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A 5.8 hectare grid, consisting of 256 stations spaced 15 meters apart,
was laid out in a mature cove hardwood forest near Aiken, South Caro-
lina, USA. Snap traps were used to remove animals from the grid. The
grid was trapped once each year from 1967—1970. Emphasis was placed
upon population levels, changes in species composition and habitat
utilization of the small mammals. Also considered were the effects of
various environmental and treatment variables upon the final trapping
results. Population levels declined during the study. Species composition
did not remain the same over the four year period. Prebaiting resulted in
different removal rates. Weather changes also influenced removal rates.

I. INTRODUCTION

One major factor which can affect the results of small mammal
trapping studies is time. We usually fail to recognize how fast environ-
mental and population parameters can change over time. Several in-
vestigators (Hayne, 1949; Sidorowicz 1960; Calhoun, 1964;
Gentry, Golley & McGinnis, 1966; Grodzinski, Pucek
& Ryszkowski, 1966; Wiegert & Mayenschein, 1966;
Gentry, Golley & Smith, 1968; Buchalczyk & Pucek,
1968; Pucek, 1969; Smith, Kaufman, Jones, Gentry &
Smith, 1971) have pointed out that such factors as season, weather,
type of trap, probability of capture, movement, mortality, reproduction,
and intra and interspecific interactions may affect trapping results. Many
of these factors may prove difficult, sometimes impossible, to measure.
Thus, assumptions are made that certain variables remain constant du-
ring the study. Most investigators will readily admit that most of such

* This study was carried out under contract AT(38-1)-310 between the University
of Georgia and the United States Atomic Energy Commision.
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assumptions are rarely met in nature. These assumptions may even be
more critical if one makes several isolated observations and attempts to
make direct comparisons between them.

At the Savannah River Ecology Laboratory (SREL), we have collected
data on small mammal populations through the extensive use of remo-
val trapping. This paper reports on one trapping study in which changes
in a small mammal population are compared over a four year period.
The main objective of this report is to emphasize how treatment, envi-
ronmental, and population parameters may influence the results of small
mammal trapping studies.

II. METHODS

A 5.8 ha grid, consisting of 256 stations spaced 15 m apart, was laid out in a ma-
ture cove hardwood forest. Two mouse snap-traps (one Victor and one Museum
Special) were placed at each station. The area was trapped once each summer
between 1967—70 (Table 1). The traps were prebaited with peanut butter for
five days for the 1967 and 1968 periods. The prebaiting treatment was eliminated
from the 1969 and 1970 trapping periods. During the small mammal removal phase
of the study, the traps were checked, rebaited and reset as necessary each day
thereafter. Location of capture, sex, reproductive condition and weight of each
animal were recorded. The area was trapped for 27 consecutive days during 1967
and 1970 and 18 consecutive days during 1968 and 1969. All comparisons are made
on the basis of an 18-day trapping period unless stated otherwise.

III. HABITAT DESCRIPTION

The study area could be divided into three different habitat types. On the drier
slopes upland hardwoods covered 2.6 ha (44.8/c of the total area). This type was
dominated by oak (Quercus sp.) and hickory (Carya sp.). Lowland hardwood-swamp
forest, located in the flat, damp stream bottom, covered 2.7 ha (46.6%) and was
dominated by sweet gum (Liquidambar styraciflua), black gum (Nyssa sylvatica),
yvellow poplar (Liriodendron tulipifera) and lowland oaks (Quercus sp.). Many of
the shrubs and trees in the lowland hardwood swamp were covered with vines,
which were mostly wild grape (Vitis sp.) and greenbriar (Smilex sp.). A small
area of old-field habitat (0.5 ha; 8.6% of the total area), dominated by broomsedge
(Andropogon sp.) and scattered second-growth pines (Pinus sp.), extended into
the eastern border of the study area.

IV. RESULTS

The small mammal species captured in the greatest abundance are
listed in Table 1. The southeastern shrew, Sorex longirostris Bachman,
1837, was relatively abundant the first year (1967) but declined rapidly
by 1968; none were captured in 1970. Captures of the cotton mouse,
Peromyscus gossypinus (Le Conte, 1853), the short-tailed shrew, Bla-
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rina brevicaude (Say, 1823), and the golden mouse, Ochrotomys nuttalli
(Harlan, 1832), fluctuated from year to year. The eastern wood rat,
Neotoma floridana (Ord, 1818), was occasionally captured. The wood
rat captures were incidental since the traps were too small to provide
accurate capture data for this species. Two captures of the least shrew
Cryptotis parva (Say, 1823) were made in the old-field habitat in 1970.

Table 1

Small mammal captures in a southeastern U. S. hardwood forest. Each species is

expressed as a per cent of the total number of animals captured during an 18-day

period of removal. Numbers in parentheses = number of captures. (P) = prebaited;
(NP) = not prebaited.

1967 1968 1969 1970 Mean | Total

Species (Sept.-Oct.) | (July-Aug.) | (May-June) | (Apr.-May) per cap-

(P) (P) (NP) (NP) cent | tures

P. gossypinus 22.2(25) 33.3(41) 24.6(14) 29.7(11) |27.4+25| (91)
B. brevicauda 52.2(59) 26.0(32) 45.6(26) 18.9( 7) |35.747.9 (124)
0. nuttalli 8.8(10) 38.2(47) 28.1(16) 51.4(19) |31.6+9.0/ (92)
S. longirostris 16.8(19) 2.5( 3) 15%¢°1) 0.0( 0) 5.3+3.9| (23)
Total captures (113) (123) (57) (37) — (330)

Table 2

Number of each sex captured during each removal period and all periods combined.
M — male, F — female

1967 1968 1969 1970

Species Total
M F|M F|M F|M F o

P. gossypinus 16 9 20 19 9 5 i 4 62 37

O. nuttalli 4 6 30 16* 10 6 9 8 | 53 34*
B. brevicauda 11 48%*| 17 14 10 16 1 6 | 39 84**
S. longirostris 5 14* - -_— -— — — — 5 14*

** Significantly different from 1:1 ratio at .001 level.
* Significantly different from 1:1 ratio at .05 level.

The number of individuals of each of the three species captured in the
greatest numbers varied from year to year (Table 1). In most cases,
one species made up a large percentage of the total in a given year.
Rarely were the total numbers captured equally distributed among the
three species, although 1968 came close in this respect. Over the four
trapping periods, S. longirostris made up significantly (P<<.05) the least
proportion of the populations. Mean proportions of the other three species
did not differ from each other (P>.05).



182 J. B. Gentry et al.

1. Sex Ratios

There was a tendency to capture more male P. gossypinus during each
of the trapping periods (Table 2). Significantly fewer female O. nuttalli
were captured in 1968 and more female B. brevicauda were captured in
1967, For the four combined removal periods, significantly fewer female
O. nuttalli were captured while more female B. brevicauda were captu-
red. In 1967, the only year that sufficient numbers were taken, female
S. longirostris were captured almost at the rate of 3:1 over males.

Table 3

The proportion of animals, by species, captured in two habitat types. Numbers in
parentheses represent the number of captures during a given 18-day removal period.

Year Peromyscus QOchrotomys Blarina Sorex Total

LOWLAND HARDWOOD FOREST

1967 48.7(18) 100.0112) 78.3(47) 90.5(19) (96)
1968 46.1(18) 47.8(22) 56.7(17) 100.0( 3) (60)
1969 86.7(12) 68.7(11) 76.9(20) 100.0( 1) (44)
1970 76.0(16) 72.4(12) 56.5( b) 0.0( 0) (41)
Total (63) (66) (89) (23) (241)

UPLAND HARWOOD FOREST

1967 24.3( 9) 0.0( 0) 21.7(13) 9.5( 2) (24)
1968 46.1(18) 45.6(21) 40.0(12) 0.0( 0) (51)
1969 14.3( 2) 31.3( 5) 19.3( 5) 0.0( 0) (12)
1970 20.0( 4) 24.1( D 33.3( 3) 0.0( 0 (14)
Total (33) (33) (33) (2) (101

2. Habitat Utilization

The proportion of animals captured in the lowland hardwood-swamp
and the upland hardwood habitat during the 1968 removal period was
not far from a 1:1 ratio (Table 3). On the other hand, a similar compa-
rison during 1967, 1969 and 1970 was rather close to a 3 : 1 ratio. Although
there was some variation from year to year, all four species preferred
the lowland hardwood-swamp habitat (Table 3). Ninety-two percent of
the S. longirostris were captured in the lowland hardwood-swamp ha-
bitat. During the 1967 period of trapping, 1009% of the O. nuttalli were
captured in the lowland forest-swamp habitat (Table 3). There was some
indication that, when captures were relatively low, P. gossypinus and
O. nuttalli were captured in the lowland hardwood-swamp habitat in
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relatively greater numbers. This trend was not evident for B. brevicauda.
In the old-field with scattered pine habitat, only 21 animals were captu-
red during the four removal periods combined. Of these animals, 14 (67%)
were P. gossypinus.

3. Removal Rates

Removal rates, expressed daily as the accumulative proportion of total
captures, varied with time and beween species. In 1967, B. brevicauda
was removed faster (Fig. 1A) than the other three species captured.
S. longirostris first appeared in the traps on day 6; O. nuttali showed
up for the first time on day 9. Weather conditions remained relatively
constant during the 1967 trapping period.

In 1968, each species was removed at about the same rate (Fig. 1B).
In 1969, P. gossypinus was removed faster than the other two species
(Fig. 1C). Unlike 1967 and 1968, traps were not prebaited during the
1969 period.

Again, in 1970 (Fig. 1D) there were wide differences in removal rates.
No animals were captured on the first day of trapping. P. gossypinus
showed up on day 2, O. nuttalli on day 4, and B. brevicauda on day 13.
A marked weather charge (cloudy with rain) took place between the 12th
and 13th days. Cloudy weather with showers continued until day 15.
Only 27Y% of the total number captured by day 18 were removed by
day 12.

The study area was trapped for a total of 27 days during 1967 and 1970.
Even though the probability of capture for each species varied widely
in 1967 (Fig. 2A; prebaited), the removal curve for combined species
indicates a uniform removal rate. The curve for combined species for
1970 (Fig. 2A; not prebaited) reflects a slower and more variable remo-
val rate.

The removal rates for combined species captured in 1968 (prebaited)
and 1969 (not prebaited) are compared in Fig. 2B. Animals were removed
at a faster rate following prebaiting. Small mammals removed during
the 1967 and 1968 trapping periods were removed at a faster rate than
those removed during the 1969 and 1970 periods (Fig. 3).

Other factors which may have influenced the trapping results may
be summarized as follows:

1. Season: The 1967 trapping took place during the fall (September-
-October) while the 1970 trapping took place during late spring (April —
May; Table 1).

2. Numbers: Relative numbers of small mammals were lower in 1970
than 1967. This fact was substantiated by other studies taking place
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Fig. 1. Removal rates of different species of small mammals at different seasons.

(A) Sept. — Oct., 1967 — prebaited; (B) July — Aug., 1968 — prebaited; (C) May —
June, 1969—not prebaited; (D) April — May, 1970 — not prebaited.

in similar habitats at the same time (Gentry, Smith & Chelton,
1971a; Kaufman et al, 1971).

3. Length of trapping period: The length of each trapping period was
not the same (Table 1), although comparisons could easily be made
on an 18-day basis for all four periods. The additional nine days for
the 1967 period added only one animal, or 5.9% of the total 60 animals
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Fig. 1. Continued.

removed in 27 days. However, the additional nine days for the 1970
removal period added seven animals, or 26.9% of the total 26 animals
removed in 27 days.

4. Movement: The degree of small mammal movement was not de-
termined. Movement likely differed between removal periods since mo-
vements may be correlated with relative density and season (Brant,
1962; White, 1964; Van Vleck, 1969). Several investegators
(Adamczyk & Ryszkowski, 1968; Tanton, 1969; Rysz-
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Fig. 2. Comparison of the removal rates of the small mammals captured during

1967 and 1970 (A) with the 1968 and 1969 (B) trapping periods. The small mammal

species are: P. gossypinus, O. nuttalli, B. brevicauda, and S. longirostris. (P=pre-
baited; NP=not prebaited).

kowski;, 1971; Fauast Smith & Wray, 197F  Gen'try,
Smith & Beyers, 1971b have recently shown interest in small
mammal movement patterns. The amount of movement in a small
mammal population can influence the size of the area from which ani-
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mals are removed by trapping. Area is an essential variable in the calcu-
lation of absolute density.

V. DISCUSSION

It is obvious that certain factors can and do influence small mammal
trapping results. Such biases cast doubts upon the accuracy of density
estimates. The effect of these variables and their interactions is reflected
in a change in the probability of capture. To circumvent this basic
problem, the probability of capture may be assumed to be constant
(Hayne, 1949). Prebaiting may be applied to remove the animals more
quickly and thus reduce the effects of a changing probability of capture
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Fig. 3. Comparison of the removal rates of the small mammal captured at prebaited
(1967, 1968) and not prebaited (1969, 1970) stations. (P= prebaited; NP=not pre-
baited.

(Grodzinski et al, 1966). Prebaiting serves to reduce the bias due
to variable probability of capture and tends to increase the removal
rate (Babinska & Bock, 1969), at least during the first days of
removal. Prebaiting is essential if the linear regression method (Hayne,
1949) is used to estimate small mammal numbers (Grodzinski
et al., 1969).

Certain mathematical treatments may be applied to the data to
correct for varying probability of capture (Janion, Ryszkowsk1
& Wierzbowska, 1968; Parr, Gaskell & George, 1968).
Many such mathematical treatments are themselves based on certain
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statistical assumptions. The end result is usually an estimate of the
number of animals captured by traps on a grid or line.

To get a true density estimate, we must know the area from which
the animals were removed. If varying conditions influenced removal
rates, this should be reflected in the size of the area of effect. Thus, the
obvious approach is to develop a way to measure the area of effect around
a grid or census line. Such an approach has been adopted at the Savannah
River Ecology Laboratory and methods have been developed to assess
the area of effect created by removal trapping (Kaufman et al, 1971;
Gentry et al, 1971a; Smith, Blessing, Chelton, Gentry,
Galley & McGinnis, 1971).
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John B. GENTRY, Michael H. SMITH i Frank B. GOLLEY

ROCZNE WAHANIA W POPULACJACH DROBNYCH SSAKOW
W LESIE LISCIASTYM

Streszczenie

W kompleksie dojrzalego lasu lisciastego w poblizu Aiken (Poludniowa Karolina,
USA) zalozono powierzchnie Standard Minimum, czynne raz w roku w latach
1967—1970 (Tabela 1). Putapki byly zanecane w 1967 i 1968 r., podczas gdy w 1969
i 1970 r. przynety nie stosowano. Odlowy prowadzono w ciggu 18 dni w latach
1968 i 1969 i 27 dni w latach 1967 i 1970.

Populacje drobnych ssakéw w tym lesie skladaly sie z: Peromyscus gossypinus,
(Le Conte, 1853), Blarina brevicauda, (Say, 1823), Ochrotomys nuttalli
(Harlan, 1823) i Sorex longirostris (Bachman, 1837).

W kazdym z okres6w polowédw chwytano wiecej samcoéw P. gossypinus (Tabela 3).
To samo dotyczy O. nuttalli w sezonach zlowien w 1968 i 1969 r.; w 1967 i 1970 r.,
jednak samcéw bylo znacznie wiecej niz samic. Odlowy samic byly wieksze dla
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B. brevicauda w kazdym roku, z wyjatkiem 1968 r. W 1967 r. lowiono wiecej samic
S. longirostris niz samcéw w stosunku jak 3:1.

Udzial zwierzat lowionych w nizinnym, bagiennym lesie lisciastym i wyzynnym
lesie liSciastym w 1968 r. nie odbiegal znacznie od stosunku jak 1:1 (Tabele 4 i 5).
Z drugiej strony, analogiczne poréwnanie dla 1967, 1969 i 1970 r. zblizalo sie¢ ra-
czej do stosunku jak 3:1. Mimo pewnej zmiennos$ci pomiedzy latami, wszystkie
cztery gatunki preferowaly nizinne $rodowisko bagiennego lasu liSciastego (Tabela 4).

Tempo wylowu wykazywalo zmienno$¢é w czasie i pomiedzy gatunkami. W 1967 r.
osobniki B. brevicauda byly wylawiane w najszybszym tempie (Ryc. 1). Osobniki
P. gossypinus byly usuwane w najszybszym tempie podczas trzech kolejnych okre-
soOw odlowbéw. W 1967 r. (Ryc. 1) S. longirostris znalazla sie po raz pierwszy w pu-
tapkach 6 dnia; O. nuttalli ujawnil sie po raz pierwszy 9 dnia. W 1970 r. nie
zanotowano zadnych zlowien pierwszego dnia (Ryc. 4). P. gossypinus zostal po raz
pierwszy zlowiony 2 dnia, O. nuttalli — 3 dnia a B. ‘brevicauda — 13 dnia. Trzy-
nastego dnia zwiekszylo sie tempo wylowu wszystkich gatunkéw. Pomiedzy 12
a 13 dniem nastgpila znaczna zmiana pogody (pochmurno i deszczowo).

Skutki wstepnego zanecania ilustruje Ryc. 7. Tempo wylowu w latach 1967
i 1968 bylo wyzsze niz w odpowiednich okresach 1969 i 1970 r. Innymi czynnikami
wplywajgcymi na tempo wylowu byly: sezon, wzgledna liczebno§é ssakéw, diu-
gosé okresu odlowiania oraz zmienne warunki pogody.

Po to, by otrzymaé¢ prawdziwe oszacowanie zageszczenia, musimy znaé¢ po-
wierzchnie, z ktérej usunieto zwierzeta. Jesli zmienne warunki wplywaja na
tempo wylowu, powinno to znalezé odzwierciedlenie w wielko$ci obszaru wplywu.
A zatem, nalezy opracowaé spos6b pomiaru obszaru, oddzialywanie podziatki lub
linii inwentaryzacyjnej. Takie podejécie zostalo przyjete przez kilku badaczy w Pra-
cowni Ekologicznej Savannah River (Kaufman et al, 1971, Gentry et al,
1971; Smith et al.,, 1971).




