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The Sacramento Valley forms the northern reach of California's Central 
Valley, one of the most intensively farmed regions in North America. Over 
90% of the Central Valley's wetlands and riparian habitats have been lost or 
degraded through agriculture and urban development since the early 1900s 
(U.S. Fish and Wildlife Service 1978, Frayer et al. 1989). In spite of habitat 
loss, the Sacramento Valley still provides important breeding areas and 
serves as critical wintering grounds for millions of migratory birds in the 
Pacific Flyway (Gilmer et al. 1982). The importance of the Sacramento 
Valley to the Pacific Flyway and the scarcity of its remaining natural habitats 
emphasize the need for closely monitoring avian use of these areas. 

Information on the abundance and distribution of nongame species in the 
Sacramento Valley is sparse, especially in comparison to game species such 
as waterfowl. In an effort to expand bird monitoring, managers at the 
Sacramento National Wildlife Refuge Complex (NWRC) developed a long- 
term survey program to gather basic information on nongame migratory 
bird populations. Based on support from trained volunteer staff, surveys 
were initiated in 1986. The initiation of year-round refuge surveys comple- 
mented traditional Breeding Bird Surveys (Robbins et al. 1986) conducted 
nearby off the refuges. 

The purpose of this paper is to describe surveys of nongame and upland 
gamebird populations conducted from 1986 through 1993 and to report 
the findings on seasonal distribution, frequency of occurrence, and trends in 
abundance of selected species on the Sacramento NWRC. 

STUDY AREAS 

The surveyed areas included the Sacramento, Delevan, Colusa, and Sutter 
refuges of the Sacramento NWRC. All refuges are located within a 30-km 
radius of Colusa in the Sacramento Valley (Figure 1) and range in size from 
1161 (Sutter) to 4415 ha (Sacramento). The climate is characterized by mild 
wet winters and long hot summers. Annual precipitation averages 46 cm, 
most falling from October through April. 

Seasonal wetland is the most common habitat type on all the refuges 
(Table 1). Typically, these wetlands are drawn down in April or May, remain 
mostly dry during summer, and are refiooded in late summer and early fall. 
Uplands consist mostly of halophytic herbaceous vegetation and annual 
grasslands with lesser acreages of riparian woodlands along waterways 
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Figure 1. Sacramento Valley, California, and study areas, including Sacramento, 
Delevan, Colusa, and Sutter national wildlife refuges. 

(Oswald and Silveira 1995). Permanent wetlands constitute less than 10% of 
all wetlands. 

Sacramento, Delevan, and Colusa refuges are situated in the Colusa 
Plains, historically an alkali grassland interspersed with seasonal wetlands 
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Table 1 Habitat Types on Sacramento NWRC Refuges and 
at Survey Stops, 1986-1993 

Refuge 

Sacramento Delevan Colusa Sutter Total 

Size (ha) 4415 2296 1654 1161 9526 
Percentage of refuge sampled 

33.1 37.3 37.4 52.0 37.0 

Percentage seasonal weftand 
Overall 70.4 82.2 68.2 66.7 72.4 

Stops 70.3 69.1 a 61.6 a 68.9 68.3 
Percentage permanent wetland 

Overall 3.4 1.9 8.2 9.5 4.6 

Stops 4.1 3.3 10.0 11.4 6.2 
Percentage riparian woodland 

Overall 2.6 2.8 3.5 17.0 4.6 

Stops 3.4 2.0 4.5 17.9 5.7 
Percentage grassland 

Overall 23.6 13.1 20.1 6.8 18.4 

Stops 22.2 25.6 • 23.9 1.8 • 19.8 

aHabitat proportion in sample significantly different from in refuge (e• -- 0.05). 

and sparse trees and shrubs along drainages (Hall 1975). Intensive rice 
cultivation began in the Colusa Plains in the early and mid-1900s, and rice 
growing continued on certain refuge units until the late 1980s. Currently 
refuge lands are managed mostly as seasonally flooded marshes and natural 
uplands. Riparian woodlands now occur on many of the developed water- 
ways that originally were treeless ephemeral streams. 

Sutter Refuge is located almost entirely within a 1.6-km-wide bypass 
channel built to control flooding by containing overflow water from the 
Sacramento River. Historically, this area was part of the lower reaches of 
Butte Creek, a tributary of the Sacramento River. Rice was cultivated at 
Sutter Refuge through the mid-1980s, but the area is currently managed for 
wetlands. Sutter Refuge supports more riparian woodland than the other 
refuges because of its relatively high water table and floodplain location. 

METHODS 

On each refuge, surveys were conducted by means of fixed-radius road- 
side point counts modified from Hutto et al. (1986). Routes were established 
along improved roads, with stops spaced 0.8 km apart to avoid disturbance 
to vegetation and wildlife. We used a systematic rather than a randomized 
spacing of stops to ensure reliable access, repeatable sampling of habitats, 
and to enable use of a standardized radius for observations. Route length and 
the number of stops per survey route were 27 km, 34 stops at Sacramento, 
21 km, 26 stops at Delevan, 18 km, 22 stops at Colusa, and 14 km, 18 
stops at Sutter. At each stop, nongame birds and four upland gamebird 
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species seen or heard within a visually estimated 0.4-km radius and within 5 
minutes were recorded. Any portion of the circular sample site that was 
outside the refuge boundary was not considered. Ten-power binoculars and 
a 15- to 45-power spotting scope were used to aid species identification. 
Most surveys were conducted during the middle of each month throughout 
the year, with additional surveys in the spring (March, April, May) and fall 
(September, October, November) (Table 2) when migrants were present and 
trained volunteers were available. To maximize bird detection, surveys were 
started at about 0700 and usually completed within 4 hours. If winds 
exceeded approximately 24 km/hr, or visibility was below 1.6 km, the 
survey was postponed until the next acceptable day. Some stops or routes 
were omitted temporarily during the 8-year study because of flooding or 
poor road conditions. Seasonal flooding occasionally hindered our normal 
survey schedule, especially at Sutter and Colusa refuges. Monthly surveys on 
each refuge were conducted on different days, but surveys in the same 
month were usually done within 14 days of each other. 

We used a geographic information system (ESR! 1995) to determine the 
area of habitat type (seasonal wetlands, permanent wetlands, riparian 
woodlands, and grasslands) within each refuge and within 0.4 km of each 
stop. We compared the habitat composition of survey stops to the overall 
habitat composition of each refuge habitat using an overall chi-square test of 
independence (SAS Institute 1989) and a Bonferroni Z statistic (Neu et al. 
1974) to determine specific variations in habitat proportions. 

Regression analyses (SAS Institute 1989) were used to evaluate trends in 
species' frequency of occurrence (the percentage of stops on a survey where 
at least one individual of the species was observed) and number observed (the 
mean number of a given species observed on a survey for all stops where the 
species was observed) over the eight years of the study. To ensure a 
reasonable sample of observations as a basis for assessing change, we 
selected only species that were observed on more than two surveys per 
season per year, and considered only the spring and fall seasons when 
surveys were conducted most consistently. 

Table 2 Bird Surveys Conducted in the Sacramento 
NWRC, 1986-1993 

Number of Surveys a 

Refuge Winter Spring Summer Fall Total 

Sacramento 13 (7) 22 (8) 5 (2) 17 (7) 57 
Delevan 8 (5) 22 (8) 3 (3) 18 (7) 51 
Colusa 7 (4) 20 (8) 5 (3) 18 (7) 50 
Sutter 4 (2) 14 (7) 3 (2) 12 (5) 33 

Total 32 78 16 65 191 

aNumber of years surveys conducted shown in parentheses. 
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We compared the portion of wetland at each stop with total spring plus fall 
observations for each species group (i.e., diving birds, wading birds, shore- 
birds, raptors, and other landbirds). We pooled data for Sacramento, 
Delevan, and Colusa refuges because of the nearly equal survey effort for 
each refuge and their similar habitats. Sutter Refuge was omitted because of 
its lower survey effort and unique habitat. A total observation value (observa- 
tions/stop) for combined spring and fall surveys was determined for each 
category and for each species group. 

RESULTS 

Species Richness and Abundance 

We observed 139 species (Table 3) during a total of 191 surveys at 5141 
stops, for 28,635 sightings on the four refuges over eight years. Species 
richness was greatest during spring, when we identified a total of 88 species 
of landbirds and 40 of waterbirds on all refuges combined. The number of 
species observed per stop was highest for landbirds at Sutter in the spring 
(7.74) and for waterbirds at Delevan in spring (1.96). 

Species detected during all surveys and at more than 25% of all stops were 
the Red-winged Blackbird (44% of stops), Red-tailed Hawk (43%), and 
Marsh Wren (38%) during winter; Ring-necked Pheasant (62%), Western 
Meadowlark (56%), Marsh Wren (51%), and Red-winged Blackbird (49%) 
during spring; Red-winged Blackbird (35%), Western Kingbird (32%), and 
Western Meadowlark (29%) during summer; and Red-winged Blackbird 
(56%), Red-tailed Hawk (30%), and Marsh Wren (27%) during fall. In 
contrast, 17 species were sighted only once during the entire eight years. 

Population Trends 

Observations of 56 species were sufficient to test for population trends in 
spring (53 species) and fall (42 species). In spring, 15 species had positive 
trend estimates, 21 had negative trends, and 17 had mixed trends for 
frequency of occurrence and number observed; of these, the trend was 
significant (P < 0.05) for 15 (Table 4). In fall, seven species had positive trend 
estimates, 17 had negative trends, and 18 had mixed trends; the trend was 
significant for nine (Table 4). The Ring-necked Pheasant declined signifi- 
cantly in both variables in spring, as did Brewer's Blackbird in both spring 
and fall. 

Diving birds (six species, including the Belted Kingfisher) peaked during 
spring migration. The Pied-billed Grebe was the most common diver (583 
observations), the Eared the least (9). During spring and fall diving birds were 
observed most frequently (0.26 observations/survey/stop) at Colusa Ref- 
uge, where deep water was more abundant along survey routes than on 
other refuges. Trends in this group (Table 4) included declines of the Pied- 
billed Grebe and Double-crested Cormorant in fall and spring, respectively, 
and an increase in the frequency of occurrence of the American White 
Pelican in spring. 

Wading birds (13 species) were common year round. The Great Egret, the 
most commonly encountered wader (995 observations), and Great Blue 
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Heron (814) were routinely encountered at all seasons. In contrast, we 
observed only one Least Bittern. Cattle Egrets occurred in relatively great 
numbers for short durations, but sightings (11) were sporadic. The White- 
faced Ibis reached peak numbers during winter in 1989 and 1990. Wading 
birds were observed at the highest rate (0.63 obs./survey/stop) during 
spring and fall at Delevan Refuge. Declines in mean number observed were 
noted for the Snowy and Great Egrets during spring and fall, respectively 
(Table 4). The Great Blue Heron declined in frequency of occurrence during 
spring. Numbers of shorebirds (18 species) peaked in spring and, to a 
lesser degree, fall, as migrants sought out shallow refuge wetlands. Routine 
marsh drawdowns in spring and flooding in late summer and fall provided 
suitable water depths for feeding and loafing. The Killdeer was the most 
commonly observed shorebird (817 observations). Shorebirds, gulls, and 
terns combined were observed at the highest rate (0.68 observations/ 
survey/stop) during spring and fall at Delevan Refuge. The Black-necked 
Stilt and Killdeer declined in the percentage of survey stops where they were 
observed in fall and spring, respectively. An increase was noted for Long- 
billed Curlew in the fall (Table 4). 

All five species of gulls and terns were observed during the spring but 
fewer were recorded at other seasons. The Ring-billed was the most 
common (208 observations), although the Herring was common on the 
refuges in winter, when they concentrated to feed on waterfowl carcasses 
resulting from avian cholera outbreaks. No significant trends were detected 
in this group. 

Diurnal raptors and vultures (15 species) reached peak numbers during 
the nonbreeding seasons. The most prominent species were the Red-tailed 
Hawk (1261 observations), Northern Harrier (755), and Turkey Vulture 
(429). White-tailed Kites typically were observed as pairs, but flocks of 20 or 
more were occasionally recorded outside the breeding season. All raptors 
were observed at the highest rate (0.63 observations/survey/stop) during 
spring and fall at Colusa Refuge. As expected, because our surveys were 
during the day, we rarely observed owls (5 species), except for nesting Great 
Horned Owls (71 observations), which were encountered regularly in spring. 
We saw the Burrowing Owl only twice, despite the availability of apparently 
suitable habitats along survey routes. No significant trends in raptors were 
detected during the 8-year survey. 

Gamebirds (4 species) were dominated by the Ring-necked Pheasant 
(1947 observations) and Mourning Dove (641), although pheasants seen in 
spring declined during the study (Table 4). Trends in other gamebird species 
were not apparent. California Quail (13 observations) were seen mostly as 
occasional pairs in the spring. Quail densities were low in comparison to 
historical numbers, but the current population appears stable. Mourning 
Dove were abundant as breeders on the refuges in the spring and summer, 
with fewer seen at other times. Large flocks occurred on nearby agricultural 
lands in winter. 

Dominant species of songbirds were the conspicuous Red-winged Blackbird 
(2370 observations), Western Meadowlark (1895), and Marsh Wren (1841). 
Many species (e.g., Anna's Hummingbird, Bank Swallow, Cedar Waxwing, 
Macgillivray's and Townsend's Warblers, Olive-sided and Western Flycatch- 
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Table 4 Species Showing Significant a Trends on the Sacramento, Delevan, and 
Colusa National Wildlife Refuges, 1986-1993 

Spedes Variableb Season c nd Slope SE e r 2f T• P• 

Diving birds 
Pied-billed Grebe M F 44 --O.100 0.045 0.105 -2.216 0.032 
Am. White Pelican P S 33 1.002 0.441 0.142 2.270 0.030 
Double-crested 

Cormorant M S 45 --0.378 0.179 0.094 -2.113 0.041 

Wading birds 
Snowy Egret M S 56 -0.261 0.109 0.096 -2.396 0.020 
Great Egret M F 52 --0.248 0.103 0.104 -2.412 0.020 
Great Blue Heron P S 61 -1.298 0.533 0.091 -2.436 0.018 

Shorebirds 
Black-necked Stilt P F 35 -1.218 0.400 0.219 -3.045 0.005 
Killdeer P S 59 -2.42 0.656 0.193 -3.691 0.001 
Long-billed Curlew P F 26 0.802 0.349 0.180 2.297 0.031 

Gamebirds 

Ring-necked Pheasant P S 61 -2.633 0.823 0.148 -3.198 0.002 
M S 61 -0.205 0.049 0.227 -4.164 0.000 

Other landbirds 
Barn Swallow M S 47 --0.252 0.070 0.225 -3.611 0.001 
American Crow P S 25 --0.775 0.346 0.179 -2.237 0.035 
Marsh Wren M F 53 -0.081 0.027 0.144 -2.935 0.005 

European Starling P S 26 0.386 0.129 0.269 2.974 0.007 
Savannah Sparrow P S 39 1.349 0.608 0.118 2.220 0.033 
Golden-crowned 

Sparrow M F 25 0.498 0.221 0.181 2.252 0.034 
Western Meadowlark P S 61 -1.464 0.597 0.092 -2.451 0.017 

P F 53 -2.287 0.927 0.107 -2.467 0.017 
M S 61 2.319 0.737 0.144 3.146 0.003 
M S 57 -1.149 0.536 0.077 -2.143 0.037 
P S 57 -2.629 0.477 0.355 -5.502 0.000 
M F 47 -1.744 0.780 0.100 -2.236 0.030 
P F 47 -2.009 0.516 0.252 -3.891 0.000 
P S 43 -1.077 0.483 0.108 -2.227 0.032 
M S 60 0.107 0.049 0.076 2.183 0.033 
M F 30 0.608 0.262 0.162 2.325 0.028 

Red-winged Blackbird 
Brewer's Blackbird 

Brown-headed Cowbird 
House Finch 

a• = 0.05. 

bM, mean number of a species observed on a survey for all stops where the species was observed; P, 
percentage of stops on a survey where at least one individual of the species was observed. 

cS, spring; F, fall. 

dNumber of surveys observed. 
eCoefficient of determination. 

IT statistic for testing H0: slope = O. 
gProbability > ITI. 
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ers, Hutton's, Warbling and Solitary Vireos, Chipping, Fox and Lark Spar- 
rows) were sighted less than three times each. Landbirds (including gamebirds) 
were observed at the highest rate (5.8 obs./survey/stop) at Sutter Refuge. 
Refuge grasslands and other upland habitats were attractive to certain species, 
as reflected in the abundance of the American Goldfinch, and Savannah, 
White-crowned, and Golden-crowned Sparrows during migration. Blackbirds, 
especially the Red-winged and Brewer's, were common at all seasons, but 
numbers of Brewer's Blackbird declined significanfiy in both spring and fall. 
The Tricolored and Yellow-headed Blackbirds were present at all seasons, but 
their numbers varied greatly because colonies occasionally shifted in relation 
to survey routes. The mean number observed declined for the Barn Swallow, 
Marsh Wren, and Brewer's Blackbird but increased for the Golden-crowned 
Sparrow, Red-winged Blackbird, and House Finch (Table 4). The frequency of 
occurrence declined for American Crow, Western Meadowlark, Brewer's 
Blackbird, and Brown-headed Cowbird but increased for the European 
Starling and Savannah Sparrow (Table 4). 

Habitat Relationships 

The habitat composition of survey stops generally reflected the habitat 
composition of the refuge (Table 1), but survey-route constraints did result in 
some differences (•2 <_ 78, 3 dr, P _> 0.001). Our stops oversampled 
grasslands at Delevan but undersampled grasslands at Sutter and seasonal 
wetlands at Delevan and Colusa (Z -- 2.5, 3 df, Bonferroni P <_ 0.05). 
Seasonal wetlands (68%) were the dominant habitat type for all survey 
routes, followed by grasslands (20%), permanent wetlands (6%), and ripar- 
ian woodlands (6%)(Table 1). 

As expected, wetland-dependent species were observed at the highest 
rates at survey stops comprising a high proportion of seasonal and perma- 
nent wetlands. In contrast, high rates of landbird and raptor observations 
were associated with stops containing more diverse habitats. On Sacra- 
mento, Delevan, and Colusa refuges, non-wetland areas were mostly grass- 
lands, whereas on Sutter Refuge these habitats were mostly riparian wood- 
lands. Observation rates (obs./stop) for spring and fall for Sacramento, 
Delevan, and Colusa refuges combined (mean 39 surveys) for each species 
group and habitat category (A >90% wetland, B 50-90% wetland, C <50% 
wetland) were as follows: diving birds, A -- 10.5, B -- 9.5, C: 3.1; wading 
birds, A: 26.6, B -- 26.9, C: 11.2; shorebirds, gulls and terns, A -- 38.7, 
B: 22.5, C -- 14.3; raptors, A -- 21.3, B -- 22.6, C -- 24.8; other landbirds 
(including gamebirds), A: 132.0, B -- 138.0, C -- 164.0. 

DISCUSSION 

Survey Design and Utility 

Survey methods for this study were selected to optimize survey costs in 
relation to the quality and utility of the acquired data. This design gave us 
baseline data on a wide range of species at minimum cost but restricted our 
analyses to comparisons of relative change in abundance and distribution. 
Population estimates would require visibility corrections. Reproductive infor- 
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mation such as nest success and recruitment would require more intensive 
and costly methods, such as mist-netting and nest searches, that normally 
focus only on a few species. 

Species Richness and Diversity 

The influx of spring migrants produced peaks in the number of species 
observed per stop on all refuges. Highest spring and overall species densities 
were observed on Sutter Refuge, which contained the largest contiguous 
tract of riparian woodlands. The structural diversity (MacArthur and 
MacArthur 1961) created by extensive riparian woodlands adjacent to other 
natural habitats made Sutter Refuge highly attractive to landbirds, especially 
spring migrants. Stevens et al. (1977) reported that western riparian areas 
contain up to I 0 times more migrants per hectare than adjacent nonriparian 
habitats. 

Highest species densities of waterbirds were characteristic of the larger 
refuges with greater wetland diversity and better opportunity for observing 
waterbird species. Waterbird numbers on Sutter were consistently lower 
than on other refuges. This may have been because wetlands at Sutter are 
densely vegetated and become attractive for shorebirds and other waterbirds 
only during brief drawdown and flood-up cycles. Additionally, survey effort 
at Sutter Refuge was consistently the lowest, contributing to the lower 
species densities observed during winter. 

Population Trends 

Trends on the Sacramento NWRC may result from local, regional, or 
continental changes in populations. The results of our trend analysis may 
reflect actual population changes, but these variations may also be explained 
by normal population fluctuations, variations in timing of migration, redistri- 
bution of birds because of habitat conditions (e.g., drought), or observational 
chance. 

Local habitat changes may cause local shifts in populations. For instance, 
an increase in pelican observations may have been caused when these birds 
were attracted to abundant fish on refuge wetlands. Regional changes in 
populations may have been reflected in an increase in the use of Sacramento 
NWRC by the White-faced Ibis during the period of survey. During the 
1970s ibis were rarely observed on the refuges. Peterjohn et al. (1995) 
reported that breeding populations of ibis in North America have increased 
dramatically since 1966, whereas others (Johnson and Jehl 1994) sug- 
gested tht geographic shifts may account for such changes. Diurnal raptor 
observations increased through fall and winter (Wilkinson and Debban 
1980) as these birds, especially the Red-tailed Hawk, found numerous 
perching sites and abundant prey on the refuges. 

Breeding Bird Surveys (BBS) conducted from 1966 to 1992 (Peterjohn et 
al. 1995) suggest national trends. Like our findings, the BBS noted negative 
trends for the Ring-necked Pheasant, Brewer's Blackbird, and Brown- 
headed Cowbird and a positive trend for the American White Pelican. In 
contrast to our study, however, the BBS suggested trends increasing for the 
American Crow and decreasing for European Starling and Red-winged 
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Blackbird. It implied no significant trend for the other 17 species for which 
we noted increases or decreases. 

Christmas Bird Counts (CBC) are another source of trend data that can be 
compared to surveys on the Sacramento NWRC. Using CBC data, Root and 
McDaniel (1995) inferred population trends for 27 species of songbirds. 
They reported that the Western Meadowlark and Savannah Sparrow de- 
clined in several states and increased in no state, whereas the American 
Crow increased in more states than it declined. Similarly, we found signifi- 
cant negative trends for frequency of occurrence in both spring and fall for 
the Western Meadowlark at Sacramento NWRC. In contrast to the CBC 

analysis, the Savannah Sparrow increased and American Crow decreased in 
our spring surveys. Additional studies are needed to determine whether 
agreement between our results and national surveys (e.g., BBS and CBC) 
reflects true population changes. Agreement on species with negative trends 
should reinforce the need to determine causes. 

Habitat Relationships 

Fragmentation of riparian zones that link the foothills surrounding the 
Sacramento Valley with the valley floor may affect the abundance and 
diversity of migrant songbirds on the refuges. Several creeks that flow 
through the Sacramento NWRC have been converted to water-delivery 
systems with augmented banks and associated water-control structures. Off- 
refuge maintenance of these systems typically involves elimination of ripar- 
ian vegetation. 

Exotic species and modification of original habitats can increase bird 
diversity (Knopf 1992), especially for landbirds. Furthermore, the availability 
of riparian and wetland vegetation on the refuges has increased because of 
year-round water management. These habitats may increase diversity but 
possibly at the expense of habitat for grassland species such as Swainson's 
Hawk, Western Meadowlark, Savannah Sparrow, and Burrowing Owl. 

Rare or Absent Species 

Several riparian breeding species, including the Yellow Warbler, Song 
Sparrow, and Warbling Vireo, were observed in very low numbers or not 
detected during breeding season. Their scarcity is supported by data from 
the nearby Sacramento River (Geupel et al. 1996). These species appear to 
breed in substantial numbers in the upper Sacramento River basin but not in 
the lower reaches of the Sacramento Valley. 

Our daylight surveys were inadequate to detect most owls with the 
exception of the Burrowing. Once a common breeder on the Sacramento 
NWRC, it was rarely observed during this study. Sparse sightings of the 
Burrowing Owl during other wildlife surveys conducted by refuge staff 
(unpubl. data) agree with our findings. Encroachment of thick ground 
vegetation may have reduced open areas required for suitable owl burrows. 
The Great Horned Owl, a suspected predator of the Burrowing in the 
Sacramento NWRC (J. Silveria pers. comm.), has benefited from an in- 
crease in trees along riparian corridors. It consumes primarily birds (61%) 
during the nesting season in central North Dakota (Gilmer et al. 1983). Feral 
cats, common on all refuges (G. Mensik pers. comm.), eat mainly birds, 
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especially in the spring (Hubbs 1951). Glading (1938) noted feral cats 
preying on quail nests. Undoubtedly, feral cats, and concentrations of 
predators on the refuges, have a detrimental effect on ground- and burrow- 
nesting birds such as the Western Meadowlark, California Quail, Ring- 
necked Pheasants, and Burrowing Owl. 

CONCLUSIONS 

The study achieved some noteworthy goals: the data collected established 
baseline information on nongame bird populations that may serve as a basis 
for evaluating future findings, the survey methods will serve as a basis for 
developing the next generation of nongame surveys, and the study demon- 
strated that with adequate planning, staff support, and trained volunteers, 
ongoing long-term surveys can be an integral part of refuge-management 
programs. 

Future surveys should be more frequent and focus on a few key nongame 
species (e.g., riparian obligates, species of special concern, threatened or 
endangered species) in order to address specific management needs. A 
potential improvement may be the use of a variable- (rather than fixed-) 
radius survey stop. For instance, a small (100 m) radius would facilitate 
counting small or difficult-to-detect birds (particularly in riparian woodlands), 
an intermediate radius (200 m) could be used for relatively visible small to 
medium-sized birds (e.g., shorebirds), and a large radius (0.4 km) could be 
used for the largest and most visible birds. Survey routes and number of stops 
may have to be reduced to allow for more intensive sampling. Innovative and 
more intensive surveys (e.g., nest searches) needed to assess management 
programs will become more important as resource professionals are ex- 
pected to carry out comprehensive management strategies. The integration 
of local survey programs into national programs such as MAPS (Monitoring 
Avian Productivity and Survivorship) and BBIRD (Breeding Biology Re- 
search and Monitoring Database) (Martin et al. 1995) will increase our 
understanding of how local, regional, and continental population changes 
are related. A network of local and national surveys can provide much 
higher-quality and responsive information on status and trends by measuring 
demographics and patterns of change throughout the range of many 
species. An important consideration will be standardization of monitoring 
techniques. An ongoing mist-netting program, such as proposed by the 
MAPS program, would augment demographic information (Ralph et al. 
1993) on target species at specific sites (e.g., Swainson's Thrush at Sutter 
Refuge). 

Future studies should attempt to identify relationships between native 
species and their habitat requirements such as patch size, successional stage, 
and dispersal corridors. Data on landbird use of seasonal wetlands in the 
Sacramento Valley are scarce, and the refuge complex would be an appro- 
priate area to study this relationship. The approach we took of conducting 
a general, long-term survey for baseline data on the distribution and 
abundance of nongame and upland gamebirds in the Sacramento NWRC 
was a first step to assist refuge managers in evaluating overall avian 
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resources. The tabulation of species and the frequency of observations 
provide a basis for developing more refined survey methodologies and 
improving management strategies for monitoring bird diversity and status. 

The Sacramento NWRC has been involved in habitat-development 
projects that focus primarily on waterbirds. The number of riparian and 
grassland bird species observed suggests that these habitats should be 
protected and enhanced where appropriate to conserve bird species 
diversity. 

SUMMARY 

We conducted a study of nongame bird populations on the Sacramento, 
Delevan, Colusa, and Sutter national wildlife refuges involving standardized 
surveys approximately every month over an 8-year period from 1986 to 
1993. Survey objectives, weather, and personnel constraints necessitated 
that the survey effort focus on the spring and fall with reduced survey 
schedules during the summer and winter. The study provided the first 
comprehensive assessment of the refuges' nongame birds and will serve as 
a basis for developing future refuge surveys to assist in the conservation of 
nongame birds. 
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