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Abstract

A variely of sampling techniques are availuble 1o sample small mammals and amphibians. but an assessment of the least hiosed
method o sample species assemblages is necessary to adequately desceibe community structure, We compared capture rates of
small mammals and amphibians between pitfall and Museum Special traps in six mature forest stands in the central Oregon

Coust Runge in the spring. 1988. Fewer small mammal and amphibian gpecies were caught with Museum Special traps than with
pitfalls. Townsend’s chipmunks (Tamias townsendii) and deer mice (Peromyseis manicularus) were more vulnerable 10 caplure in
Museum Specials than in pitfulls, Pacific giant salamanders (Dicamptodon ensatus) and western red-backed salamanders (Plethodon
vehicufumy were captured exclugively in pitfalls. Shrew-moles (Newromrichus gibbui), Pacific waler shrews (Sorexv bendeii). Trowhridge's
shrews (5. prowbridgi). and Pucilie shrews (8. pacificus) were more vulnerable to pitfall than Museum Special capture, Western
ved-hacked salamanders. shrew-moles. Trowbridge's shrews. and western jumping mice (Zapus trinotatis) were more vulnerable
lo capture in pitfalls with waler present than to capture in dry pitlalls. Townsend's chipmunks were more valnerable to capture
by Museum Specials baited with peanut bunter than haited with meal puste, Pitfalls partially filled with wuler and Museumn Specials
baited with peanut butter were the most effective methods tested.

Introduction but their study was not replicated and their numhber
of trap nights (TN} with Museum Specials was small

in = 500).

There are many established methods for trapping
small mammals and amphibians. Comparisons of
captures among pitfalls, snap traps, and live traps Pitfalls have been used in a variely of ways to
capture and sample small mammals and amphib-
ians. Williams and Braun (1983} and Bury and
Corn (1987) tested several pitfall avray designs and
concluded that pitfalls without drif: fences were as
effective at sampling mammals as pitfalls with drift
fences when threc times as many single pitfalls
were used. These authors and Pankowoski (1979)
used pitfalls as kil traps {through adding water
or accumulation of precipitation), whereas others
{Brown 1967, Boonstra and Krchs 1978) have
used dry pitfalls as live traps. The degree to which
water in pitfalls inllucnees captures of small mam-
mals and amphibians and the comparative effec-
tivencss of Museum Specials and pitfalls without
drifl fenees has. to our knowledge, not been in-

suggest that no one lechnique is appropriate for
all species. and that results vary geographically
(Bury and Corn 1987, Block et al. 1988, Szaro
et al. 1988, Taylor et af. 1988). Several studies
indicated that amphibians and Soricid mammals
are more vulnerable to capture in pitfall traps than
in Museum Special snap traps (Brown 1967,
Williams and Braun 1983, Bury and Corn 1987.
Tavlor et al. 1988). Bury and Corn (1987) and
Tavlor et al. (1988) suggested that pitfalls were
superior te Museum Specials in capturing many
small mammal and amphibian species in lorests
ol western Oregon and Washington. Bury and Com
(1987) suggested that a combination of pitfalls and
Museum Specials were nceessary to fully sample
small mammal communilies in these forests.

vestigated in a replicated, experimental design,
However, Bury and Corn (1987) and Tavlor et al.

(1988) specifically excluded riparian areas from
their study sites, and their comparison of Museum
Specials with pitfalls was not paired in time nor
space within cach forest stand, Williams and Braun
{1983) compared pitfalls with Museum Specials in
riparian and upland arcas of narthern California,

Museum Specials have been eriticized as he-
ing less effective than pitfalls for trapping Soricids.
However, West (19853) demonstrated that the new
model of Museum Special (with plastic treadles)
was more effective at capturing Soricids than the
old model. Thus, we wished to determine if
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pitfalls were more effective at capturing Soricids
than the new Muscum Special. Further, most
previous investigalors (e.g.. Williams and Braun
1983, Tavlor et al. 1988} uscd peanut butter and
oats for bait. Soricids are carnivorous. so we com-
pared the effectivencss of a bail made of meat puste
with peanul bulter.

Our null hypotheses were: 1) capture rates for
small mammal and amphibian species would not
differ between pitfalls and new Museum Specials;
2} capture rates for small mammal and amphibian
species would nol differ between pitfalls with water
and pitfalls without water. and 3) capture rates for
small mammal species would not differ between
Museum Specials baited with peanut butller and
Museum Specials haited with meat paste.

Methods

The study was located in the Drift Creek water-
shed, Lincoln County. Oregon (Figure 1), We
sampled six unmanaged. mature forest stands
which eriginated following cxtensive fires in the
mid-1800s. Siands were characteristic of the
western hemlock (Tsuga heterophyvlia) vegetation
zone of the Oregon Coast Ranges iFranklin and
Dyrness 1973). Overstory vegetation varied among
sites but was dominated by Douglas-fir (Pseudo-
isuga menziesii) and red alder {Alnus rubra); other
tree species included western hemlock, western
redeedar (Thuja plicata), and bigleaf maple (Acer
macrophyvilum). Understory vegetation was patchily
distributed and dominated by salmonberry {Rubus
spectabilis), swordlern (Polystichum munitum), vine
maple (Acer circinatumy, salal (Gaultheria shallon),
Oregon grape (Berberis nervosa). and huckleber-
ries (Vaccinium spp.).

kilemelars

Figure 1. Location of study areas. Lincoln County, Oregon.

We established two 700-m transects in each
stand: one along a sccond- or third-order stream
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and another 400 m upslope and parallel to the
streamside transect. Two 400-m transriparian
transcets extended from the streamside transect to
the upslope transect. We placed pitfall stations at
100-m intervals along the upslope and streamside
transccts and at 50-m intervals along the trans-
riparian transects for a total of 30 stations per
stand. At cach station we subjeciively located two
pitfalls within 5 m of the station. Each pitfall was
set level with the surface of the ground. Pitfalls
were set adjacent 1o logs (63%), slope breaks
(19%)}, in slash (11%) or adjacent to rocks {3%).
Logs adjacent te pitfalls ranged from 1 to 20 m
in length and were distributed among large (> 49
em, 46%), medium (20-49 ¢m, 32%), and small
(<19 em, 23%) diameters.

Pitfalls were made of two #10 tin cans (36 ¢m
deep and 15 cm in diameter) held together with
duet tape {Corn and Bury 1990). All pitfalls had
3-4 drainholes about 4 ¢m from the bottom to keep
the traps from filling to the top with water which
could allow animals Lo escape, Halfl of the pitfalls
had a drain hole in the hottom to keep the trap
frec of water during sampling. One pitfall with a
drain hole (dry pitfall} and ene without a drain hole
(wet pitfall) was set al each station. However, drain
holes in the bottom of pitfalls were only marginal-
ly successful in keeping pitfalls dry. As a result,
sampling intensity with wet pitfalls was consistent-
Iy higher (1246-1704 TN/stand) among stands
than dry pitfalls (96-554 TN/stand). Comparisons
of community structure between the two types of
pitfalls were not possible because o unequal sam-
pling intensities. No bait was used in pitfalls.

We placed snap-trap stations at 20-m intervals
along the upslope and riparian transects and at
10-m intervals along the transriparian transects for
a total of 150 stations per stand. We subjectively
located 1wo Museum Special traps of the new
design (with plastic treadles) within 2 m of each
snap trap station. One Viuseum Special was baited
with peanut butter and rolled oals and one was
baited with meat paste and rolled oats. The meat
paste consisled of a mixture of liverwurst and
vegetable oil. Traps were set adjacent to or under
some form of natural cover. lypically along natural
runways. Traps were set for 5 consecutive days in
each stand and they were checked and rebaited
dailv.

We sampled stands between 24 April and 28
June 1988 in random order. Sampling was mitiated
in a new sland every seven days for a total of six




weeks. Within each stand, we set and checked
Muscum Spcecials daily during the first five sam-
pling days: the pitfalls were opened and checked
weekly for 30 consceutive davs, As a result of stag-
gered sampling periods, Museum Special sampling
was completed on 2 June (9.000 TNI. while pit-
fall sampling was not completed until 28 June
{10.800 TN). Precipitation data collected at Tide-
waler. OR, within 4-12 ki of the study sites in-
dicated that. over the 30-day sampling peried in
each stand. there was an average of 15 days with
measurable rain per stand per 30 davs (range =
10-19). Precipitation per stand per 30 dayvs aver-
aged 21 ¢m (range = 8-27 cm).

We caleulated captures per L.O0OO TN for each
species by lrap type wilthin cach stand. For each
species, we compared capture rales belween trap
types, pitfalls with and wilthout water, and snap trap
bails with a Wilcoxon sign-rank test. Each stand
was considered an independent obhservalion (n =
6} and only species with > 20 captures were in-
cluded in statistical analvses.

To assess if logs, slope breaks, and rocks act
as natural drift fenees, we compared lengths of
these features at pitfalls that captured a species with
those that did not caplure that species with Stu-
dent’s t-test. To determine if pitfalls adjacent to logs
were more effective than pitfalls adjacent 1o other
features. we compared caplures along logs vs.
along other features with Pearson’s chi-square us-
ing Yates correction for small samples.

Because investigators often use trap results to
compare community structure between or among
habitats. we compared estimales of Shannon-
Weaver species diversity (H™ =— plogp..
equitability (£ = Hopnea/H ). and richness
(number of species) (Brower and Zar 1984} between
pitfalls and Museum Specials using o Wilcoxon sign-
rank test. We also calculated percent communily
gimilarity (PS} between sampling methods on each
site to illustrate any biases in estimates of community
composilion between techniques. Percent similari-
Ly was defined as the sum over species of the lowest
percentage of contribution of each species to either
community (Brower and Zar 1984).

Results and Discussion

Pitfalls vs. Museum Specials

Pitlalls were more effective than Museum Specials
in sampling amphibians (Table 1). Only one tailed
frog {Ascaphus trued) and six rough-skinned newts

{Taricha granulosa) were captured in Museum
Specials, In contrast, 245 individuals representing
eight species of amphibians were captured in pit-
falls {Table 1). Most in low numbers, probably
because sampling extended into late June when
surface activity is reduced by lack of precipitation.

For most species of small mammals that were
cffeetively sampled in this study (> 20 captures),
pitfalls were more effective than Museum Specials.
Total number of individuals captured and species
richness were greater in pitfails than in Museum
specials (Table 1). Pacific shrews. Pacific water
shrews, Trowbridge's shrews, and shrew-moles
were captured more [requently in pitfalls than in
Museum Specials. Despite the increased propen-
sity for the new style of Museum Special to cap-
ture Soricids (West 1985}, pitfalls were still more
etfective in sampling this group than the new style
of Muscum Specials. One dusky-footed woodrat
(Neotoma fuscipes) was captured in a Museum
Special. Deer mice and Tewnsend’s chipmunks
were also captured most frequently in Museum
Specials. Estimates of small mammal species
equitability was higher in the Muscum Special sam-
ple than in the pitfall sample (Table 1}, largely
because of the reduced number of Soricids.
especially Trowbridge’s chrews, in the Museum
Special sample. Pitfalls and Museum Specials pro-
duced dissimilar estimales of small-mammal com-
munity structure (PS = 42%) due to sampling bias
in the two rap types.

Pacific jumping micc were less likely to be
caughl In pitfalls set along logs (observed = 53,
expected = 67) than along rocks, slash, slope
breaks or in the open {chisquare = 7.28, df =
I, p = 0.010). California red-backed voles
{Clethrionomys californicus) were caught in pitfalls
adjacent to features that were longer (5.0 m, SE
= 0.4, n = 79} than features at pitfalls that did
nol capturc them (3.8 m, SE = 0.3, n = 174,
p = 0.015). Hence, the use of pitfalls to compare
relative abundances of jumping mice and Califor-
nia red-backed voles among stand tvpes should be
standardized with respect to placement of pitfalls
adjacent to logs. Other specics were captured as
expecled in rclation to forest floor features adja-
cent to traps.

Pitfalls With and Without Water

Pitfalls with water were more ellective than dry
pitfalls in sampling amphibians. Although tolal
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TABLE 1. Average captures per 1.OOO trap nights (TX) in pitlalls (10,800 TN} and Museum Specials {9,000 TN). in six sub-basing
of the Ihift Creek Basin. Lincoln County, Oregon. April-June 1988 (standard errors in parentheses).

Pitfall Museum Special
Spevics n = 6 m = o) pt
Amphibians
Ascaphus truet 3.600.7) 0.1(0.1 0.036
Dicamptodon ensatus 1.900.3) 0.0(0.01 0.036
Plethodon vehiculum 3.4il.4 0.010.01 0.036
Number of individoaals? 22.313.9) 0.800.51 0.036
Number of species 6.300.4) 0.710.3) 0.0306
Mammuals
Clothrionomys californicus 11.7{2.5 11.2¢2.2) 0.834
Hicrotus oregoni 1.4040.6) 1.510.6) 1.G00
Newrotrichus gibbsii 3.900.7) 0.110.1) 0.036
Peromyvseus maniculatus 2.401.4) 21.9(7.8i 0.036
Sorex benderii 8.8(1.n 1.1i0. 1 0.036

orex pactficus 17.212.2 4.1i0.91 0.036
Sorey trowbridgii 85.0(7.3} 10.2i1.9) 0.036
Tamias tornsendii 0.0{0.0t 6.2i1.1) 1.036
Zapus Lrinotalis 10.0(2.31 Sy .039

Nwaber of individuals® 247.3127.7) 90.7012.7) 0.036
Number of species 1L.310.31 8.80.3) (0.036
Dhversity (H? 0.00(0.03) 0.7310.05) 0.093
Equitability 0.53700.02) 0.82(0.03) 0.036

Communily similarity (%l 11.713.3)

'Wilcoxon Sign-Rank 1esl.

“Ineludes species caplured in pitfalls iP). Museum Specials (M) or both (B): Aneides ferrews (P). Ensatina eschschiotz (P, Plethodon
dunni (P). Rana qurore {1, Rhaacotriton olvipiewns (P and Tancha granulosa (\B).

*Ineludes species captured in pitfalls (P, Museum Specials (My or both iBl: Aplodentia nfum (P). Wicrotus longicaudus (By. Hustela
erminea \P). Neotome fuseipes (M) Phenacomys albipes (Bl Phenacomys fongicnndus \PY. Seapanus orfanus (Pi. S, founsendii (P).
Sorex vagrans (P, and Thomoris mazama (P

number of individuals captured was slightly higher
in wet than in drv pitfalls. we were able to deteet
statistically significant differences in capiure rates
between dry and wet pitfalls enly for western red-
backed salamanders (Table 2). Water in pitfalls
may altract some amphibians. especially in upslope
areas. Therefore, we compared capture rates he-
tween wel and dry pitfalls for three amphibian
species al stations > 200 m from permanent water.
Tailed frogs were caplured exclusively in wet pit-
falls (2.9/1000 TN, SE = 0.7. p = 0.0360) on
these upland sites. Pacific giant salamanders (wet
= 2.7/1000 TN. SE = 00.9: dry = 0.9, 8F. = 0.9}
and western red-hacked salamanders (wet =
3.8/1000 TN, SE = 2.2; drv = 0.8/1000 TN,
SE = 0.8) were captured more frequently in wel
pitfalls on upland sites. but these differences were
not significant (p = 0.180 and 0.090,
respectively).

Overall capture rates for small mammals were
higher in wet than in dry pitfalls: this difference
was significant for shrew-moles, Trowbridge’s
shrews, and Pacific jumping mice (Table 23. Shrew-
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moles were caught exclusively in pitfalls with water.
Only Oregon voles (Microtus oregoni) were captured
more frequently In dry than in wet pitfalls. yet even
dry pitfalls captured as many or more Soricids and
jumping mice per 1000 TN as Museum Specials.

Waler in pitfalls likely reduces the chances of
escape for small mammals capable of leaping out
of dry pitfalls, which may explain why jumping
mice were captured less ofien in dry pitfalls. Dry
pitfalls scem to have the potential lor capluring
mosl small mammal specles alive and could serve
as an effective live-trapping method. Shrew-moles
may be missed in dry pitfall sampling and more
pitfalls may be needed to compensate lor reduced
caplure rales of other species.

Peanut Butter vs. Meat Paste

Overall, Museum Specials baited with peanut but-
ter captured more individual mammals than traps
baited with meat paste, although Townsend's chip-
munk was the only species captured significantly
more with peanut butter {Table 3). No species




TABLE 2. Average captures per 1000 trap nights (TN) in pitfalls with (8.451 TN) and without {2,349 TN} water. in six sub-busins
of the Drift Creek Basin. Lincoln County. Oregon. April-June 1988 (SE in parentheses).

Waler Dy
Species n=6) n =6 s
Amphibians
Ascaphus truet 1.100.8) 1.811.0) 0.096
Dicamptodon ensatus 2.110.7) 2.5(1.6) 0.402
Plethodon rehiculum 3.711.4 1.511.0) 0.036
Number of individuals® 13.512.4) 6.7(L.60 0.094
Marmmuals
Clethrionomys californicus 13.3(3.0} 7.443.0) 0.208
Microtus oregent 0.710.6) 2.311.3) 0.201
Newrotrichus gibbsii 1.510.7) 0.0(0.09 0.036
Peromyscus maniculatus 3.011.7) 2.6(1.8) 0.835
Sorex benderit 8.511.7) 182,79 0.529
Sorex pacificus 17,4221 10.0i2.5) 0.142
Sarex trowbridgn 93.7(%.5 41.8110.3) 0.036
Zapus tanotaius 11.942.7) 2.9(1.7 0.036
Nurrher of individuals? 1538.3(12.9 T4.1010.2y 0.036

'"Wilcoxon Sigu-Rank test

*Includes species captured in pitfalls (W), dry pitfulls (D), or both (B): Aneides ferreus (Bl Ensating eschschlotzi (W), Plethodon
dunni (B). Rana awora (W), Rhyvacotriton ofvmpicuws 1BY. and Taricha granulosa (R).

“Includes species caplured In pitlalls with water (W, drey pitfalls (D). or both (Bl Aplodontia ndum (Bl Microtus longicandus (W),
Mustela erminea (W), Phenccomys albipes (W)L Phenacons longicaadus (W), Seapanus orianus 1BY. S, tounsendti (W). Sorex vagrans
(Bl and Thomomys mezamea (W),

TABLE 3. Average captures per 1,000 trap nights (TN in Museum Specials using peanut butter (4,500 TN} and meat paste (4.500
TNV as bails. In six sub-basins of the Dreift Creek Basing Lincoln County. Oregon. April-June 1988. (SE in parentheses).

Peanut Meat
Butter Prasie
Species m = 6 in = p'
Sorex benderii 0.710.5) 0.940.4) 0.893
Sorex pacificns 1.8(0.0} 2.910.6) G.182
Sorex trowbridgii 51009 4.4(1.7} (.529
Clethrionomyvs callfornicus 5.8(1.9) 33109 0.225
Wicrotus oregoni 1.8i1.1) 0.710.3) 0.273
Peromyscus maniculaius 15.1i5.71 TN 0.039
Tamiay townsendil 3.8i1.3) 1.8i0.6) 0.0306
Aapns trinotalus 3113 1.600.6) 0,215
SNumber of individuals? 37.216.3) 33.5(6.9) 0.030
Number of species 741004 7o 0.833
Diversitv (HY 0.69(0.04) 0.710.04) 0.529
Equitahility 0.80(0.04) 0.8210.04} 0.675
Community similarity {%} T5.003.41

'Wilcoxon Sign-Rank test.
ncludes species captured with peanut butter (P} or both bails (Bi: Phenacomys albipes (B), Microtus longicaudus (B). and Negtoma
Sfuscipes (P).

Vulnerability of Amphibians and Mammals 1o Trap Techniques 113




preferrcd the meat paste. Estimales of community
structure were quite similar (PS = 73.6%) (Table
3). Differences in captures of mammals did nol
seemn to be a resull of the meat paste simply being
washed away sooner during rainy periods. The
average difference in captures of mammals per day
between bait tvpes (paired # did not differ
significantly hetween days with rain during the
previous 24 hours (5.4, SE = 1.1.n = 17) and
days without rain during the previous 24 hours
(3.9, 8E = 0.9, n = 15, p = 0.28). Further, the
difference in captures of mammals per day between
bait tvpes was not associated {Pearson correlation)
with the amount of precipitation during the previcus

24 hours (r = 0.19. p = 0.30).

Conclusions

Our evidence suggests that a combination of tech-
niques that include pitfall and Museum Special
sampling would be most effective to estimate pres-
ence and abundance of most small mammal and
amphibian species in mature forest including
riparian areas, Tn this study. pitfalls were successtul
in capluring more specics and more individuals of
most species than were Museum Specials. Muscum
Specials are needed only because pitfulls do not
effectively sample deer mice and Townsend’s chip-
munks, lwo common species (Fig. 2). If only onc
type of trap is used, then pitfall sampling would
he most cffective, particularly for the less common
species (e.g., some of the Soricids). Also, pitfalls
with water were more effective in capturing most
small marmmal and amphibian species than dry pit-
falls; pitfalls with water should be considered the
trap of choice for sampling amphibians. Soricids.
and jumping mice. But pitfall placement was much
more labor intensive than snap-trap placement and
maintenance.

If snap trapping is the chosen sampling method,
then Museum Specials baited with peanut butter
and oats would be simpler, cheaper, and general-
ly more effective than traps baited with meat paste
and oats. Furthermore. peanuat buller would be the
preferred bait for sampling Townsend's chipmunks,
Given West's (1985} finding that the new design
of Museum Special may be less likely to caplure
chipmunks than the old design. then the old design
baited with peanul butter may be the best option
for sampling this species.
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Not surprisingly, no trap type or trap bait ade-
quately sampled all terrestrial small mammal and
amphibian species present in this study. We
suspect, for example, that Olvmpic salamanders
{Rhvacotriton  olympicus) and red-tree  voles
(Phenacomys longicaudus) were likely more com-
mon than our estimates indicated. All sampling
methods were biased for or against some species,
Conscquemly estimates of community structurc
vary depending on the combination of lechniques
used, Based on our results, the use of pitfalls with
water and Museum Specials baited with peanut but-
ter, in combination with time-constrained searches
and aquatic searches for more cryptic forms (c.g.,
Olympic salamanders) may provide the least bi-
ased estimate of terrestrial small-mammal and am-
phibian community strueture. The combinalion of
pitfalls with water and Museum Specials with
peanut butter effectively sampled a broader range
of small mammals than either technique individual-
lv {Fig. 2). The technique chosen obvieusly in-
fluences estimates of community struclure because
of inhcrent biases in any one technique. Indices
o community struclure are not comparable among
data scts unless data sets can be combined in an
unbiascd and objective manner. Further. habitat
relationships derived from different sampling
technigues mav vary among lechniques (Taylor et
al. 1988), so use of the most cffective capture
technique for each species is recommended to
reauce this bias.
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