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A Method for Determining Optimum Distance Between Traps 
on Line Transects 
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Line t r ansec t s a r e oftt .n t he choice of t r a p layout for s tudies of 
species composi t ion and re l a t ive a b u n d a n c e wi th in communi t i e s of 
small m a m m a l s . We presen t a me thod for de t e rmin ing the o p t i m u m 
dis tance be tween t r aps on l ines t h a t wil l yield a u n i f o r m sampl ing 
area f o r each t r a p and thus max imize catch per e f for t . The m e t h o d 
rel ies on f ind ing the m i n i m u m i n t e r t r a p d is tance at wh ich c a p t u r e s 
a re equa l in both inner a n d end t r aps of shor t l ines. We tes ted t h e 
method in two coni fer fo res t communi t i e s of the S ie r ra N e v a d a of C a -
l i fornia . T e n 4 - t r ap l ines each of 10-m, 15-m, a n d 20-m spacing w e r e 
deployed. The o p t i m u m i n t e r t r a p d is tance in these communi t i e s w a s 
15 m. The method descr ibed can be used to de t e rmine the o p t i m u m 
dis tance be tween t r aps for o the r types of s tudies in o t h r r communi t i e s . 

[Dept. of Ecology and Behav io ra l Biology, Univers i ty of Minneso ta , 
Minneapol is , Minnesota 55455 USA; & Dept. of Biological Sciences, Ca -
l i fornia S ta te Univers i ty , S tan i s laus , Tur lock , Ca l i fo rn ia 95380 USA] 

There is a continuing need for reliable estimates of the diversity and 
relative abundance of small mammals in various plant communities. 
This need is most apparent in studies to determine the effects of man-
agement practices and to estimate the effects of proposed environmental 
modifications. Problems arise when designing experiments, to collect 
the needed data. Chief among these is the method of sampling. Trapping 
is often the only practical methc d for determining relative abundance 
and population structure of most species of small mammals. The type 
of trap and bait u^ed, the configuration of traps in space, the distance 
between traps, and the timing and duration of trapping all affect the 
numbers and kinds of mammals caught. The best trapping design is one 
that will yield the most accurate information with the least expendi-
ture of time and effort. 

Several studies on the relative effectiveness cf different traps have 
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been reported (Andrzejewski & Rajska, 1972; Brown, 1967; Chelkowska, 
1967; Wiener & Smith, 1972; Williams & Braun, 1983). The specific-
goals of a study will often dictate the type of trap used (i.e., live trap 
or kill trap). In a study whose primary goal is to compare the diversity 
and abundance of small mammals between different communities, there 
is no requirement that live animals be released. In this type of study, 
pitfalls catch a greater diversity and number of small mammals than 
do either live traps or snap traps (Williams & Braun, 1983). 

The conifiguration of trap positions within an area to be sampled also 
has received much attention (see Smith et al., 1975 for a review). Each 
pattern of trap positions presents unique problems of analysis and in-
terpretation of capture data. Traps placed in a straight line generally 
sample small mammal populations as effectively as those arranged in 
grids, spirals, octagons, circles, and other patterns. A straight line of 
traps is not well suited for studies of home range, density, or other 
attributes of populations, but because it is the easiest configuration to 
deploy, it is a logical choice where data from captures are used pri-
marily to make comparisons of small mammal diversity among plant 
communities. Furthermore, many plant communities are narrow (e.g., 
riparian), especially in mountainous terrain, and a line of traps is fre-
quently the only practical configuration for sampling small mammal 
populations within these communities. 

Optimum spacing between traps is an aspect of experimental design 
that requires more investigation. Smith et al. (1975) recommended that 
trap spacing should be based upon the ability of an animal to detect 
traps (the recognition distance). Calhoun (1964), recommended spacing 
traps at one-sixth the average diameter of the home range of the do-
minant species in the community. Without prior knowledge of animals' 
recognition distances, or the dominance relationships and home range 
sizes of members of the small mammal community, however, these 
recommendations are not very useful. Hansson (1967) using a distance 
of 25 m found no difference between the average number of animals 
caught in the end and the inner traps of 10-trap lines in a study of small 
mammals in a Scandinavian forest. He suggested that this result in-
dicated that 25 m was greater than the average diameter of the home 
ranges of the species he studied. He did not, however, test other di-
stances. Optimum spacing between traps obviously must be a compro-
mise, dependent upon a number of habitat-, species-, and age-specific 
variables, and on the objectives of the study (Gentry et al., 1971; Smith 
•et al., 1975). In order to select an optimum distance for trap spacing, 
we think that determining the effective sampling area for traps on a line 
is important. This effective area may relate to recognition distance or 
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to average size of home ranges, but the validity of our procedure is not 
dependent upon confirming these relationships. 

We hypothesize that each trap has an effective sampling area which 
is approximately circular in shape when the habitat and dispersion of 
small mammals are roughly uniform. If the distance between traps is 
less than the circle of influence of each trap, the catch in end traps of 
a line wilL be greater than the catch in inner traps. This can be visuali-
zed as overlapping circles of influence of adjacent traps, with end traps 
sampling an effectively larger, non-overlapping area than inner traps. 
The minimum distance at which catches in inner and end traps are 
equal would be the optimum spacing, and would provide for a uniform 
sampling area for each trap. Traps spaced at greater distances would 
have unsampled or less-intensely sampled spaces between adjacent 
circles of influence, but captures in inner and outer traps would remain 
unchanged. 

Herein we report the results of an experiment designed to determine 
the effective sampling area for traps arrayed in lines by comparing 
captures of small mammals in end and inner traps spaced at 10, 15, 
and 20 m. 

This s tudy w a s conduc ted a t two sites in mixed conifer (1675 m e levat ion) a n d 
r e d f i r (2300 m) communi t i e s of the w e s t e r n S ie r r a Nevada , F r e s n o County , C a -
l i forn ia dur ing s u m m e r , 1980. At each of t w o sites, 120 p i t fa l l t r a p s w e r e p laced 
in 30 l ines of f o u r t r a p s each. T r a p s w e r e 7.6-1 plast'ic bucke t s bu r i ed f l u sh 
w i t h the ground and one - th i rd fi l led w i t h w a t e r (Will iams & B r a u n , 1983). T r a p s 
w e r e bai ted by smea r ing a smal l a m o u n t of p e a n u t b u t t e r on t h e ins ide of t h e 
p i t fa l l just below the r i m ; ba i t w a s reapp l ied every 2 or 3 days . A 30.5-cm s q u a r e 
of p lywood (0.6 cm thick), res t ing on t h r e e s takes , was posi t ioned a b o u t 10 
c m above the r i m of t h e bucke t . This cover reduced evapora t ive w a t e r loss a n d 
kep t debr is out of t he t r ap . Ten l ines each had f o u r t r aps spaced a t 10, 15, a n d 
20 m. No two l ines w e r e w i t h i n 30 m ; mos t w e r e g rea te r t h a n 50 m a p a r t . T h e 
fo res t s tages sampled inc luded var ious canopy cover classes of med ium-s i zed a n d 
m a t u r e trees, shrub/seedl ing/sampl ing , and r iparia 'n deciduous s tages of m i x e d 
coni fe r and red f i r communi t ies . The n u m b e r a n d type of s tages w e r e a p p r o -
x i m a t e l y equa l fo r each e x p e r i m e n t a l t r e a t m e n t . The mic rohab i t a t s of each of 
t h e fou r t r aps of a l ine w e r e essent ia l ly the same. 

T r a p s w e r e ope ra ted fo r a cont inuous 23-day per iod in the m i x e d con i fe r 
communi ty . Subsequen t ly , t r a p s w e r e r emoved and re located in the r ed f i r c o m -
m u n i t y and opera ted f o r 14 days. T r a p s w e r e checked dai ly a n d the cap t ives 
removed , ident i f ied , and p rese rved by s t a n d a r d methods . 

A total of 740 trap-nights for each treatment (4440 trap-nights overall) 
yielded the following results. Captures in inner and end traps for 10-m, 
15-m, and 20-m spacing were, respectively, 47—78, 35—41, 41—41. 
Species and numbers captured throughout the experiment were: Sorex 
ornatus (Merrian, 1895) (6), S. monticolus (Merriam, 1890) (52), S. trow-
bridgii (Baird, 1858) (73), S. tennellus (Merriam, 1895) (10), S. palustris 
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(Richardson, 1828) (5), Spermophilus lateralis (Say, 1823) (3), Thomomys 
bottae (Eydoux & Gervais, 1836) (2), T. monticola (J. A. Allen, 1893) (5), 
Reithrodontomys megalotis (Baird, 1858) (17), Peromyscus maniculatus 
(Wagner, 1845) (59), P. boylii (Baird, 1855) (2), Microtus longicaudus 
(Merriam, 1888) (38), M. montanus (Peale, 1848) (1), and Zapus princeps 
(J. A. Allen, 1893) (11). 

Because of the potential for animals from neighboring areas to move 
into the trapping area during the course of a long removal experiment 
such as this, data from only the first seven days of trapping at each 
site were examined. Capture results from the two sites were pooled 
for statistical analysis after insuring homogeneity between the samples. 
These results were 22 inner 32 outer, 14 inner 16 outer, and 22 inner 
15 outer captures for traps at 10-, 15-, and 20-m spacings, respectively. 
A Chi-square test of these results suggests that traps spaced 10 m 
apart may have been interfering with each other. Traps at 15-m and 
20-m spacing showed no significant difference betwen captures in inner 
and outer traps (22=0.13, p>0.50; X2=1.3, p>0.25), while traps at 10-m 
spacing had more captures in outer than inner traps, though this differen-
ce was not quite significant at the p = 0.05 level (x*=3.7, cricital value = 3.8 
for p= 0.05). 

There is some conflicting evidence in the literature that long-dura-
tion removal studies are biased by an influx of animals from adjacent 
areas. Stickel (1946) determined "home ranges" of resident animals during 
a 7-day live-trapping study in a 17-ac bottc mland forest. She then snap-
-trapped a 1-ac grid in the center of the larger area for 35 consecutive 
days. Over the course of the snap-trapping, animals were captured whose 
"normal" ranges were at succeedingly greater distances from the re-
moval area. Stickel's (1946) results seem to indicate that the area of 
influence of a trap is not only distance- but also time-dependent. Close 
examination of her data, however, indicates that the majority of resi-
dent animals did not move into the depopulated area. It is thus difficult 
to evaluate how much of the apparent movement of animals into the 
depopulated area was actually normal, long-distance movement by res-
ident animals that had been missed during the short live-trapping pe-
riod. Similar results were obtained by Pucek and Olszewski (1971) who 
fo. nd that 9 days of trapping were insufficient to recapture more than 
40% of individuals marked during a pre-trapping phase. Recently, Mares 
ct a1. (1930) have demonstrated that a minimum of 20 captures may be 
necessary to accurately delineate a home range area. And Bury and 
C rn pcrs. comm.) noted that 60 days of trapping were required to 
c -np.ile a relatively complete species list for areas of Pacific Northwest 
•forest. 
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Given the conflicting evidence of time-dependent trapping bias, we-
also analyzed the capture data from the total experimental period. A 
Chi-square test for homogeneity indicated the appropriateness of pooling 
the data from the two sites for the 10-m and 15-m spacings, but not 
for the 20-m spacing (at one site there were more inner than outer 
captures at 20-m spacing while at the other site the opposite pattern 
obtained). For the pooled samples, there were significantly more outer 
than inner captures at 10 m (X2=7.68, 1 d.j., pCO.Ol), but not at 15 m 
(X2= 0.65, 1 d.j., p>0.25). In addition, if we examine the pattern of inner 
and outer captures for each line of 4 traps, only at 10-m spacing do 
we find significant differences (X2= 16.85, 9 d.j., p<0.05). Additionally, 
for the three most abundant species (S. trowbridgii, S. monticolous, and 
P. maniculatus) we found the same pattern of more captures in end 
traps spaced at 10 m, but nearly equal numbers of captures in traps-
spaced at 15 and 20 m. 

The total captures in lines spaced at 10 m is greater than the totals, 
for the other spacings. This can be explained most parsimoniously by 
differences in microhabitat in which the different lines were placed.. 
Although we atempted to place each treatment equally in the different-
habitat types and forest-cover stages this was not always possible. In 
some lines of 4 traps we captured large numbers of small mammals, 
while in other lines we captured none. The microhabitats of each of 
the four traps in a line were essentially the same, however, thus the-
comparison of captures within lines is most appropriate. 

The results of this experiment provide empirical support for a mi-
nimum intertrap distance of 15 m on line transects in removal studies 
in conifer forest communities. Matters of experimental design often 
require compromises, and in this study we were looking for the best 
compromise distance between traps on transects in all forest types of 
the Sierra Nevada. We had strong, although not statistically significant, 
evidence after 7 days that traps spaced 10 m apart interferred with each 
other, while traps spaced farther apart did not. The evidence was more 
compelling after longer periods of time. Because the best compromise 
is that design which maximizes return while minimizing effort, we 
would suggest 15 m as an optimal distance between traps in these co-
nifer forest communities. Other minim'm (optimum) intertrap distances 
for either removal- or live-trapping may be required in plant commu-
nities that differ significantly in structure or species composition from 
the communities we v/ere studying. The optimum distance between traps 
would also vary if data v/ere required on a particular species rather 
than on all species simultaneously. The experimental procedure employed 
in this study, or a similar one modified for live-trapping should yield-5 
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the information needed to determine the optimum distance between 
traps for other types of studies. 
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