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Abstract

Since 1975 the U. 5. Army Corps of Engincers has managed and irrigated 440 ha along the lower Snake River in Washington as
mitigation lor four dams constructed 1962-1973. We investigated avian use of irrigated Habitat Management Units (HMUs),
compared 10 non-irrigated sites and sireams that entered the river, We conducted bird surveys at 25 sites in summer and fall 1997
and In spring 1998. We compared avian abundance, specics richness, and species diversity among habitats and scasons. We
detected an average of 169 birds and 33 species at HMUs, 120 birds and 28 species at non-irrigated sites, and 63 birds and 23
species along streams in all three seasons. We detected an average of 29 species/sile in summer, 31 in fall, and 22 in spring.
Species diversity, as measured by the Shannon-Wicner function, was higher in summer, indicating that large flocks of a few
species were common in fall and spring. These dara demonstrated that the lower Snakce River is an important stopover site for
migrating birds. We detected an average of 30 more bird specics than a study conducted on the same area in 1974. The tnerease in
species richness is attributed o the development of HMUs and to natural succession of palustrine vegetation since dam construc-
tion. Future potential changes in reservoir levels, such as breaching of dams, will undoubtedly altect bird communitics along the
lower Snake River in all scasons. However. our data demonstrated that habitat perturbations can be partially mitigated by habitat
enhancement and management.

introduction Several studies have been conducted to evalu-
ate wildlife communities and habitats along the
lower Snake River {e.g.. Asherin and Claar 1976,
Lewke and Buss 1977, Monda and Reichel 1989,
Corps 1991, Downs et al. 1996); however, nonc
have specifically addressed the wildlife value of
irrigated HMUs. Our objectives were to estimate
and compare avian abundance, species richness,
and species diversity among irrigated HMUs, non-
irrigated riparian sites, and streams that entered
the river. These data were part of a report sub-

The importance of riparian zones for birds in the
arid and semi-arid West has been well documented
(Szare 1980, Knopf and Samson 1988, Johnson
1989, Schuiz and Leininger 1991, Douglas et al.
1992, Clary and Medin 1993). Western riparian
zones generally have a higher structural and veg-
etative diversity than uplunds. This leads to a higher
number of niches und higher species density, rich-
ness, and diversity (Johnson 1989, Clary and Medin
1993). However, many westcern streams and riv-

ers have been altered for hydropower production,
resulting in the loss of riparian habitat (Lewke
and Buss 1977).

Four dams were built on the lower Snake River
between 1962-1975. These impoundments resulted
in the loss of approximately 1,200 ha of riverine
habitat (Corps 1991). In 1975, the U. §. Army
Corps of Engineers (Corps} initiated the Lower
Snake River Fish and Wildlife Compensation Plan
10 analyze and mitigate impacts to fish and wild-
life resulting from these dams. The Corps acquired
and/or designated [,702 ha of land for wildlife
habitat (Corps 1991). Approximately 440 ha have
becn developed as 10 intensively managed and
irrigated Habitat Management Units (HMUS5),
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mitted to the U. S. Army Corps of Engincers
(Rocklage and Ratti 1998),

Study Area

The lower Snake River study area extended 209
km from Ice Harbor Dam near Kennewick, Wash-
ington, upriver to the confluence of the Snake and
Clearwater rivers at Clarkston, Washington, The
study arca included four reservoirs: Ice Harbor,
Lower Monumental, Little Goose, and Lower
Granite, See Asherin and Claar (1976) and Lewke
and Buss (1977) for a detailed description of the
study area.

Twenty-{ive study sites were selected for bird
surveys in 1997 and 1998. Study sites were di-
vided among three habitat types: 7 irrigated HMUs,
7 non-irrigated sites, and L1 streams. [rrigated




HMUs were located on bars or benches along the
Snake River and were intensively managed and
irrigated. They were characterized by patches of
trees and shrubs interspersed with upland habi-
tats and crops planted for wildlife such as hay,
corn, sunflower. and millet. Trees commonly
planted on irrigated HMUs were Russian olive
{Elaeagnus angustifolia), poplars (Populus spe-
cics), dogwood (Cornus species) and black lo-
cust (Robinia pseudo-acacia). Shrubs included
Siberian pea ( Caragana arborescens), buffaloberry
(Shepherdia specics). rose (Rosa species), and
Himalayan blackberry (Rubus discolor). Un-
managed upland habitat was largely composed
of forbs and grasses, cspecially of cheatgrass
(Bromus tectorum), bluebunch wheatgrass (Agro-
pyron spicatun), and Sandberg bluegrass (Poa
sandbergii). Rubber rabbitbrush (Chrysothamnius
nauseosus) and big sagebrush (Artemisia tri-
dentara) were also common in upland habitats.
Shoreline habitat included white alder {Alnus
rhombifolia), scrub-willow communities (Salfix
species), and palustrine-emergent vegetation, such
as cattail (Typha species), bullrush (Scirpus spe-
cies), and rced-canary grass {Phalaris arun-
dinacea).

Non-irrigated sites were also located along the
river, They typically had narrow strips of palustrine
shrub-scrub and palustrine-emergent vegetation
along the shore, which developed naturally since
dam construction and subsequent formation of res-
ervoirs (Downs et al. 1996). Palustrine vegelation
was immediately bordered by upland vegetation.

Study streams or drainages entered the Snake
River, and ranged in size from the relatively large
Tucannon River to smail. narrow canyons with
ephemeral streams. All drainages had woody veg-
etation, although type and quantity of vegetation
often varied dramatically depending on seasonal
water supply, annual precipitation, and slope of
canyon walls. Riparian vegetation was immedi-
ately bordered by upland vegetation. Most streams
had white alder, but in various sizes and densi-
ties, Himalayan blackberry was also common.
Palustrine willow and emergent vegetation often
occurred along streams, particularly at the
confluence with the Snake River.

Methods

We placed bird-survey stations 400 m apart along
a transect at each site. On irrigated HMUs and

non-irrigated sites, stations were located approxi-
mately equidistant between shoreline and inland
edge of the bench. Stations along streams were
placed on the edge of riparian vegetation. There
were 44 stations on irrigated HMUs, 43 on non-
irrigated sites, and 46 along streams.

The variable-circular plot (VCP) method
(Reynolds et al. 1980) was used to survey birds.
We surveyed birds in three seasons; summer (i.e.,
the breeding season}, fall, and spring, Breeding-
bird surveys took place from mid-May through
mid-Tuly 1997. Fall surveys occurred during Sep-
tember and October of 1997, and spring surveys
from mid-March through April 1998. Each sus-
vey station was visited four times in surnmer and
three times in fall and spring. Observers rotated
among stations to distribute potential differences
in observer ability. To distribute differences due
to time of day, we also rotated the order stations
were visited (Robbing 1981). Surveys hegan at
or near official sunrise and continued until 1000.
Surveys did not take place during rain or when
wind interfered with observer’s hearing ability.

Each VCP survey was 10 minutes. Observers
recorded species of all individual birds detected
and distance in meters to each bird. Birds that
flushed as the observer approached the station were
counted as if they were detected during the sur-
vey. All flocks and family groups were recorded
as such. Birds or flocks flying over the sampling
area were recorded separately because it could
not be determined whether these birds were us-
ing the sampling area; however, birds that flew
within sampling-area vegetation were recorded
as detections within the VCP. Birds that flew from
another area and landed in the sampling area af-
ter the survey began were recorded as flyovers.

Density estimaltes (birds/10 ha) for each site
in each season were calculated with the ordered-
distance method after Roeder et al. (1987). We
chose this nonparametric method for its lower
variance estimate and robust nature under a vari-
ety of situations (Roeder et al, 1987}. The method
calenlated an effective survey area for cach
species, At least 30 detecuons of a species were
needed to calculate a reliable effective area
(Burnham et al. 1981). Given that one assump-
tion of the method is that each detection is inde-
pendent (Roeder et al. 1987), we calculated den-
sity of flocks if greater than 20% of a species
detections were of flocks. Flvovers were not
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included in density-estimate calculations. All de-
tection distances were truncated to 200 m at each
station to eliminate those outside the target habi-
tats. Effective arcas were calculated separately
for each season since species’ detectability may
vary among seasons (Gutzwiller 1991). Because
observer-hearing ability can change in different
habitats (Schieck 1997), an effective area was
calculated for each habitat type for those species
with more than 30 detections in each type.

Swallows are difficult to accurately survey with
the VCP method. Their swift, darting flight make
it difficult to count and measure distances to all
individuals. Furthermore, it is uncertain whether
they classify as flyovers. Therefore, observers
counted the number of individual swallows ob-
served at the beginning of the survey. We calcu-
lated relative abundance of swallows (average
number observed) for each site in each season.

Because fall birds are less vocal and more cryp-
tic, we also used an area-search method in fail.
This method is similar to “bird watching” in that
the observer wanders through an area and records
numbers of each species scen or heard during a
specified time period (Ralph et al. 1993). Observers
were instructed to pay particular attention to dense-
riparian vegetation and fruiting plants at all sites
and crops at irrigated HMU . They were allowed
to take as much time as needed to identify birds.
The search period occurred between sunrise and
noon. The arca-search method was only used to
obtain a more complete species list for each site,

Survey data were used to calculate species rich-
ness and diversity. Species richness was total
number of species detected at each site in each
scason, Both VCP and area-search data were used
for calculation of species richness in fall. We used
average number of each species detected at each
site to calculate diversity in each season. Diver-
sity indices measure the number of specics and
evenness of specics representation in a commu-
nity. We chose the Shannon-Wiener Function (H')
because it 1s sensitive to changes in rare species
in the community.

Shannon-Wiener function;

H = 21 (p)log,p)

where p = proportion of each species in the
total sample.
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Its theoretical maximum is log (5), where S is
maximum number of species in the community.
However, in biological communities H' rarely
exceeds 5.0 (Krebs 1989).

Variables were checked for univariate normality
prior to analyses with probability and quantile plots.
Many species had non-normal plots due to zero
entrics at some sites. Because the research ques-
tion is multivariate, species densities could not
be used in the analyses. Therefore, data were col-
lapsed into overall avian abundance; i.e., the av-
erage number of birds detected at each site. Avian
abundance, species richness, and species diver-
sity met the normality assumption and were used
as dependent variables in a multivariate analysis
of variance (MANQVA). The main effects were
habitut types (irrigated HMUs, non-irrigated sites,
and streams), seasons (summer, fall, spring), and
their interaction. We used univariate F-tests and
canonical correlations to examine which depen-
dent variables contributed to significant main ef-
fects. Fisher’s LSD was then used for multiple
comparisons within treatments.

Results

We detected 92 species during the brecding sea-
son on the lower Snake River. Including flyovers,
the tfive most frequently detected species were bank
swallow (Riparia riparia; n = 1,185), cliff swal-
low (Hirundo pyrrhonota; n=1,078), red-winged
blackbird (Agelaius phoeniceus; n = 881), west-
ern meadowlark (Sturnella neglecta, n = 573),
and Butlock’s oriole ({cterus bullockii; n = 489),
Absolute densitics were calculated for 30 species.
Red-winged blackbird (13.81 birds/10 ha),
Bullock’s oriole (10.63 birds/10 ha), American
goldfinch (Carduelis tristis: 7.72 birds/10 ha),
brown-headed cowbird (Molothrus ater; 7.81 birds/
10 ha). and American robin (Turdus migratorius,
5.63 birds/10 ha) had the highest densities. See
Rocklage and Ratti (1998) for additional resuits.

During fall 114 species were detected using
both VCP and area-search methods. Including
tlyovers, the most frequently detected species were
red-winged blackbird (n = 1,906), white-crowned
sparrow (Zonofrichia leucophrys; n = [,635),
American goldfinch (n = 832), Canada goose
(Branta canadensis. n = 742), and European star-
ling (Sturnis vulgaris; n = 737). Starlings, how-
ever, were only abundant at one irrigated HMU.




Seventeen species had a sufficient number of de-
tections to calculate density, and we calculated
density of flocks for 11 of these species. White-
crowned sparrow (17.69 flocks/10 ha, mean flock
size = 5.10), song sparrow {(Melospiza melodia;
14.50 tlocks/10 ha, mean flock size = 1.32}, sa-
vannah sparrow (Passerculus sandwichensis; 6.29
flocks/10 ha, mean flock size = 2.31), vellow-
rumped warbler (Dendroica coronata; 2.30 flocks/
10 ha, mean flock size = 3.20), and American
goldfinch (3.22 flocks/10 ha, mean flock size =
2.56) had the highest densities.

We detected 91 species during spring. The most
frequently detected species were white-crowned
sparrow (7= 1,344), American goldfinch (n = 862),
red-winged blackbird {n = 809). western mead-
owlark (n = 802), and Canada goose (n = 407).
Of the 21 species for which density was calcu-
lated, white-crowned sparrow (4.28 flocks/10 ha,
mean flock size = 5.86), song sparrow (6.90 birds/
10 ha), western meadowlark (6.62 birds/10 ha},
red-winged blackbird (5.30 birds/10 ha), and
American robin (4.62 birds/10 ha) had the high-
est estimates.

There was no significant interaction between
habitats and seasons in the MANOVA model (F
=0.772; df = 12,169; P=0.679); thus, the inter-
action term was removed. Main effects of habitat

types (F=5.744; df = 6,136; P <(0.001) and se¢a-
sons (F=8.574;df = 6,136: P <0.001) were sig-
nificant. Univariate F tests and canonical corre-
lations showed that avian abundance (F = 24,685;
df = 2,70; P £ 0.001) and species richness (F =
14.206; df =2.70; P <0.001) were different among
habitat types in all three seasons. Mean avian
abundance was higher at irrigated HMUs (168,84
+22.91 birds) than both non-irrigated sites (120.47
+ 10.30 birds) and streams (62.55 £ 5.54 birds)
(Tahle 1). Species richness showed the same trend,
with more species found atirrigated HM U5 (33.14
1 1.52 species), followed by non-irrigated sites
(27.91 £ 1.64 species) and streams (23.18 £ 1.48
species) (Table 1).

For the effect of scasons, species richness (F
=13.817,df =2.70; P £0.001) and diversity (F=
2.808; df = 2,70; P = 0.067) contributed to the
significant MANOVA, and were different among
seasons. Species richness was higher in fall (30.96
+ 1.84 species), followed by summer (29.32 £
1.52 speceies), and spring (21.60 £ 1.31 species)
(Table 2). Species diversity, however, was high-
est in summer (summer, Shannon-Wiener Func-
tion = 3.651 £0.157, spring = 3.291 £ 0.110, fall
=3.2271£0.133) (Table 2). Although the average
number of birds detected was higher in fall, num-
bers were not statistically different. We detected

TABLE 1. Mean number of birds. number of species, and species diversity (Shannon-Wiener function} at irrigated Habitat Man-
agement Units (HMU). non-irrigated sites, and streams. lower Snake River, Washington, 1997-1998. Means combine
surnmicr, fall, and spring estimates, Different letters (ollowing means indicate signilicant differences (Fisher's LSD; P

<0.100).

Trrigated HMU

Non-irrigated Stream

F df P Mean

SE Mean SE Mean SE

Number of Birds 24.685 2,70 <0001
Number of Species  14.206 2,70 <0.001
Species Diversity 0.206 270 0.814

168.837a  22.905
33.143a

120.468h  10.302 62.545¢ 5542
1.517 27.905h 1.636 23.182¢  1.483
0.163 34062 0.141 33362 0.122

TABLE 2. Meun number of birds. number of species. und species diversity {Shannon-Wiener function) in summer, fall, and
spring. lower Snake River. Washington, 1997-1998. Means combine estimates from irrigated Habitat Management
Units (HMU}, non-irrigated sites, and streams. Dilferent leflers fellowing means indicate significant differences (Fisher's

LSD; P < (.100).

Sumimer Fall Spring
F dr P Mean SE Mean S5E Mean SE
Number of Birds 0.394 2,70 0.676 97.870a  9.075 121.880a  21.004 105.827a  14.429
Number of Species  13.817 2,70 < (.001 29.320a  1.316 30.960a 1.843 21.600b 1311
Species Diversity 2.808 2,70 0.067 0.157 3227 0133 3291b  0.119
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121.88 £ 21.00 birds in fall, 105.83 £ 14.43
birds in spring, and 97.87 £ 9.08 birds in sum-
mer (Table 2).

Discussion

Quality stopover sites that offer safe and plenti-
ful food sources are critical for migrating birds
{Moore et al. 1995). Such sites are probably most
available in riparian areas in the arid and semi-
arid West {Moore et al. 1995). Our numbers indi-
cated that all lower Snake River riparian habitats
were important stopover areas during fall migra-
tion. Asherin and Claar (1976) observed more
species on the lower Snake River in spring. Ri-
parian habitats on the Umatilla National Wildlife
Refuge along the Columbia River near Hermiston,
Oregon, also appeared to have higher numbers
of birds during fall migration than summer (8.
Hudson, University of Tdaho, Dept. of BioSci.,
Moscow, 1D, pers. comm.). Because this was only
a onec-year study, we do not have data on annual
variation in numbers or weather patterns. Unfor-
tunately, we did not study avian communities along
the lower Snuke River during winter, and we feel
this is an important area for future research.

Even though our methods detected more birds
and species during fall, we feel that abundance
estimates for fall were conservative for several
reasons. First, bird song is decreased in fall; thus,
we probably missed birds with the VCP method.
Even though we detected more species with the
area search (106 species with area search, 94 with
VCP), this method was not standardized and abun-
dances could not accurately be compared with
those from the VCP Second, 31% of all detec-
tions in fall were of flocks, compared to 20% in
spring and 2% in summer. We believe there was
often serious underestimation when counting birds
in flocks, particularly when mixed flocks werc
foraging in dense-shrub patches, Species diver-
sity was lowest in fall, which also indicated that
large flocks of a few species, such as white-crowned
sparrow and red-winged blackbird, were super-
abundant. Third, 185 of all detections in fall were
of flyovers, compared to 11% in spring, and 7%
in summer. Because it could not be accurately
determined whether flyovers were using the sur-
vey ared. flyovers were not included in any sta-
tistical tests, Birds that were flying over the area
during surveys may have been using the Snake
River corridor for migration. In addition, many
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flyovers were of large flocks that may have been
disturbed by the observer. We therefore stress that
our numbers may underestimate the value of the
lower Snake River as a migration stopover site.

We demonstrated that more species and more
birds were present at irrigated HMUSs than at non-
irrigated sites and streams in all three seasons.
To further examine the importance of irrigated
HMU's and other lower Snake River habitats, we
compared our results with those from a study
conducted in 1974 (Asherin and Claar 1976). They
divided the lower Snake River into two reaches:
Ice Harbor reservoir and from Lower Monumen-
tal dam to Clarkston, Washington. We divided our
data similarly. In lce Harbor, we detected 3% more
species in summer, 49 more in fall, and 16 more
in spring (Figure 1). In the second reach, we de-
tected 24 more species in summer, 40 more in
fall, and 14 more in spring (Figure 2). Although
survey intensity differed and actual survey loca-
tions occasionally differed. we believe method-
ology alone cannot account for these dramatic
differences. The increase in number of bird spe-
cies detected likely was attributable to an increase
in quality habitat since the first lower Snake dam
was constructed in 1962 and the development of
irrigated HMUs in 1975. In 1974 there was little
or no shoreline vegetation, as previous vegeta-
tion was flooded and new vegetation had little
time to develop. Monda and Reichel (1989) com-
pared avian abundance and species richness along
Lower Granite Reservoir pre- and post-impound-
ment. They found that riparian-associated passe-
rines decreased from 1973 to 1981, and that up-
land-associated species correspondingly increased.
This change was attributed to loss in riparian veg-
etation. A study conducted in 1996 showed an
increase in palustrine emergent and palustrine
shrub-scrub vegetation along the lower Snake River
since 1987, particularly at slack water areas and
at deltas of major tributaries (Downs et al. 1996).
Therefore, birds have responded positively to
habitats offered at HMUs and to the natural suc-
cession of riparian vegetation.

Future potential changes in reservoir levels,
such as breaching of dams, will undoubtedly af-
fect bird communities along the lower Snake River
in all seasons. If the Snake River is allowed to
return to pre-impoundment levels, effects on the
avian community will be a complicated interac-
tion among natural and management responses,
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Figure |. Number of bird specics observed in three seasons along Ice Harbor Reservoir, Washington in 1674 (Asherin
and Claar 1976) and in 1997-1998.
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Figure 2. Number of bird species observed in three scasons from Lower Monumental Dam to Clarkston, Washington
in 1974 (Asherin and Claar 1976) and in 1997-1998.
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thus, predictions of changes in bird communities
will be difficult. Current riparian vegetation may
senesce as the waler table drops. Upland vegeta-
tion will likely replace senescing riparian veg-
etation. Natural revegetation may take decades.

Breeding birds that may be immediately af-
fected by lower water levels would be those that
depend on willow shrub-serub vegetation. Breeding
birds, such as American goldfinch, Bullock’s oriole,
song sparrow, willow {lycatcher (Empidonax
trailliiy, yellow-breasted chat (Icteria virens), and
yellow warbler (Dendroica perechia), may tem-
porarily decrease in numbers (Monda and Reichel
1989, Knopf and Sedgwick 1992). Monda and
Reichel {1989) noted a large decrease in num-
bers in American goldfinch and lazuli bunting
(Passering amoena) six years after construction
of Lower Granite Dam. Although our data dem-
onstrated that American goldfinch numbers have
rebounded, lazuli buntings were still rare. Some
birds will move into drainages, but drainages may
be too small and narrow to support large num-
bers of nesting hirds. Upland birds, however, may
benefit from the gradual expansion of upland veg-
etation (Stauffer and Best 1980, Monda and Reichel
1989). Grasshopper sparrow (Ammodramus
savannarum), horned lark (Eremophila alpestris),
lark sparrow (Chondestes grammacus), ring-
necked pheasant (Phasianus colchicus), and west-
ern meadowlark may increase on benches along
the lower Snake River.

Migrating birds will also be affected by changes
in water levels. Migrating birds need an adequate
food suppty and protective cover (Moore et al.
1995), These resources were readily available at
irrigated HMUs, some non-irrigated sites and along
larger streams during fall and spring, Migrating
sparrows concentrated in weedy fields that of-
fered a plentiful seed supply adjacent to protec-
tive cover, such as blackberry and willows (Strong
and Bock 1990, A. Rocklage pers. obs.). Large
flocks of red-winged blackbirds and sparrows were

Literature Cited

Asherin, D, A, and . I. Claar. 1976. Inventory of riparian
habitats and asseciated wildlife along the Columbia
and Snake rivers. Volume 1A, U S. Army Corps of
Engineers, North Pacific Division.

262 Rocklage and Ratti

also observed in crop fields at irrigated HMUs
during fall (A. Rocklage pers. obs.). Migrating
white-crowned sparrows appeared to have ben-
efited from the gradual expansion of riparian veg-
etation. Lewke and Buss (1977) detected 320 white-
crowned sparrows prior to the construction of
Lower Granite Dam, Monda and Reichel {1989)
observed 14 six years after its construction, and
our study detected 224. Along all four reservoirs,
we estimated an average of 156 white-crowned
sparrows per 10 ha at irrigated HMUs. This spe-
cies has exhibited a significant population decline
since 1966 in the western U.S. (DeGraaf and
Rappole 1995); thus, Snake River habitats may
be vital to current populations. Little is known
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The comparison between our data and that from
Asherin and Claar (1976) and Monda and Reichel
{1989) clearly indicated that bird populations have
rebounded from impoundment of the lower Snake
River. This rebound was undoubtedly due to the
development and management of irrigated HMUS,
as well as to the natural succession of shoreline
vegetation. However, we emphasize that it is un-
known how annual variation, competition, pre-
dation, and cowbird parasitism affect bird popu-
lations on the lower Snake River. Qur data
demonstrated that future habitat perturbations can
be partially mitigated by habitat enhancernent and
management.
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