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Abstract
Since I 975 |he U. S. Armv Corps of Enginccrs has managed and inigatcd 440 h.r along the lo\\' er S. akc River in $ishi ngron as
miiigalion lbr ibur dams constructed 1962 1975. \!e investigated avian use of irrigated Habirat \{anagenenr Units (H\'{Us).
compared to non-i|rigated sitcs and streams thirt entered the ri\'cr \\t conducted bird sur|cys al25 sires in sumnrer and fall 1997
and in sprinS 1998. \le compared alian abundance. spccics richness. and sfecies dilcrsitv among hrbitats a.d scrsons. we
detected an averagc of 169 birds and 33 species at HMUS. 120 birds and 28 specics al non inigated sires. and 6l birds .rnd 2l
species along strcams in a1l thee \eason\. We delcctcd an average of 29 species/sitc in summer, 31 in fall. and 22 in spfing.
Species di\'ersil!. as mcasured by the Shannon Wicncr lunclion, was higher jn summer. irdicaling that largc ilocks of a felv
species wefe common in lall and spring. These data dcmonsrated thai the lower Snakc Ri\er is an imporranr slopo!er site for
migrating birds. $e derec tcd an alerage of 30 more bird spccics than a study conducied on thc same area in I 97,1. Thc increase in
species richnes\ is attributed !o thc delelopment ofHtr{Us and to natural succession ofpalustrine vegetatim since da connruc-
tion. Fuiure potential changcs in reseNoir lelels, iuch as brcaching ofdams. r'illundoubredly ulect bird comrNnities along the
lo**er Sn.rke Ri|er in all scasons. However. our data demonsrated that habitat penurbations can be panially mitigatcd b] habitat
enhrncement and managelneni.

Introduction

The importance oI riparian zones for birds in thc
arid and semi-arid West has been well documcnted
(Szaro 1980. Knopf and Samson 1988, Johnson
19E9. Schulz and Leininger 1991. Douglas et al.
lqq2. Cl:rr) .rnLl Vedin I q93 ). Wr..l irn ripirridn
zones generally have a higher structural and veg-
etative diversity than uplands. This leads to a higher
number ofniches and higher species density, rich-
ness. and diversity (Jolnson 1989. Clary and Medin
1993). However, many westcrn streams and riv
ers have been altcred fbr hydropower production.
resulting in the loss of riparian habitat (Lewke
and Buss 1977).

Four d;uls were built on the lower Snake River
between l962- 1975. These impoundments rcsuked
in the loss of approximatelv l.200haofriverine
habitat (Corps 1991). In 197-5, thc U. S. Army
Corps of Engineers (Corps) init iated the Lower
Snake River Fish andWildlife Compensation Plan
1() analyze and mitigate impacts to t'ish and wild-
life resulting fiom these darns. The Corps acquired
and/or designated 1,702 ha of land for wildli le
habitat (Corps l99l). Approximatclv 440 ha have
becn developed as 10 intensivelv managed and
irigated Habitat Management Units (HMUs).

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 199 J, Downs et al. 1996); however, nonc
have specifically addressed the wildlife value of
i r r ig r ted  HMUs.  Our  ob jec t i r  e .  u  e r . .  ru  e . r imare
and compare avian abundance, species richness,
and species diversity among inigated HMUS. non-
inigatcd riparian sites. and strcams that entered
the river. These data were part of a repofi sub-
mitted to the U. S. Army Corps of Engincers
(Rocklage and Ratti 1998).

Study Area

The lower Snake River study area extended 209
knr trom Ice HarborDam near Kenne$'ick. Wash-
ingtiu. upriver to the conf'luence ofthe Snake and
Clearwater rivcrs at Clarkston. Washington. The
study arca included fou| reservoirs: Ice Harbor,
Lower Monumental. Litt lc Goose, and Lowcr
Granite. SeeAsherin and Claar (1976) and Lewke
and Buss (l977) for a dctailed description of the
study area.

Twenty-live study sites were selccted tbr bird
surucys in 1997 and 1998. Study sites were di-
vided runong three habitat types:7 irrigated HMUs.
7 non idgated sites, and ll streams. Irrigated
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HMUS wcrc located on bars or benches along the
Snake River and werc intensively managcd and
irrigated. Thcy were characterized by patches of
trees and shmbs interspersed with upland habi
tats and crops planted for u ildlile such as hay.
corn. sunflower. and millet. Trees commonly
planted on irrigated HMUs wcrc Russian olive
(EL.te.tgnus a gustilblia), poplars (Popultrs spe-
cics), dogwood (Corzus species) and black lo-
cust (RoDlrla pseudo-acacia). Shrubs included
Siberian pea ( Carrr,qarrn a r&orescers). bufthloberry
(.Shephedia specics). rose (Ro.r.r specles), and
Himalayan blackberry (Rubus discolor). Un-
managed upland habitat was largely composed
of lbrbs and grasses. cspccially of cheatgrass
( B rLt m u s t e ct o nn t). bluebunch wheatgrass (Agro-
plron spicatunt), and Srndberg blucgrass (Po.i
sard6ergll).Rubberrabbrtbrush(Chn^sothamnu.t
nduseosus) and big sagcbrush (Artemisio tri
dentata) \\de also common in upland habitats.
Shoreline habitat included white alder (Ahrs
rhonbif oli a), scrub-wil low comnunities (Sa1lr
species), and palustrine-emergent vegetatiol. such
as cattail (Irplrrr species), bullrush (Sciryras spe-
cies). and rccd-canary grass (Phdaris urun-
di\u&d).

Non-irrigated sites rverc also located along the
river Thcy t_r'-pically had na.now strips of palustrine
.hruh- .cmb cnd pr l t rs t r ine-emergent  \  egetJ r ion
along the shore, vhich developed naturally since
dam construction and subsequent formation ofres-
er\oirs lDo\\ n\ t l r l. lao6). Prlustrinc !..gclalion
was irnrncdiatcly bordercd b)' upland vegetation.

Study streams or drainages entered the Snake
Rivel, and ranged in size fiom the rclativcly large
Tucannon River to small. nafow canyons with
ephemeral strcarrs. All drainages had woody veg-
etation, although type and quantity of vcgctatior']
often varicd dramatically depending otr seasonal
water supply, annur) precipitation. and slope of
canyon walls. Riparian vegetation rvas immedi-
ately bordered by upland vegetation. Most strcams
had u'hite alder, but in various sizcs and densi
ties. Himala),an blackberry was also common.
Palustrine willow and emergent vegetrtion oftcn
occurred l long strcams, particularly at the
confluence with the Snake River.

Methods

We placed bird-survcy s{ations ,+00 m apart along
il transect at each site. On irrigated HMUs and

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

The variable circular plot (VCP) rnethod
(Reynolds et al. 1980) u,as used to survey birds.
We surveyed birds in three seasons: summer (i.e..
the breeding season),1all, and spring. Breeding-
bird survcys took place from mid May thfough
mid July 1997. Fall surveys occurred during Sep-
temher rnll O,. toher of 1997. lnd spring rurr ey.
from mid-March through April 1998. Each sur
vey station was visited four times in summer and
three times in tall and spring. Observers rotatcd
among stations to distdbute potential differences
in observer ability. To distributc dil'ferences due
to time of day, we also rotated the order stations
\\"ere visited (Robbins 1981). Surveys bcgan at
or near oft'icial sunrise and continued until 1000.
Surveys did not take place during rain or when
wind interlered witb observer's hearing abil ity.

Each VCP survey was 10 minutes. Observers
recorded species of all individual birds detected
and distance in meters to each bird. Birds that
tlushed as the obserr,'er 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 thcsc 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 aDd landed in the sampling area af
ter lhe suney began rvele recorded as flyovers.

Density cstimates (birds/10 ha) for each site
in each season were calculated with the ordered-
distance method atter Roeder et al. (1987). We
chose this nonparametric method for its lower
variance estimate and robust nilture under a vari-
ety ofsituations (Roeder et al. 1987). The method
ci,Llculated an ellective surve)' arca for cach
species. At least 30 dctections of a species were
needed to calculate a reliable effectir,e area
(Burnham et al. l9E l). Civen that one ssunrp-
tion ofthe method is that cach detection is inde-
pendent (Roeder et al. 1987). wc calculated den-
sity of t locks if greater than 207. of a species
detections were of f locks. Flyovers wcrc 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 outsidc the target habi-
tats. Effective arcas were calculated separately
fbr each season since species' detectabil ity may
vary among seasons (Gutzwiller l99l). Becausc
observer-hearing ability can change in different
habitats (Schieck 1997), an ef1'ective i{ea was
calculaleJ l i 'r each habitat t l pe lor those spccies
with more than 30 detections in each type.

Swallows eLre difficult to accurately survey with
the VCP method. Their switi, d;fting flight make
it difllcult to count and measurc distances to all
individuals. Furthermore, it is uncertain whether
they classity as tlyovers. Therefore, observers
counted the number of individual swallows ob
scryed at the beginning of the survey. We calcu-
lated relative abundance of swallows (average
numbcr observed) fbr each site in each season.

Because fall birds are less vocal andmore cryp-
tic, we also uscd an area-search rnethod in fall.
This method is similar to "bird watching" in that
thc observer wanders through an area and records
numbers of each species sccn or heard during a
specilicd time period (Ralphet al. 1993). Observcrs
were instmcted to pay paflicular attention to dense-
riparian vegetation and fruit ing plants al all sites
and crops at irrigated HMUs. They were allowed
to take as much time as needed to identif,v birds.
The search period occurred between sunrise and
noon. The arca-search method $'as only used to
obtain a more complete species list for cach site.

Survcy data were used to calculate species rich-
ness and diversity. Spccies richness was total
number of species detected al each site in each
scason. Both VCP and area sealch dala werc used
for calculation ofspecies richness in fall. We used
average number of each species dctccted at each
site to calculate divcrsity 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')
hccru :e  i t  i s  sens i t i re  lo  chrnges  in  r l rc  spe.  ies
in the community.

Shannon-Wiencr t 'unction:

H,= I (p r ) f log .p , )

$,here p = proportion of each species in the
total sanple.
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Its theoretical naxirnum is logr(S). u,here S is
ml r imunr  numher  o [  spec ie .  in  lhL 'cornnrun i tv .
However, in biological communities H'r'arely
exceeds 5.0 (Krebs 1989).

Variables wcre checked lbr univariate nomtality
prior to analyses with probability and quantile plots.
Many species had non-normal plots due to zero
entrics at some sites. Because the rcsearch 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 numberofbirds detected at each site. Avian
abundance, species richness. and species divcr-
sity lnet the nomality assumption and were used
as dependent vadables in a multivariate analysis
of variance (MANOVA). The main effects were
habititt types (irigated HMUs, non-itrigated sites,
and streams). seasons (summer, fall, spring), and
their interaction. We used univariate F-tests and
canonical correlations to examine which dcpen-
dent vadables contributed to significant main el'-
fects. Fisher's LSD was then used fbr multiple
comparisons within treatments.

Results

We detccted 92 species during the brecding sea-
son on the lower Snake River Including flyolers,
the tive mostfrequendy detected species were bank
sw^llow (.RipariLt riprrrio; n = 1,185). clif'f swal
low (Hiruntlo ptthoaora; r = 1,078). red-winged
blackbird (Agelalls phoeniceus. n = 881), west
ern meadowlark (.Stunrclla neglecta. n = 5731,
and Bullock's oriole (lcterus buLktckii. n = 489).
Absolute densitics were calculated for 30 spccies.
Red-winged blackbird (13.131 birds/10 ha),
Bullock's oriole (10.63 birds/10 ha), American
goldf inch (.C a rdue l i s t i st i s, 7 .7 2 birds/ 1 0 ha).
brown-headed cowbird, ( M ol ot lt rus at e r; 7 .8 | bids/
l0 ha). lnJ Amcriir n ro\in tTtrrJu.t ntt lrotoritr ' :
5.63 birds/IO ha) had the highest densities. See
Rocklage and Ratti ( 1998) lbr additional results.

During lall n,1 species were detccted using
both VCP and area-search methods. Including
ll) u\ er.. the mosl lrcquentl; ,J. teL ted spec ies were
red-wingcd blackbird (,? = 1.906.), white-crowned
sparrow (Zonotrichitt leucopltrys; r = 1,635).
Amelican goldfinch (r = 832), Canada goose
\Brant.l canadeflsis. r = 7,12). and European star
ling (.tlr.1r.,ii.rr v ul garis; n = 7 37). Starlings. bow-
ever, were only abundant at one irri€rated HMU.



Seventeen species had a sufficient number ofde-
tections to calculate density, and we calculatcd
density of flocks for I I of these species. White-
crowned sparrow (17.69 flocks/l0 ha, mean flock
size = 5.10), song spanow (Melospiza melodict:
14.50 flocks/l0 ha, mean t' lock size = 1.32), sa-
vannah sparrow (Passert ulus sandw ic hensis; 6.29
flocks/I0 ha, mean flock size = 2.31), yellow
rumped warbler (Deadroica co ntnata; 2.30 tlocks/
10 ha, mean flock size = 3.20), and American
goldfinch (3.22 tlocks/10 ha, mean flock size =
2.56) had the highest densities.

We detected 9l species during spring. The most
frequently detected species were white-crowned
sprmow (n = 1,344),American goldfinch (,? = 862),
red-winged blackbird (n = 809). westem mead-
owlark (r = 802). and Canada goose (r = ,107).
Of the 21 species for which density was calcn
lated, white-crowned sparrow (4.28 flocks/10 ha,
mean flock size = 5.86), song sparow (6.90 bilds/
l0 ha), westem meadowlark (6.62 birds/10 ha),
red-winged blackbird (5.30 birds/10 ha), and
American robin (,1.62 birds/10 ha) had the high-
est estimates.

There wa! no signil icant interaction between
habitats and seasors in the MANOVA model (F
= 0.772, <lf = 12.169; P=0.619): thus. the inter-
action term was removed. Main effects ofhabitat

types (F = 5.7,14; df = 6,136; P ( 0.001) and sca-
sons (F = 8.57,1: df - 6,l36: P ( 0.001) were sig-
nificant. Univariate F tests and canonical corre
lations showcd that avian abundance (F = 2.1.685;
df = 2,'70t P < 0.001) and species richness (F =
11.206: dl = 2.7 0; P ! 0.00 1 ) were different among
habitat types in all three seasons. Mean avian
abundance was higher at inigated HMUs (168.84
I 22.9 I birds) than both non-irigated sites ( I 20.47
+ 10.30 birds) and strcams (62.55 I 5.5,1 birds)
(Table 1). Species richness showed the sametend,
with more species found at inigated HMUs (33.14
t 1.52 species), followed by non-irrigatcd sites
(27.91 t L64 species) and streams (23.18 t I .48
species) (Table 1).

For the eflect of scasons, species richness (F
= 13.817; df = 2.?0; P ( 0.001) and diversity (F =
2.808; df = 2,70; P = 0.067) contributed to the
significant MANOVA, and were dift'erent among
scasons. Species richness was higher in tall (30.96
t 1.8,1 species), tbllowed by surnmer (29.32 t
1.52 spccics), and spring (21.60 t 1.31 species)
(Table 2). Spccics diversity. however, \\,as high-
est in summer (summer. Shannon-Wiener Func-
t ion  =  3 .651 t  0 .157,  spr ing  =  3 .291 t  0 .110,  fa l l
= 3.227 1 0.I 33) (Table 2). Although the average
number ofbirds detected was higher in 1all. num-
bers were not statistically different. We detected

TABLE L Mean number ofbirds. number ofspecies, and species diversit) (Shannon-Wiener funciion ) a! imgated Habi!a! lvlan
agement Units (HNIU). non-inigated sites, and stfeans. lower Snake Riler, $rashington. I997- I998 Means combinc
sunnncr. tall. and spring cnjnr atc\. Diffcrcnllc(crs lbllowingmeans indicale signilicanr diilerences (Fisher's LSD;P
<  0 . 1 0 0 r .

df  P Mean SE
Non-irrigated Strcanr

Mean SE Nlean SE

Nnmber of Bifds 2:1.685

Number of Species 1,1.206

SpeciesDivers i t )  0.206

168.837a 22.905

l l . I . 1 l a  1 .517

3.'156a 0.163

2.10

l.tt)

1.10

<  0 .001

<  0 .001

0.81,1

120.,168b 10.302 62.5,15c 5.511

21.905b 1.636 :3.182c 1.,183

1 .106a  0 .111 3 .336a  0 .112

TABLE 2. Mern number ol birds. nunber ol species. nd \pecies ditersit) (Shannon-wiener function) in \ummer. fall. and
spring. lo\ier Smke River. [ashingtoD, 1997 1998. Nleans combine estimates fionl irrigated Habitrt Management
Uni6 (H!lU ). non imgalcd sirc s. and streams. Dillerent letlers following neans indicate significant difterences (Fisher s
L S I ) ; P  <  0 . i 0 0 1 .

Summer
N{ean SE

I"all
Mean SE

Spring
Mean SE

Numbcr of llirds 0.19,{

Numbef of Species 13.817

SpeciesDivefsity 2.808

91.870a 9.075

29 .320a  1 .516

3 .651a  0 .157

2.10

1.70

2.70

0.676

< 0.001

0.067

121.880a l l .00.1 1(15.827a 1'1..119

30 .960a  1 .8 ,13  21 .600b  1 .311

3 .22 tb  0 .133  3 .291b  0 .110
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1 2 1 . 8 8  t  2 1 . 0 0  b i r d s  i n  f a l l .  1 0 5 . 8 3  t  1 4 . 4 3
b i rds  in  spr ing ,  and 97 .87  t  9 .08  b i rds  in  sum-
mer (Table 2).

Discussion

Quality stopover sitcs that ofler 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-
add west (Moore et al. 1995). Our numbers indi-
cated that all lowcr Snake River riparian habitats
were impofiant stopover areas during fall migra
tion. Asherin and Claar (1976) observed more
species on the lowcr Snake River in spring. Ri-
parian habitats on the Umatilla National Wildlife
Reluge along the ColumbiaRiver near Hemiston,
Olegon, also appeared to have higher numbers
of birds during tall migration than sunrmer (S.
Hudson, University of ldaho, Dept. of BioSci.,
Moscow.lD, pers. comm.). Because this was only
a onc-year study, we do not have data on annual
vadation in numbers or weather pattems. Unfor-
tunately, wedid not study avian communities along
the lower Snake River during winter. and *e feel
this is an impofiant area for future research.

Even thougb our methods detected more birds
and species during fall, we feel that abundance
estinates tbr fall u,ere conservative for several
reasons. First. bird song is decreased in fall; thus,
wc probably missed birds with the VCP method.
Even though u'e detectcd more specics with the
area search (106 species rvith area search, 9,1 with
VCP). this method was not standardized and abun-
dances could not accurately bc conpared with
those from thc VCP Second. 317o of all detec
tions in tall were of flocks, compared to 20c1, it
spring and 27c in summer. We believe there $'as
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 ola 1'ew species. such as white-crowned
sparrow and red winged blackbird, werc super-
abundant. Third, l ii% ofall detections in fall were
of flyovers, compared to 1 I 7. in spdng, and 7%'
in sunll-Iler. Beclusc it could not be accurately
determined whether tlyovcrs werc using the sul'
vey area. flyovers were not included in any sta-
tistical tests. Birds that were flying over thc area
during surveys may havc been using thc Snake
Rjver corridor tbr migration. In addition, many
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flyovers were of large flocks that may have been
disturbed by the obsen'er We therefore sffess that
our numbers may underestimate the value of the
louer  Snu le  R i r  e r  as  r  m i ! r i t l i . )n  . lopo \er . i le .

we demonstrated that more species and more
birds were present at irigated HMUs than at non-
irrigated sites and streams in all three seasons.
To further examine the impodance of irrigated
HMUs and other lower Snake River habltats. wc
comparcd our lesults r'"'ith those from a study
conductedin 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 tce Harbor, we detected 39 more
species in summer, 49 more in fall, and 16 more
in spring (Figure l). In the sccond reach. we de-
tected 2,+ nore specics in summer,40 more in
tall. and 1.1 nrore in spring (Figurc 2). Although
sun'ey intensity ditfered and actual suNey loca-
tions occasionally differed, $'e bclieve method-
olog1' alone cannot accoult tbr these dramatic
differences. Thc increase in nurnber of bird spe-
c ie5dete(1 , :d  l i ke l )  ua \u t l r ihu l rb le  loan in r re r : . '
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 litt le
or no shoreline regetation, as previous vegeta-
tion was llooded and new vegetation had little
time to develop. Monda and Reichel ( 1989) com-
pared avian ;rbundance and species richness along
Lower Granite Reservoir pre- and post-irnpound-
ment. They found that riparian-associated passe
rincs decreased tiom 1973 to 1981, and that up-
land-associated spccies correspondingly increased.
This change was attributed to loss in riparian veg-
etation. A study conducted in 1996 showed an
increase in palustrine emergent and palustrjne
shmb-scrub vegetation along the lower Snake Rivcr
since 1987. particularl), at slack water areas and
at dcltas of maior tributaries (Downs et al. 1996).
Thcrefore, birds have responded positively to
habitats offered at HMUS and to the natural suc-
cession of riparian vegetatlon.

Future potential changes in reservoir levels,
such as breaching of dams. wil l undoubtedly al-
f'cct bild comnrunities along the lo$'er Snake River
in all seasons. If the Snake River is allowed to
return to pre-illlpoundment levels. effects on the
avian community wil l be a complicated lnterac-
tior anong natulal and management responsesl
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thus. predictions ofchanges in bird communities
u  i l l  be  d  i l f ieu l t .  Cuncnt  r ipur ian  \  cgcra l ion  may
senescc as the watcr table drops. Upland vegeta-
t ion  w i l l  l i ke l l  rep l rce  scne. , . ing  r ip r r ian  reg
etation. Natural revegetation nlay take decadcs.

Breeding birds that may be immediately af-
fected by lower water lcvels would be those that
depend on willow shrub-scrub vegetation. Breeding
birds, such lu American goldfinch, Bullock's oriole.
song sparow, willow flycatcher (Empidonax
traillli), yellow-breasted chat (L ter.ia fircrr), and
yellow $'arbler (Dendroi.a petechia), fiay tem
porarily decrease in numbers (Monda andReichel
1989, Knopf and Sedgwick 1992). Monda and
ReiLhe l  r  lq8qr  no ted  r  l l rge  decrea :e  in  num-
beIS in Amedcan goldfinch and lazuli bunting
(Passerina amoena) six years after construction
of Lo*,er Granite Dam. Although our data dem-
onstrated that American goldtinch numbers have
rebounded, lazuli buntings were still rare. Some
birds will move into drainages, but drainages may
be too small and narrow to suppofi large num-
bels ofnesting birds. Upland birds. howevcr may
benefit from the gradual expaursion ofupland veg-
etalion (Stauffer and Best 1980, MondaandReichel
19891. Grasshopper sparrow (Amnodranus
savann a rum), homed,latk ( Ere mophila alpestris).
Iark sparrow (.C hond e st e s g rd nunqc Lt s ), ril]tg-
neckedpheasant (Pfu rid,?rl.r colc/ri.an), and west-
em meadowlark may increase on benches along
the lower Snake River.

Migrating birds will also be affecred by changes
in watcr levels. Migrating birds need an adequate
lbod supply and proteclive cover (Moorc et al.
199-5). These resources were readily available at
iaigatcd HMUs. some non-fuigated sites and along
largel strcams dudng fall and spring. Migrating
sparro\\"s concentrated in weedy fields that of
f-ered a plentiful seed supply adjacent to protcc-
tivc cover such as blackbeny and willows (Strolrg
and Bock 1990, A. RockJage pers. obs.). Large
flocks ofred-winged blackbirds and sparrows were
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