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Minute-by-minu& analysis of point c a t s  of 
birds in mixed-conifer forests in the Siena National 
Forest, central California, showed that cumulative 
counts of species and individuals increased in a 
curvilinear fashion but did not reach asymptotes 
after 10 minutes of counting. Comparison of the 
expected number of individuals counted per hour 
with various com&maticas of counting time and 
noncounting times ifornrecord keeping and travel 
between counting staticas) showed that 10-minute 
counts were most eff~cient in most cases. Counting 
longer than 10 minutes is not recommended, be- 
cause oithe increased risk of double counting some 

oring, p in t  counts, 

T hree basic methods-spot mapping, 
tmnsects, and p i n t  counrs-have 

been developed to estimate numbers of 
birds.'J Spot mapping is applicable to 
relatively small areas, but it is too labor 
intensive to use for monitoring trends in 
bird numbers on areas larger than about 
200 ha. Both transects and point counts 
can be used for monitoring on a larger 
scale, but transects are not as suitable as 
point counts because the eime spent on a 
transect cannot be so rigidly controlled as 
that on a p i n t  count. Depending on the 
number of birds detected along a transect, 
an observer will stop for varying amounts 
of time to record obsemations. The time 
smp@ may be enough for some unde- 
tected birdis to come within range of detec- 
tion by the observer, dthough they would 
have rem&ned undetected had the ob- 
server not s@p@ to record prior detec- 
tions. Thus, the presence of more birds 
along a aansect may cause an upward bias 
in the numbers detected, relative to a 
wansect with Ewer birds. This bias cannot 
be senmeed later from the real ~Eerence 

in numbers of birds along any two 
transects, or along the same transect on 
different occasions. 

Unlike the case with transects, the effort 
given to actual counting of birds during 
point counts can be precisely controlled by 
standardizing the duration of the counts. 
This makes point counting the method of 
choice for monitoring trends in bird num- 
bers on land areas larger than appropriate 
for spot mapping. The method has been 
described elsewhere, especially in refer- 
ence to estimating den~ities.~J 

This note recommends an optimum du- 
ration for point counts when used to moni- 
tor trends in bird populations. Results are 
probably applicable to a variety of habitats 
other than those studied because effi- 
ciency, as affected by the ratio of counting 
to noncomling h e ,  is a function of the 
mean cumulative counts of individual 
birds. Thus, other habitats that generate 
counts comparable to or higher than those 
obtained in this study--e.g., many wet- 
land and r i p ~ a n  sites--could safely fol- 
low the same guidelines. 



STUDY AREAS 

Point counts were done at t m  lmations 
in the Sierra National Forest The ''Mark- 
wmd" site was situated on a southwest 
facing slope, from 1830 to 1950 m eleva- 
tion, between Whd Medow and 
Bald M~unlain Lookou~, 12 km east of 
Shaver M e  (3706T-4, 1 190W, HuntingEon 
Lake SW Quadrangle, USGS). The site, 
lightly logged in the 1960's, was in a 
heterogeneous area of old-growth mixed- 
conifer forest interspend with patches of 
mounrain c h a p d .  Dominant canopy 
trees were white fir (Abies concolor), in- 
cense-~& (Libocedrw bscurrens), and 
sugar pine (Pinw lambertiana). Total 
shrub cover was 30.5 pct, largely in dense 
stands between 1 and 2 m in height. 

The 'TTeakewle" site was located on a 
south-facing slope, from 2W0 to 2130 m 
elevation, on the Teakeatle Experimental 
Forest, 13 km south of Wishon Reservoir 
(36"57N, 119%2W, Patterson lViounlain 
NE Quadtangle, USGS). The site was in 
old-growth coniferous forest, never logged 
except for minimal sanilarion purposes, 
construction of a nmow access road, and 
clearing for a cabin site. Dominant canopy 
trees were red f i  (Abies wgnijica), white 
fir, sugar pine, Jeffrey pine (Pinus jeffreyo, 
and hcens-cedar. Total s h b  cover was 
3 1.8 pct Unlike the shrub cover at Mark- 
wood, much of that at Teaketde was gener- 
ally sparse and less 'dm 1 m in height. 

METHODS 

tim the observers rotam among 
ns (clPckwise or counterclwk- 

wise). Bismces were estimatd from the 
counting station to all birds detected, md 
d l  birds detected were flied, regardless 
of their distance from the station. The bXal 
smple f a  each obsemer consisted of four 
replicate counts of each station during 
each hourly interval (48 comts/observer; 
144-count tot& at Wkwocxl, 192-count 
total at Teaketde). 

D ~ g  each count, observers kept a 
sepmte tally by minute, endeavo~ng to 
avoid counting the m e  individual more 
than once during the full 10-minute count. 
These data were used to generate cumula- 
tive counts of species and individuals, by 
minute. I emp~cally eslimated the num- 
ber d new individuals expected per hour 
of @tal effort for v ~ o w  combinations of 
counting and noncounting lime (e.g., for 
record keeping and travel between count- 

C + N  
in which 
E = the expected cumulative count of 

individuals per hour for a given combina- 
tion of counting and noncomting times, 

C = count duration in minutes, 
N = noncounting time in minutes, 

and 
I = the mean cumulative count of in- 

dividuals after 1,2,3,4,5,6,7,8,9, and 
10 minutes of counting. 
Statistical significance has been arbibrar- 
ily set at a probability level of 0.05. 

nifimt differences in efficiency only be- 
tween counts differing in duration by 6 or 7 
minutes, little reason exists to doubt the 
validiry of the observed @ends: (1) The 
trends were the same for all seven observ- 
ers, and (2) every observer detected new 
individuals with each agditiond minute of 
sampling. 

With noncounting lime of 5 minutes, 
peak counting efficiency wcuned with 4- 
minute counts atbolR sites; with noncount- 
ing time of 10 minutes, peak efficiency 
murred with 8-minute counts at the Mark- 
w d  site and 7-minute counts aE the Tea- 
kettle site. For all other noncounting times 
(15, 20, 25, and 30 minures), peak effi- 
ciency occurred with 10-minute counts. 
The pmporlional gain in efficiency with 
10-minute counts compared ~o 5-minute 
counts increased with increasing non- 
councing time. 

Differences in noncounting time had 
considerably more effect on count effi- 
ciency than differences in counting time 
@g. 3). For example, with a 5-minute 
increase in counling time, from 5 to 10 
minutes, expected counts increased only 
2.2 pct and 0.8 pct at the Wkwood and 
Teakettle sites, respectively, when non- 
counting time was 10 minutes. Compa- 
rable gains were 9.1 gct and 7.4 pct with a 
noncounting lime of 15 minutes. On the 
other hand, reducing the noncounting time 
the same mount, from 15 to 10 minutes, 
gave 33.4 pct and 33.2 pct higher ~otals 

Three observers at m k w d  and four at 
Te&ettle completed 10-minute point 
counts during the first, third, and fifth hours 
of the morning, with the "fist hour" com- 
mencing 10 minutes after official sunrise 
time. Four counting stations were estab- 
lished at the corners of a square, 250 m on 
a side, at each location. Each observer 
counted at all stations during 1 hour on 2 
days per week for 6 weeks, beginning the 
last week of May 1986. All observers at 
each site counted during the same hour of 
the same day, rotating observers among the 
counting stations. With the constraint that 
each hour be sampled in any set of three 
successive counting days, the hour of 
counting was randomly demined, as 
were the assignments of observers to their 
initial counting stations on a given day, and 

At both sites, counts of species fig. I )  
and individuals (fig. 2) did not reach as- 
ymptotes after 10 minutes of counting, and 
mean counts of both were significantly 
higher at Wkwood than at Teakettle, 
commencing with the second minute (t  = 
3.68; 0.02>P>0.01) for species fig. I) and 
the second minute (t = 2.93; 0.05>P>0.02) 
for individuals (fig. 2). 

Estimatd counts of individuals for dif- 
ferent combinations of counting and non- 
counting time showed that unless non- 
counting time was relatively short-n 
the order of 5 to 10 minutes--counts of 10 
minutes were more efficient than any of 
shorter duration flg. 3). Although calcu- 
lated confidence intervals indicated sig- 

MINUTES OF COUNTING 

Figure I-Mean species-accumulation curves 
for the Markwood (solid line) and Teakettle 
(dashed line) sites in the Sierra National Forest, 
California. Vertical lines indicate 95 percent 
confidence intervals. 
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MINUTES OF COUNTING 

Figure 2-Mean individual-accumulation 
curves for the Markwood (solid line) and Tea- 
kettle (dashed line) sites. Vertical lines indicate 
95 percent confidence intervals. 

COUNTING TIME 

with 5-minute counts and 24.9 pct and 25.1 
pct higher totals with 10-minute counts at 
Markwood and Teakettle, respectively. 
This general result held for all comparisons 
of this sort, and in general the loss in 
efficiency with increasing noncounting 
time was proportionally the least with 
counts lasting 10 minutes, and the rate of 
gain in efficiency accelerated with de- 
creasing noncounting times. 

A final decision on the optimum duration 
of point counts for a monitoring system 
must balance count efficiency in relation to 
noncounting time with other considera- 
tions. Results of this analysis suggest that 
counts even longer than 10 minutes would 
probably be more efficient, so long as 
noncounting time exceeded counting time 
by 20 pct to 30 pct. However, the longer an 
observer counts at the same station, the 
more likely he or she is to count certain 
individuals more than once? violating a 
key assumption of the statistical analysis 
appropriate to results of such counts. 

J 
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COUNTING TIME 

Figure 3--Expected cumulative counts of noncounting time is noted at the end of each 
individuals per hour of effort for different curve. Ninety-five pt3rCent confidence 
combinations of counting and noncounting intervals are shown only for the 15-minute 
times, based on data from the Markwood (A) noncountin9 times, as an example of the 
and Teakettle (B) sites. The duration of expected magnitude of variability. 

RECOMMENDATIONS 

Because the power of statistical tests 
increases with increasing total counts of 
individuals, noncounting time should be 
kept as short as possible to increase the total 
number of stations counted by an observer 
in a given morning. The most efficient 
design would exclude noncounting time, of 
course, but that would preclude counting at 
more than one station. Even the combina- 
tion of 5-minute counts with 5 minutes of 
noncounting time-the most efficient of 
the various combinations examined-is 
unfeasible. The optimum design for a 
monitoring system wouldscatter numerous 
counting stations (I recommend at least 
200) randomly throughout the geographic 
area to be monitored. In addition, no station 
should be nearer than 300 m to any other 
station, to assure that individual birds are- 
not counted from different stations. This 
means that most stations would be too far 
apart to allow an observer to move from one 
to another in only 5 minutes. (Field person- 
nel in a study in oak-pine woodlands in 
Madera county, ca lk ,  sometimes had 
difficulty finishing up data recording at the 
end of a count and walking just 200 m 
between counting stations in 5 minutes.) 

For use of point counts in habitats that 
give counts similar to those reported here, I 
recommend a counting period no longer 
than 10 minutes. This represents a compro- 
mise between counting longer for in- 
creased efficiency (this study) and not 
counting so long that the risk of double- 
counting individuals is unacceptably high2 
In addition, I recommend that field data 
sheets provide a way for observers to rec- 
ord time at the end of 5 minutes of counting, 
EO increase the potential for using fre- 
quency (number of stations at which a 
species is detected/total number of sta- 
tions) as a measure of ab~ndance.~ (Certain 
species may be regularly detected at all 
stations during 10-minute counts but may 
be missed occasionally with a 5-minute 
count.) Frequency, of course, loses its 
comparative value among species that are 
detected at all stations (frequency = 1.0).2 

I further recommend, subject to the con- 
straint that assumptions of statistical tests 
be satisfied, that counting stations used for 
monitoring be located so an observer can 
travel between all stations to be sampled in 
a given morning with an average of no more 



&an 20 rninuees of noncouneing time. This 
would pmit one observer to count at las t  
10 stations in the first 5 hours of the m m -  
ing and at least 200 srafions in 20 days. 
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