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Over 115 miles of rock revetments that serve to protect river
banks have been constructed in the Willamette Basin. In this study the
spring and summer bird use of Williamette Basin revetments is examined.
Revetments that had not been recently cleared of most woody vegetation
and blackberries were found to have significantly greater total and
breeding bird use than cleared revetments. Possible factors affecting
bird use, such as vegéTaTion on revetments and vegetation adjacent to

revetments are examined using |inear regression analysis. The results



of this study are compared with results of previous work in riparian
forests along the Columbia River. It is concluded that revetments rep-
resent significant avian habitat, especially for "edge species," and

t+hat present maintenance practices involving removal of vegetation ad-

_versely affect bird use.
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INTRODUCT ION

One of the major threats to wildlife, including birds, is the
continuing loss of suitable habitat. One type, riparian habitat, has
received relatively littie study with respect to bird use.. A few pub-
lished studies have shown riparian habitats to be some of the richest,
with respect to avifauna, in North America (Udvardy 1957; Carothers
et al. 1974; Bottorff 1974; Oregon Cooperative Wildlife Research Unit
(OCWRU) 1976).

Extensive riparian forests once covered much of the floodplain of
the Willamette Valley of northwestern Oregon (Towle 1974). Through man-
caused clearance of the land, only a small fraction of this forest re-
mains; what is left continues to be removed (Towle 1974).

As the riparian forest is removed, the small patches that remain
become increasingly important. Potential sites of at least some ripar-
ian‘habi+a+ for birdlife are man-made structures called revetments.

Concerning revetments in the Willamette Valley, Forbes, Paquet,
Willis, and | (1976) have written the following: -

Over the past severa! decades, the Corps of Engineers has con-
structed more than |15 miles of rock revetments that serve to sta-
bilize portions of the channels of Willamette Basin streams. The
primary objective of this activity is to prevent the loss of land
and property that results from major channel changes. Deposition
of sediment among the rocks composing a revetment permits herbs,
shrubs, trees, and associated wildlife to become established on
revetments. Routine maintenance of revetments includes removal of
debris and vegetation that may weaken a revetment or Interfere with
its inspection from a helicopter. . . . The Corps' present mainte-

nance policy stipulates the cutting at the revetment surface of
blackberry vines and all woody growth 2 inches (5 cm) or more in
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diameter, or 6 feet (1.8 M) or more in height. All revetment sur-
faces, including stone aprons, are to be cleared in this manner.

Therefore, although rock'revefmenTS provide potential habitat for
wildlife, present maintenance policy restricts the development of such
habitat. Several wildlife management agencies and environmental groups
have expressed concern over revetment maintenance and its effect on
wildlife communities and on the aesthetics of the river (U.S. Army En-
gineer District, Portland, Oregon (USAEDPO) 1975).

In July 1974 the U.S. Army Engineer District, Portland, Oregon
contracted Portland State University to study wildlife communities found'
on revetments and to determine the effect of present clearing practices
on those communities. The investigators involved in the study were Dr.
Richard Forbes, project leader, and three graduate students, Peter
Paquet, Robert Willis, and |I. In that study we found greater bird use
of uncleared than cleared revetments, suggesting that present clearing
practices negatively affect bird use. Some of the results of that
study were presented in Forbes et al. (1976).

In this thesis, avifaunal data collected as part of the study
above are used to further evaluate differences between cleared and un-
cleared revetments. The results reported previously are extended in
several ways: (l) breeding bird use is reported in addition to total
bird use; (2) a measure of vegetation adjacent to revetments is used in
addition to the measures of vegetation on revetments; (3) differences
between revetments are evaluated s+a+is+ically; (4) correlation coef-
ficients between measures of bird use and measures of vegetation are
computed and evaluated statistically; and (5) some of the results are

compared with results from a similar study.



MATERIALS AND METHODS
SITE SELECTION

Field Investigations began in July 1974 and were concluded in
October 1975. Only data collected April through July 1975 are reported
here. Six pairs of study sites at four study areas were under-investi-
gation for that entire pefiod, but only five pairs are included here.
The sixth pair, located on the Molalla River, was excluded for two rea-
sons: (1) the Molalla revetments were considerably smaller than all
the other revetments, and (2) because of natural channel changes after
their construction, the Molalla revetments are no longer located on
the active channel of the Molalla River.

Each study pair consisted of two s+udy sites: a cleared site
(revetment cleared in the summer of 1974) and an uncleared site (revet-
ment sufficiently overgrown as fto be considered for clearing ip 1975
or 1976). The sites in a given area were in as close proximity to each
other as possible. The areas and sites, by revetment name, are shown
below. The site names used are those of the United States Army Corps

of Engineers District, Portland, Oregon (1975),

STUDY PAIRS
STUDY AREA Cleared Site Uncleared Site
Willamette River No. | Stoutenberg Grand Island
Willamette River No. 2  Upper Half Moon Bend Half Moon Bend
Willamette River No. 2° Coon Creek Half Moon Bend
Santiam River : Wickham Tomasek

Santiam River Wickham ) Millar
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The locations of the study areas in relation tfo the major cities of the
Lower Willamette Valley are shown in Figure |. The five pairs of sfudy
sites are not completely independent. Wickham serves as fhe cleared
site for both Tomasek and Millar. Half Moon Bend serves as the un-

cleared site for both Coon Creek and Upper Half Moon Bend.
BIRD SURVEYS

For purposes of this study, such terms as slope, apron, shoulder,
length, and width of revetments require definition and are shown in
Figure 2.

Bird survey areas were laid out as line ftransec¢ts along the
length of the revetment. In most cases the |ine transect was 700
meters long. Both Tomasek and Grand Island were shorter than 700
meters and a transect length of 650 meters was used for those revet-
menTs.A Placement of bird survey areas along the length of the revet-
ments was largely determined by the location of access points (see
Appendix for exacTApIacemenT).

Line transects were chosen for two reésons. First, because of
fluctuations in water level, the amount of slope exposed varied; there-
fore, tThe area of each study plot could not be controlled. Secondly,
the revetments are small in area and oblong in shape, resuITing in a
large perimeter relative to area and an expected large "edge effect™
(Odum 1971). Kendeigh (1944) suggests treating data as birds per unit
length rather than per unit area when the forest edge is narrow or of
uncertain width. The dimensions of the revetments studied were mea-

sured in July 1975 and are shown in Table 1I.
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Figure 2. Diagram of a revetment showing structural features
of concern in this study (from Forbes et al. 1976).



TABLE |

AVERAGE DIMENSIONS OF BIRD SURVEY
AREAS - IN JULY 1975

Average Average
Width of Width of Length Area
Location Nature Apron (m)  Slope (m) (m) (ha)
Stoutenberg Cleared . 7.1 9.4 700 f.15
Grand Island Uncleared 5.8 14.2 650 1.30
Tomasek Uncleared - 1.4 9.5 650 0.71
Millar Uncleared 1.3 10.8 700 . 0.85
Wickham Cleared 2.5 1.0 . 700 0.94
Coon Creek Cleared 0.2 11.5 700 0.82
Half Moon
Bend Uncleared 5.0 1.4 700 1.15
Upper Half .
Moon Cleared 2.6. 13,1 700 1.10
Average Area of all Cleared Revetments 1.00
Average Area of All Uncleared Revetments 1.00

Each group of study sites fn a study area was éurveyed simultane-
ously for three hours once each month. Effects of differences in
weather and time of day are thereby minimized. -The surveys were begun
before sunrise, as soon as |ight was sufficient for bird. identifica-
tion. An investigator was stationed at each of the two or three study
sites In a study area. The investigators were of approximately equal
abilify in identification of birds. Nonetheless, investigators were
placed at different revetments each month in order to allow for any dif-
ferences in fleld identification ability.

The bird census consisted of approximately the first hour of the

bird survey. During this first hour, the inves+igafor would walk the
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line transect in one direction and could be reasonably certain that no
individuals were counted twice.

The remaining two hours of the survey were spent either walking
or stationary. The purpose of the stationary periods was to detect
less conspicuous blrds. Among more conspicuous species, however, in-
dividuals were often counted more than once during the entire three-
hour period.

Bird survey data sheets were constructed and an example is shown
in Figure 3. Throughout the study, singing males, active nesfs, par-
ents feeding young, etc. were noted as indications of breeding pairs.
For a discussion of the problems associated with using singing males
as indicators, see Emlen (i971).

Binoculars and spotting scopes were used to aid bird identifica-
tion. Bird names used are those standardized and |isted with scientific
names by the American Ornithologists' Union (AOU) Checkl ist Committee

(AQU 1957; AOU 1973).
PLANT SURVEYS

The density of trees greater than 2'm was de+ermined'for all bird
survey areas in July 1975. On all revetments but Tomasek and Millar an
absolute density was obtained by counting every tree greater than 2 m
within each study area. At Tomasek and Millar, where the density of
trees was too great for c&un+ing every tree to be practical, several
rectangular quadrats were established systematically and every tree

taller than 2 m was counted within each quadrat. Each quadrat
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extended 25 m along the length of the revetment and encompassed the
combined width of +hé slope and apron.

A study of canopy cover in bird survey areas was undertaken in
August 1975 on six revetments: Millar, Tomasek, Wickham, Half Moon
Bend, Upper Half Moon Bend, and Coon Creek. Canopy cerr was eﬁTIma+ed
using the techniques %f Daubenmire (1959); The Daubenmire cover classes
we employed are shown in Table VI. Woody plants were divided into four
layers;.all herbaceous plants were included as a fifth layer. The sur-
face of The'revefmenf was also described as percent rock, silt, and
debris.using Daubenmire cover classes (see Table VI).

For all quadrats, the length of the side parallel fo the river
was'5 m. Within bird survey areas, separate apron and slope quadrats
were established. The length of the quadrat side perpendicular fo the
flow of the river was the entire apron width for the apron quadrats and
the entire slope wid;h for slope quadrats.

Rectangular quadrats considerably larger than +ﬁose suggested by
Daubenmire were chosen in order to inciude gradations in vegéfafion
moving away from the waterline. | believe that canopy cover on revet-
ments can be consistently esfima+ed within quadrats as large as 126 m?.

Quadrats were laid out every 50 m along the length of the revet-
ment, Apron_quadraTs were laid out only when the apron width measured
greater than 2 m. Approximately 10 percent of each bird survey area
was sampled.

An average cover class value for an entire bird survey area was
obtained using the methods of Daubenmire (1959) with one modification.

Because of the differences in quadrat size, cover class values for each
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quadrat were weighted according to the area of the quadrat rather than
being treated equally. |

The vegetation in areas bordering revetments was not specifically
measured. Approximate values for percent of bird transects bordered
by dense natural cover were ébfained using maps constructed by the in-
vestigators. Dense natural cover was arbitrarily defined as vegetation
confaining.woody plants and/or blackberries within 10 m of revetments
and at least 5 m deep. .

The scientific names used for plants are those of Hitchcock and

Cronquist (1973).
SITE DESCRIPTIONS
All revetments included in this study ended in dense riparian

vegetation consisting largely of Populus trichocarpa, Acer macrophylluh,

Salix sp., and often Rubus sp. In general, by the summer of 1975,
vegetation on revefmen+s cleared during 1974 consisted largely of her-
baceous plants with reiatively little woody vegetation present. Average
inclination of the revetment slopes was 25° plus or minus 3°.

Prior tfo 1974 maintenance of most revetments consisted of occa-
sional spraying with herbicides (2,4,5-T and 2,4-D). The schedule of
spraying varied. On all revetments cleared in 1974, even though black-
berry clumps were removed and the remalﬁing cane stumps sprayed with
herbicide, healthy new growth from cane stumps was observed‘during the
spring and summer of 1975,

Individual descriptions of revetments having unique characferis—

tics are included below. The descripTions are arranged from downstream
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to upstream on the river (i.e., north to south). AddiTionéI informa#*

tion on all revetments studied can be found In the Appendix.

Willamette River Area |

Grand lsland is unique among the revetments studied in that it
was hand laid. This type of construction results in a relatively
" smooth surface compared with other revetments. Grand’lsland had the
" least vegetation of all The uncleared revetments, even +hoggh it is
the oldest. It was:also noted that the deposition of silt was cbn-
siderably less than on other revetments. It is suspected that the
relative lack of vegetation is due to either unusually effective spray-

ing or the lack of silt or both.

Santiam River Area

Tomasek is relatively heavily vegetated along almost the entire
revetment. Although no trees on the revetment were taller than 15
meters, some approached that helght and many trees are in the 5 to |5
meter height class.

Millar was mainly built as an emergency revetment in 1948 and it
has never been maintained by spraying or clearing. ‘Consequently, ap-
proximately 500 meters of the bird §urvey area was heavily vegetated

with Populus trichocarpa taller than |5 meters and a dense understory.

The remaining 200 meters had also not been maintained, but was repalred
after 1948. Except for some scattered trees, most of the cover in this
area consisted of dense Rubus sp.

Wickham was cleared in 1974, but a number of +rees greater than

2 m in height were apparently overlooked by the contractor. Nonetheless,
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by 1975 the vegetation consisted mainly of herbaceous plants. Wickham
is unusual in that, since construction of the revetment, the river has
deposited gravel at the foot of the revetment along approximately 50
meters of the bird survey area. This gravel has allowed a small
thicket (less than 500 square meters) of Salix sp. to gfow up in the
river channel itself. Although many are taller than 2 meters, these
willows were not cleared in 1974 because they did.not actually occur on
the revetment itself. Wickham Is also unusual in that a dike has beeﬁ

built behind the revetment and extends along its entire length.

Willamette River Area 2

Half Moon Bend was the most heferogeneous of the uncleared revet-
ments. Beginning at the upstream end of the bird survey area, the first

80 meters consisted of a dense thicket of Acer macrophy!lum less than

10 meters tall. Most of the rest of the bird survey area was mixed
deciduous with many clumpS‘of blackberries. The downstream approxi-
mately 200 meters had relatively less woody vegetation and more‘herba—
ceous vegetation. None of the trees on the revetment approached~l5

meters.in height.
STATISTICAL TECHNIQUES

Differences between cleared and uncleared revetments were tested
for statistical significance using paired t-tests (assuming 4 degrees
of freedom). | realize that because the 5 pairs of revetments are not
entirely independent, the possible Interpretations of Thé results are

limited.
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Linear correlation coefficients between variables were computed
with the help of the Portland State University statistical package on
the Harris 200. Specifically, the ﬁulfiple regression program (MREGR)
converted for(Thié computer from the standard REGR program published
by IBM (1957), was used.

Independent variables for The'regreSSions were constructed using
vegetational data collected in this study. The overall effect of vege-
tational clearing practices was expreséed as a nominal variable with
uncleared revetments receiving a séore of . zero and cleared.revefmenTS
a score of one. Canopy cover 'in one or more vegetation layers was
expressed as the sum of the Daubenmire cover class midpoint values for
the appropriate layers (see Table VI). It should be noted that the
possible interpretations of the correlations are |imited because the

revetments were not chosen randomly.



RESULTS

BIRDS

A summary of all bird use, Including breeding bfrd use, of study
areas Is shown In Table |l. The data generally show a marked differ-
ence between cleared and uncleared revetments. These differences are
more -striking at some areas than ofhers4(e.g., the differences at Wil-
lamette Area No. | are consistently less).

To +e$+ the significance of the differences, the revetments were
‘treated as five independent matched pairs (see "Methods"). The results
of paired t-tests are shown at the bottom of Table |l. Except for
average number of individuals per census, all differences were signifi-
cant at the .02 level or better.

The'species observed on each revetment are shown in Tables |11
and V. On uncleared sites (Table IIll), 46 species were observed, 36
of them more than once and 32 on more than one revetment. On cleared
revetments (Table 1V), only 32 species were observed, 20 of them more
than once, andil5 on more than one revetment.

-Only one species, the song sbarrow, was sighted on all 8 revet-
ments, both cleared and uncleared. In fact, song sparrows were ob-
served on bird survey areas in all but one of the 32 bird surveys done.

In addition to the song sparrow, on the four uncleared sites, 8
species were observed at least once at each of the revetments: brown-

-headed cowbird, black-capped chickadee, common yellowthroat,
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TABLE 111

SPECIES OBSERVED IN BIRD SURVEY AREAS ON FOUR UNCLEARED
REVETMENTS APRIL TO JULY [975

Bird Speciés

3

Number of Surveys Observed

Grand
Isiand Tomasek Millar

Hal f
Moon
Bend

Total
(Qut
of 16)

Great Blue Heron
Green Heron
California Quail
Sandpiper Species
Rufous Hummingbird

Belted Kingfisher
Common Flicker

Downy Woodpecker
Western Wood Pewee
Violet~-green Swal low

Tree Swal low

Barn Swal low

Cliff Swaltow

Common Crow
Black-capped Chickadee

Common Bushtit
Bewick's Wren
American Robin
Hermit Thrush
Swainson's Thrush:

Golden-crowned Kinglet
Ruby=-crowned Kinglet
Cedar Waxwing

Starling !
Warbling Vireo

Orange-crowned Warbler
Yellow Warbler

Yel low-rumped Warbler
Common Yel lowthroat
Yel low-breasted Chat

Wilson's Warbler
Red-winged Blackbird
Brewer's Blackbird
Brown-headed Cowbird
Black-headed Grosbeak

I
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TABLE 11 1--Continued .

Number of Surveys Observed

‘ Half  Total
Bird pecies Grand Moon (Out
Island -Tomasek Millar Bend of 16)
Lazuli Bunting -- -- -— 3 3
Evening Grosbeak - - - | |
Purple Finch - - - I |
American Goldfinch — 3 2 3 8
Rufous-sided Towhee : 3 4 3 "4 14
Savannah Sparrow | I I ] 4
Vesper Sparrow | 4 - 3 8
Dark-eyed Junco ' - - I | 2
White-crowned Sparrow 4 - - 2 6
Golden-crowned Sparrow I ' | - - 2
Song Sparrow - 4 4 4 4 16
Total Number of Species 21 26 27 30 46
Number of Species Observed
During More Than One Survey . 36
Number of Species Seen on
More Than One .Revetment A 32

TABLE 1V

SPECIES OBSERVED [N BIRD SURVEY AREAS ON FOUR CLEARED
REVETMENTS APRIL TO JULY 1975

Number of Surveys Species Observed

. Total
Upper (Out
Bird Species Stout- Hal f Coon of 16
, enberg Wickham Moon Creek Surveys)
Great Blue Heron 4 | 3 3 |
Green Heron - 2 - - 2
Mal lard | - - -
Turkey Vulture -- I - | 2
California Quail 3 - - - 3
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TABLE 1V--Continued

Number of Surveys Species Observed

. Total

Upper (Out

Bird Species Stout- Half Coon of 16
enberg Wickham Moon Creek Surveys)

Ring-necked Pheasant 2 - -- --
Sandpiper Species 2 I 3

Rufous Hummingbird I — | -
Belted Kingfisher - -- -— ]
Common Flicker - | - |

N—NNN

Violet-green Swallow - - -

Cliff Swallow - - - I
Scrub Jay ]

Common Crow 2 - D e -
Common Bushtit |

_—N) — — —

Bewick's Wren -- - - |
American Robin - | 3 _—
Hermit Thrush - - ] -
Cedar Waxwing - I - -
Common Yel lowthroat 3 - - |

N

Red-winged Blackbird - 2 - 2
Brewer's Blackbird e 2 -

Brown-headed Cowbird 2 - | 2
Black-headed Grosbeak - [ - -
Lazuli Bunting —-— 'l - -

——uvuwh

American Goldfinch - | N 4
Rufous-sided Towhee ! | - I
Savannah Sparrow _ -- -- - 2
Vesper Sparrow 2 - | 2
Dark-eyed Junco I

— UIN WO

White-crowned Sparrow
Song Sparrow

Lb N
i
i
v O

Total Number of Species I

[,

10 17 - 32

Number of Species Observed
at More Than Ope Survey. 20

Number of Species Observed
on More Than One Revetment 15
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rufous-sided towhee, savannah sparrow, American robin, commoﬁ flicker,
and black-headed Qrosbeak. On cleared sites only 2 specjes besides the
song sparrow--sandpipers and great blue herons--were sighted at all
four revetments.

Species observed exhibiting breeding behavior on revetment bird
s+udy'areas are listed in Table V. A total of |8 such species were
noted on uncleared~reve+men+s, |4 of them more than once and 12 on more
than one revetment. Only 9 species were sighted on cleared revetments,
7 of them more than once and 5 on more than one revetment.

The only breeding species found on all four cleared revetments
was the ubiquitous song sparrow. On all four uncleared revetments, song
sparrows,. rufous-sided towhees, brown-headed cowbirds, and common yel-

lowthroats were found exhibiting behavior associated with breeding.
PLANTS

Photographs éf the revetments can be found in 'complete copies of
Forbes et al. (1976). The results of physiognomic analyses of bird
study areas are summarized in Table VI. More detailed information can
be found in the Appendix.

As'one would expect, the cleared revetments lack Daubenmire cover
class layers Wl and W2, and show poor representation of plants in the
W3 layer. The uncleared revetments show great variation in both the
number of layers present and the amount of cover within each layer.
| There is also great variation in the density of trees greater than
2 m from revetment to revetment. The uncleared revetments range from

220 to 1,000 trees per hectare and the cleared revetments range from
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3 to 60 trees per hectare. It should be noted that Thé vegetational
analyses were conducted in July and August 1975, so the densities of
trees taller than 2 m presumably Includes somé individuals that were
Too small Yo be cu+lduring the 1974 clearing operations.

The percent of bird survey transects bordered with dense natural
cover varies from O fo 60. The percent values represent a rough esti-
mate of bordering vegetation that could influence bird use of the re-
vetment. For uncleared revetments, the average percent of transect
Bordered Is 42.5 percent, while it is'only 20 percent for uncleared
revetments.

This result raises the interesting possibility that at least
some differences in bird use of revetments may be reflecting differ-
ences in vegetation bordering the revetment, rather than differences
in vegetation on the revetment. In addition, the possibility exists
that the effects of clearing and the effects of vegetation bordering
the reve+men+ are confounded and inseparable. Linear regression was

used to investigate these possibilities.
LINEAR REGRESSIONS

In order to determine which of the factors measured correlated
best with da+a from bird survey areas, the revetments were treated as
eight randomly selected samples for the purposes of linear regression
analysis (see "Methods").

Each of the Six measures of avifaunal use‘shown in Table Il was

used as the dependent variable in different regressions. Eight

|

f
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different independent. variables were used for a fotal of 48 regressions.
The resultant correlation coefficients are shown in Table VII,

Five of the six measures of bird use correlated best Lifh the
nominal variable expressing whether or not the revefmenT had been
cleared in 1974 (all five correla+iohs significant at the .0l level).
Several correlations of bird use with measures of.vegetation, although
not as high as those with the clearance nominal variable, were also
statistically significant.. The sixth measure of bird use, average num-
ber of individuals per census; was found fo cérreIaTe significantly
only with percent of TransecT'bordered by dense na+u%al vegetation
(correlation significan+ a+ the .01 level).

Each dependent vafiable was regressed pair-wise against the
others (coefficients are given in the Appendix). As one might expect,
the various measures of vegeTaTion correlate highly with each other as
well as with.the nominal variable expressing vegetation clearing. What
is of special interest is the correlation Eéfween the clearance nominal
variable and the percent of transect bordered by dense natural cover.
The relatively low and statistically non-significant correlation of
.4750 suggésfs that these two measures are not confounded and their

effects in this study are at least partially separable.
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DISCUSSION

BIRD USE OF REVETMENTS AND

THE EFFECT OF CLEARING

The direct effect on revetments of present clearing practices is
to reduce vegetational and physiognomic diversity. Plant succession
is returned to the pioneer weed stage (Benton and Werner 1972). The
visual effect of clearihg is heightened by the fact that when a bank
is protected, intensive agriculfure may be practiced right up to the
apron of the revetment. An uncleared revetment may harbor the only
woody plants along a considerable length of stream bank.

Wickham, Tomasek, and Millar display three sfrikfngly different
seral stages along a ?,OOO m length of stream bank. Wickham, having
been cleared in I97ﬁ, had only a few trees on it in the summer of 1975
(Table V1). Of the trees present, some were ignored or overlooked by
the clearing contractor and should have been removed. ~ Tomasek has high

densities of Populus trichocarpa and Salix sp.--fast-growing, sun-

tolerant trees characteristic of the intermediate tree successional
stage (Benton and Werner 1972). Millar is vegetated with numerous

Populus frichocarpa and Salix sp. in the Wl (taller than |5 meters) and

W2 (5-15 meters tall) layers. However, the W2, W3, W4 woody plants are

diverse, with such species as Alnus rubra, Fraxinus latifolia, and Acer

macrophy!llum also common. In fact, young F. latifolia are more common




28
than young trees of any other species, suggesting a possible trend in
succession on revetments.

Bird use of revetments also appears to be affected by the present
clearing practices. All measures | used showed lower bird use on
cleared revetments. Moreover, the actual differences in bird use be-
tween cleéred and uncleared revetments are likely fo be even greater
because the screening effect of vegetation on uncleared revetments re--
duces the visibility of birds.

 The results of this study indicate that the primary factor affect-
ing the difference in bird use is the reduced vegetational and physiog-
nomié diversity on cleared revetments. This conclusion is based on
knowledge of the Iife history of the bird species involved as well as
the correlafions‘wi+h measures of vegetation.

First, the logarithm of density of frees correlates well with
most measures of bird use. This indicates that trees are imporTénT
determinants of bird use, but that the addition of equal numbers of
frees to the habitat gives smaller and smaller increases in bird use.
However, without knowledge of the l|ife history of birds, one could
argue that the correlations are merely coinéidenfal.

A comparison of Tables |Il and IV shows that, of the bird species
found commonly on uncleared EeveTmen+s, many are species that require
trees for feeding or nesting (e.g., black-capped chickadee, American
robin, black-headed grosbeak, cedar waxwing, and common flicker).
Several species which do not require trees for feeding or nesting, but
which require dense cover, were seen only or largély on uncleared re-

vetments (e.g., California quail, common yellowthroat, and rufous-sided
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towhee). On the other hand, birds foﬁnd commonly only on cleared re-
vetments are largely Thbsé that feed on open stream banks (e.g., sand-
pipgrs, great blue heron). The birds found often on both cleared and
uncleared revetments are uéually ground~herb-shrub species (e.g., song
sparfow, American goldfinch). It is worth noting that many of the
birds deemed favorable in insect control (swal lows, chickadees, war-
blers, eTc;) and one game species (California quail) are closely asso-
ciated with uncleared revetments as opposed to cleared oﬁes.

Besides vegetation on the revetment itself, anofher probable
factor affecting bird use of an area as smali and oblong as a revet-
ment, is the vegeféfion bordering the revefmenf.‘ One measure of bird
use--individuals- per census--showed a significant negative correlation
with rough estimates of background vegetation. However, this measure
of bird use is probably the one most affected by sample slze.A The high
average.number of indiQiduaIs per census at Coon Creek illustrates this
poinf! During the July census at Coon Creek, a total of 82 individual
birds'were sighted usihg the revetment during the first hour of the
survey, as compared to an average of only |4 individuals sighted dur-
ing the first héur in the previous three surveys. For+y-*hreé of
these individuals were in one mixed flock of swallows using snags,
short trees, and logs on the reveTﬁenf as brief roosting spots while
feeding over the river.

Nonetheless, it is still possible that events such as this are
not highly unusual and the negative correla+jon between background
vegetation and individuals per'census Is meaningful. A portion of

total bird use of revetments does come from birds using the revetment
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as a brief roosting spot. One could argue, then, that flocks of birds
searching for a brief .roosting spot woJId fail to land on a revetment,
if taller roosting spots were visible fmmediafely'adjacenT to the re-
vetment. Cohversely, even though all the trees and shrubs present on
a revetment are under 2 m In height, they may still be used as roosts
if they afe_The only TEees available along a substantial length of
stream bank.

I+ is important to remember Thaj a measure such as individuals
per census does hot distinguish between visiting birds and residen+
birds; the two ére counted equally. The lack of any significant corre-
lation between adjacent vegetation and measures of breeding bird use
suggests that adjacent vegetation most greatly affects the number of

visiting individuals.

COMPARISON WITH WOODLAND BIRD SPECIES

ALONG THE COLUMBIA RIVER

In order to assess further the possible importance of revetments
as habitat for birds, data from this study were compared with data col-
lected by the OCWRU (1976) in their study of riparian habitats along
the Columbia River. Although the methods used by the OCWRU were dif-
ferent from those in this study, a comparison of bird species observed
during both studies in spring and summer is instructive.

The bird species sighted at six riparian woodland sites along
the Columbia River in spring and summer 1974 and those observed at the
eight revetments included in this study during the spring and summer

of 1975 are shown in Table VIIl. All sites in both studies were visited
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on four different days during the study periods. The six sites along
the Columbia River represent all of the riparian woodland sites re-
ported on by the OCWRU that were both west of the crest of the Cascades
and not under at least two feet of water during the spring and summer.

Examination.of the table reveals several trends. Many of the
species. found at all of nearty all of the Columbia River sites were
also found at all or nearly all of the uncleared revetments (e.g.,
black-capped chickadee, black-headed grosbeak, Swainson's thrush).

Most species found commonly on Columbia River sites that were not found
on revetments are usually tree-associated specles (e.g., northern
oriole, willow flycatcher, brown creeper). Several spec{es (e.qg.,
common crow, Bewick's .wren, Wilson's warbler) were found on most or all
Columbfa River sites, yet only on Millar, or Millar and one other re-
vetment in this study.

Conversely, species found on most uncleared revetments, but which
were uncommon on Columbia River sites, tended to be species associated
with low vegetation of the edges of forests (e.g., Califo}nia:quail,
common yel lowthroat, vesper sparrow). The woodpeckérs observed along
. the Columbia and Willamette are a case in point. The three species'
sighted were the common flicker, hairy woodpecker, and downy woodpecker.
Of these, only the common flicker is an edge species characterized by
extensive ground feeding behavior. Examination of the data reveals
that the hairy and downy woodpeckers found commonly in riparian forests
along the Columbfa are replaced by common flickers on revetments along

the Willamette.
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Usiqg.informafion‘in Table VI, the bird communities can be com-
pared quanfifé*ive]y using an index of community (Brower and Zar 1977).
In this study, the Sorenson coefficient (or "quofien+ of similarity™)
has been employed, although the Jaccord coefficient will give results
than can be compared in a similar fashion (Brower and Zar 1977). The
formula for the Sorenson.coefficient (CCSJ is as follows:
cc, = —=2&

+ s
S Sl 2

where S and s, are the numbers of species in communities | and 2, re-

, spectively, and c is the number of species held in common by both com-
munities. | -

The six Columbia River sites were first compared pair-wise énd the
resulting coefficients were used to compute an average quotient of simi-
larity between the riparian woodland sites. Each revetment was then
compared péir-wise with the Columbia River sites and an aver%ge quotient

of similarity to riparian woodlands was calculated. The results are

shown in Table IX.

TABLE IX

AVERAGE QUOTIENTS OF SIMILARITY -RESULTING WHEN BIRD SPECIES
' FOUND AT EACH OF SIX RIPARIAN WOODLANDS ARE COMPARED
PAIR-WISE WITH EACH OTHER AS WELL AS WITH BIRD
SPECIES FOUND AT EIGHT REVETMENTS (EXPRESSED
IN PERCENT AND PLACED IN DESCENDING ORDER)

Quotients of Similarity

Hal f Upper
Each Moon  Grand Half Stout- Coon
Other. Millar Tomasek Bend Island Wickham Moon enberg Creek

70.0 62.6 52.4 48.4 36.3 32.2 29.7 29.4 . 28.8
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What is of special interest is that the similarity of the revet-
ments to riparian woodiand sites seems to parallel the development of
more ex+§nsive layers of vegetation. In fact, when the sums of all
cover c!ésses‘over 2 m in height for each revetment are regressed
against the quotients of similarity, a correlation coefficient of .968|
resul?s,(signfficanf at the .0l level). The least squares line is shown
in Figure 4. Examination of the scatter diagram suggests that the re-
lationship may be non-linear. Perhaps similarity to riparian habitats
asymptotically approaches a maximum equal to the average similarity
between the six riparian sites themselves (70.0). The other indepen-
dent variables previously employed were also regressed against the quo-
tients of similarity, but all were found to be less than .9681 (see
Appendix). - The only correlafion found to not be significant was that
calculated using the measure of background vegetation as Thg indepen-
dent variable (-.4496).

The results strongly indicate that, if not maintained by clearing,:
revetments can in time become suitable habitats for many riparian wood-
land bird species. Millar, in terms of sbecies observed, abproaches
the similérify found between the riparian woodland sites themselves
. (62.6 percent versus 70.0 percent).

Comparisons between riparian woodlands along the Columbia River
and revgfmenfs along the Willamette River are also useful in explaining
the data from Half Moon Bend. The greatest number of bird species,
both overall and breeding, were found at Half Moon Bend in apparent
contradiction to hany ffndings that the number of species increases

with increasing layers of vegetation (reviewed by Balda 1975).
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Figure 4. Bird species similarity to riparian woodland regressed
against canopy cover of trees greater than 2 meters.
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The .results at Half Moon Bend may be parfialiy explained by the
screening effect of vegetation: +the number of birds using a revetment
may actually increase with increased density of foliage, but their de-
tectability decreases.' Sandpipers, which feed !argely at the water's
edge, are a case in point. From the apron, where bird surveys were
largely conducted, sandpipers could easily go undetected at densely
vegetated revetments such as Tomasek and Millar.

Another explanation is offered by the distribution of vegetation
at Half Moon Bend. It was previousiy noted that Half Moon Bend was the
most heterogeneous of all the revetments studied (see "Methods"). A
positive correlation between an increase in bird species and an increase
in vegetational layers can only be reasonably expected at homogeneous
study sites (MacArthur 1964). | suggest that the greater patchiness of
the vegeTaTion4a+ Half Moon Bend resulted in use of the revetment both
by species associated with riparian woodlands and species associated
with more open areas. A comparison of Tomasek and Half Moon Bend is
instructive in this regard. Tomasek has a high density of trees uni-
formly distributed along nearly its .entire length. On Half Moon Bend,
although there is a lower number of trees, they are clumped in +heir
distribution and are found largely at the upstream end of the revetment.

When the bird species sighted at the two revetments are éompared
with those sighted at the Columbia River riparian woodland sites, both
Tomasek and Half Moon Bend average 14.7 species in common with the ri-
parian woodlands. When compared with the four cleared revetments,
Tomasek averages only 8.5 species in'common with the cleared sites,

while Half Moon Bend averages |1.0 species. The results suggest that
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the groups of frees at Half Moon Bend are large enough and dense enough
to attract woodland bird species, while the areas without trees are

large enough to attract other species as well.
CONCLUS IONS

Revetments in the Willamette Valley are used by a significant
number of birds in the spring and summer. As vegetation develops on
the revetments, more species associated with trees are observed using
revetments.

If not maintained by periodic vegetation removal, revetments may
provide habitat simultaneously for both bird species associated with
herbs and low shrubs and bird species associated with a dense, forest
canopy. 1In typical forest succession, an increasingly dense canopy
correlates with a decreased herb and shrub layer. The reduction in
herbs and shrubs is usually attributed to the decrease in the amount of
light reaching the forest floor, affhough other factors couid be in-
volved (Krebs 1972). However, Millar has both a dense overstory and a
wel |-developed low-shrub layer, suggesting that an inverse relationship
between canopy density and herb-low-shrub density may not hold on re-
Qefmenfs. The short dimensions and oblong shape of revetments allows
sunlight fto reach the surface of the revetment during much of the day
even when a dense canopy has developed over the revetment.

The jncreasing similarity of bird species on revetments to those
on riparian woodlands correlated with increasing height and layering of
vegetation, demonstrates the potential of revetments as riparian habi-

tat. Riparian habitats have been shown to be some of the rfchesf
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avifaunally in Noffh America (Bottorff 1974; OCWRU I976; Carothers et
al. 1974; Udvardy 1957).-4Fur?her, the rapid and continuing disappear-
ance of riparian woodland in Thé WIiiameffe Valley is well documented
(Towle 1974).

“ Nonetheless, it is expected that revetments cannot serve to
actually replaqe the riparian forests, because, as habitat, revetments
appear to be most important for edge species. As Baldé (1975) has
pointed ouf,‘ﬁany species aftrac%ed'To edges have broad ranges of
+oleranéé, good powers of dispefsal, and high reproductive rates. Such
species-are usually in no immediate danger from habitat destruction.
Nonetheless, birds found on revetments are still important éomponen+s'
of the valley avifauna. |t is.worth repeating that; in this study,
the birds found associated with uncleared revé+menTsAinclude‘many in-
. sécflvorous species as well as California quail{ a game bird. |

It Is worthwhile to speculate as to the ppfenfial_of revetments
as nesting sites for two resident specles of present concern in the

Willamette Valléy——greaf blue herons and bsprey.‘ Both species require
large trees néar-wafer for nesting. Many +reés<a¢ Millar are large
‘enoggh to be used as nesting §i+es, _HoWéver,'greaT blue herons are
célonial,nesfers and dehAgréa+ ber‘herons énd'osprey mayAnof tolerate
exTensfve man-caused ais*ufbances around.fhe'nesfing site. Thefr large
perimeter relative to area cbuldAmake révéfhenfs unsuitable as nesting -
'sites for these two specles. | |

| Finally{ the évidence presenfedAfn'ThIS‘sfudy, although not con-
clusive, is sufficient to wqrfan+wceSSa+fon:of present revetment main-

tenance practices. The removal of woody'végeTa¢lon has been strongly
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implicated as the primary factor causing significantly reduced bird use
of cleared revetments. The significant differences between cleared
and uncleared revetments should be considered minimum differences; the
actual differences are probably éreaTer. Further, fto my knowledge,
there is no concrete evidence supporting the idea that trees and black-

berry vines weaken revetments.
RESEARCH RECOMMENDAT IONS

From a management point of view, the most pressing need is for
research on the actual effects of woody growth and blackberry vines on
the stability and strength of revetments. One possible experimental
design would involve randomly desiénafing half the revetments in the
Wil lamette Basin to no longer be maintained. After a number of years,
any costs of repair to these revetments could then be compared to the -
cost of maintenance of the control locations.

Alfefnafives to aerial inspection of revetments should be inves-
tigated. One possible alternative would be inspection by boat utiliz-
ing lower-paid personnel. Another alternative would be to require
sponsors or landowners personally to inspect the revetments for which
they are responsible, perhaps once annually in May, and report to the
Corps of Engineers any damage to the revetments.

Further research intended to assess the importance of revetments
to birds in the Willamette Basin should involve several improvements
over the work done in this study. If possible, additional studies
should cover a minimum of one full year to reflect seasonal changes.

The interval between surveys should be short enough to detect major
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changes during bird migration periods and other short-term fluctuations.
In California, Hehnke (unpub.) found that the ratio of number of birds
on vegetated berms to Thé number on riprapped berms varied between a
low of |.3:1 on one day to 56:1 on another day in a different season.

ln%ormafion is needed on +he habitat needs of migrating birds.
Sprunt (1975) has suggested that riparian forests can be of extreme
importance to migrant birds, since river valleys are frequently used as
migration routes. In his review of studies of migrating birds, how-
~ever, he found that in not one title or single paper was the question
of habitat or habitat management Tréafed diEecTIy.

Balda (1975) has pointed out that even a one-year study may be
too short. He found that breeding’densifies between years varied as

much as 80 percent for some species in Pinus ponderosa forests that had

not been physically altered between breeding seasons.

A method should be devised for censusing birds on revetments that
is comparable to-methods used in other studies. The mefﬁod would have
to take into account the unusual shqpe of revetments and allow for
changes iﬁ water level. Birds commonly found along the water's edge
(e.g., sandpipers) could be censused from the opposite bank so that
the screening éffec+ of vegetation on the revetment would be avoided.
The recording of data on bird use should be of such detail and uniformi-
ty as to be able to separate breeding, feeding, roosting, and other
uses of revetments by birds.

In conjunction with the bird ceﬁsus, more measurements of vegeta-
tional and physiognomic diversity both on and adjacent to revetments

are needed. Although its biological importance has reéenfly been
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questioned (Willson 1974), measurement of foliage height diversity
{MacArthur and MacArthur 1961) seems necessary in order‘+o make compari-
sons with other studies. It has been suggested (Karr 1968) that avail-
able water may serve as a partial layer of foliage that needs to be
Taken in+o‘accoun+ in some way.

To study the various environmental factors affecting such a small
area as a revefmenf,'a large number of revetments could be used. This
would allow a comparison of the relative importance of various factors,
such as vegetation bordering and vegetation actually on revetments
through multiple regression analysis.

To determine more precisely the effects of clearing on bird use,
a before-and-after study could be employed. The effects of areas bor-
dering the revetment coula then be held reasonably constant. Yearly
changes in the local bird populations could be monitored by #he use of
a suitable "control" site that would be studied along with the revet-
ment being cleared. After making allowances for such yearly fluctua-
tions in bird populations, differences in bird use before and after

clearing could be reasonablyattributed to the effects of clearing.
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LITERATURE REVIEW

Historical

Towle (1974), in his historical study of woodlands in the Wil-
lamette Valley, states, "In 1854, the floodplains of the Willameffé and
the Santiam had supporTed'a continuous forest cover that ranged from
about one mile to five miles in width." By 1936, appreciable tracts of
this floodplain, or gallery, forest had been cleared and the land con-
verted to.agricultural use. After 1936 the clearing accelerated until,

The gallery forest had, by 1970, been reduced fo a narrow, discon-
tinuous ribbon of woodland immediately along the Willamette and

its major tributaries, and small, isolated forest remnants scattered
across the floodplain. . . . The lowland forests are mostly gone.

Towle attributes the intensified clearance of the floodplain for-
est to two major factors: (I) a comprehensive flood control program,
and (2) the expansion of irrigation. Both of these facTorsAmade the
floodplain land more attractive for agricultfural use. Most of the land
that had once been floodplain forest is today irrigated farmland.

The comprehensive flood control program in the Willamette Valley
began in 1936 with Congressional passage of a Flood Control Act. Al-
though the 1936 ana subsequent flood control acts affecting the Willa-
mette River Basin have largely emphasized reservoirs, the acts also

authorized the construction of bank protection works, including rock

revetments. Details of the history of bank protection in the Willamette



51
Valley may be obtained from the U.S. Army Engineer District, Portland,

Oregon (1975).

Environmental Setting

Franklin and Dyrness (1973) list the Willamette as one of the 15
physiognomic provinces of Oregon and Washington. They describe the
valley as

. a broad structural depression oriented North-South and situ-

ated in Oregon between the Coast Ranges on the west and the Cascade
Range on the east . . . The valley floor has a very gentle north-
facing slope . . . As a result, Willamette River is a sluggish
stream with many meanders . . .

The climate of the Willamette Valley has been described as mari-
time and remarkably homogeneous (W. G. Loy et al. 1976) Weather data
from four locations in the Willamette Valley are listed in Table I.

Additional climatic details, as well as information on the geology and

soil of the Willamette Valley, are given by Franklin and Dyrness (1973).

Riparian Vegetation

The riparian communities of the Willamette Valley are also de-
scribed by.Franklin and Dyrness (1973). The authors s+a+e‘+Ha+ these
communities have not been well studied. According To‘Franklin and

Dyrness, Populus trichocarpa (black cottonwood) is a characteristic

dominant tree species. Other tree species usually associated with ri-

parian forests include Salix sp. (willows) and Fraxinus latifolia

(Oregon ash). In many areas, Acer macrophyllum (big~leaf maple),

Quercus garryana (Oregon white oak) and Alnus rubra (red alder) are

also constituents of riparian forests in the Willamette Valley.
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The OCWRU (1976) recently completed an inventory of riparian habi-
tats and associated wildlife along the lower Columbia River. Eighty-
two habitats were described in terms of cover, density, and size of

plants. The vegetative composition of several Populus trichocarpa

stands occurring in western Oregon (both pure and mixed with other
species) is described, as are several areas of riprapped shoreline.
However, all of the riprapped sites are located east of the crest of
the Cascades and were nearly barreﬁ of vegetation; therefore, they are
not of particular interest here.

In summary, the riparian vegetation in Oregon has only recently
begun to be studied intensively. No studies of riparian vegetation on

revetments were found.

Riparian Avifauna

There is much data showing the richness of the avifauna in ripar-
ian habitats. Udvardy (1957) reviewed 20 years of breeding bird census
data collected by the National Audubon Society beginning in [936. Most
of these cenéuses came from the east central United States. In homo-
geneous habitats in the United States, the highest densities of breed-
ing pairs occurred in twenty censuses undertaken in mixed bottomland
and floodplain forests.

In a review of Audubon breeding bird censuses in Colorado, Bot-
torff (1974) examined the imporTaﬁce of riparian Populus groves. He
found Populus habitat to have breeding bird densities well in excess
of all other natural habitats in Colorado. Bottorff also reviewed ad-

ditional studies in Colorado showing very high bird use of Populus
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habitats. He concluded that Populus habitat in Colorado is relatively
scarce, but very important for bird use.

The importance of riparian habitat to birds in the arid southwest
has been well documented. Carothers and Johnson (1975) reviewed the
available. information from that area. Data from homogeneous Populus
fremontii stands along the Verde River in Arizona (Carothers et al.
1974) led the authors to conclude that there is no other habitat type
in North America that is as important to as large an aggregation of
non-colonial neéTing bird species.

Hehnke (unpub.) collected data on bird use of berms along the
Sacramento River in California. He found ﬁuch higher bird use on
heavily vegetated berms having a significant tree overstory than on
riprapped berms having only herbs and shrubs. He concluded that the
riparian vegetation studied is extremely important fo avian bépulafions
on the berms themselves, but it has an even more pronounced fﬁfluence
on wildlife populations on adjacent agricultural lands. Hehnke's final
report willjalso review several additional studies done in Caiifornia

indicating the importance of riparian vegetation to wildlife.

In the OCWRU (1976) study, stands of Populus frichocarpa, both
pure and‘mixed with other species, have been singled out aé represent-
ing unique habitat, rich in both numbers and species of birds. The
authors state that the riparian habitats studied had the highest den-
sities ever recorded for bird communities. |t should be noted, however,
that their techniques invoived counting all birds, while most studies

have been !imited to breeding birds only.
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At this point it seems reasonable to ask why riparian habitats
are so productive with respect fo avifauna. A main reason given by
many authors (Bofforff 1974; Hehnke unpub.; OCWRU 1976) is the so-called
"edge effect." According to Odum (1971), the term "edge effect" is used
when referring to conditions found at an ecotone. He defines an ecotone
as a transition between two or more diverse -communities. When the num-
ber of species and the population density of some of the species are
greater in the ecotone itself, relative to the bordering comhunifies,
the tendency for increased variety and density is termed the edge ef-
fect. Most riparian woodlands studied are relatively small and |inear
in form. The large perimeter, or edge, relative to area provides for
a significant edge effect. Therefore, fn a riparian woodland we would
expect to find notonly forest-type birds, but also the "edge species."
Edge species, according to Odum (|97l), require as part of TEeir habi=-
tat, or life history, Twé or more adjacent communities that differ
greatly in structure. A familiar example of an edge species is the
American rbbin, which requires trees for nest sites, yet feeds largely
on the ground in open areas. ’

The fact that riparian vegetation is frequently tall and multi-
layered has also been used to help explain the richness of riparian
habitat (Hehnke unpub.; OCWRU 1976). Increases in vegetational layers
have been found to correlate often wffh increases in both numbers and
species of birds present (MacArthur [964).

River bottoms are rich in nutrients and are therefore highly pro-

ductive. The OCWRU Report (1976) suggested that this provides more
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food for birds and perhaps the dense vegetation provides hiding places
from predators and neighbors.

Carothers et al. (1974) found that in Arizona the layers of vege-
tation were insufficient to explain the bird species diversity in Popu-

lus fremontii stands. The heavily populated stands were bordered by

agricultural lands and the Verde River. Only 36 percent of the birds
in the cottonwood stand had "class A" territories (i.e., foraged ex-
clusively on their defended territories). Most of the birds spent
considerable time harvesting the unutiiized standing crop of food on
adjacent agricultural lands or over the river. The authors suggested
that the size of breeding bird populations in these habitats is regu-
lated by competition for a resourée other than food, that is in short
supply--probably nest sites.

| The OCWRU report suggested that there may be an island effect
associa+ed with riparian vegetation, because they are often isolated
from physiognomically similar habitat. Birds‘may be attracted to the
visual stimulus of the riparian vege+a+ion in what Iis otherwise a

"visual void."

Revetments

The U.S..Army Engineer District, Portland, Oregon Environmental
Impact Statement (1975) covers the hisTory, sponsorship, structural
features, repair, maintenance, economic benefits, and economic costs of
rock revetments. Informative comments from various agencies‘and groups
are also included. The section on structural features states:

Revetments are typically constructed on the outside of river bends
where a meander of the channel has caused the current to be
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directed into the bank. . . . Today revetments in the Willamette
Basin are constructed of quarried stone dumped on a prepared slope
from the bank top, with some hand placement. ‘

Forbes et al. (1976) have apparently completed the first study of re-

vetment vegetation and wildlife conducted in the Willamette Basin.
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ADDITIONAL STUDY SITE INFORMATION

TABLE 2

PLACEMENT OF BIRD SURVEY TRANSECTS ALONG
LENGTH OF REVETMENT

Placement of Transect@

Revetment ~ Upstream End Downstream End
Stoutenberg C E
Grand Isltand |
Tomasek
Miliar
Wickham

Coon Creek
Half Moon Bend
Upper Half Moon Bend

O m O O m m m
m O m O O m m

a

1)

C = Revetment length continues beyond end of transect

E = Revetment ends at end of transect

For example, at Stoutenberg the downstream end of the bird survey tran-
sect begins at the downstream end of the revetment. The revetment is
longer than the bird survey fransect; therefore, the revetment continues
beyond the upstream end of the transect.



Revetment: Stoutenberg

Area: Willamette No. |

Location: River Mile (RM), 65.6 (106 KM)
S. 1/2, S. 10, T. 55, $§. 3 W

Elevation: Approx. 24 M

Total Leng‘l‘h:I 1193 M

Shore:2 Left Bank

Average Aspect of Bird Survey Area: ESE

Date of Construction: 1952

Maintenance History: Cleared summer 1974; sprayed late 1960s

verted from feet.

All total length figures are from Corps of Engineer data con-

61

2All shore information is relative to an observer heading down-

stream.
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Revetment: Grand Island

Area: Willamette No. |

Location: RM, 69.1 (Il KM)

NW I/4, S. 25, T. 55, R. 3 W
Elevation: Approx. 26 M

Total L‘engTh:l

. Shore: Left Bank

Average Aspect of Bird Survey Area: SE

Date of Construction: 1938

MéinTenance History: Sprayed late 1960s

lAl‘rhough listed as longer than 700 M, only 650 meters could be
located. ‘



Revetment: Tomasek

Area: Santiam

Location: RM 4.6 (7.4 KM)

SW 1/4, S. 56, T. 9 S, R, 3 W

Elevation: 55 M

Total Length: 657 M

Shore: Right Bank

Average Aspect of Bird Survey Area: SSE

Date of Construction:

Maintenance History:

1955

Sprayed late 1960s
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RéveTmenT: Millar
Area: Santiam
Location: RM 6.2 (10 KM)
NW 1/4, S. 66, T. 10 S, R, 3 W
Elevation: 58 M

Total Length: 1186 M

Shore: Right Bank

Average Aspect of Bird Survey Area: WSW

Date of Construction: 1948

Maintenance History: No maintfenance
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Revetment: Wickham

Area: Santiam River

Location: RM 8.3 (I3 KM)
SE /4, S. 66, T. 105, R. 3 W
Elevation: 61 M

Total Length: 1418 M

Shore: Right Bank

Average Aspect of Bird Survey Area: S

Date of Construction: 1950

Maintenance HiSTQ[X}‘ Cleared summer 1974; sprayed late 1960s
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Revetment: Coon Creek
Area: Willamette No. 2
Location: RM 123.1 (199 KM)
N1/2, S. 58, T. Il S, R. 4 W
Elevation: 57 M

Total Length: 997 M

Shore: Right Bank

Average Aspect of Bird Survey Area: NW

Date of Construction: 1962

Maintenance History: Cleared summer 1974; sprayed late 1960s
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Revetment: Half Moon Bend
Area: Willamette No. 2
Location: RM 125.2 (202 KM)
SW 1/4, S. 86, T. 11 S, R. 4 W
Elevation: 58 M

Shore: Left Bank

Average Aspect of Bird Survey Area: NE

Date of Construction: 1948

Maintenance History: Sprayed late |960s

Total Length: (627 M




Revetment: Upper Half Moon Bend

Area: Willamette No. 2

Location: RM 126.3 (204 KM)

SW 1/4, S. 21, T. 11 S, R. 4 W
Elevation: 58 M
Shore: Right Bank

Average Aspect of Bird Survey Area: S

Date of CoﬁsfrucTion: 1949

Maintenance History: Cleared summer 1974; sprayed late 1960s

Total Length: 1593
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ADDITIONAL RESULTS

TABLE 3

CORRELATION COEFFICIENTS: = DEPENDENT VARIABLES
REGRESSED PAIR-WISE AGAINST EACH OTHER

69

Variable

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(N

(2)

(3)

(4)

(5)

(6)

(7

(8)

Effect of
Clearing
(Nominal
Variable)

Adjacent
Vegetation
--Percent
of Transect
Bordered

by Dense
Natural
Cover

Log of
Density
of Trees

Rank of
Density
of Trees

Sum of

All Cover
Classes

> 2 Meters

Sum of All .
Woody Cover
Classes

Sum of All
Woody Cover

‘Classes be-

tween 2 and
15 Meters

Sum of All
Cover
Classes

.4750

-.874]

-.4817

.8729 -.7205 -.6865

.4952

-.9938

-.3411

.8249

-.823]

-.3243
7714

- . 7600

.9910

-.8080

~-.4787
.9227

-.9348

.9397

.9013

-.6991

-.3766

.8337

-.8171

.9252

.9238

.9129
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TABLE 4
CORRELAT ION COEFFICIENTS BETWEEN BIRD SPECIES SIMILARITY TO

RIPARIAN WOODLANDS AND MEASURES OF EFFECTS OF CLEARING,
TREE DENSITY, CANOPY COVER, AND ADJACENT VEGETATION

Average Sorensen Coefficients Resulting Correlation
Regressed Against . Coefficients
Effect of Clearing (Nominal Variable) ~ ~.8286
Log of Density of Trees (Base 10) .8735
Rank of Density of Trees -.8837
Sum of All Cover Classes .9224
Sum of All Woody Cover Classes .944|

Sum of All Woody Cover Classes Greater Than :
2 M .968|1

Sum of All Woody Cover Classes between 2 M :
and I5 M ©.9623

Percent of Transect Bordered by Dense i
Natural Cover : -.4496




71

- - - 1 - -
- -— - H - -
- - - .ﬂ - -
- - - .ﬂ - -
- - - (4 4 -
4 - - r4 € _ -
[4 - - € € -
- - - m” - -
- - -— m : - -
puag pusag- UOOW P.CEE ) IBTTTH xmmmEOH WeYMOTM
uool 3TeH 3TeH aeddn uoo)

TIVOS WHAOD (666T) HYIWNIENVA HHL ONISO
SINHASNVIL A4NIS q¥I9 XIS NO ¥HAOD-AJONVD 40 SISATVNV

¢ FIAVL

£xa9y) OF3isswmod pue PTITM
‘dds snunag
suioyImMey U193S3M
118p7Bnop snbevava)
STIBWATD PITM
v310f10248n63] 813DUIL)
19pTV PaY
DAQNIL BNULY
SMOTTTM
*dds %1708

poosuo330) Yoeld
pdavooyoraz snyndod
v v

1183 @ &1-§
saueTd ApooM :ZM

poomuo33o) HoeId
pndavooyoiaz snindod

v 1Tv

. o wﬁ uey3l
aoTTe3 saueld ApooM :IM

TVNOILVLIDIA



72

1 - - 1 - -

1 - - I - -

- - - - - T

- - - .H - -

- - - .—. H -

- - - ﬂ - -

T - - 1 A T

1 - = I [4 1

4 1 - [4 4 4

- - -~ N - -

z - - T - -
puag puag UOOR o919 IBTTIH syosewo] WeyNOTM
uool JIT®H - 3TeH aaddp uoo) '

panuUIIUO)--¢ TTAVL

£113y) dF3isswoQq pue PIIM
‘dde snunag
2UIOYIMEH UID3ISOM
118076n0p snbavava)
j1eqaurN
snapgqdvo sndivooshyg
adue1p NooW
228207 snyd]opv]2Yd
STIPWAT) PITM
v110f10238Mb2] 823VUWBTY
T9zel UI93ISOM
DINULI0D sN7 ALY
SMOTTTM
*dds 1708
poomuo330) NoeTq
pdavooyoixg srgndog

1v 1v

ile3 @w ¢-7
sjueTd ApooyM :gM

ysy uo8a19
p170f2407 snuIDA]

oTden jeoar-81¢
unq 7 Aydoaoou azoy



73

.- pueg
UOOK JI®H

pueg UOOK
JTeH xoddn

P CEE &)
uoo)

IeTITH i MOwMEO.H )

penuTjuo)--¢ HTIVIL

WeUNITM

238uex(Q MOOW
1p83m07 Snyd1apvlIYd
. adean uoBaip
umygofinbo e1aeqasg
STIBWSTD PITM
p110f20298M61] 8230URLD
SMOTTTM -
~+dds ‘21108
pooasuollo) Noelg
vdavooyoraz snyndod

1TV © 11V
1183 W T
ueyy ssa sjueTd LpooM :vM
: Kazaqmoug
snqp sodavoraoyduhs
ysy uo8a1p

D110£130] SNURXDAL
poom3oQq 991D
DI2f1U07028 SNUIOY

B1BOSE)
vuvrysand .snuuOYy
a1deRy jeo1-3T9
umq 1 Aydoaovu 190y
wooag Yyo3odg
snaapdoos sne13hy



74

‘puag
UOOW JITPH

pusg uooy
.3Tey xoddp

N LR )
uoe)

IBTTTH ¥oseuwo]

pPoNUTIUO)-~G FTAVL

WEYNOTM

ysy uo8a1Q
D170f2307 BAULIDA]
poomn3oQq }98x)
D3 fIU07028 SNUIO)
aTden jeer-31g
unq7 Aiydoaovu azoy
AeQ uosiod
vqo718a901p SNYY
woo1g yo309§
snyavdoos sngrzhy

. £1a9y) OF3IsewoQ pue PIIM

‘dds snunag
5980Y PTITM
: *dds vsoy
A219qoeTg uBAEeTRUTH
snasooad snqny
L£xzaqyoetTq °aTaIeN
SNULSIN SnqQry
LazoqoeTg u9aaadasayg
SNIvIULOD] Snqny
£119qaTquUTYL
snao1fraod snqny
JuIoYIMBH UID]SOM
228D76n0p snbapavay -
Aeadg ueodQ
J070081p SNOSIPOI0H
Ao'H paeH
1180716n0p vELILAS
AIBGOUEN -
sngvgidoo sndapooshyg



75

puag
UOOK JTEH

-pusg UOOR
J1eH xoddg

PR )
u00)

IeTTTH  Mosewmol

penuT3uo)y--¢ HIIVIL

meWPTY

30138D PTTM
D30IVO SNONDJ

3104 s,uyor °1s
ungouxofasd umoriodhy
seag 3199Mg.
*dds snafyjog
sayd38p
*dds vo24
I9A0T) 199M§ IITYM
vqlo sn3oq1ilopn
surdn] 88a1e1
eng1AydArod snuidng
Jog 3utounog
8p1vur0rffo viawuodog
so8peg
svaovaadhy
sosse1n
oVIULUDIY
suisgj TTBI9SIOH
*dds umgaeinby

ITv ) N A
a9LeT qisy . :H

£1aaqmoug
snqqov sodavoroyduhs



76

puag
uoo 3T®H

pusg UOOK
JTeH aeddp

PCCE)
u00)

IRTTTR  Yesemd]

ponuIlu0)—-~G HTIVL

weyoTH

Asue] uspaen
auapbIna um3oovUD],
1935y PTTM uowmo)
snapordsqns 12328y
urejueld ysTI3ugd
v3p]090UD] ObPIUD]
L1079 BuTuaol PIOTd
818UBAID SNINAT0AUO



	Bird Use of Revetted Riverbanks in the Willamette Valley
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1463775837.pdf.KARgN

