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Fig. 10. Simultaneous nightly counts at the California site from the aluminum 
tape and all P. truei carrying trans mitters. The points are from Fig. 5, 
June 14-16. 

indicates both antennas and aluminum tapes were obtaining a spatially representative 

sample of nightly activity in the study area. The fact that the line in Fig. 10 passes 

so close to the origin (i. e., a of equation (5) is small) indicates false counts were not 

significant on the aluminum tape; i. e., the aluminum tape was detecting primarily 

P. truei. 
When a transmitter was detected crossing the antenna, the acoustic cable simu­

ltaneously detected a mouse about 50% of the time, an efficiency quite sufficient to 

generate adequate sample sizes. This sensitivity of the acoustic cable, though suffi­

cient for it to respond to mice, did not cause the cable to respond to disturbances 

from wind. 

The acoustic cable, like the aluminunl tape, is intended to give the summed 

activity of the entire population. At the California site, the acoustic cable was 

registering during the day as well as the night (Fig. 8), which is not surprising 

considering the abundance of diurnal ground-moving birds. Even when averaged 

over many nights (Fig. 11), the characteristic hourly pattern of mouse activity did 

not show through well in the nightly portion of acoustic cable record. 

The two interspaced sets of acoustic cables had a very low correlation even with 

one another at night on an hourly basis (e. g., Fig. 8, Sept. 5-13, r2 =.14, n=80) 

indicating considerable spatial heterogeneity during short periods. 
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Fig. 11. Total counts for each hour of the day at the California site (August­
Septernber, 1969). Hours of the day are as defined in Fig. 3. 

The t"vo sets of interspaced acoustic cables had a high night-to-night correlation 

with each other during some periods (e. g., Fig. 5,. Sept. 5-13, r2 =.58, n=9), but not 

during others (e. g., Fig. 5, Sept. 15-21, r2 =.04, n=7) when the sensitivity ,of one 

cable was too high. This indicates that, on a nightly basis, acoustic cable sampling 

was representative of the study area, but that the acoustic cable was responding to 

different things at different sensitivities. 

The correlation between nightly counts on the acoustic cable and aluminum tape 

was sometimes fair (Fig. 5, Sept. 15-21, r 2 =.53, n=4-), but often low (Fig. 5, Aug. 

12-17 and Sept. 8-11, r2 =.1, n=12). This, along with substantial acoustic cable 

counts on nights when marked mice and aluminum tape counts were low, suggests 

the acoustic cable was responding to something in addition to mice. 

CONCLUSIONS 

This study has not thoroughly validated mouse censusing by means of electronic 

detection, but there are some definite indications of its prospects. 

Comparision of sampling schemes 

If the amount of activity is more or less constant from day to day, population 
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size may be simply approximated with the removal method, equation (1). Referring 

to Fig. 7, total nightly counts on the aluminum tape were about the same from May 

23 to May 25, averaging 182 counts per night. The count dropped to 58 on the 

night of May 28 after three P. maniculatus were temporarily removed, suggesting 

the three mice were accounting for about 70% of all the activity in the 1.6 acres 

covered by aluminum tapes. Applying equation (1), u=58, JU=3, Ju=124, and 

U=I.4. 
This population density (2. 75/acre) is normal for forest Peromyscus during most 

of the year, but the 4.4 mice in the study area hardly provided a basis for estimating 

the population by trapping. In fact, this census was preceded by two weeks of 

intensive trapping without a single capture, even though the aluminum tape record 

demonstrated the mice were present the entire time. Remote sensing can therefore 

extend precise censusing to normal, low density populations instead of restricting 

the study of population dynamics to populations of high density and species susceptible 

to trapping. 

However, the large variation in mouse activity from night to night observed in 

California indicates it is sometimes essential to run a calibration based on the activity 

of marked mice (i. e., the mark and sample n1ethod). It also appears that false 

counts sometin1es rule out simple estimation of Ufrom equation (3). The intercepts 

in Fig. 9 and 10 indicate the level of false counts, i. e., a in equation (5). The fact 

that the intercepts are significantly greater than zero indicates false cO\lnts were 

present at the California site~only a few on the aluminum tape and many on the 

~coustic cable. 

This means in practice that time signals must be exploited (equation 5) if remote 

sensing is to be used for censusing. Recalling equation (6), population estimates 

from the time-signal approach are most precise when the activities of n1arked species 

provide clear and distinct time signals whose patterns account together for most of 

the time pattern of unmarked detections. 

Evidence from the California site indicates activity within a night does not always 

provide a reliable basis for the time-signal approach. The pattern within a night is 

different for different species (r12 is small), as is desired, but the behaviour of a 

particular population during a particular night, on an hourly basis, is neither precise 

nor uniform for all individuals within the population. Different individuals may be 

active at different times from one another, particularly during the middle of the night 

when the population is not synchronized by sunset, or sunrise. Different parts of 

the home range may be used at different tim.es, so that even with hundreds of feet 

of detecting cable, the sample in any particular hour may not be representative of 

activity. In contrast, the time signal within a night for the Ontario population was 

n10re clearly defined than in California, sufficiently so to permit time-signal censusing. 

Changes in total activity from night to night provide a more reliable basis for 

the time-signal approach. The changes are large enough to provide a discernible 
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signal, and they are uniform throughout the population. Different kinds of mice, 

e. g. voles and deer mice, have different time signals (r12 small) which allow equation 

(5) to estimate each separately, even though the electronic mouse detector does not 

distinguish between them. The different signals are based on different reactions to 

night-to-night fluctuations in weather and different inherent periodicities, character­

istically four days in deer mice (MARTEN, in press b). 

The time signals of closely related species in the same area may not differ 

sufficiently to permit separate estimation of each. For example, P. truei and P. cali­
fornicus had a similar pattern of activity from night to night (r12 large). 

To get an idea of how well the time-signal approach might work in practice, 

equation (5) can be applied to two marked groups of P. truei, imagining one of the 

groups to be unmarked. For this special case, equation (5) reduces to 

U mt 
Ut=a+ M . (7) 

Using the data in Fig. 6 and regarding counts on the horizontal axis as the mt and 

on the vertical axis as the Ut, the known number of mice in the umarked" group is 

M=4. The linear regression estimate is 0=2.9, very close to the three n1ice actually 

in the uunmarked" group. False counts (a, the intercept of Fig. 6) are near zero, as 

they should be in this case; and the correlation (R) is large, indicating a high 

precision for the estimate fJ. 

Comparison of detection devices 
Considering the performance of different techniques for detecting mice, the alu­

minum tape was the most successful. It is inexpensive and detected mice reliably 
in several different field situations. Fig. 10 illustrates the time-signal equation (7) 

applied to an aluminum tape record, with transmitters regarded as marked counts 

and aluminum tape regarded as unmarked counts. An actual estimate could not be 

computed because the aluminum tape and antenna were operating contiguously, but 

unfortunately not in the Udetection-interrogation" scheme required to record the mt 
and Ut properly. However, the counts in Fig. 9 are undoubtedly proportional to the 

proper values, and the high correlation (R) suggests a population estimate would 

have been precise. 

The acoustic cable was designed to avoid the limitation of the aluminum tape to 

dry conditions; but its performance was disappointing because too many things other 

than mice were being counted in the field test, even though this was not a problem 

in the enclosure test. This is evidenced by the poor agreement between acoustic 

cable and aluminum tape (Fig. 11), contrasted with the good agreement between 

aluminum tape and transmitter records (Fig. 3). However, the acoustic cable seemed 

to operate reliablY, and it could well be useful in other situations. 

A capacitance proximity detector has numerous potential advantages over the 

n10use detection systems used in this study. It is simply a wire lying on the ground 

which detects whenever a mouse passes within several inches. The proximity detector 
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has the advantage that a wire is easily placed in the field. A wire is a minimal 

intrusion in the mouse's habitat and cannot be crossed without detection. No physical 

contact is necessary, in contrast to the aluminum tape and acoustic cable. 

A pilot proximity detector was assembled for this study (described in MARTEN, 

1970a, p. 73-76). The small effect of a small animal like a mouse could not be 

detected with a wire more than 100 feet long, though larger animals could be detected 

with even longer wires. The wire was much more sensitive when attached to 

inch-wide tape, the effect of a mouse stepping on the tape (and displacing the wire 

slightly) being much greater than its proximity alone. 

A possible disadvantage of the proximity detector is that it may be very non­

specific. Enclosure observations showed it responding only to mice, but it was not 

tested on a full scale in the field, and some other animals may have a similar effect 

to mice. 

The one marking system tested (i. e., transmitters) worked well, though less 

expensive markers would be required for routine use in the field. The ideal electronic 

marker would be inexpensive and detectable anywhere along a cable; it would allow 

several different kinds of marks and last a long time. ~'Passive" transmitters (MAC­

KAY, 1968, p.259-276) may offer the most potential; some have simple and inexpensive 

circuitry, different transmitters can be tuned to different frequencies, and there is no 

battery to run down. 

Additional Errors 

A limitation of remote sensing, which also pertains to trapping, is that only the 

accessible portion of the population is censused. The aluminum tape was used with 

an enclosure population of about 70 Microtus californicus, yielding several thousand 

counts per day. The population was then trapped and aluminum tape counts dropped 

to 1% of their original level, even though an additional 10% of the population, all 

juveniles, was subsequently captured. 

Though the commonly recognized errors of trap censusing-due to small sample 

size or bias in sampling marked animals-can be reduced to negligible proportions 

by the non-capture approach, another source of error must also be considered. Two 

portions of the same population may experience similar activity fluctuations from 

night to night, but slightly out of phase. If the marked and unmarked portions of 

the population are behaving this way, the ratio of their activities in anyone night 

may ~e quite out of proportion to their numbers, though not consistently in anyone 

directIon. 

This, then, is a random error due to violation of sampling assumptions. It sets a 

minimum below which the total error cannot be reduced, no matter how small the 

standard error and bias. This error is probably insignificant when averaged over 

many nights, but it is potentially large for a census based only upon one or two 

nights, particularly if the population is small. It is undoubtedly prominent in trapping 
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too, though not so easily detected as in remote sensing. 

Because unknown errors can nullify any censusing method, it is recommended 

that all of the non-capture methods be combined with the removal test proposed by 

MARTEN (1970b, in press a). If equations (3) or (5) correctly estimate a known 

decrement in the unmarked population (due to removal or marking), the population 

estimates may be considered reliable. 

SUMMARY 

A non-capture approach to censusing offers the possibility of (a) increasing sample 

sizes, thereby increasing precision, and (b) removing the bias so frequently associated 

with trapping. Sampling schemes analogous to removal and mark-recapture trapping 

were tested in the field, using electronic remote sensing as the means for sampling 

mice. 

The activity of P. maniculatus in Ontario forest and P. truei and P. californicus 

in California chaparral was observed directly and monitored electronically. A con­

ductance device (the aluminum tape) and a ~~treadle" device (the acoustic cable) were 

used to detect mice; and miniature transmitters were used as markers. The aluminum' 

tape proved more selective than the acoustic cable in registering mice. However, 

because an electronic mouse detector may register things other than the species being 

censused, it was suggested the unmarked population be estimated by extracting a 

Utime signal" from unmarked activity which correlates with a known time signal of 

marked mouse activity. 

Peromyscus activity was pulsed through the night, with different individuals not 

in tight synchrony and a slight depression in overall activity in the middle of the 

night. The time pattern of P. truei activity within a night was different from that 

of P. californicus. 

P. truei had conspicuous fluctuations in total nightly activity, with a period of 

about 4 days, the entire population usually being in phase. Night-to-night fluctuations 

in vole tracks in Quebec (unpublished data from R. BIDER) had low correlations with 

P. maniculatus tracks in the same area. 

The time signal of P. truei activity within a night was not uniform enough within 

the population for censusing by electronic remote sensing. Activity was sufficiently 

variable from night to night, as well as uniform within the population, to provide a 

characteristic night-to-night signal for censusing. 
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