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Many recent quantitative studies of avian population ecology have used 
strip transect methods to estimate bird densities (see Emlen 1971, 1977). 
These methods, and indeed all census methods, suffer from complications 
and limitations, some of which pertain to the observation conditions (e.g., 
weather and time of day). Traditionally the bias introduced by diurnal varia- 
tions in bird detectability has been met by limiting censusing to early morning 
"when birds are most active" (Pettingill 1970). However, recent findings that 
detectability may vary inversely with time of day in winter, but directly with 
time of day in summer (Anderson and Ohmart 1977, Shields 1977), or in 
some species (Robbins 1981), emphasize the need for further studies. 

Since 1978 we have been intensively censusing bird communities along a 
2600-m altitudinal gradient in California's Santa Rosa Mountains, using the 
narrow strip transect method (Merikallio 1946, 1958). In order to sample all 
of our transects monthly, we have had to census at various times of day. Our 
early results suggested that, in the open desert habitats of our study region, 
time of day had little influence on census results, provided air temperature 
was below about 35 C. Indeed, midday censuses seemed to yield density 
estimates comparable to those obtained at sunrise. To examine this further, 
we censused two desert habitats ten times each, twice daily -- once around 
sunrise and once at midday -- between 25 March and 9 April 1980. 

MATERIALS AND METHODS 

The two 50-m wide transects we censused are part of a series of 32 strip 
transects established at the University of California's Philip L. Boyd Deep 
Canyon Desert Research Center, located near Palm Desert, California. Both 
transects lie on an alluvial fan (elevation 250 m) that spreads northward from 
the base of the Santa Rosa Mountains (Figure 1). One transect (No. 8; desert 
woodland habitat) is 1.3 km long and follows the sandy bed of a dry desert 
wash. The dominant plants on this transect are Palo Verde (Cercidium 
floridurn), Smoke Tree (Dalea spir•osa), Desert-willow (Chilopsis linearis), 
Desert-lavender (l-lyptis emoryi), Chuparosa (Beloperor•e califorr•ica) and 
Cheesebush (l-lymenoclea salsola). The other transect (No. lB; scrubland 
habitat), located to the west of transect 8, follows a paved one-lane road 
(3-m wide) for 1.5 km across the broad alluvial fan. Dominant plants on this 
transect include Creosote Bush (Larrea tridentata), Burrobush (Ambrosia 
dumosa), Sweet Bush (Bebbia juncea), Cheesebush and several species of 
cacti. A few scattered Palo Verde and Smoke Trees also occur on transect 
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lB. Plant cover averages approximately 14% on transect lB and 23% on 
transect 8 (Zabriskie 1979 and pets. comm.). 

Both transects were walked twice daily, once within 2 h of sunrise and 
again at midday (starting times relative to sunrise are given in Appendices 1 
and 2). All transect counts were made by Weathers on calm sunny days. He 
used all available cues to detect birds and advanced with frequent pauses at 
speeds averaging 1.7 km/h. Following Emlen (1979), we assumed that in 
these open habitats few species would show detectability attenuation inside 
the 25-m boundary. Hence, no density adjustments were made for difficult 
to detect species. 

RESULTS 

From the number of birds seen during sunrise and midday censuses 
(Appendices 1 and 2), we calculated species richness, mean number of 
species seen, density, and species diversity (Table 1). Significant diurnal dif- 
ferences in these measures of community structure existed only for the desert 
woodland habitat, in which density was lower and diversity higher at sunrise 
than at midday. In the more open scrubland habitat, midday and sunrise cen- 
suses were comparable. In both habitats a few species exhibited diurnal den- 
sity changes (Appendices 1 and 2). Although some of these changes were 
due to variations in detectability, most seemingly resulted from localized 

Table 1. Number of species, individuals, and diversity of birds in two desert habitats censused 
10 times each at sunrise and midday. 

Desert Woodland Habitat Scrubland Habitat 

Sunrise Midday Sunrise Midday 

25 (11) 18 (10) 20 (10) 
11.90+ 1.45 8.20+ 1.69 9.10__+ 1.60 

719_+ 149 236_+ 111 238_+94 

0.80_+0.05 0.72_+0.14 0.71_+0.09 

Species richness ø 25 (11) 
Number species/census 11.90 _+ 1.66 
Density (birds/40 ha) 594_+ 177 b 
Diversity ? 0.85 _+ 0.03 b 

Values are mean _+ standard deviation. 

•'Simpson's index of diversity: D = 1 - 

øTotal species (resident species). 

s 

*Significantly different from midday value (p < 0.02; paired t statistic). 
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movements by birds. For example, more Gambel's Quail were encountered 
in the scrubland habitat at sunrise than at midday, whereas the opposite was 
true for the desert woodland habitat. This circumstance was due to quail 

leaving their nighttime desert wash roosts at dawn and traveling across the 
scrubland transect to drink at a nearby stream. After drinking, they returned 
to the dry desert wash. Similar localized movements may be responsible for 
higher midday densities of two other desert woodland residents, the Mourn- 
ing Dove and House Finch. Like the quail, these species require free water 
and probably left the transect early in the day to drink. Resident birds not 
dependent upon free water did not show significant diurnal variations in den- 
sity. 
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Figure 2. Maximum daily air temperature (above) and mean bird density in two desert 
habitats (below). Bird density was determined by averaging sunrise and midday 
transect counts. 
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In contrast with the pattern seen in resident species, winter visitors were 
more numerous in the desert woodland at sunrise than at midday. This 
resulted from greater numbers of sparrows being recorded at sunrise (Appen- 
dix 1). In the desert woodland, Brewer's, White-crowned and Golden- 
crowned sparrows tended to rest in dense bushes at midday and thus were 
less detectable at that time. Some White-crowned Sparrows probably left the 
desert wash for the scrubland habitat at midday, however, as their numbers 
increased there then. 

During this study, bird density changed conspicuously with time of year 
(Fig. 2). In the desert woodland habitat, bird density decreased from around 
800 to 330 birds/40 ha within 2 weeks. This decrease, which paralleled an 
increase in maximum air temperature, was due mainly to the emigration of 
winter visitors and House Finches. The early April peak in scrubland bird 
density resulted from beginning those censuses earlier in the day and conse- 
quently encountering more Gambel's Quail (Appendix 2). When Gambel's 
Quail are omitted from the calculations, scrubland bird density follows the 
desert woodland pattern. 

DISCUSSION 

The belief that early morning is the best time of day to census birds is wide- 
spread. Empirical studies. however, have yielded conflicting results. In some 
studies (Dawson 1981, Skirven 1981), bird density was independent of time 
of day, whereas in others (e.g.. Robbins and Van Velzen 1967, J•rvinen et 
al. 1977) it decreased with time since sunrise. Although sunrise may be the 
best time to census densely vegetated habitats (i.e., those in which detecting 
birds depends heavily on sound cues), in more open habitats other times of 
day may be equally satisfactory. Indeed, we found that due to local bird 
movements, the relative density of birds in desert woodland was actually 
higher at midday than at sunrise (Table 1). If we had limited censuses in this 
habitat to around sunrise, bird density would have been underestimated by 
an average of 17%. In three species (Gambel's Quail, Mourning Dove and 
House Finch), the underestimation would have been closer to 100%. 

Clearly, one cannot assume a priori that sunrise censuses provide the best 
results in all habitats. Furthermore, in the absence of diurnal effects, limiting 
censusing to a single time of the day is unnecessary and inefficient. 

Number of censuses required 

Often, bird community structure is expressed by density, species diversity, 
and species richness estimates derived from transect data. The number of 
times that a transect must be censused to obtain reliable estimates of these 

parameters is thus of crucial importance. Presumably, this will vary with 
habitat type and season. In mature Honey Mesquite (Prosopis juliflora), 
Anderson and Ohmart (1977) found that a minimum of four censuses of 
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single transects 0.8 to 1.6 km long was necessary to obtain reliable estimates 
of bird species diversity and richness, but that a single census was adequate 
for determining density. In the open desert habitats we studied, single cen- 
suses also provided reasonable estimates of density. Indeed, total bird density 
changed so rapidly throughout our study that calculating a mean density 
from multiple censuses seems inappropriate. 

In Figure 3 we present mean density estimates based on our unpublished 
censuses of six different desert woodland transects (including data for 
transect 8). These data confirm the pattern seen in Figure 2, and indicate that 
during the breeding season density varies markedly. A similar seasonal pat- 
tern has been found for birds in a northern hardwood forest by Holmes and 
Sturges (1975). Likewise, Weber and Theberge (1977) found that bird den- 
sity in southern Ontario, Canada, changed 53% in 7 weeks. Such rapid 
changes in bird density suggest that, for a variety of habitats, the precision of 
density estimates probably improves little after the first census. 

Bird species diversity (calculated from the data in Appendices 1 and 2) 
shows greater variability in the scrubland than in the desert woodland habitat 
(Table 2). Consequently, whereas only two or three censuses are needed to 
adequately estimate diversity in the desert woodland, four or five are 
required in the scrubland. 
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Figure 3. Seasonal change in total bird density (birds/40 ha) in desert woodland 
habitat at Deep Canyon Desert Research Center, Palm Desert, California. Values are 
means _+ SE for the indicated number of transect counts. Data from six different 
transects. 
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Table 2. Bird species diversity (Simpson's Index) calculated from sunrise and midday 
census data. 

Desert Woodland Scrubland 

Census Number Sunrise Midday Sunrise Midday 

1 0.86 0.72 0.77 0.75 
2 0.86 0.81 0.82 0.70 
3 0.78 0 78 0.65 0.67 
4 0.83 0.70 0.49 0.60 
5 0.85 0.80 0.50 0.59 
6 0.89 0.80 0.82 0.65 
7 0.87 0.82 0.83 0.73 
8 0.86 0.87 0.74 0.85 
9 0.83 0.83 0.88 0.85 

10 0 90 0.83 0.74 0.74 
Mean _+ SD 0 85_+0.03 *0.80+0 05 0.72-+0.14 0.71-+0.09 

*Significantly different from sunrise. p < 0.01 paired t statistre. 

Species richness, in terms of residents, changed by only one or two species 
after the fourth census in both habitats (Appendices 1 and 2). Based on more 
extensive censusing, however, we know that two species not detected during 
this study are resident in very low numbers in the desert woodland habitat: 
the Roadrunner, Geococcyx californianus, and Abert's Towhee, Pipilo 
aberti. Similarly, the Poor-will (Phalaenoptilus nuttallii) is a low density resi- 
dent in the scrubland. Failure to detect these species during this study reflects 
their low density and patchy distributions, and, in the case of the Poor-will, 
nocturnal habits. This finding suggests that in these habitats several transects 
should be censused to estimate reliably species richness. Based on more 
extensive data, Anderson and Ohmart (1977) recommended ½ensusing four 
different transects three times each to obtain adequate estimates of density, 
species diversity, and species richness in mature Honey Mesquite habitat. 
This recommendation seems reasonable for our more open habitats as well. 

Because a multitude of factors affects bird census results (see Ralph and 
Scott 1981). our findings do not necessarily apply to other desert habitats. 
For example, in the Sonoran Desert, Grue et al. (1981) found bird density to 
be 32-49 ø6 lower at midday than at sunrise. Clearly, the prudent course is to 
assume that each situation is unique, and to determine empirically the best 
time of day to census birds. 
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SUMMARY 

In desert scrubland, sunrise and midday strip transect censuses produced 
comparable estimates of species diversity, species richness, and density. In 
desert woodland, species diversity averaged 6.3% higher and density 
17.4% lower at sunrise than midday. Lower sunrise density in the desert 
woodland resulted from about half the resident Gambers Quail, Mourning 
Doves and House Finches leaving this habitat at dawn to drink at nearby 
water sources. Thus, in our study area, restricting censusing to around sun- 
rise is inappropriate in the desert woodland and unnecessary in the desert 
scrubland. 

In the open desert habitats we studied, density was estimated adequately 
from a single census, but reliable estimates of species diversity and richness 
required 4-5 censuses. 
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