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Removal trapping was conducted on 12X12 grids with assessment
lines to test the relative effectiveness of the Standard Minimum, Inner
Square and Assessment Line methods for small mammal density esti-
mation. Twelve study sites were trapped in desert, chaparral and wood-
land habitats in California and Nevada to provide a wide array of
species and densities for the comparison of estimation techniques. The
procedure used was to trap each grid for 10 days followed by 4 days
of trapping on the associated assessment lines.

Field sites were quite variable with a range of 12—167 rodents per
grid representing 2—10 species. Density estimates ranged from 3.7—51.5
animals/ha for the Standard Minimum method, 4.0—36.9 animals/ha for
the Inner Square method and 0.7—114.4 animals/ha for the Assessment
Line method. AIl methods provide restive density estimates for
within method comparisons but their usefulness for estimating absolute
density is limited. The Assessment Line technique probably vyields the
best absolute density estimates (DAL) when sufficient numbers of as-
sessment lines are trapped; however, under most conditions a single
12X12 grid with 8 assessment lines is not sufficient. To obtain reliable
Dal values, captures on assessment lines need to be combined for two
or more grids from the same habitat to delineate the area of effect
around a grid. Problems associated with each of the methods are dis-
cussed in detail.
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I. INTRODUCTION

A major objective of mammalian ecologists in recent years has been to develop
a standard method of estimating small mammal density. In the search for such
a method, several techniques have been suggested and tested {see review by
Smith zt al, 1975); however, the usefulness of any one method over the others
has not been established. The major problem with analysis of the various density

' This study was carried out under contract AT (38—1) — 310 between the U.S.
Energy Research & Development Administration and the University of Georgia.
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estimation techniques is that the true density in the area being studied is not
known and the accuracy of the method relative to the true density cannot be
ascertained. It is possible, though, to use the mathematical analyses for several
removal trapping techniques with data from a single grid and compare the den-
sity values derived from the different estimators. Three techniques that can be
analyzed relative to each other since they utilize the same basic trapping grid
are the Standard Minimum, Inner Square and Assessment Line methods.

Our primary purpose in this paper is to compare the relative effectiveness of
the three methods for the determination of absolute density of small mammals.
Our analysis of these estimators utilizes data from 12 grids located in a variety
of habitats in the southwestern United States which represent a wide array of
densities and species of small mammals.

Il. METHODS

Small mammals were sampled at each of six field sites in southern California
and six sites in southern Nevada using 12X12 grids. Eight assessment lines were
utilized with each grid (see Fig. ID in Smith et al, 1975). The assessment line;
extended 352.5 m from the center of the grid and consisted of 24 trap stations in
California but were shortened to 2475 m and 17 stations in Nevada. The inter-
station interval was 15 m for both grids and assessment lines. One Museum Spe-
cial and one Victor mouse trap or one Museum Special mouse trap and one Victor
rat trap were placed at each station. Traps were baited with peanut butter and
checked daily. AIll grids were trapped for 10 consecutive days except Boulder and
Joshua Il which were trapped for 13 and 12 days, respectively. On day 11 (14
for Boulder and 13 for Joshua Il) traps were removed from the grids and placed
on assessment line stations. Traps were checked for four days on the assessment
lines.

Sites trapped in California were located in desert habitats (Barrel, Boulder and
Ocotillo near Ocotillo), chaparral (Chaparral | near Alpine and Chaparral Il near
El Cajon) and woodland (Juniper near Jacumba). Desert sites trapped in Nevada
included Creosote | and Il on the U.S. Energy Research & Development Admini-
stration's Test Site near Mercury and Creosote IlI, Joshua | and Il near the
junction of Nevada Highway 52 and U. S. Highway 95 north of Las Vegas. One
grid (Pifibn) was trapped in the woodland located at the base of the Charleston
Mountains near Lee Canyon. California sites were trapped during June and early
July, 1970 whereas Nevada sites were trapped in late July and early August, 1970.

1. MATHEMATICAL PROCEDURES FOR DENSITY ESTIMATION

The basic equation for estimation of density (D) is

. N
oA (6))
where N is the number of organisms and A is the area from which N
is removed. For small mammals trapped on a grid, the generalized
equation for calculating the area trapped (A) is

a=w’, +4WeWp  +nwip @
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where W is the width of the grid (165 m for this study) and Wg is the
width of the border zone (the area trapped outside of the actual grid).
The mathematical procedures for estimating D, N, A and Wpg are dis-
cussed below relative to each estimation technique. Symbols have been
changed from the original sources to facilitate the description and dis-
cussion of methods and the comparison of the different estimators
within this paper.

Standard Minimum

The simplest estimate of density (Dg) is calculated using the actual
number of mammals caught on the grid (N¢.) as the estimate of numbers
in the area affected by the grid (Grodziriski, Pucek & Rysz-
kowski, 1966). The area of the grid (.4g) for this procedure is 3.24 ha
from Eq. 2, assuming a border zone of > of the interstation distance
(7.5 m in this study).

A second approach using A; is to estimate the numbers in the area
trapped by the grid from the number caught (Nf) using the regression
method of flay ne (1949) or the average probability of capture pro-
cedure of Janion, Ryszkowski & Wierzbowska (1968).
Hayne's regression line technique does not work with the present data
(see below). Ari estimate of numbers of a grid (N, .,>) is calculated from
the average probability of capture (P.) using the methods outlined in
Janion et al. (1968). Density (Dsw .r) 1s then calculated as N . ,/A..

Inner Square

This technique assumes that, density in the inner portion of the grid
is identical to the density of the area effectively trapped by the entire
grid such that

where Dsq is the density estimated by the Inner Square method, N, the
number of animals captured on the inner square, A, the area of the
inner square, Ng the number of animals captured on the entire grid and

the area effectively trapped by the grid (Aulak, 1967, Buchal
ezyk & Pucek, 1968, Adamczyk & Ryszkowski, 1968;
Hansson, 1969; Pelikan, 1970). The width of the border zone
(VV5) is calculated from Asg. using Eg. 2. The inner square with con-
stant capture per area is estimated by comparing the captures on the
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outer belts of traps (Ny) and the inner squares (N,) to the expected
captures based on the proportion of trapping stations in each region
using Chi-square analyses.

Density estimates can also be calculated from a modification of the
Inner Square method. In this procedure, probabilities of capture on the
inner square (P..,s) and grid (P;) are used to estimate N, .,, and N, .p
for the respective areas. Density (Dsq.p) is then estimated from N, .,
and A/ whereas area trapped by the grid (As(.,) is estimated from
Ne .p and DSQ . p.

Assessment Line

The Assessment Line method utilizes the change in captures per sta-
tion in the area of effect in relation to captures per station outside of
the area affected by removal trapping on the grid (details of the pro-
cedure in Kaufman et al, 1971; Smith et al, 1971, Smith et
al, 1975). The width of the area of effect (WaL) is estimated from the
intersection of two regression lines calculated for accumulated captures
along the assessment lines (the first is for captures outside of the area
of effect and the second for captures inside the area of effect). The total
area affected by the grid (A_a) is then determined from Eg. 2 by sub-
stituting Wa_. for Wg. The proportion of animals removed (R) from
W AL by grid trapping is calculated from the slopes of the two regression
lines such that R—I—bi/by, where by is the slope for accumulated cap-
tures over distance outside of the area of effect and by the slope inside
the area of effect. The population number for the area of effect (Nap)
is equal to Ng/R and therefore, density (Da.) equals Ny/Ay Ny s
the value for 10 days of trapping except on Boulder and Joshua Il
where 13 and 12 day totals, respectively, were utilized.

A second approach using assessment line data involves modification
of the estimate of the proportion removed from the area of effect to
adjust for differences in probability of capture inside and outside of this
area. The slopes of the regression equations, which are density esti-
mates in terms of numbers per m along the assessment lines, are in-
creased relative to probabilities of capture inside (P..,,) and outside
(Pc eout) the are of effect. An estimate of the proportion of animals
removed (Rp) is calculated from the modified values of b, and by and
used to estimate density (DaL .p).

IV. RESULTS

A total of 876 rodents representing 19 species vere caught on the 12
grids. Numbers of individuals and species per grid were quite variable



California
Spec:ies Grid
Barrel
P.  forrnosus 73
D merriami 14
N. lepuda 3
P. longimembris 1
P. penicillatus 1
P. mamicu.atus 1
P. baiZeyi -
A. leucurus -
Total 93
Boulder *®
P.  crimitus 72
N. lepuda 60
P.  forrnosus 25
P. fall tax 8
A lewcurus 1
D. merriami 1
Total 167
Chaparral |
P. eremicus 20
N. lepida 5
P. californicus 4
N.  fuscipes 2
D. agilis 1
pP. falbax -
Total 32
Chaparral 11
P. eremicus 47
D. agilis 11
P. californicus 10
P. maniculatus 9
R. megalotis 4
P. fal'ax 4
P. penicillatus 1
P. crinitus 1
N. lepida 1
N.  fuscipes -
Total 88
Juniper
P. maniculatus 35
D. merriami 16
P. longimembris 13
D. agilis 5
P. penicillatus 5

Densi'ty estimation of small mammals

Numbers or rodents captured on grids (10 days) and associated assessment

Table 1
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Table 1, continued

California Nevada
Species Grid Lines Species Grid Lin
P. fallax 3 4 D. merriami 5 2
N. lepida 2 - N. lepida 4 5
O. torridus 1 2 A leucurus 4 2
P.  eremicus 1 - P. maniculatus 1 9
Total 81 114 P. truei - 8
Total 129 87
Ocotillo Pifion
D.  merriami 9 14 P. maniculatus 43 51
P. longimembris 3 3 P. truei 31 38
Total 12 17 P.  crinitus 5 6
A. leucurus 3 7
E. panaminiinus 3 5
0. torridus 2 1
N. lepida 1 4
D. merriami 1 2
D.  microps 1 1
P parvus 1 1
P.  formosus - 3
R.  megalotis - 1
Total 91 120

* For six species caught on Boulder, 13 day totals were 79, 68, 33, 8 1 and 1,
respectively.

® For ten species caught on Joshua II, 12 day totals were 61, 34, 19, 11, 9, 6, 4, 4,
1 and 2, respectively.

and ranged from 12 to 167 individuals and from 2 to 10 species ifor 10
days of trapping (Table 1). Numbers on Joshua Il and Boulder weire 151
and 190 rodents for 12 and 13 days, respectively. Species composition
of the small mammal communities also varied considerably among grid
sites and as a result provided a wide array of conditions under which
to test the density estimation techniques. Species caught on the grid
and assessment lines within a site were similar such that the common
species at a grid tended to be the same during both phases of traipping
(Table 1). However, the less common species at a study site were often
captured only on the grid or only on the assessment lines.

The 19 species captured on the grids in descending order of the total
captures were 180 Perognathus formosus M erriam, 1889 on 6 grids,
164 Peromyscus  crinitus (Merriam, 1891) on 7 grids, 92 Peromyscus
maniculatus (Wagner, 1845) on 7 grids, 86 Neotoma lepida Tho-
mas, 1893 on 8 grids, 69 Dipodomys  merriami Mearns, 1890 on 10
grids, 68 Peromyscus eremicus (Baird, 1858) on 3 grids, 58 Perogna-
thus longimembris  (C ou es, 1875) on 7 grids, 33 Peromyscus truei (Shu-
feldt 1885) on 2 grids, 25 Ammospermophilus leucurus (Merr iam,
1889) on 7 grids, 21 Onychomys torridus (Coues, 1874) on 6 grids, 17
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Dipodomys agilis Gambel 1848 on 3 grids, 16 Dipodomys microps
(Merriam, 1904) on 4 grids, 15 Perognathus fallax M erriam, 1889
on 3 grids, 14 Peromyscus californicus  (Gambel 1848) on 2 grids, 7
Perognathus penicillatus Woodhouse, 1852 on 3 grids, 5 Reithro-
dontomys  megalotis (B aird, 1858) on 2 grids, 3 Eutamias panaminti-
nus (Merriam, 1893) on 1 grid, 2 Neotoma fuscipes Baird, 1858
on 1 grid and 1 Perognathus parvus (Peale, 1848) on 1 grid. In addi-
tion, 1 Perognathus  baileyi Merriam, 1894 was caught on the Barrel
assessment lines.

Table 2

Accumulative per cent removal for all rodents and common species (Ng > 20)
on each grid.

Day

Grid Species 1 2 3 4 5 6 7 8 9 10
barrel All 20 31 47 57 69 78 85 87 96 100
P. formosus 200 33 48 58 68 78 85 86 96 100

Boulder All 12 32 47 62 71 74 80 85 94 100
P.  crinitus 19 40 58 69 74 76 81 83 92 100

N. lepida 7 28 38 62 73 73 78 83 93 100

P. formosus 4 16 36 48 60 72 84 96 100 100

Chaparral 1 All 47 50 59 62 81 84 88 88 94 100
P. eremicus 60 65 70 75 95 100 100 100 100 100

Chaparral 11 All 42 58 66 74 85 89 91 93 93 100
P. eremicus 49 64 70 79 83 85 87 92 92 100

Juniper All 30 36 48 54 58 59 73 82 94 100
P. maniculatus 40 46 63 7177 80 91 91 94 100

Ocotillo All 25 50 58 58 75 83 92 92 92 100
Creosote | All 52 61 70 70 76 76 76 79 82 100
Creosote 11 All 0 29 54 64 75 82 82 93 96 100
Creosote 111 All 16 35 41 51 60 65 70 82 95 100
Joshua | All 38 45 52 70 75 90 90 95 98 100
Joshua Il All 36 40 53 60 67 74 78 86 88 100
P.  crinitus 42 44 54 58 64 70 72 78 82 100

P. formosus 42 45 52 55 64 71 77 90 90 100

Pinon All 11 20 28 34 44 52 58 70 86 100
P. maniculatus 12 19 26 33 42 46 51 60 79 100

P. truei 13 16 26 32 36 52 61 77 90 100

All All 26 38 50 59 68 73 79 85 92 100

1. Rate of Removal

Removal rates for all captures were compared using the accumulative
per cent removal with the 10 day total as 100 per cent. The per cent
removal for the first day varied from 0 to 52°/0 with 25°0 or more re-
moved the first day on seven of the 12 grids (Table 2). The average
removal during day 1 for all grids combined was over 25%. Regardless
of the first day's capture rate, the per cent captures by day 5 were
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greater than 50% on 11 of the 12 grids. The Pirion grid was the only-
trap site for which the number of captures during the last five days
exceeded that of the first five days.

Even though the patterns of rate of removal for all species combined
were similar across grids, inter- and intrageneric differences in removal
rates were apparent (Table 2). Per cent removal of common species on
individual grids indicated a wide variability in trappability on the first
day of trapping (4—60°/0) that persisted through the fifth day (36—95%).
This wide range of variability was recorded for Peromyscus (P. truei
was 36°/o, P. maniculatus 42—77%, P. crinitus 64—74% and P. eremicus

Table 3

Accumulative per cent removal for five genera and 13 species using data pooled
from captures on all 12 grids.

Day

Genus Species N 1 2 3 4 5 &6 7 8 9 10

Peromyscus All 351 31 42 53 60 68 72 77 81 89 100

crinitus 146 27 42 55 62 68 71 75 79 86 100

maniculatus 92 26 32 42 51 61 65 72 77 88 100

eremicus 68 51 65 71 78 87 90 91 94 94 100

truei 31 13 16 26 32 36 52 61 77 90 100

californicus 14 43 50 71 71 86 93 93 93 93 100

Perognathus All 250 23 34 48 58 67 74 80 83 96 100

formosus 169 24 33 48 57 67 76 82 89 95 100

longimembris 58 22 38 50 64 69 72 74 88 97 100

fallax 15 20 33 47 60 67 67 87 87 100 100

Dipodomys All 98 29 41 54 61 68 77 84 90 95 100

merriami 68 35 47 59 66 71 76 82 91 96 100

agilis 17 18 41 47 47 65 65 76 76 88 100

microps 13 8 8 38 54 62 92 100 100 100 100

Neotoma lepida 78 13 29 38 56 68 69 77 83 91 100
Ammospermo-

philus leucurus 25 0 32 44 56 64 76 80 80 92 100

All All 831 26 38 50 59 68 73 79 85 92 100

83—95"/0). Removal rates of P. formosus (60—68%) and N. lepida (73%)
were similar to the overall average for all captures.

Another comparison of removal rates between species and genera
which avoids individual conditions of each grid was made by pooling
across all grids (Table 3). Examination of pooled removal rates for the
five common genera indicated that rates were similar during the days
4—10 of trapping although differences were considerable during the
first three days. The degree of intrageneric variability in removal rate
was quite different within the three genera examined (Table 3). The
greatest intrageneric variability in rate of removal occurred among the
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three species of Dipodomys  with the least variability among the three
species of  Perognathus.

2. Density Estimation

Standard Minimum. Density estimates based on the Standard
Minimum area of the grid (Dsu) for all species combined and six com-
mon species were calculated for days 2 through 10 for each grid (Tables
4 & 5). Comparison of these values for any single day demonstrates the
considerable variability in density of rodents among the study areas. The
capture of animals throughout the trapping period resulted in an in-
crease in the estimate of Dgy with time. Therefore, unless the appro-
priate length of the trapping period is known these estimates are good
only as relative estimates and are presented here for comparison to
other estimates discussed below.

Estimation of numbers in the area trapped by the grid, rather than
use of the number of captures, has been tried using two basic methods,
the Hayne regression technique (1949) when probalility of capture
is relatively constant during the entire trapping period and the average
probability of capture technique of Janion et al. (1968) when pro-
bability of capture fluctuates during the trapping period. The traps were
not prebaited and consequently daily probability of capture fluctuated
so that Hayne's procedure would not work with the present data. Cal-
culation of average probability of capture (P, from Janion et al,
1968) should be useful for calculation of numbers under these conditions.
Values of P, were calculated for all species combined for days 2 through
10 for each of the grids as well as for all grids (Table 4). Probabilities
of capture were quite variable both among grids as well as among
days for any single grid. For example, P. for day 10 ranged from 0.08
to 0.29 with the 10 day value for Pihon not calculable. Daily variability
in P, is also demonstrated in Table 4 with at least one daily value not
calculable for five of the 12 grids. On the remaining seven grids, P
values were greatest on day 2 with a decrease over time resulting in the
smallest P, occurring on day 10 for 5 of the 7 grids. For all grids
combined, the daily values of P, was the greatest on day 2 and decreased
to the minimum value on day 10. Densities (Dsu.p) for day 10 (11 grids)
were all higher than Dsy (Mean Dsyw.p= 126% Mean Dsy, range 103—
177%) since not all animals on the grid area were caught by day 10.

Average probabilities of capture and corresponding density estimates
were calculated for six rodent species that were common (Ng”30) on
one or more grids (Table 5). Values of P, of the individual species for
day 10 had a similar range (0.10—0.31) as for all species combined
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Table 4

Densities in animals/ha (DSM, DsM . p) and probabilities of capture (Pe)
for days 2 through 10 using the Standard Minimum technique.

Day
Grid Variable 2 3 4 5 6 7 8 9 10
Barrel DSM 90 136 164 198 225 244 250 275 287
DSM . p 124 398 311 418 421 374 323 370 36.9
Pc 047 013 017 012 012 014 017 014 0.14
Boulder DSM 164 241 321 364 380 414 438 485 515
DSM . p - - - 1068 56.4 587 566 678 715
Pc - - - 0.08 0.17 016 017 0.13 0.12
Chaparral | DSM 4.9 5.9 6.2 8.0 8.3 8.6 8.6 9.3 9.9
DSM . p 5.0 6.0 6.3 9.5 9.2 9.3 8.9 9.4 10.6
Pc 093 068 064 031 033 032 035 029 024
Chaparral 11 DSM 157 179 201 231 241 247 253 253 272
DSM, . p 184 223 215 259 259 258 26.1 257 28.1
Pc 062 058 049 036 036 036 0.35 037 0.29
Juniper DSM 90 120 136 145 148 182 204 235 250
DSM . p 94 148 156 158 155 225 271 383 384
Pc 079 043 040 039 041 021 016 010 0.10
Ocotillo DSM 1.8 2.2 2.2 2.8 3.1 3.4 34 3.4 3.7
DSM . p - 2.9 2.3 3.6 4.0 4.3 3.8 3.6 4.1
Pc - 036 051 025 022 020 024 026 0.21
Creosote | DSM 6.2 7.1 7.1 7.7 7.7 7.7 8.0 8.3 10.2
DSM . p 6.4 74 7.2 7.8 7.7 7.7 8.1 84 111
Pc 082 064 070 057 058 059 052 045 0.22
Creosote I DSM 2.5 4.6 5.6 6.5 7.1 7.1 8.0 8.3 8.6
DSM. . p - - - - 229 101 125 136 108
Pc - - - - 0.06 0.16 0.12 0.10 0.15
Creosote Il DSM 4.0 4.6 5.9 6.8 7.4 8.0 9.3 108 114
DSM . p - 6.5 96 104 100 104 144 253 20.2
Pc - 034 021 019 020 019 012 0.06 0.08
Joshua | DSM 5.6 6.5 8.6 93 111 111 117 120 123
DSM sp 5.8 6.8 114 108 155 127 132 131 132
Pc 080 0.63 030 032 019 026 024 024 024
Joshua 1l DSM 157 21.0 238 265 293 312 343 352 398
DSM sp 158 238 264 297 332 347 367 394 496
Pc 092 051 044 036 030 028 022 022 015
Pifion DSM 5.6 7.7 96 123 145 164 198 241 28.1
DSM . p 154 180 190 54.6 66.8 46.5
Pc 020 0.17 0.16 0.05 0.04 0.06 - - -
All DSM 80 106 126 145 157 168 181 197 21.4
DSM . p 102 149 169 194 194 204 218 242 274
Pc 054 034 029 024 024 022 020 017 0.14
Note. — Dash indicates that probability of capture could not be calculated.

(Tables 4 & 5). Estimates of density would vary considerably depending
on whether Pg for individual species or Pc for all species combined are
used to compute density. Densities for common species should be cal-
culated from the species Pc value. This qualification places limitations
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on the use of this procedure since densities of many species are too low
for estimation by P..

Consideration of the temporal changes in Dgy .p in Tables 4, 5 indicates
that Dgy .p like Dsy does not plateau at some rather constant density.

Table 5

Densities in animals/ha (DSM, DSM .P) and probabilities of capture (P;) of six
common species (No > 30) for days 2 through 10 using the Standard Minimum

technique.
Species Day
Grid Variable 2 3 4 5 6 7 8 9 10
P.  formosus
Barrel DSM 74 108 130 154 176 191 194 216 225
DSM . Pp 116 265 227 277 310 294 244 291 289
Pc 0.40 016 019 0.15 0.13 014 018 014 0.14
Joshua 11 DSM 4.3 4.9 5.2 6.2 6.8 7.4 8.6 8.6 9.6
DSM . p 4.4 5.0 5.3 6.6 7.3 8.1 109 9.7 116
o Pc 092 073 065 043 035 0.29 018 0.22 0.16
P.  crinitus
Boulder DSM 90 130 154 164 170 179 185 204 222
DSM . p - 2204 323 215 197 199 202 231 263
Pc - 0.02 0.15 025 028 028 0.27 0.21 0.17
Joshua 11 DSM 6.8 8.3 9.0 99 108 111 120 127 154
DSM . p 6.8 8.7 9.2 103 115 115 128 135 205
Pc 095 065 059 047 038 038 030 0.26 0.13
P. rr.oniculatus
Juniper DSM 4.9 6.8 7.7 8.3 8.6 9.9 99 102 108
DSM . p 5.0 8.2 8.9 9.3 92 112 106 107 115
Pc 0.86 044 040 037 038 026 029 028 024
Pifion DSM 2.5 3.4 4.3 5.6 6.2 6.8 80 105 133
DSM . P 3.9 6.0 86 146 132 122 238 - -
Pc 040 0.24 016 0.05 010 0.11 0.05 - -
P.  eremicus
Chaparral 11 DSM 93 102 114 120 123 127 133 133 145
DSM . p 102 106 120 124 126 128 135 134 149
Pc 0.70 0.66 053 050 048 046 040 042 031
P. truei
Pifion DSM 15 2.5 3.1 3.4 4.9 5.9 7.4 8.6 9.6
DSM, . p 1.6 5.8 6.5 3.4
Pc 0.75 0.17 0.15 0.21
N. levida
Boulder DSM 5.2 71 114 136 136 145 154 173 185
DSM .p - - - - 270 223 212 266 284
P- - - - - 0.11 0.14 045 0.11 0.0
Note. — Dash indicates that probability of capture could not be calculated.

This suggests that Dsy .p is also a relative density index although the
relative numbers may be more highly correlated to the true densities
than are Dsy since differences in probability of capture are theoretically
adjusted for in Dsm ep. Therefore, to use D””™. p as an estimator of
absolute rather than relative density, considerable understanding of the
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Table 6

Densities in animals/ha (Dso, Dso .p) and areas effectively trapped

(ASQ, ASQ . p) for days 2 through 10 using the Inner Square technique.

Grid

Barrel

Boulder

Chaparral

Chaparral

Juniper

Ocotillo

Creosote

Creosote

Creosote

Joshua |

Joshua 11

Pifion

Variable

Dso
ASQ
Dso .p
ASQ , p

Dso
Aso
Dso epP
Aso e p

Dso
Aso
Dso. - p
AsO .. P

Dso
ASQ
Dso s p
AQS . P

Dso
ASQ
DSO. . P
Aso .p

Dso
ASQ
Dos. .p
AQS . P

Dso
ASQ
DSO . p
ASQ . P

Dso
ASQ
Dso . p
ASQ . p

Dso
ASQ
Dso. . p
Aso .pP

Dso
Aso
Dso .p
ASQ . P

Dso

ASQ

DSQ .p

AsO > P
Dso

ASO

DSQ . p

ASO . P

2

10.2
2.8
12.7
3.2
13.8
3.8

4.9
3.3
4.9
3.3

14.7
3.5
15.8
3.8
7.1
4.1
7.5
4.0

1.8
3.4

5.8
3.5
6.0
3.4

1.3
6.0

4.4
2.9
8.0

4.4
4.0
4.4
4.3
14.7
3.5
14.7
3.5

4.0
4.5
53
9.4

3 4
147 167
30 3.1
261 23.1
49 44
20.0b 24.9b
40 42
- 3206
53 58
36 35
54 59
36 34
160 169
36 38
165 17.2
44 41
93a 111
42 40
112 137
43 3.7
22 22
32 32
- 28
. 2.6
67 6.7
34 34
70 67
34 35
31 40
48 45
53 62
28 3.1
67 7.7
31 40
53 6.7
39 42
55 75
40 49
187 21.3
36 36
200 232
39 37
62 80
40 39
230 282
25 22

5

19.6
3.3
26.8
5.1

28.9b
4.1

76.8
4.5

7.1
3.7
7.8
3.9

18.7a
4.0

19.3
4.4

12.0
3.9
13.7
3.7

3.1
2.9
10.2
1.2

7.1
3.5
7.2
3.5

5.3
3.9

NN

—
| WO WOWE ROAN GOWOS

o~N DO RPOO® RO UIN

Day
6

21.8
3.4
29.5
4.6
30.7b
4.0
47.3
3.9

7.6
3.6
8.1
3.7

19.1b

24.4
3.3

28.8

33.8b

40.6

26.2
3.4

315
3.8

35.6b

20.4t

205
44

19.6t

7.6*
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Table 6, continued

Day
Grid Variable 2 3 4 5 6 7 8 9 10
ALL Dso 7.3a 9.4b 10.9b 12.5b 13.3b 14.3b 15.0b 15.9b 17.0b
ASQ 3.6 3.7 3.7 3.7 3.8 3.8 3.9 4.0 4.1
Dso P 86 120 133 155 155 162 166 17.8 193
Aso . p 3.8 4.0 4.1 4.1 4.1 4.1 4.3 4.4 4.6

Note. — Dash indicates that probability of capture could not be calculated,
a Edge effect significant at P<0.05.
b Edge effect significant at P<0.01.

animals under study is required to know the appropriate number of
days of trapping that would vyield a density estimate that equals the
absolute density.

Inner Square. Distribution of captures indicates a positive edge
effect on the outer belt of the 12X12 grid with the belts of the inner
10X10 square essentially homogeneous in their capture success. The
strongest evidence for edge effect on the outer belt is the analysis of
capture success for each belt with all captures combined. Total captures
on the grids were 373 on Belt 1 (44 stations), 145 on Belt 2 (36 stations),
156 on Belt 3 (28 stations), 93 on Belt 4 (20 stations), 47 on Belt 5
(12 stations) and 17 on Belt 6 (4 stations). Captures per station on the
outer belt were significantly greater (P<.001) than captures per station
on the inner 10X10 square. Chi-square analysis indicated that captures
per station were not different between the second belt and the inner
8X8 square. The second set of evidence for positive edge effect on the
outer belt only was the consideration of captures on individual grids.
Edge effect was significant for 7 of the 12 grids on day 10 (Table 6).
In addition, the only grids for which the edge effect was not positive
were Barrel on days 2—4, Ocotillo on days 2—10 and Creosote Il on
days 2—4 (this is illustrated in Table 6 when the estimate of
4SGL<3.24 ha). Finally, none of the tests of the inner 8 X8 square versus
Belt 2 indicated a significant positive edge effect for Belt 2. As a result
of these analyses, we considered the inner 10X10 square to be homo-
geneous in capture success and used the estimate of numbers in this
area (2.25 ha) to estimate density.

Density estimates using the inner square (Dsg) were analyzed for
days 2 through 10 for all species combined on each grid (Table 6).
DsQ increased with time during the trapping period as did Dsy although
Dsq was usually smaller than Dsy (Tables 4 & 6). Values of Dg® for
10 day totals of all species ranged from 4.0 to 36.9 animals/ha (Table 6)
which was smaller than the range of Dsyw (3.7—51.5 animals/ha). Day
10 values of Dsg for all species combined ranged from 72 to 108°/o0 of
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the corresponding Dsy on individual grids with an average of 82°u

all grids.

Estimates of area effectively trapped {Asi) based on all species

D. W. Kaufman et al.

Table 7

Densities in animals/ha (Dso. Dso ¢/) and areas effectively trapped
(A.s0, Asso ./') of six common species (¢V0>30) for days 2 through 10 using

Species
Grid

P. for mo sua
Barrel

Joshua 11

P.  criniius
Boulder

Joshua 11

P. maniculatus
Juniper

Pinon

P.  eremicus
Chaparral 1!

P. truei
Pinon

N. Icpida
Boulder

Note — Dash

Variable

Ds()
A SO
nso.l
ASO.I
DSO
Aso
Dst . P
Aso ¢ p

DSO
ASO
D.SO« p
AsSO **p
DSO
Aso
DSO -« i>
AsO .. p

D.so
Aso
DsOe. r
Aso .p
Dso
Aso
DSO ¢ i'
Aso . p

Dso
Aso
Dso ». p
Aso . p

Dso
Aso
Dso * /°
AsSO . p

D S0
Aso
Dso
Aso . p

2

8.9
2.7
125
3.0
3.6
3.9

3.6
3.9

6.7a

0.9
5.9

3.6a

4.8

* Edge effect significant at P<0.05
P Edge effect significant at P<0 01

Inner Square

124
2.8
22.2
3.9
4.4
3.6
4.6
3.5

8.4n
5.0
21.9
32.6
6.7
4.0
6.7
4.2

53
4.1
5.8
4.6
3.1
3.5

8.0
4.1
80
4.3
13
6.0

17
11.0

53
4.3

technique.
Day

4 5 6 7
147 164 17.8 19.6
2.9 3.0 3.2 3.2
215 220 220 242
3.4 4.1 4.6 3.9
4.9 5.3 5.3 6.2
35 3.8 4.1 3.9
5.1 5.6 54 6.7
34 3.8 4.4 3.9
9.8° 10.7b 11.1b 11.1»
5.1 5.0 5.0 5.2
151 137 151 122
6.9 5.1 4.2 5.3
7.6 8.4 8.4 3.4a
3.8 3.8 4.1 4.3
7.7 8.7 8.5 8.5
3.9 3.8 4.4 4.4
6.2 67. 6.7 7.6a
4.0 4.0 4.2 4.2
7.0 7.2 6.9 8.2
4.1 4.2 4.3 4.4
4.4 5.3 5.3 6.2
3.2 34 3.8 35
- - 8.2 119

52 3.3
80b 80b 80b 8.0b
4.6 4.9 5.0 5.1
80 80 8.0 8.0
4.9 5.0 5.1 5.2
13p 18 3.1* 3.1b
7.5 6.2 5.1 6.1
14 24
149 4.6 . .
84a 102a 102a 11.6a
4.4 4.3 4.3 4.1
- - 33.0 329
- 2.7 2.2

indicates that probability of capture

could not be

8 9
20.0 21.8
3.2 3.2
228 25.6
3.5 3.7
6.7 6.7
4.2 4.2
7.2 7.0
4.9 4.5
11.1" 11.6"
54 57
114 119
5.7 6.3
10.2
42 4.0
9.5 107
4.4 4.1
76a 8.0
4.2 4.1
7.8 8.4
4.4 4.1
6.7 80a
3.9 4.2
110 26.0
7.0 _
8.4b 8.4"
5.1 5.1
8.4 8.4
5.2 5.2
3.6b 4.4b
6.8 63
11.6b 12 4"
4.3 45
165 236
4.2 3.7
calculated

over

also

the

10

22.7
3.2

26.3
3.6
7.ia
4.4
7.6
4.9

12.9"
5.6
13.9

116"
4.3

12.9
5.2

8.4
4.1
8.9

4.2
10.28
4.2

8.9*
5.3

5.4

5.3
5.8

12.4*
4b

17.2
54
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increased from day 2 through 10 on 7 grids although there were day
to day fluctuations (Table 6). Values of /1sq for day 10 varied from 3.0
to 4.5 ha across all grids although Ocotillo was the only grid below
the Standard Minimum area (3.24 ha) and 10 grids had A”Q equal to or
greater than 3.8 ha (Table 6).
Values of D.syi and Ag; for six common species are listed in Table 7.
Increases in Dgg occurred over time i'or I'he individual species; however,
did not demonstrate a consistent increase with time because of daily
fluctuations. Differences in density were considerable for some species
when estimates based on A.sq for all species combined and for individual
species were compared (e.g., use of the A« for all species (4.5 ha) on
Boulder resulted in an estimate of 15.9 P. crinituss/ha  whereas use of the
individual Ass, (5.6 ha) resulted in an estimate of 12.9 P. crinitus/ha.
Values of Dgq.p and were calculated for days 2 through 10 for
all species captured on each grid (Table 6) as well as for the six common
species (Table 7). Examination of Table 6 suggests that Ay,  leveled
out (3 or more days with approximately the same Ag.i,) on only 8 of
12 grids, excluding Juniper, Creosote Il and Il and Pinon. Average
Ag.p and Dg.,, values based on the plateau effect were 3.7 ha and
31 animals/ha for Barrel (days 7—10), 5.1 and 41 for Boulder (days
8—10), 3.8 and 8 for Chaparral | (days 5—10), 4.3 and 20 for Chaparral Il
(days 5—10), 2.9 and 4 for Ocotillo (days 6—10), 3.5 and 7 for Creosote |
(days 4—7), 4.2 and 10 for Joshua | (days 5—9) and 4.0 and 30 for
Joshua Il (days 6—9). For individual species, Aso.p reached a plateau
for only 5 of 9 analyses (Table 7). Average Asqg.p and Dsg., values were
3.7 ha and 25 animals/ha for P. formosus on Barrel (days 7—10), 4.8 and
7 for P. formosus on Joshua Il (days 8—10), 4.3 and 9 for P. crinitus
on Joshua Il (days 6—9), 4.2 and 8 for P. maniculatus on Juniper (days
4—10) and 5.1 and 8 for P. eremicus on Chaparral Il (days 4—09).
Assessment Line. Accumulative captures along the assessment
lines for all species combined are summarized in Table 8. The effects
of removal of animals on the grid can be seen in the change in rate
of animals captured per station along the assessment line with con-
siderable variability in the width of this effect (—7.5 to 1725 m in from
the grid edge; Table 8). Except for the Ocotillo grid, Wa_ for all species
combined agreed closely with the break in captures seen in the lists
of accumulative captures (Tables 8 & 9). The range of for all species
was ~ 19.3 to 71.3 m not including the Ocotillo grid which had an
unreasonable W, of 229.5 m. The areas of effect (A, ) for all species
ranged from 1.6 to 34.4 ha with eight of the 12 grids in the range of
3.2 to 9.1 ha The proportions of animals removed (R) for all species
also varied considerably with a range of 0.34 to 0.91. The area effectively
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trapped (i.e., the area from which 100% removal of animals would
yield Ng and be equal to AsXR) varied from 1.3 to 16.9 ha (average =
3.86 ha). Without Ocotillo the range was 1.3 to 5.1 ha (average = 2.68 ha).
Density estimates (Da_) for all species were more variable, 0.7—114.4
animals/ha, than the other density estimates (Tables 4, 6 & 9).

Area of effect, per cent animals removed and density estimates are

Table 9

Grid captures (NG), widths of area of effect in meters (WAL), areas of effect in
hectares (AAL), proportions removed (R) and density estimates in animals/ha (DAL)
using the Assessment Line technique. Values for individual species are given only
when captures on assessment lines were N > 30 in California and N > 20 in

Nevada.

Grid Species Ng WAL AAL R DAL
Barrel All 93 33.3 5.3 0.63 27.9
P. formosus 73 35.7 5.5 0.61 21.8

Boulder All 190 -7.2 2.3 0.86 96.1
P. crinitus 79 1.6 2.8 0.90 31.3

N.  lepida 68 32.7 5.2 0.52 25.1

Chaparral 1 All 32 50.0 6.8 0.75 6.3
P. eremicus 20 50.4 6.9 0.68 4.3

Chaparral IT All 88 7.4 3.2 0.74 37.2
P. eremicus 47 -8.4 2.2 0.82 26.1

Juniper All 81 9.6 3.4 0.41 58.1
P. maniculatus 35 49.0 6.7 0.80 6.5

D. merriami 16 -68.8 0.1 0.55 290.9

Ocotillo All 12 229.5 34.4 0.49 0.7
Creosote | All 33 -19.3 1.6 0.86 24.0
Creosote I All 28 71.3 9.1 0.42 7.3
Creosote 111 All 37 46.4 6.5 0.45 12.6
Joshua | All 40 10.4 3.4 0.91 12.9
P. formosus 17 27.2 4.8 0.84 4.2

D. merriami o] 1.6 2.8 1.U0 2.9

Joshua i All 151 -5.6 2.4 0.55 114.4
P. crinitus 61 36.0 5.5 0.67 16.6

Pifion All 91 62.8 8.1 0.34 33.0
P. maniculatus 43 69.1 8.8 0.29 16.8

P.  truei 31 -13.3 1.9 0.34 48.0

also summarized in Table 9 for common species caught on the assessment
lines (N>30 for California sites, N>20 for Nevada sites).

An attempt was made to place confidence intervals around R using
the standard errors of the mean number of captures per station inside
and outside of the area as outlined by Smith et al. (1975) but the
confidence intervals were unreasonably large. For example, confidence
limits for R on Creosote | were 0.00—1.00, suggesting that these captures
represented zero to 100% of the rodents in the area of the grid.
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Probabilities of capture on the assessment lines inside the area of
effect (Pcin) were calculated for only seven of the 12 grids whereas
values of P..out could be calculated for nine of 12 grids. As a result,
both values were available for only five grids (Table 10). When P,
values were not estimated it was because most captures occurred late
in the four day period so that P, values were not calculable from tables
in Janion et al. (1968). The failure to estimate corrected proportion
of removal (Rp) for the majority of grids argues against the overall
effectiveness of the Assessment Line technique.

To examine the generality of the Assessment Line method, captures
on assessment lines from all grids were combined beginning with

Table 10

Probabilities of capture inside (P..i, and outside (P.. Out)
of the area of effect, proportion removed corrected for dif-
ferences in probability of capture (Rp) and density in
animals/ha (DAL p) using the Assessment Line technique.

Grid Pc. In Pc e oui Rp DAL . p
Barrel 0.28
Boulder 0.08 0.25 0.65 127.1
Chaparral 1 0.46 0.23 0.82 5.7
Chaparral 11 - 0.29 - .
Juniper 0.20 0.25 0.31 76.9
Ocotillo - - - -
Creosote | 0.34 - - -
Creosote Il 0.31 0.36 0.38 8.1
Creosote 11 - 0.08 - -
Joshua | 0.40 0.34 0.92 12.9
Joshua I - 0.29 - -
Pifion - 0.14 _ -
Note. — Dash indicates that probability of capture could

not be calculated.

Station 8 (Stations 1—7 were not trapped in Nevada). The combined
data indicated two areas of partial removal (Table 8). The area of
no effect extended from station 8 to 14 with a rate of capture of
3.95 animals/m (slope of the regression equation). The outer area of
partial removal extended from station 15 to 19 (corresponds to the outer
row on the grid) with a capture rate of 3.29 animals/m whereas the
inner area of partial removal extended from station 20 to the center of
the grid with a capture rate of 1.32 animals/m. Using the regression
method, the width of the area of effect (Wa.) was calculated as 76.9 m
whereas the edge of effect for the inner area of partial removal was
—4.3 m. From these values, the area of effect was 9.66 ha, the inner
area of partial removal was 2.45 ha and, from the difference, the outer
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area of partial removal was 7.21 ha. From the shlopes of the regression
lines, the proportion of animals removed from the outer area was 0.167
and from the inner area 0.666. These values were then used to correct
both areas of partial removal to areas effectively trapped, with an outer
area of 1.20 ha, an inner area of 1.63 ha and a total area effectively
trapped of 2.83 ha. The average number of animals caught per grid
was 73.0 and, therefore, the average density per grid was 25.8 ammals/ha.
This density estimate was considerably lower than the average of
individual Da_ estimates of 35.9 animals/ha. In addition, the average
area effectively trapped (AAa.XR in Table 9) was 3.86 ha which was
36%> larger than the equivalent area calculated from all grids combined.
With the exceedingly high estimate of the Ocotillo equivalent area
(1.69 ha) removed, the average was only 2.68 ha for 11 grids.

For all grids combined, P, was 0.210 for the area of no removal and
0.220 for the outer area of partial removal but was not calculable for
the inner area of partial removal. The proportion removed in the outer
area based on the P, values was 0.194 and was similar to the R value
of 0.167. However, the average density for all grids combined was not
estimated since the Pc value for the inner area was not calculable.

V. DISCUSSION

The three techniques examined gave final density estimates that were
quite different with D, and D averaging 82 and 140% of Dgay,
respectively. Estimates of Dsq, although less than Dgy values for day 10,
were farily consistent with a range of 72 to 108% of the corresponding
Dsn values across the 12 grids. Only one Ds was greater than its
respective Dgy. The Da. values were quite variable and ranged from 19
to 287% of Dsy. Four Da. estimates were less than their respective Dgy
estimates. Even with this considerable variability among the three
estimators, the estimates must be relative measures of the absolute
density in the area of the trap site within any of the three groups The
suggestion that all three methods are measuring relative densities,
regardless of whether any of the three actually is a good measure of
absolute density, is borne out by the fact that all three measures group
the same sites into four different density classes (low, low intermediate,
high intermediate and high density areas). The low density group
included only the Ocotillo site with 3.7 rodents/ha for Dgjy, 4.0 for Dsg.
and 0.7 for Da. The low intermediate density sites included Chaparral I,
Creosote I, Il and Il and Joshua | with a range of densities of 8.6 to
12.3 rodents/ha for Dgyw, 6.7 to 10.2 for Dsa and 6.3 to 24.0 for Da. The
four high intermediate sites were Chaparral II, Juniper, Pirion and
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Barrel with a range of densities of 25.0 to 28.7 rodents/ha for Dgp,
19.6 to 27.6 for Ds, and 27.9 to 58.1 for Da. The high density sites
were Joshua Il and Boulder with densities of 39.8 and 51.5 rodents/ha
for Dsum, 32.0 and 36.9 for Di; and 114.4 and 96.1 for Da. Finally, the
three estimators were highly correlated and can be interrelated by the
following simple linear regression equations: Dsg= 1.0447+ 0.7452DsM,
r=10.99; Dy = - 12.0191+ 2.2415Dgy, r=0.89 and Dy = -13.1067 +
2.8869Dsq, r= 0.87.

Even though all three methods may be useful for relative density
comparisons, the question remains, which technique is best for estimation
of absolute density of small mammals? The advantage appears to be
with the Assessment Line technique in which both numbers and area
are estimated as compared to the Standard Minimum and Inner Square
in which numbers are estimated but area is assumed to be a constant,
either the entire grid or some inner square (see review by Smith
et al., 1975). However, does the use of the Assessment Line technique
under field conditions meet with theoretical expectations, i.e., when
captures along the assessment lines are accumulated is there an obvious
break in the rate of accumulation at the edge of the area of effect?
When individual grids were examined (Table 8), we did not observe
uniform increases in numbers with distance or sharp breaks in the
slopes at the edges of the area affected by the census trapping for all
grids. Therefore, it would appear that individual grids do not always
meet the expectations of the technique. Habitat and density heteroge-
neity within a single habitat type apparently result in a jagged accumul-
ative removal line even when eight assessment lines are used on each
grid (Table 8). These removal curves suggest that more than eight
assessment lines are necessary to obtain a good estimate of the area
affected by the grid trapping. Since it is not possible to use more than
eight assessment lines with a square grid of the general size that we
employed, analysis of two or more square grids or a larger rectangular
grid would usually be needed to obtain reasonable density estimates
with the Assessment Line method.

To assess the potential of combining data from two or more grids,
we combined captures on all study sites (Table 8) for comparison to the
theoretical expectations of the Assessment Line method. The results of
this indicated an obvious area of effect which in fact consisted of two
regions based on the proportion of rodents removed (see Results). Accu-
mulating and averaging across many assessment lines overcomes the
variability in rodent dispersion due to habitat heterogeneity that pre-
vents a clear picture from emerging when only one grid is examined,
i.e., the change in slope for any one set of assessment lines is the re-
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suit of patterns of removal superimposed on patterns of dispersion, and
only when many lines are pooled so that the pattern of dispersion ave-
rages into a straight line can the break due to removal be detected. Even
at high densities, the use of only eight assessment lines may not over-
come the problem of dispersion since none of the individual grids de-
monstrated the large area of effect shown by combining data from all
of the grids (Table 8 & 9). This analysis suggests that when sufficient
numbers of grids are studied and assessment line captures are combined
across several grids, the technique meets the theoretical expectations
and provides reasonable density estimates.

The rationale behind the Assessment Line method includes three
points: (1) a census grid or line will remove animals from some area, (2)
this area of effect can be delimited by examining captures on assessment
lines set across the area subsequent to census trapping and (3) the pro-
portion of animals removed from the area by the census grid can be
estimated from differences in capture rate along the assessment lines
inside and outside of the area of effect (Gentry, Smith & Che 1-
ton, 1971; Kaufman et al, 1971; Smith et al, 1971, 1975; and
above). After consideration of the large outer area of partial removal with
its corresponding low value of R when all grids were combined, its seems
appropriate to modify the rationale of the method to state that we are
measuring the area in which animals are affected but not necessarily
removed. Census trapping causes the formation of an area of removal
(partial and/or complete depending on length of trapping period); how-
ever, animals outside of this area may move into the void prior to
assessment line trapping. Movement into the partial (or complete) void
causes the area of effect to be larger than the area of removal so that
WL is not a measure of the distance over which removal occurred, but
is rather a measure of the distance over which the grid affected the
rodent community during the 14 day period (10 days on the grid plus
4 days before completion of assessment line trapping). Calculation of
density is not affected by this movement since the proportion of animals
removed from the affected area is still being estimated even though the
original distribution of animals has been rearranged. To summarize, we
can say that even though the area of effect has been discussed as an
area from which animals were removed, this cannot be confirmed and
should therefore be thought of as an area in which census trapping
has caused both removal and rearrangement of animals.

Smith et al. (1971) outlined three general criticisms of the Assess-
ment Line method: (1) mortality during long trapping periods, (2) failu-
re to work at low densities and (3) differences in probability of capture
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on the assessment lines inside and outside of the area of effect. The ten
day trapping period for this study was based on the expectation that
a significant proportion of animals would be captured from the area of
each grid without excessive mortality that would alter density estima-
tion. We assume that both goals were accomplished. Low densities are
a problem for any density estimation technique; however, for the As-
sessment Line method, the minimum estimable density is determined
by the distribution of the animals on the study site. We have already
indicated that for most grids, the interaction of rodent density and
dispersion would require the use of more than eight assessment lines
and that pooling the data from several sets of assessment lines would be
needed to calculate reasonable estimates of density. Using the approach
of Janion et al. (1968), we attempted to test for differences in P,
inside and outside of the area of effect; however, estimation of a P,
value was very inconsistent (only 16 of 24 values were calculable). Cal-
culation of an average probability of capture requires that the popul-
ation at risk remains constant over time. Furthermore, this technique
assumes a specific geometric distribution for captures through time. We
know that either one or both of these expectations were definitely not
met on one-third of the tests (of the remaining 16 we have no way of
knowing how many are reasonable estimates of P) which suggest that
the estimation of P.. |, and P, out does not have general applicability.
The Assessment Line technique assumes that the rates of capture over
distance (slope of regression equations) inside and outside of the area of
effect are relative estimates of the respective densities at that point in
time. Therefore, probabilities of capture need be neither constant or
equal in the two areas provided the same proportion of the true densi-
ties in each area are captured along the assessment lines at the end of
four days.

The Standard Minimum technique has value as an estimator of re-
lative density but offers little potential for absolute density determina-
tion. This failure lies in the assumption that the grid removes animals
from some constant area. However, our Assessment Line data (Table 9)
show that the area affected is not constant across grids. Estimation of
numbers from Hayne (1949) or Janion et al. (1968) does not alter
the problem of absolute density estimation. The use of the Standard
Minimum for determination of absolute density necessitates knowledge
of the day on which the estimate of numbers is equivalent to the num-
ber in the Standard Minimum area (3.24 ha). If a particular rodent is
studied in enough detail, it might be possible to decide upon a time
period that would produce a reasonable absolute density estimate (Gr o-
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dziriski et al., 1966). However, for this study there is no way of
knowing the appropriate day of trapping to use for different species. In
fact, using the density value from all grids combined for Assessment
Line data as the estimate, several to many more days of trapping would
be required to calculate density with the Standard Minimum method.

The Inner Square technique i" basically a modification of the ap-
proach and assumptions of the Standard Minimum technique, i.e., the
density of a constant area can be estimated by trapping for a given
period of time. The difference is that the Inner Square method ex-
cludes the area and captures on the outher belt(s) from the density cal-
culations to avoid the complications of edge effect (Ilansson, 1969;
Pelikan, 1970). However, density estimation from values of Dy”
suffers the same problems as discussed with Dgy and Dsm . P, since with
the continual increase in the value of the estimator there is no way of
knowing the trapping day on which D, best approximates the true den-
sity. To overcome this problem, Hansson (1969) calculated density
and area for individual species (Dsa.p and Ag,. p) from the probabili-
ties of capture for each species in the inner square and entire grid. He
then chose as the best estimate of density the value for the days when
the area effectively trapped by the grid reached a plateau. The plateau
theoretically occurs only during the time when animals whose home
ranges overlap the grid are caught. Increase in the areal estimate follow-
ing the plateau is due to the collapse of animals onto the grid whose
home ranges never overlapped with the grid. However, application of
this plateau effect was less than satisfying since only 5 of 9 individual
species and 8 of 12 all-species estimates were calculable. Most of these
Dso.p values were also considerably different, from the values of Da
(Tables 6, 7 & 9).

Barbehenn (1974) examined the use of the Inner Square proce-
dures for individual small mammal species using an 8X8 grid. From
his analyses, Barbehenn concluded that calculation of Dso. p from the
first four days of trapping was successful and indicated that the techni-
que should have general applicability. Variability in Dg,.p for in-
dividual species during the trapping period in our study (Table 7) is
enough to question the generality of this method. This variability in
density is due to variability in the probability of capture on the inner
square (the range of variability of Pc. js was similar to the range of
Pc illustrated in Table 5). The weakness in the overall technique is
probably related to the fact that differences in behavioral response to
traps and movements among different subgroups even within a single
species negate the assumptions for the calculation of an average pro-
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bability of capture. Estimation of Dsg., for all species may be even
more questionable since we calculated an average probability of capture
across several species which may have had different probabilities of
capture. Finally, Dy. ,>for all species combined over all grids was
only 50 to 80°/0 of the Da. value for all grids and Da. for all grids
is the best estimate of average density (based on the fit of the data to
the theoretical model). Based on these considerations, we argue that
although the Inner Square technique may work for certain species under
certain conditions, it does not have general applicability.
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SZACOWANIE ZAGESZCZENIA DROBNYCH SSAKOW: POROWNANIE
TECHNIK STOSUJACYCH WYLOW

Streszczenie

Do przetestowania wzglednej efektywno$ci szacowania zageszczenia drobnych
ssakow metodami Standard Minimum, Wewnetrznego Kwadratu i Linii Oceniaja-
cych (Assessment Lines) prowadzono odiéw z usuwaniem na 12 powierzchniach
usytuowanych w roznych Srodowiskach. Na kazdej powierzchni, z siecig putapek
ustawionych w wiezbie 12X12 prowadzono przez 10 dni wytéw, nastepnie prze-
noszono putapki na linie oceniajgce, na ktorych wytéw trwat 4 dni. Dzigki
zroznicowaniu $rodowisk skiad ilosciowy i gatunkowy zwierzat byt rézny a zakres
zmienno$ci tych parametrow bardzo szeroki bo obejmujacy 12—167 gryzoni/po-
wierzchnie i 2—10 gatunkéw/pow. (Tabele 1—3). Zageszczenie szacowane metoda
Standard Minimum wahato sie od 3.7 do 515 osobnika/ha (Tabele 4 i 05).
Zakres zmiennos$ci tego estymatora oszacowany metodag Wewnetrznego Kwadratu
wynosi 4.0—36.9 zwierzat/ha (Tabele 6 i 7) a metoda Linii Oceniajgcych odpowiednio
0.7—114.4 (Tabele 8 i 9). Wszystkie stosowane metody szacunku nadaja sie do
poréwnan zageszczenia wzglednego, ale ich przydatno$s¢ dla szacowania absolutnego
zageszczenia jest ograniczona. W tym przypadku najlepsza jest metoda Linii
Oceniajacych, z zastrzezeniem, ze najczesciej nie wystarczy uzycie os$miu linii
oceniajgcych. W dyskusji szczegotowo potraktowano problemy zwiagzane ze stoso-
waniem wszystkich poréwnywanych metod szacowania zageszczenia.



