookshire et al. 1997). I 
needed a technique that would not disrupt or 
preclude other researchers from sampling at 
that same point where I was sampling for 
amphibians and reptiles. After installation of 
the array, the area at and surrounding the 
sample point is relatively undisturbed. Array 
sampling is also a passive sampling technique. 
As such, I can use hundreds of technicians over 
the course of this long-term research and not 
fear that their vatying abilities to see, hear, and 
grab animals will bias samples among sites and 
years. Array sampling also allows repeated 
sampling at the same point over many days, 



7.5m Drift Fence ... 

Pitfall Trap~ 

Figure 1.-The design of a MOFEP herpetofaunal sampling array with 
pitfall trap, drijtfences, andjunnel traps. 

months, and years. Most importantly, array 
sampling is one of the best techniques for 
sampling the widest spectrum of species within 
a community (Com 1994). Array sampling does 
undersample some groups of amphibians and 
reptiles, such as treefrogs and box turtles, yet it 
allows for the capture of individuals from 
almost every species present in the upland 
forest region. 

Arrays were open for sampling during 20 March 
- 2 July and 19 August- 28 October 1992 (165 
trap days); 4 March - 2 July and 30 August- 30 
October 1993 (174 trap days); 25 February- 1 
July and 29 August - 2 November 1994 (183 
trap days); and 27 February- 30 June and 29 
August - 2 November 1995 (184 trap days). 
During periods when sampling did not occur, 
pitfall traps were filled with rocks and sticks, 
and funnel traps were removed from arrays. All 
arrays on a site were checked for captured 
animals approximately every 3 days. The nine 
sites were grouped into three blocks of three 
sites each (randomized block design) to account 
for the influence of location on obsetved results 
(Sheriff and He 1997). All arrays within a block 
were checked on the same day. 

Captured individuals were identified to species, 
measured for snout-vent length, toe clipped or 
ventral scale clipped with a unique mark, and 
released approximately 5 to 7 m from the traps. 
Turtles were marked by filing notches in mar­
ginal scutes. During 1993, 1994, 1995, and the 
latter part of 1992, American toads (refer to 
appendix A for a list of scientific names) and 
central newts were given a batch mark unique 
for the sampling year. All other species were 
given unique individual marks. 

Data Analysis 

Differences in species composition of 
herpetofaunal communities among sites during 
the 4-year pre-treatment period were qualita­
tively and quantitatively described. Species 
were considered widespread in distribution if 
captured at 83 to 100 percent of the arrays 
within a slope-type (southwest- or northeast­
facing) on a site. If a species was captured at 
~ 33 percent of the arrays, I considered them to 
be local in distribution or infrequently captured. 
Indices of similarity (Jaccard 1901) in species 
composition were calculated among the nine 
sites for each slope-type. An index near 1.00 
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meant the species composition between sites 
was very similar. 

The species Iichness of each site was computed 
as the number of species caught for a given site, 
year, and slope-type. A repeated measures 
analysis of variance (SAS 1989) with year as the 
repeated factor was used to examine the effect 
of year, treatment, block, and their interactions 
on the species Iichness of herpetofaunal com­
munities within southwest- and northeast­
facing landscapes durtng the pre-treatment 
pertod. An effect was considered to be signifi­
cant if the P-value in the test was~ 0.05. The 
normality of model residuals was analyzed 
using the SAS (1989) univariate procedure (Z. 
He personal communication). 

Relative abundance estimates for each array 
were dertved by summing the number of cap­
tures at each array for each year and dividing 
by the total number of trap days (number of 
days the arrays were open for sampling) for that 
year. One trap day was defined as one array 
operating for one day. I defined trap days as 
such because all 10 traps within an array (1 
pitfall and 9 funnel traps) were not independent 
of one another. Mean annual relative abun­
dance estimates (n=6) for each slope-type within 
each site were calculated. Repeated measures 
analysis of variance with year as the repeated 
factor (SAS 1989) was used to detect any differ­
ences in relative abundance estimates within a 
slope-type durtng the 4-year pre-treatment 
pertod due to year, treatment, block, and their 
interactions. I considered a factor significant if 
the P-value was ~ 0.05. The normality of model 
residuals was analyzed using the SAS ( 1989) 
univariate procedure (Z. He personal communi­
cation). Relative abundance estimates were 
also calculated for each species by site and 
slope-type. Species relative abundance esti­
mates were qualitatively compared among sites 
and years. 

Some of the above-mentioned summaries and 
analyses were also used to examine the effect of 
distance to designated clearcut stands on 
herpetofaunal communities within clearcut 
stands, and 50 m and 200 m from the clearcut 
stand boundary. Similarity indices were used 
to examine similarities in species composition 
between communities durtng the pre-treatment 
pertod. Because of the potential for a lack of 
independence between distance categortes at a 
designated clearcut, paired t-tests (SAS 1989) of 
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mean differences in relative abundance esti­
mates within years and between distance 
categortes were used to determine if mean 
differences were different from zero. Relative 
abundances of individual species among years 
and within distance from clearcut categortes 
(within designated clearcuts, and 50 m and 200 
m from designated clearcuts) were qualitatively 
evaluated. 

RESULTS 

General 

Duling 1992-1995, 22,306 specimens from 43 
species were captured at the 126 arrays on the 
MOFEP sites. 

Landscape-scale Effects of Forest Manage­
ment: Pre-treatment Conditions 

Herpetofaunal Communities on Southwest­
facing Slopes (ELT 1 7) 

S12ecies Composition.-Forty species were 
captured at arrays on southwest-facing slopes 
(table 1). Of these, 8 were salamanders, 9 were 
frogs or toads, 5 were lizards, 1 was a turtle, 
and 17 were snakes. Seven species (spotted 
salamanders; Amertcan toads; five-lined, 
broadhead, and ground skinks; and redbelly 
and smooth earth snakes) were widespread in 
distribution on the sites (table 1). Eight other 
species (dark-sided salamander, four-toed 
salamander, Blanchard's crtcket frog, timber 
rattlesnake, speckled kingsnake, northem 
water snake, rough green snake, and rough 
earth snake) were relatively local in distribution 
or infrequently captured (table 1). 

The species composition of communities among 
sites was very similar. Jaccard's similarity 
indices of the species composition between sites 
averaged 0.76, yet ranged from 0.59 for sites 8 
and 9, to 0.88 for sites 3 and 7 (table 2). The 
mean indices for sites within treatments were 
0.73 for no-harvest, 0.76 for even-aged, and 
0.72 for uneven-aged sites. The mean indices 
for sites within blocks were 0.83 for block 1, 
0.75 for block 2, and 0.71 for block 3 sites. 

Species Richness.-The number of species on 
southwest-facing slopes per site/year ranged 
from 18 to 30 durtng 1992-1995 (table 3). The 
mean number of species per site/year was 23.4 
species. On average, the number of species 
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Table 1.-The percent of arrays (N=6) within each site at which a species was captured on southwest-facing slopes on 
the MOFEP sites during 1992-1995. Scientific names for species are in appendix A. 

MOFEPsite 
Species 1 2 3 4 5 6 7 8 9 

Salamanders 
Cave 17 17 17 67 33 33 50 
Central newt 100 83 100 100 100 100 100 100 50 
Dark-sided 17 17 17 33 33 17 33 
Four-toed 17 17 17 17 33 
Marbled 100 83 50 67 67 67 83 100 67 
Redback 100 83 100 100 83 100 100 67 50 
Slimy 100 100 100 100 67 33 67 100 100 
Spotted 100 100 100 100 100 100 100 100 100 
Frogs/Toads 
American toad 100 100 100 100 100 100 100 100 100 
Blanchard's cricket 17 
E. Narrowmouth 50 17 17 17 17 
Gray treefrog 67 17 17 33 17 
Green frog 100 83 100 100 83 83 100 83 50 
Pickerel frog 83 83 67 83 67 83 50 83 33 
S. Leopard frog 67 50 33 17 17 33 33 17 
Spring peeper 83 50 83 67 100 100 100 83 33 
Woodhouse's toad 33 50 67 67 33 17 50 
Lizards 
Broadhead skink 83 100 100 100 100 100 100 100 100 
Coalskink 83 83 100 83 83 83 83 100 67 
Fence lizard 67 67 83 67 100 83 100 100 100 
Five-lined skink 100 100 100 100 100 100 100 100 100 
Ground skink 100 100 100 100 100 100 100 100 100 
Snakes 
Copperhead 100 100 83 100 100 100 67 50 100 
Black rat 17 17 33 50 17 17 33 50 
E. Garter 50 50 50 50 67 33 67 33 
E. Hognose 33 50 33 50 17 67 33 17 
E. Yellowbelly racer 33 50 50 17 67 33 50 
Midland brown 33 17 17 17 33 67 33 
N. Redbelly 83 100 100 100 100 100 100 100 100 
N. Water 17 17 33 17 17 
Prairie ringneck 83 100 100 67 67 100 67 33 67 
Red milk 17 17 67 33 33 
Rough earth 17 33 33 17 
Rough green 17 17 17 17 17 17 
Smooth earth 100 100 100 100 100 100 100 100 100 
Speckled kingsnake 17 
Timber rattlesnake 17 17 
W. Ribbon 17 50 33 
W.Worm 83 33 17 33 67 83 17 50 67 
Turtles 
Three-toed box 17 50 17 33 17 
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Table 2.-Jaccard's indices of similarity in species composition ofherpetofaunal communities observed on 
southwest-facing slopes on MOFEP sites during 1992 -1995. Indices near 1.00 are most similar. 

MOFEPsites 1 2 3 

1 0.83 0.86 
2 0.80 
3 
4 
5 
6 
7 
8 
9 

MOFEPsites 
4 

0.86 
0.75 
0.83 

5 6 7 8 9 

0.81 0.77 0.81 0.73 0.84 
0.82 0.81 0.69 0.67 0.78 
0.82 0.81 0.88 0.79 0.71 
0.82 0.69 0.72 0.74 0.74 

0.73 0.67 0.69 0.75 
0.75 0.69 0.72 

0.84 0.69 
0.59 

captured on a site varied by six during the 4-
year period. 

Table 3.-Number of species captured on southwest- Species richness values did not differ among 
sites due to treatment or block effects (table 4). 
The interactions of year x treatment and year x 
block also did not influence species richness 
among sites. However, year did have a signifi­
cant effect on species richness in repeated 
measures analysis. Species richness values for 
1994 were not normally distributed. I do not 
have an explanation for why the richness values 
for 1994 were different from other years. When 
the values for 1994 were omitted from the 
repeated measures analysis of variance, then 
year (P=0.49). treatment (P=0.41). block 
(P=0.48). year x treatment (P=0.19), and year x 
block (P=0.29) did not affect species richness 
values. 

facing slopes on MOFEP sites during 1992-1995. 

Year 
MOFEPsite 1992 1993 1994 1995 

1 29 24 26 22 
2 24 22 27 21 
3 21 26 25 24 
4 24 23 27 19 
5 22 18 23 23 
6 30 21 25 23 
7 21 22 26 20 
8 20 20 26 24 
9 23 23 23 25 

Table 4.-Results of repeated measures analysis of variance examining the effect of year, block, treatment, and their 
interactions on species richness on southwest-facing slopes on MOFEP sites during 1992-1995. 

Between site effect 
Source Degrees of freedom Mean square F-value p 

Treatment 2 5.4 1.07 0.42 
Block 2 7.2 1.42 0.34 
Error (Blk x Trt) 4 5.1 

Within Site Effect 
Source Pillai's Trace F-value Numerator df Denominator df p 

Year 0.98 35.18 3 2 0.03 
YearxBlock 1.17 1.42 6 6 0.34 
Year x Treatment 1.44 2.59 6 6 0.14 
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Relative Abundance.-Mean relative abundance 
estimates/site for herpetofaunal communities 
on southwest-facing slopes ranged from 14.4 to 
38.2 captures/100 trap days for the MOFEP 
sites (table 5). The difference in relative abun­
dance estimates among years for a site ranged 
from 2.6 captures/100 trap days for site 7, to 
17.2 captures/100 trap days for site 2. In 
repeated measures analysis of variance, year, 
treatment, and block did not affect estimates 
(table 6). The interactions year x treatment and 
year x block also had no effect on relative 
abundance (table 6). 

Table 5.-Mean relative abundance estimates (s.e.) for 
amphibian and reptile communities on southwest­
facing slopes on MOFEP sites during 1992-1995. 
Estimates are defined as the number of captures/ 100 
trap days. 

MOFEP 
site 1992 

1 
2 
3 
4 
5 
6 
7 
8 
9 

30.8 (3.8) 
34.0 (7.0) 
22.1 (2.8) 
18.0 (2.9) 
25.6 (4.0) 
35.3 (1.8) 
21.4 (1.7) 
28.7 (2.6) 
38.2 (5.2) 

Year 
1993 

28.9 (4.7) 
16.8 (1.8) 
21.5 (1.6) 
26.8 (2.9) 
21.8 (3.6) 
27.1 (2.8) 
21.3 (2.2) 
26.2 (4.1) 
26.1 (5.2) 

1994 

35.0 (5.1) 
23.4 (2.3) 
25.6 (2.0) 
22.6 (1.5) 
14.5 (1.5) 
21.5 (2.6) 
22.7 (3.4) 
30.7 (6.5) 
28.6 (2.4) 

1995 

29.1 (7.2) 
26.1 (4.8) 
14.4 (2.5) 
19.2 (2.9) 
20.3 (3.6) 
31.3 (1.0) 
23.9 (0.9) 
25.0 (3.1) 
33.2 (2.4) 

Relative abundance estimates for individual 
species on southwest-facing slopes were gener­
ally small (for mean relative abundance esti­
mates for individual species by site, refer to 
appendix B). Herpetofaunal species trapped in 
greater numbers ~1.0 captures/ 100 trap days) 
on all sites included American toads, ground 
skinks, and smooth earth snakes. These 
species will likely be candidates for a closer 
examination of the effects of forest management 
on individual species following post-treatment. 
Three other species (spotted salamander, five­
lined skink, and redback salamander) are also 
likely to be examined. These species did not 
occur in as great numbers as American toads, 
ground skinks, or smooth earth snakes, but did 
occur in moderate numbers (typically ~ 0.5 
captures/ 100 trap days) and were located on 
all sites in most years. All other species cap­
tured were either infrequently caught or cap­
tured in such small numbers that statistical 
analyses would be difficult. 

Herpetofaunal Communities on Northeast­
facing Slopes (ELT 18) 

Species Composition.-Forty-three species were 
captured at arrays on northeast-facing slopes 
(table 7). Of these 43 species, 9 were sala­
manders, 10 were frogs or toads, 6 were liz­
ards, 17 were snakes, and 1 was a turtle. Six 
of the seven species that were widespread in 
distribution on southwest-facing slopes were 
also widespread on northeast-facing slopes. On 

Table 6.-Results of repeated measures analysis of variance examining the effect of year, block, treatment, and 
their interactions on herpetofaunal relative abundance on southwest-facing slopes on MOFEP sites during 
1992-1995. 

Source 

Treatment 
Block 
Error (Blk x Trt) 

Source 

Year 
YearxBlock 
Year x Treatment 

Between site effect 
Degrees of freedom Mean square F -value p 

Pillai's Trace 

0.75 
1.42 
0.88 

2 
2 
4 

124.5 
37.2 
71.6 

Within site effect 
F-value Numerator df 

1.98 3 
2.44 6 
0.79 6 

1.74 
0.52 

0.29 
0.63 

Denominator df p 

2 0.35 
6 0.15 
6 0.61 
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Table 7.-The percent of arrays (N=6) within each site at which a species was captured on northeast-facing slopes 
on the MOFEP sites during 1992-1995. Scientific names for species are in Appendix A. 

MOFEPsite 
Species 1 2 3 4 5 6 7 8 9 

Salamanders 
Cave 17 17 33 67 17 33 67 17 
Central newt 100 100 100 100 100 100 83 83 50 
Dark-sided 17 33 33 67 33 17 
Four-toed 17 17 33 17 
Marbled 100 83 50 50 83 67 83 50 17 
Redback 100 67 100 100 83 100 100 100 67 
Slimy 100 100 83 100 83 33 83 83 100 
Spotted 100 100 100 100 100 100 100 100 100 
Tiger 17 17 

Frogs/Toads 
American toad 100 100 100 100 100 100 100 100 100 
Blanchard's cricket 33 17 
Bullfrog 17 
E. Narrowmouth 33 
Gray treefrog 50 17 50 50 17 50 
Green frog 100 83 100 83 83 100 100 100 17 
Pickerel frog 67 100 67 50 83 100 33 100 
S. Leopard frog 100 50 17 33 67 33 50 67 
Spring peeper 83 67 50 67 100 100 100 100 33 
Woodhouse's toad 67 67 67 67 50 17 

Lizards 
Broadhead skink 100 100 100 100 100 100 100 100 83 
Coal skink 67 83 83 67 100 83 83 83 100 
Fence lizard 33 50 67 67 67 50 50 83 100 
Five-lined skink 100 100 100 83 83 100 100 100 100 
Ground skink 100 100 100 100 100 83 100 100 100 
Six-lined racerunner 17 

Snakes 
Copperhead 100 100 83 83 100 83 83 100 100 
Black rat 17 33 17 50 17 17 17 
E. Garter 83 50 50 33 83 17 50 33 17 
E. Hognose 17 33 33 17 67 33 33 33 
E. Yellowbelly racer 33 17 33 17 33 33 33 17 
Midland brown 50 33 50 67 
N. Redbelly 83 50 100 100 100 100 100 67 100 
N. Water 17 
Prairie ringneck 83 83 50 67 67 67 83 50 50 
Red milk 33 33 17 33 17 33 
Rough earth 17 17 17 50 
Rough green 17 33 17 
Smooth earth 100 100 100 100 100 100 100 100 100 
Speckled kingsnake 17 17 17 
Timber rattlesnake 17 17 17 
W. Ribbon 17 17 17 17 67 17 17 17 
W.Worm 67 17 67 17 83 50 17 50 

Turtles 
Three-toed box 50 17 17 33 33 33 

296 



northeast-facing slopes, the copperhead re­
placed the redbelly snake as a widespread 
species. The list of species (Blanchard's cricket 
frog, tiger salamander, eastem yellowbelly racer, 
six-lined racerunner, timber rattlesnake, dark­
sided salamander, eastem narrowmouth toad, 
four-toed salamander, speckled kingsnake, red 
milk snake, northem water snake, rough green 
snake, and bullfrog) that were local in distribu­
tion or infrequently captured on northeast­
facing slopes was similar to that for southwest­
facing slopes. 

Jaccard's similarity indices between sites 
averaged 0.74, and ranged from 0.64 between 
sites 8 and 9 to 0.85 between sites 4 and 5 
(table 8). The mean indices for sites within 
treatments were 0.75 for no-harvest, 0.73 for 
even-aged, and 0. 7 4 for uneven-aged sites. The 
mean indices for sites within blocks were 0.77 
for block 1, 0.79 for block 2, and 0.69 for block 
3 sites. 

Species Richness.-The mean number of spe­
cies per site/year on northeast-facing slopes 
(x=23.2) was essentially identical to the mean 
for southwest-facing slopes. The range in 
number of species per site/year (range = 18 to 
29) was also nearly identical to that of south­
west-facing slopes (table 9). Herpetofaunal 
communities on northeast-facing slopes tended 
to vary a little less in the number of species 
captured among years within sites (x difference 
= 4.4 species) than southwest-facing slopes. 
Year, treatment, block, and the interactions of 
year x treatment and year x block in repeated 
measures analysis of variance did not affect 
species richness (table 10). 
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Table 9 .-Number of species captured on northeast-facing 
slopes on MOFEP sites during 1992-1995. 

Year 
MOFEPsite 1992 1993 1994 1995 

1 26 25 26 25 
2 21 23 26 24 
3 20 23 22 23 
4 20 24 25 20 
5 27 29 24 21 
6 23 22 21 20 
7 25 25 19 24 
8 28 22 27 23 
9 20 21 21 18 

Relative Abundance.-Mean relative abundance 
estimates/year ranged from 14.7 captures/ 100 
trap days to 41.1 captures/100 trap days (table 
11). The difference in estimates among years 
on a site ranged from 5.0 captures/ 100 trap 
days for site 2 to 14.2 captures/100 trap days 
for site 4. In repeated measures analysis of 
variance, year, treatment, and block did not 
affect herpetofaunal relative abundance during 
the pre-treatment period (table 12). The inter­
actions of year x treatment and year x block 
also had no effect on herpetofaunal relative 
abundance (table 12). 

Estimates of relative abundance for individual 
species were typically small (see appendix C for 
mean species relative abundance estimates) by 
site. Species that occurred in greater numbers 
(typically with relative abundance estimates 
~ 1.0 captures/100 trap days) included Ameri­
can toad, ground skink, and smooth earth 

Table 8.-Jaccard's indices of similarity in species composition ofherpetofaunal communities 
observed on northeast-facing slopes on MOFEP sites during 1992 - 1995. Indices near 
1. 00 are most similar. 

MOFEPsites 
MOFEPsites 1 2 3 4 5 6 7 8 9 

1 0.83 0.72 0.74 0.78 0.78 0.78 0.76 0.65 
2 0.77 0.80 0.78 0.78 0.78 0.72 0.70 
3 0.79 0.77 0.76 0.76 0.68 0.68 
4 0.85 0.74 0.65 0.68 0.76 
5 0.78 0.78 0.76 0.75 
6 0.72 0.71 0.74 
7 0.76 0.67 
8 0.64 
9 
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Table 10.-Results of repeated measures analysis of variance examining the effect of year, block, treatment, and 
their interactions on herpetofaunal species richness on northeast-facing slopes on MOFEP sites during 1992-
1995. 

Between site effect 
Source Degrees of freedom Mean square F-value p 

Block 2 2.7 0.12 0.89 
Treatment 2 7.7 0.33 0.73 
Error (Blk x Trt) 4 23.1 

Within site effect 
Source Pillai's Trace F-value Numerator df Denominator df p 

Year 0.78 2.39 3 2 0.31 
YearxBlock 1.53 3.30 6 6 0.09 
Yearx Treatment 1.31 1.89 6 6 0.23 

Table 11.-Mean relative abundance estimates (s.e.) for amphibian and reptile communities 
on northeast-facing slopes on MOFEP sites during 1992-1995. Estimates are defined as 
the number of captures/ 100 trap days. 

Year 
MOFEPsite 1992 1993 1994 1995 

35.6 (4.4) 38.0 (3.0) 41.1 (12.3) 33.2 (4.7) 
2 22.8 (3.5) 19.3 (3.7) 21.8 (2.1) 17.8 (2.1) 
3 15.7 (1.9) 20.0 (1.3) 20.4 (2.9) 14.7 (1.7) 
4 17.5 (2.3) 31.7 (4.6) 27.4 (5.1) 18.5 (2.0) 
5 25.1 (4.0) 27.7 (2.3) 16.6 (2.3) 22.4 (3.3) 
6 33.2 (4.7) 25.0 (1.3) 27.2 (2.8) 27.3 (4.8) 
7 25.6 (2.6) 26.0 (5.2) 21.0 (2.1) 30.7 (4.5) 
8 30.6 (5.4) 28.8 (4.8) 27.7 (3.3) 24.5 (3.0) 
9 30.2 (3.5) 24.5 (3.0) 27.3 (3.3) 34.6 (4.6) 

Table 12.-Results of repeated measures analysis of variance examining the effect of year, block, treatment, and 
their interactions on herpetofaunal relative abundance on northeast-facing slopes on MOFEP sites during 
1992-1995. 

Between site effect 
Source Degrees of freedom Mean square F-value p 

Treatment 2 238 .5 1.99 0.25 
Block 2 27.9 0.23 0.80 
Error (Blk x Trt) 4 119.7 

Within site effect 
Source Pillai's Trace F-value Numerator df Denominator df p 

Year 0.29 0.28 3 2 0.84 
YearxB1ock 0.97 0.94 6 6 0.53 
Year x Treatment 0.71 0.55 6 6 0.76 
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snake. These species, which also occurred in 
greater numbers on southwest-facing slopes, 
will likely be good candidates for examining the 
effects of forest management following post­
treatment. Spotted salamanders, redback 
salamanders, and five-lined skinks occurred in 
moderate numbers (typically~ 0.5 captures/ 
100 trap days) on all sites and in most years, 
and will also be examined for effects of forest 
management. 

Small-Scale Effects (the Effect of Distance) 
of Clearcutting: Pre-treatment Conditions 

Herpetofaunal Communities on Southwest­
facing Slopes (ELT 1 7) 

Species Composition.-During the pre-treat­
ment period, a total of 37 species were captured 
on southwest-facing slopes associated with 
research examining the effect of distance from 
an even-aged treatment stand (within a 
clearcut, 50 m, and 200 m from a clearcut edge; 
see appendix D for list of species captured). 
This total is just three species fewer than the 
total number of species captured on southwest­
facing slopes used to examine the landscape­
scale (compartment level) effect of forest man­
agement. Of these 37 species, 8 were sala­
manders, 8 were frogs or toads, 6 were lizards, 
and 15 were snakes. 

Jaccard's similarity indices (SI) among the 
communities representing three different dis­
tances (within, 50 m, and 200 m) from the 
designated clearcuts were virtually identical 
(SI=O. 76 for within a designated clearcut vs. 
50 m from a clearcut edge, SI=0.77 for 50 m 
from clearcut vs. 200 m from a clearcut, and 
SI=O. 77 for within a designated clearcut vs. 200 
m from a clearcut edge). 1\velve species were 
captured at every distance and during every 
year (spotted salamander, American toad, coal 
skink, five-lined skink, broadhead skink, cen­
tral newt, slimy salamander, red back sala­
mander, ground skink, fence lizard, redbelly 
snake, and smooth earth snake). These species 
were widespread in distribution on southwest­
facing slopes. An additional 13 species were 
captured at each of the three distance catego­
ries, but were not captured every year (cave 
salamander, marbled salamander, gray treefrog, 
green frog, spring peeper, southern leopard frog, 
Woodhouse's toad, copperhead, eastern 
yellowbelly racer, hognose snake, midland 
brown snake, prairie ringneck snake, and 
western worm snake). These 13 additional 

species were also widespread in distribution, yet 
not as abundant or as likely to be trapped. 

Species Richness.-Even though a total of 37 
species were captured on southwest-facing 
slopes, the number of species captured per 
distance category /year ranged from 18 to 24 
species. Within distance categories, the differ­
ence in number of species trapped among years 
ranged from 2 for areas 200 m from designated 
clearcuts to 6 for areas within designated 
clearcuts. 

Relative Abundance.-Herpetofaunal commu­
nity relative abundance estimates ranged from 
15.90 to 29.70 captures/ 100 trap days (table 
13). Paired t-tests comparing annual differ­
ences in mean relative abundance estimates 
between communities within clearcuts vs. 
communities 50 m from clearcuts and between 
communities 50 m from clearcuts vs. communi­
ties 200m from clearcuts suggested no differ­
ences in estimates between categories. The 
trend in relative abundance estimates for the 
three communities during the 4-year period is 
the same. Relative abundance estimates were 
high in 1992, dropped in 1993, and gradually 
rose during 1994 and 1995 (table 13). 

Relative abundance estimates for individual 
species in communities at the three distances 
from designated clearcuts were typically small 
(see appendix D for relative abundance esti­
mates of individual species). Species that were 
captured in relatively greater numbers (typically 
~ 1.0 captures/100 trap days) and in all years 
were slimy salamander, American toad, five­
lined skink, ground skink, and smooth earth 
snake. These species are likely candidates for 
further species-specific analyses following post­
treatment. 

Herpetofaunal Communities on Northeast­
facing Slopes (ELT 18) 

Species Composition.-A total of 37 species also 
were captured on northeast-facing slopes used 
to examine the effects of distance from clearcut 
on herpetofaunal communities (see appendix E 
for complete list of species that were captured). 
This total was six species fewer than the num­
ber of species captured on northeast-facing 
slopes used for examining the compartment­
level effect of forest management. Of the 37 
species captured, 8 were salamanders, 8 were 
frogs or toads, 6 were lizards, one was a turtle, 
and 14 were snakes. 
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Table 13.-0verall relative abundance estimates (s.e.) for herpetofaunal communities within, and 50 m 
and 200m from designated clearcut stands during 1992-1995. Relative abundance is defined as 
number of captures/ 100 trap days. 

Southwest-facing slopes 
Year 

Distance 

Within clearcut 
50 m from clearcut 
200 m from clearcut 

1992 

29.29 (13.24) 
29.70 (6.13) 
19.60 (0.73) 

1993 1994 1995 

20.88 (2.21) 22.77 (4.42) 23.73 (9.92) 
15.90 (2.03) 16.58 (0.66) 19.02 (7.67) 
16.67 (2.07) 18.21 (2.65) 21.74 (7.07) 

Northeast-facing slopes 
Year 

Distance 1992 1993 1994 1995 

Within clearcut 28.48 (7.30) 18.97 (2.18) 21.86 (3.94) 22.10 (4.18) 
50 m from clearcut 
200 m from clearcut 

21.41 (6.30) 18.01 (2.21) 18.03 (3.72) 21.56 (10.02) 
23.03 (6.54) 27.39 (3.77) 22.22 (1.46) 23.91 (5.43) 

Table 14.-P values for paired t-tests examining the mean difference in relative abundance 
estimates between herpetofaunal communities captured within designated clearcuts vs. 
communities 50 mfrom clearcuts, and between communities 50 mfrom clearcuts vs. 
communities 200 m from clearcuts. The hypothesis tested was that the mean difference 
was not different from zero. 

Southwest-facing slopes 
Year 

Comparison 1992 1993 1994 1995 

Within vs. 50 m 0.97 0.07 0.31 0.36 
50m vs. 200m 0.25 0.81 0.67 0.08 

Northeast-facing slopes 

Comparison 1992 1993 

Within vs. 50 m 0.25 0.84 
50m vs. 200m 0.16 0.08 

*Means were significantly different at P~ 0.05. 

Jaccard's similarity indices indicated a greater 
difference in species composition between the 
community at 200 m from the designated 
clearcut and the communities within the desig­
nated clearcut and 50 m from the clearcut. 
Similarity indices were 0. 70 for communities 
within vs. 50 m from designated clearcuts, 0.61 
for communities at 50 m vs. 200 m from 
clearcuts, and 0.56 for communities within vs. 
200 m from clearcuts. Ten species were cap­
tured at every distance category and during 
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Year 
1994 1995 

0.007* 0.94 
0.50 0.67 

every year of the pre-treatment period. These 
species were spotted salamander, American 
toad, five-lined skink, broadhead skink, central 
newt, slimy salamander, redback salamander, 
ground skink, redbelly snake, and smooth earth 
snake. Eight other species were as widely 
distributed as the previously mentioned species, 
but were not trapped every year (marbled 
salamander, green frog, pickerel frog, spring 
peeper, coal skink, fence lizard, copperhead, 
prairie rtngneck snake). 



Species Richness.-species rtchness on north­
east-facing slopes appeared to be more vartable 
by distance category and year than on south­
west-facing slopes. The number of species 
captured per distance category /year ranged 
from 13 to 22 species. Also, within distance 
categortes, the difference in number of species 
captured among years ranged from three for 
communities within clearcuts to nine for com­
munities 50 m from designated clearcuts. 

Relative Abundance.-Relative abundance 
estimates for northeast-facing slope communi­
ties ranged from 18.01 to 28.48 captures/100 
trap days (table 13). Results of paired t-tests of 
the difference in means revealed that relative 
abundance estimates between communities 
within designated clearcuts vs. communities 50 
m from clearcuts durtng 1994 were different 
(table 14). This significant difference was due 
to an unusually small amount of vartation for 
that mean difference (x= 3.82, s.e. = 0.31) and 
the small sample size (n = 3) in the compartson. 
I do not think the relative abundances for those 
two distance categortes were really different. 
The trend in relative abundance estimates 
durtng 1992-1995 is the same for communities 
within clearcuts and 50 m from clearcuts, but 
differs for the community at 200 m from 
clearcuts. As with southwest-facing slope 
communities, relative abundance estimates for 
communities within clearcuts and 50 m from 
clearcuts were high in 1992, fell in 1993, and 
rose in 1994 and 1995 (table 13). The relative 
abundance estimates for the communities at 
200m differ by rtsing in 1993 and falling to the 
1992 level in 1994 and 1995 (table 13). 

As with relative abundance estimates for indi­
vidual species on southwest-facing slopes, the 
relative abundance estimates for individual 
species on northeast-facing slopes were small 
(see appendix E). Eight species were captured 
in relatively greater numbers than other species 
and durtng every year. These species (central 
newt, redback salamander, slimy salamander, 
spotted salamander, Amertcan toad, five-lined 
skink, ground skink, and smooth earth snake) 
will likely be examined for abundance trends 
following treatment. 

DISCUSSION 

A number of studies have documented that 
amphibian populations, especially salamander 
populations, are positively correlated with forest 
stand age. Researchers have noted that in 

young forest stands, typically clearcuts ~ 10 
years old, salamander populations are very low 
or salamanders are not captured (Ash 1988, 
Blymer and McGinnes 1977, Dupuis et al. 
1995, Petranka et al. 1993, Welsh 1990). As the 
forest matures, salamander populations re­
bound (Welsh 1990). Yet populations in mature 
forest that is 50 to 80 years old are still only at 
levels 20 to 50 percent of salamander popula­
tions occupying old-growth forest (Dupuis et al. 
1995, Petranka et al. 1994). Some researchers 
speculate that in the eastem deciduous forest 
ecosystem, 50 to 70 years is needed for amphib­
ian communities to recover from the perturba­
tion of habitat (Petranka et al. 1993). 

Researchers so far have concluded that the 
silvicultural technique is not necessartly to 
blame for the greatly reduced numbers of 
amphibians after cutting. It is the resulting 
environment that is hostile to amphibian exist­
ence and reproduction (Dupuis et al. 1995, 
Welsh 1990). Stands that have been recently 
cut have higher temperatures and reduced 
levels of soil- and ground -level moisture (Blymer 
and McGinnes 1977, Dupuis et al. 1995). 
Recently cut stands also have reduced amounts 
of decomposed, down, dead woody matertal on 
the forest floor (Petranka et al. 1994). This 
warmer, drter habitat with little usable cover is 
not conducive to amphibian communities. After 
cutting, salamanders probably die from the heat 
and dry environment (Petranka et al. 1993) or 
retreat underground for years until ground-level 
conditions are more favorable (Petranka et al. 
1994). While underground, salamanders 
probably starve and cannot reproduce because 
of the lack of moisture (Petranka et al. 1994). 

I expect to see a change in species composition 
of herpetofaunal communities and a reduction 
of amphibian numbers on some portions of 
MOFEP sites following the first entry cutting 
that occurred durtng 1996. Forty-two of the 
126 sample points on the MOFEP study sites 
expertenced extreme habitat disturbance of 
some form due to silvicultural operations. What 
is yet to be determined is if this disturbance 
translates into landscape-scale or edge-effect 
changes in species composition, species rtch­
ness, and relative abundance estimates. 

Herpetofaunal communities on MOFEP sites 
were similar in species composition, species 
rtchness, and relative abundance durtng the 
pre-treatment pertod. The species composition, 
species rtchness, and relative abundance of 
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communities did vary some during the 4-year 
period, but the variation was not of great mag­
nitude, as evidenced by most results of the 
repeated measures analysis of variance and 
paired t-tests. The factors ofyear, treatment, 
and block did not appear to affect the estimates 
of species richness and relative abundance in 
the landscape-scale experiment. Similarity 
indices between sites and for treatment and 
block groups suggested that communities were 
very similar. 

Herpetofaunal communities on the MOFEP sites 
are diverse with a total number of 43 species. 
Yet these communities contain a small core of 
species (6 of 43 species) that are widespread in 
distribution and relatively abundant. These 
core species will likely be the species I focus 
upon to examine the effect of forest manage­
ment at the species level. The remaining spe­
cies may also provide valuable insight, but 
typically are more local in distribution or are 
trapped in such low numbers as to make de­
tecting a change due to forest management very 
difficult. 

The MOFEP sampling effort resulted in a good 
representation of the expected herpetofaunal 
community of that region. Of the 51 species 
that could occur in that region of Missouri and 
in upland forest habitat (Johnson 1997), the 
sampling captured an individual from all but 
seven species. I probably did not capture these 
seven species because they are fossorial and not 
likely to be captured using arrays (a lizard and 
a snake), or the MOFEP sites are at the edge of 
their range (a salamander and a frog), or they 
are snakes that typically occupy more open 
wooded habitat. 

PROPOSED WORK FOLLOWING TREATMENT 

Sampling will resume during fall 1997 after 
timber harvest is completed in spring 1997. I 
plan to continue sampling herpetofaunal com­
munities during 1998-2001. When the immedi­
ate post-treatment sampling is finished in 2001, 
the species composition, species richness, and 
relative abundance of herpetofaunal communi­
ties during pre- and post-treatment periods will 
be compared to determine if cutting had an 
effect on herpetofaunal communities at both the 
landscape-scale and small-scale levels. 
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Appendix A.--Common and scientific names for amphibians and reptiles captured on the MOFEP sites during 1992-

1995. 

Common name Scientific name 

Salamanders 
Cave Eurycea lucifuga 
Central newt Notophthalmus viridescens 
Dark-sided Eurycea longicauda 
Four-toed Hemidactylium scutatum 
Marbled Ambystoma opacum 
Redback Plethodon serratus 
Slimy Plethodon glutinosus 
Spotted Ambystoma maculatum 
Tiger Ambystoma tigrinum 

Frogs/Toads 
American toad Bufo americanus 
Blanchard's cricket Acris crepitans 
Bullfrog Rana catesbiana 
Eastern narrowmouth Gastrophryne carolinensis 
Gray treefrog Hyla chrysoscelis 
Green frog Rana clamitans 
Pickerel frog Rana palustris 
Southern leopard Rana utricularia 
Spring peeper Pseudacris crucifer 
Woodhouse's toad Bufo woodhousii 

Lizards 
Broadhead skink Eumeces laticeps 
Coal skink Eumeces anthracinus 
Fence lizard Sceloporus undulatus 
Five-lined skink Eumeces fasciatus 
Ground skink Scincella latera/is 
Six-lined racerunner Cnemidophorus sexlineatus 

Snakes 
Copperhead Agkistrodon contortrix 
Black rat Elaphe obsoleta 
Eastern garter Thamnophis sirtalis 
Eastern hognose Heterodon platirhinos 
Eastern yellowbelly racer Coluber constrictor 
Midland brown Storeria dekayi 
Northern redbelly Storeria occipitomaculata 
Northern water Nerodia sipedon 
Prairie ringneck Diadophis punctatus 
Pygmy rattlesnake Sistrums miliarius 
Red milk Lampropeltis triangulum 
Rough earth Virginia striatula 
Rough green Opheodrys aestivus 
Smooth earth Virginia valeriae 
Speckled kingsnake Lampropeltis getula 
Timber rattlesnake Crotalus horridus 
Western ribbon Thamnophis proximus 

Turtles 
Three-toed box Terrapene carolina 
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Appendix B.-Mean pre-treatment period relative abundance estimates (s.e.) for species captured on southwest-facing slopes 
on the MOFEP sites during 1992-1995. Relative abundance estimates are defined as the number ofcaptures/100 trap 
days. 

Species 

Salamanders 

Cave 

Central newt 1.32 (0.16) 

Dark-sided 

Four-toed 

Marbled 

Redback 

Slimy 

Spotted 

Frogs/Toads 

American toad7.03 (0.57) 

Blanchard's cricket 

E. Narrowmouth 

Gray tteefrog 0.24 (0.10) 

Green frog 

Pickerel frog 0.34 (0.14) 

S. Leopard frog 

Spring peeper 0.24 (0.10) 

Woodhouse's toad 

Lizards 

Broadhead skink 

Coal skink 

Fence lizard 

Five-lined skink 

Ground skink 2.97 (0.36) 

Snakes 

Copperhead 

Black rat 

E. Garter 

E. Hognose 

E. Yellowbelly racer 

Midland brown 

N. Redbelly 

N. Water 

Prairie ringneck 

Red milk 

Rough earrh 0.05 (0.03) 

Rough green 0.02 (0.02) 

Smooth earrh 1.40 (0.24) 

Speckled kingsnake 

Timber rattlesnake 

W. Ribbon 

W. Worm 

Turtles 

Three-toed box 

0.05 (0.05) 

0.51 (0.16) 

0.02 (0.02) 

0.03 (0.03) 

0.68 (0.14) 

2.80 (0.78) 

3.06 (0.29) 

2.23 (0.42) 

4.20 (0.74) 

0.08 (0.08) 

O.Q2 (0.02) 

1.30 (0.43) 

0.17 (0.07) 

0.42 (0.27) 

0.17 (0.06) 

0.09 (0.06) 

0.52(0.17) 

0.53 (0.18) 

1.11 (0.22) 

1.36 (0.22) 

2.97 (0.37) 

0.76 (0.39) 

0.02 (0.02) 

0.12 (0.06) 

0.05 (0.03) 

O.o? (0.02) 

0.05 (0.05) 

1.07 (0.31) 

0.02 (0.02) 

0.48 (0.08) 

1.59 (0.43) 

0.19 (0.08) 

0.05 (0.03) 

2 

0.05 (0.03) 

0.84(0.26) 

0.02 (0.02) 

0.34(0.10) 

4.93 (1.18) 

2.69 (0.72) 

0.57 (0.15) 

3.94(0.64) 

0.38 (0.11) 

0.31 (0.13) 

0.07 (0.07) 

0.21 (0.18) 

O.o? (0.04) 

1.23 (0.18) 

0.42 (0.07) 

0.48 (0.18) 

1.44(0.19) 

2.17 (0.44) 

0.43 (0.20) 

0.02 (0.02) 

0.18(0.10) 

O.o? (0.04) 

0.12 (0.05) 

0.87 (0.20) 

0.02 (0.02) 

0.69 (0.22) 

0.02 (0.02) 

1.50 (0.35) 

0.03 (0.03) 

0.14 (0.03) 

0.14(0.06) 

3 

0.03 (0.03) 

1.57 (0.48) 

0.02 (0.02) 

0.16 (0.08) 

3.41 (0.62) 

1.19 (0.13) 

1.03 (0.21) 

4.19(0.57) 

0.02 (0.02) 

0.56(0.19) 

0.28 (0.08) 

O.o? (0.04) 

0.18 (0.10) 

0.14 (0.03) 

0.67 (0.18) 

0.47 (0.07) 

0.43 (0.07) 

1.39 (0.18) 

3.22 (0.57) 

0.46 (0.23) 

O.o? (0.05) 

0.10 (O.Q4) 

0.10 (0.07) 

0.14(0.03) 

0.05 (0.03) 

0.82(0.25) 

0.05 (0.03) 

0.36 (0.07) 

0.05 (0.05) 

O.Q2 (0.02) 

1.10 (0.10) 

0.02 (0.02) 

4 

0.32(0.16) 

3.76 (1.31) 

0.05 (0.03) 

0.02 (0.02) 

0.17 (0.05) 

1.45 (0.43) 

2.05 (0.25) 

1.86 (0.64) 

2.53 (0.34) 

0.02 (0.02) 

0.02 (0.02) 

0.68 (0.17) 

0.38 (0.19) 

0.03 (0.03) 

0.59(0.23) 

O.o? (0.04) 

0.70 (0.19) 

0.40 (0.10) 

0.17 (0.07) 

0.90 (0.16) 

2.33 (0.13) 

0.57 (0.24) 

O.o? (0.04) 

0.09 (0.04) 

0.10 (0.04) 

0.02 (0.02) 

0.96 (0.26) 

0.22(0.11) 

1.34 (0.20) 

0.02 (0.02) 

O.o? (0.05) 

0.03 (0.03) 

5 

0.05 (0.03) 

3.59 (0.86) 

0.05 (0.05) 

0.03 (0.03) 

0.28 (0.07) 

2.03 (0.44) 

0.36(0.14) 

1.43 (0.32) 

7.06 (1.10) 

0.05 (0.05) 

0.18 (0.08) 

0.37 (0.18) 

0.02 (0.02) 

1.41 (0.44) 

0.03 (0.03) 

0.86 (0.19) 

0.56(0.21) 

0.54(0.18) 

1.36 (0.28) 

4.15 (0.55) 

0.41 (0.21) 

0.02 (0.02) 

0.05 (0.03) 

0.02 (0.02) 

0.80 (0.08) 

0.10 (0.04) 

0.02 (0.02) 

0.05 (0.03) 

0.03 (0.03) 

1.03 (0.27) 

0.19 (0.06) 

0.05 (0.03) 

MOFEPsltes 

6 

0.20 (0.14) 

0.50(0.12) 

0.29 (0.09) 

0.54(0.11) 

1.33 (0.56) 

0.12 (0.06) 

1.98 (0.88) 

5.38 (0.92) 

0.03 (0.03) 

0.52 (0.18) 

0.10 (0.06) 

0.05 (0.05) 

0.50 (0.20) 

0.03 (0.03) 

1.11 (0.36) 

0.25 (0.11) 

0.57 (0.07) 

1.31 (0.19) 

3.46 (0.34) 

0.35 (0.29) 

0.03 (0.03) 

0.17(0.10) 

0.15 (0.07) 

0.02 (0.02) 

1.04(0.35) 

0.43 (0.09) 

0.10 (0.07) 

O.o? (0.04) 

0.02 (0.02) 

2.26 (0.44) 

0.02 (0.02) 

0.12 (0.02) 

0.17 (0.02) 

7 8 9 

0.19 (0.04) 

0.80 (0.30) 0.07 (0.02) 

0.23 (0.11) 

0.02 (0.02) 0.17 (0.08) 

0.19 (0.08) 0.97 (0.19) 0.30 (0.08) 

3.20 (0.23) 1.42 (0.36) 0.14 (0.06) 

0.22 (0.13) 0.58 (0.16) 9.98 (1.04) 

0.89 (0.18) 2.43 (0.58) 0.74 (0.27) 

6.92 (0.78) 6.01 (1.11) 

0.07 (0.07) 0.02 (0.02) 

0.02 (0.02) 

0.37 (0.16) 0.73 (0.22) 0.27 (0.15) 

0.92 (0.38) 0.05 (0.03) 

0.07 (0.04) 0.02 (0.02) 

0.33 (0.08) O.o? (0.05) 

0.07 (0.07) 

0.77 (0.21) 1.35 (0.41) 0.86 (0.29) 

0.82 (0.07) 0.42 (0.12) 0.37 (0.12) 

0.74 (0.25) 0.97 (0.07) 1.06 (0.18) 

1.11 (0.15) 1.42 (0.19) 2.21 (0.23) 

5.03 (0.58) 3.98 (0.40) 

0.22 (0.13) 0.21 (0.10) 0.49(0.19) 

0.05 (0.03) 0.09 (0.04) 

0.09 (0.06) 0.14 (0.06) 0.05 (0.03) 

0.09 (0.002) 0.02 (0.02) 

0.17 (0.05) 0.09 (0.04) 0.12 (0.07) 

0.07 (0.04) 0.12 (0.04) 0.17 (0.06) 

0.61 (0.17) 0.52 (0.12) 1.37 (0.27) 

0.02 (0.02) 0.02 (0.02) 

0.19 (0.10) 0.09 (0.04) 0.26 (0.09) 

0.05 (0.03) 0.09 (0.09) 

0.02(0.02) 

0.02 (0.02) 

1.48 (0.28) 1.84 (0.40) 

0.07 (0.04) 

0.02(0.02) 

0.03 (0.03) 

0.02 (0.02) 0.08 (0.08) 0.22 (0.05) 

0.03 (0.03) 
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Appendix C.-Mean pre-treatment period relative abundance estimates (s.e.) for species captured on northeast-facing 
slopes on the MOFEP sites during 1992-1995. Relative abundance estimates are defined as the number of captures/ 
I 00 trap days. 

Species 

Salamanders 

Cave 

Central newt 3.09 (0.39) 

Dark-sided 

Four-tned 

Marbled 

Redback 

Slimy 

Spotted 

Tiger 

Frogs/Toads 

American toad7.35 (0.74) 

Blanchard's cricket 

Bullfrog 

E. Narrowmouth 

Gray treefrog 0.12 (0.04) 

Green frog 

Pickerel frog 0.19 (0.07) 

S. Leopard frog 

Spring peeper 0.40 (0.12) 

Woodhouse's toad 

Lizards 

Broadhead skink 

Coal skink 

Fence lizard 

Five-lined skink 

Ground skink 0.96 (0.26) 

Six-lined racerunner 

Snakes 

Copperhead 

Black rat 

E. Garter 

E.Hognose 

E. Ye!lowbelly racer 

Midland brown 

N.Redbe!ly 

N.Water 

Prairie ringneck 

Red milk 

Rough earth -

Rough green -

Smooth earth 1.81 (0.28) 

Speckled kingsnake 

Timber rattlesnake 

W.Ribbon 

W.Worm 

Turtles 

Three-tned box 
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0.02 (0.02) 

0.59(0.11) 

1.73 (0.13) 

8.16 (0.73) 

2.20 (0.39) 

4.78 (0.57) 

0.02 (0.02) 

5.91 (0.53) 

0.05 (0.03) 

0.02 (0.02) 

1.69(0.52) 

0.39(0.11) 

0.44(0.20) 

0.19 (0.09) 

0.!0 (0.04) 

0.46 (0.11) 

0.28 (0.14) 

0.14 (0.03) 

0.89 (0.26) 

1.35 (0.23) 

0.50(0.12) 

0.03 (0.03) 

0.14(0.04) 

0.05 (0.03) 

0.05 (0.05) 

0.44 (0.20) 

0.33 (0.07) 

0.05 (0.03) 

l.l4 (0.25) 

0.02 (0.02) 

0.05 (0.05) 

0.15 (0.07) 

0.11 (0.06) 

2 

0.02 (0.02) 

l.l2 (0.31) 

0.02 (0.02) 

0.33 (0.09) 

0.33 (0.03) 

2.25 (0.55) 

3.22 (0.47) 

5.32 (0.47) 

0.59(0.11) 

0.23 (0.10) 

0.12 (0.06) 

0.28 (0.12) 

0.14 (0.06) 

0.78 (0.14) 

0.27 (0.19) 

0.28 (0.07) 

0.83 (0.22) 

1.42 (0.19) 

0.39 (0.15) 

0.05 (0.03) 

0.16 (0.08) 

0.09 (0.06) 

0.02 (0.02) 

0.07 (0.04) 

0.24 (0.07) 

0.02 (0.02) 

0.33 (0.08) 

0.03 (0.03) 

0.07 (0.04) 

0.97 (0.11) 

0.02 (0.02) 

0.07 (0.04) 

0.02 (0.02) 

0.02 (0.02) 

3 

0.07 (0.05) 

1.91 (0.82) 

0.16 (0.04) 

0.14 (0.08) 

2.19 (0.73) 

0.24 (0.09) 

1.13 (0.36) 

5.31 (0.30) 

0.64 (0.23) 

0.19 (0.05) 

0.02 (0.02) 

0.24(0.10) 

0.17 (0.04) 

0.62 (0.16) 

0.28 (0.13) 

0.09 (0.002) 

0.66 (0.13) 

2.27 (0.35) 

0.39(0.18) 

0.02 (0.02) 

O.!l (0.09) 

0.10 (0.04) 

0.05 (0.05) 

0.78 (0.20) 

0.14 (0.06) 

1.31 (0.43) 

0.12 (0.06) 

MOFEPsites 

4 

0.12 (0.09) 

5.13 (1.09) 

0.05 (0.03) 

0.07 (0.04) 

0.23 (0.04) 

4.04 (1.!8) 

1.81 (0.26) 

1.90 (0.52) 

2.99 (0.55) 

0.07 (0.04) 

0.78 (0.26) 

0.20 (0.12) 

0.05 (0.03) 

0.97 (0.19) 

0.14(0.06) 

0.71 (0.16) 

0.14(0.05) 

O.ll (0.06) 

0.72 (0.26) 

2.34(0.33) 

0.55 (0.16) 

0.07 (0.02) 

0.07 (0.04) 

0.03 (0.03) 

0.02 (0.02) 

0.55 (0.17) 

0.26 (0.16) 

0.07 (0.02) 

0.97 (0.09) 

0.03 (0.03) 

0.02 (0.02) 

0.05 (0.03) 

0.03 (0.03) 

5.48 (1.!5) 

0.42 (0.23) 

0.02 (0.02) 

0.24 (0.03) 

2.22 (0.59) 

0.26 (0.06) 

2.06 (0.74) 

4.94(0.64) 

0.08 (0.08) 

0.35 (0.13) 

0.41 (0.17) 

0.14(0.06) 

1.93 (0.66) 

0.79 (0.13) 

0.37 (0.18) 

0.!9 (0.05) 

0.77 (0.11) 

0.83 (0.18) 

0.52(0.11) 

0.02 (0.02) 

0.19 (0.07) 

0.14(0.05) 

0.07 (0.04) 

0.99 (0.14) 

0.17 (0.05) 

0.05 (0.03) 

0.02(0.02) 

0.89 (0.19) 

0.02 (0.02) 

0.02 (0.02) 

0.02 (0.02) 

0.05 (0.03) 

0.07 (0.05) 

0.23 (0.04) 

0.07 (0.04) 

0.45 (0.18) 

6.44(0.97) 

0.05 (0.05) 

1.93 (0.45) 

7.10 (0.93) 

0.05 (0.05) 

0.03 (0.03) 

0.69 (0.08) 

0.05 (0.03) 

0.05 (0.03) 

0.42 (0.12) 

0.07 (0.05) 

0.98 (0.30) 

0.18 (0.11) 

0.07 (0.05) 

0.82 (0.32) 

3.35 (0.67) 

0.27 (0.13) 

0.02 (0.02) 

0.05 (0.03) 

0.61 (0.07) 

0.21 (0.05) 

0.02 (0.02) 

0.03 (0.03) 

0.02 (0.02) 

2.35 (0.28) 

0.17 (0.06) 

0.20 (0.14) 

0.05 (0.03) 

7 8 

1.08 (0.23) 0.03 (0.03) 

0.53 (0.17) 0.07 (0.02) 

0.12 (0.03) 

0.05 (0.03) 0.03 (0.03) 

0.88 (0.45) 0.55 (0.16) 

1.41 (0.43) 3.68 (0.70) 

1.23 (0.16) 2.47 (0.66) 

1.48 (0.29) 2.95 (0.68) 

0.02 (0.02) 

6.44 (0.53) 5.62 (0.61) 

0.02 (0.02) 

0.03 (0.03) 

0.05 (0.03) 

0.05 (0.05) 

1.!7 (0.23) 

8.68 (0.22) 

0.57 (0.24) 

0.50 (0.13) 0.28 (0.07) 0.02 (0.02) 

1.27 (0.36) 

0.07 (0.02) O.!l (0.07) 

0.50 (0.21) 0.09 (0.04) 

0.02 (0.02) 

1.38 (0.45) 0.72 (0.21) 0.87 (0.10) 

0.55 (0.10) 0.50 (0.23) 0.62 (0.29) 

0.82 (0.23) 0.57 (0.12) 0.92 (0.37) 

1.58 (0.35) 0.95 (0.15) 2.01 (0.33) 

2.40 (0.33) 3.47 (0.90) 

0.03 (0.03) 

0.44 (0.21) 0.36 (0.14) 0.57 (0.09) 

0.05 (0.05) 0.02 (0.02) 

0.21 (0.08) 0.05 (0.05) 0.02 (0.02) 

0.12 (0.06) 0.07 (0.02) 

0.05 (0.03) 0.07 (0.05) 0.02 (0.02) 

0.05 (0.03) 0.07 (0.02) 0.14 (0.03) 

0.75 (0.09) 0.33 (0.05) 1.44 (0.23) 

0.40 (0.05) 0.22 (0.10) 0.19 (O.ll) 

0.05 (0.03) 0.02 (0.02) 0.05 (0.05) 

0.10(0.10) 

1.!3 (0.13) 2.06 (0.50) 

0.02 (0.02) 

0.02 (0.02) 0.05 (0.03) 

0.10 (0.06) 0.03 (0.03) 

0.02 (0.02) 

0.02 (0.02) 

0.07 (0.02) 

0.05 (0.03) 



Appendix D.-Mean pre-treatment period relative abundance estimates (s.e.) for each species by distance from desig­
nated clearcuts on southwest-facing slopes on MOFEP sites during 1992-1995. Mean relative abundance estimates 
are defined as the number of captures/] 00 trap days. 

Species 

Salamanders 
Cave 
Central newt 
Dark-sided 
Four-toed 
Marbled 
Redback 
Slimy 
Spotted 

Frogs/Toads 
American toad 
Blanchard's cricket 
Gray treefrog 
Green frog 
Pickerel frog 
S. Leopard frog 
Spring peeper 
Woodhouse's toad 

Lizards 
Broadhead skink 
Coal skink 
Fence lizard 
Five-lined skink 
Ground skink 
Six -lined racerunner 

Snakes 
Copperhead 
Black rat 
E. Garter 
E. Hognose 
E. Yellowbelly racer 
Midland brown 
N. Redbelly 
Prairie ringneck 
Pygmy rattlesnake 
Red milk 
Rough earth 
Smooth earth 
Timber rattlesnake 
W. Ribbon 
W. Worm 

Distance from designated clearcuts 
Within clearcuts 50 m from clearcut 200 m from clearcut 

0.35 (0.21) 
0.75 (0.30) 
0.05 (0.05) 

0.09 (0.05) 
0.65 (0.21) 
1.73 (0.33) 
1.08 (0.33) 

5.87 (0.84) 

0.09 (0.09) 
0.52 (0.28) 

0.05 (0.05) 
0.15 (0.09) 
0.14 (0.09) 

1.71 (0.20) 
0.48 (0.10) 
0.52 (0.16) 
1.52 (0.13) 
3.00 (0.41) 

0.63 (0.35) 
0.10 (0.06) 

0.10 (0.06) 
0.14 (0.05) 
0.10 (0.06) 
1.21 (0.45) 
0.34 (0.17) 

0.05 (0.05) 
2.34 (0.60) 
0.05 (0.05) 

0.15 (0.15) 

0.09 (0.05) 
1.16 (0.43) 

0.05 (0.05) 
0.89 (0.24) 
0.87 (0.32) 
0.67 (0.20) 

3.74 (0.93) 
0.05 (0.05) 
0.05 (0.05) 
0.34 (0.10) 
0.19 (0.11) 
0.14 (0.14) 
0.42 (0.11) 
0.10 (0.10) 

1.37 (0.62) 
0.65 (0.17) 
0.91 (0.29) 
1.47 (0.20) 
2.76 (0.52) 

1.07 (0.47) 

0.05 (0.05) 
0.05 (0.05) 
0.05 (0.05) 
0.27 (0.17) 
0.80 (0.07) 
0.24 (0.12) 
0.05 (0.05) 
0.05 (0.05) 
0.10 (0.10) 
1.22 (0.33) 

0.24 (0.14) 

0.19 (0.07) 
1.11 (0.33) 
0.23 (0.11) 
0.14 (0.05) 
0.15 (0.10) 
0.83 (0.26) 
1.38 (0.27) 
0.77 (0.31) 

3.72 (0.69) 

0.05 (0.05) 
0.42 (0.04) 
0.19 (0.14) 
0.05 (0.05) 
0.14 (0.05) 
0.05 (0.05) 

0.51 (0.13) 
0.88 (0.31) 
1.44 (0.26) 
1.25 (0.44) 
2.66 (0.65) 
0.05 (0.05) 

0.24 (0.13) 
0.05 (0.05) 
0.05 (0.05) 
0.05 (0.05) 
0.14 (0.09) 
0.14 (0.09) 
0.65 (0.18) 
0.23 (0.09) 

0.10 (0.06) 

0.94 (0.19) 

0.05 (0.05) 
0.19 (0.08) 
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Appendix E.-Mean pre-treatment period relative abundance estimates (s.e.) for each species by distance from desig­

nated clearcuts on northeast-facing slopes on MOFEP sites during 1992-1995. Mean relative abundance estimates 
are defined as the number of captures/] 00 trap days. 
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Species 

Salamanders 
Cave 
Central newt 
Dark-sided 
Four-toed 
Marbled 
Redback 
Slimy 
Spotted 

Frogs/Toads 
American toad 
Blanchard's cricket 
Gray treefrog 
Green frog 
Pickerel frog 
S. Leopard frog 
Spring peeper 
VVoodhouse'stoad 

Lizards 
Broadhead skink 
Coal skink 
Fence lizard 
Five-lined skink 
Ground skink 
Six-lined racerunner 

Snakes 
Copperhead 
Black rat 
E. Garter 
E. Hognose 
E. Yellowbelly racer 
Midland brown 
N. Redbelly 
N. VVater 
Prairie ringneck 
Red milk 
Rough green 
Smooth earth 
Timber rattlesnake 
VV. VVorm 

Turtles 
Three-toed box 

Distance from designated clearcuts 
Within clearcuts 50 m from clearcut 200 m from clearcut 

2.27 (0.51) 

0.05 (0.05) 
0.09 (0.05) 
1.61 (0.24) 
2.44 (0.39) 
1.48 (0.54) 

4.54 (0.76) 

0.42 (0.20) 
0.15 (0.10) 

0.42 (0.04) 

0.66 (0.06) 
0.15 (0.10) 
0.28 (0.05) 
1.78 (0.28) 
2.79 (0.40) 

0.58 (0.17) 

0.05 (0.05) 
1.04 (0.19) 

0.19 (0.07) 

1.52 (0.47) 
0.09 (0.05) 

0.05 (0.05) 

191 (0.28) 

0.05 (0.05) 
0.05 (0.05) 
099 (0.09) 
0.78 (0.32) 
127 (0.47) 

4.64 (0.82) 
0.05 (0.05) 

023 (0.09) 
0.05 (0.05) 
0.10 (0.06) 
0.76 (0.27) 
0.05 (0.05) 

0.38 (0.07) 
0.18 (0.07) 
0.59 (0.41) 
1.53 (0.44) 
3.28 (0.54) 

0.25 (0.19) 

0.14 (0.05) 
0.05 (0.05) 

0.93 (0.33) 
0.05 (0.05) 
0.19 (0.08) 

1.12 (0.21) 

0.10 (0.10) 
2.74 (0.21) 
0.05 (0.05) 

0.23 (0.09) 
1.57 (0.46) 
1.51 (0.23) 
1.90 (0.52) 

4.51 (0.49) 

0.05 (0.05) 
0.48 (0.17) 
0.15 (0.10) 
0.05 (0.05) 
0.24 (0.05) 

1.64 (0.12) 
0.29 (0.19) 
0.61 (0.21) 
1.73 (0.39) 
2.80 (0.28) 
0.05 (0.05) 

0.29 (0.12) 
0.10 (0.10) 
0.14 (0.05) 
0.05 (0.05) 
0.05 (0.05) 
0.05 (0.05) 
0.90 (0.28) 

0.10 (0.06) 
0.05 (0.05) 
0.09 (0.05) 
1.45 (0.18) 

0.05 (0.05) 




