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Introduction

The Greater Oregon City Watershed Council (GOCWC) retained Cascade Environmental
Group (Cascade) to inventory and characterize Abernethy Creek Watershed stream habitat
and riparian vegetation, water temperature patterns, and fish spawning information. In the
summer of 2017, Cascadeis field crew measured and recorded stream and riparian
characteristics for portions of Abernethy Creek and two of its key tributaries, Holcomb and
Potter Creeks. Overall the inventory covered 3.2 miles, encompassing 5 stream segments of
Abernethy Creek, 3 segments of Holcomb Creek, and 5 segments of Potter Creek. The 2017
stream inventory is supplemented with additional stream, riparian, and fish population
information derived from Oregon Department of Fish and Wildlife (ODFW) stream habitat
inventories completed for a reach of upper Abernethy Creek and several tributary streams.

In addition to the stream inventory information, fish spawning locations and numbers and
water temperature monitoring data are also summarized. Anadromous (i.e., residing in the
ocean as adults and returning to rivers and streams to spawn) coho salmon, winter
steelhead and Pacific lamprey spawning data collected by ODFW over a period spanning
2002 through 2017 is summarized for Abernethy Creek and tributaries. Water temperatures
were monitored in the summer of 2017 at sites on Abernethy, Holcomb and Potter Creeks.

The purpose of this report is to: 1) characterize Abernethy Creek Watershed stream and
riparian habitat conditions; 2) evaluate how stream habitat characteristics and water
temperatures are affecting spawning adult juvenile rearing fish populations; and 3)
recommend restoration actions that address any identified factors that are limiting coho
salmon, winter steelhead, Pacific lamprey and other native fish populations.

Abernethy Creek Watershed Overview

This section provides a general description of the Abernethy Creek Watershed. For a
detailed description of the watershed see GOCWCis Abernethy Creek Watershed
Assessment (ICF 2010).

The Abernethy Creek Watershed covers 21,573 acres. The headwaters of Abernethy Creek
are in in unincorporated Clackamas County. Approximately 16% of the watershed (3,471

! The GOCWCis Watershed Assessment and Restoration Action Plan are available on the Councilis web site:
http://www.gocwc.org/
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acres) is within the Oregon City urban growth boundary (UGB). Abernethy Creek enters the
Willamette River at Oregon City, approximately one mile below Willamette Falls.

Abernethy Creek begins at an elevation of about 1200 feet above mean sea level and flows
generally in a northwesterly direction to join the Willamette River. Because the entire
watershed is within the low elevation portions of the Willamette Valley, there are no
mountainous areas to capture winter snowpack. Consequently, most precipitation comes
from rainfall. The largest quantities of rainfall occur between October and November; very
little precipitation occurs during the summer and early fall, when stream flows are at their
lowest. With the notable exception of Newell Creek which has considerable groundwater
inputs in the upper and lower portions of the watershed, there is minimal groundwater flow
into Abernethy Creek during the summer when stream levels are the lowest (ICF 2010).

Major Abernethy Creek tributaries, in sequence from the headwaters to the lower
watershed, are as follows: Root Creek, Martin Creek, Thimble Creek, Holcomb-Potter Creek,
and Newell Creek. Abernethy Creek enters the Willamette River at river mile 25.3 and is
tidally influenced at its confluence with the river. Just before its confluence with the
Willamette River, Abernethy Creek flows under Highway 99 East through a long culvert. This
culvert does not appear to restrict fish passage (Todd Alsbury, ODFW, personal comm.,
2018).

There are two major artificial lakes along the mainstem of Abernethy Creek: Beaver Lake
(also referred to as Mompano Reservoir) in the upper watershed and Bull Frog Lake in the
lower section of the creek (Figure 1). Beaver lake is approximately 55 acre impoundment
created by a dam. A fish ladder at the dam provides fish passage. The ladder was recently
modified in the hope that it would improve fish passage above the dam and into upper
Abernethy Creek (Dave Stewart, ODFW, personal comm., 2018). Bull Frog Lake covers
approximately 8 acres. During a high flow event, Abernethy Creek cut a channel around Bull
Frog Lake. The lake remains, but it currently does not create an obstacle to Abernethy Creek
or fish passage.

The Abernethy Creek and its tributary streams provide important adult spawning and
juvenile rearing habitat for federally endangered coho salmon and winter steelhead as well
as for other fish such as Pacific lamprey (listed as a State of Oregon and federal sensitive
species) and cutthroat trout. While a sizable portion of the watershedis streams are rated
as 1high intrinsic potentialT habitat for salmon and steelhead, much of the historical high
quality habitat that supported productive fish populations is not present today because
stream and watershed conditions have degraded over time (ODFW 2010; ICF 2010).
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Methods

2017 Stream Habitat Inventory

The methods employed for the summer 2017 inventory are based on ODFWis stream inventory
methods (Moore et al. 2007). Field data were measured and recorded on the stream habitat
characteristics, including pool width, length and depth; channel gradient; substrate (e.g., sands,
gravels, cobbles); and the quantity of large wood present in the pools and riffles. Table 1
describes the stream inventory methods.

It is important to note that there are no established standards for stream habitat metrics such
as percent pools or expected amount of large wood in stream channels. Streams are dynamic
environments and habitats are constantly altered and created through floods, trees falling into
the channel, and other processes. For that reason, habitat measurements will change over time
as the stream adjusts to new inputs of wood, altered sediment delivery, and other elements.
Historical accounts of stream habitat help provide a picture of pre-settlement conditions and
stream geomorphology (the study of the dynamic processes that shape streams) provides
insights into the range of habitat types that would be expected for a stream of a specific
gradient and size.

The stream habitat inventory was conducted by an inventory crew of two between July 24 and
August 8, 2017.

There is very little public land within the Abernethy Creek Watershed. Consequently,
landowner permission was required to access the stream segments to be inventoried. The
GOCWC coordinator and board members contacted dozens of streamside landowners
throughout the Abernethy Creek Watershed requesting permission to access streams on
their property. The landowners who granted access signed a GOCWC form that
acknowledged that the field inventory crew was allowed to access the portion stream
channel within their property during the survey period. In many cases the landowner
requested that they be notified a day in advance of when the inventory crew would be
present. The inventory crew did not access stream channel areas where access permission
was explicitly denied or there was no response to the request for access.

The original intent for the survey was to cover at least a total of 10 miles of stream in
locations that would provide a good overview of stream habitat characteristics for
Abernethy Creek and Holcomb-Potter Creek. Unfortunately, property access was granted
for only 3.2 miles of stream.
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Table 1. Stream habitat inventory methods

Characteristics
Observed/Measured

Description

Riffle gradient and width

Riffle gradient (% slope) and bankfull stream flow width

Valley type

Narrow valley floor or broad valley floor

Channel constraint

Constraining terraces, hillslope, or bedrock; or wide floodplain

Channel substrate

Substrate composition: Percent of pool or riffle that consists of
sand, gravels, cobbles, boulders, and bedrock

Pool width, length, depth

Sampled pool width, length, and depth. Pools greater than 3 feet
deep are recorded as “deep pools”; pools with more than 3
pieces of large wood are noted as “complex pools”

Large wood

Large wood abundance for sampled pools within the bankfull
channel area. A count of the number of pieces of wood (# logs
over >6 inches diameter and at least 10 ft. long), including larger
key pieces (# logs >24 inches in diameter and at least 33 ft.

long)

Riparian vegetation

General stream side vegetation characteristics, noting conifer
(e.g., cedars) and hardwood (e.g., alders) trees and weed spices
(e.g., reed canary grass)

Dry channel sections

Channel sections where there is no flow (subsurface flow) during
sampling period (summer low-flow conditions)

Channel incision / bank erosion

Areas where the channel is incised, limiting interaction with the
floodplain. Areas with visible bank erosion

Photos Photos illustrating habitat conditions?
Notes on habitat conditions not captured by the standard
Notes protocol. Notes on riparian condition, human land management

impacts from culverts and other passage barriers, roads,
sedimentation, etc.

“No photos are available for Abernethy Creek Segment 5: Potter Creek Segments 2, 3, 4, and 5; and Holcomb
Creek Segments 2, and 3 fi the digital files were corrupted and not usable.
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Stream inventory access was limited to only those stream segments where land owner
permission was granted. As a result, the overall length and characteristics of the inventoried
stream was constrained due to access limitations. For this reason, the inventoried section of
stream is best characterized as a stream isegmentT and not a stream ireachT. Stream
reaches are based on valley form and channel characteristics, including consistent channel
gradient. The inventoried stream segments, on the other hand, were often characterized by
variable valley form and channel gradient. For example, a stream segment would begin as a
low gradient channel in a wide valley and then transition into a high gradient channel that is
confined by steep canyon walls. As a result, it is difficult to generalize stream conditions for
the entire watershed from the inventoried segments because the stream channels could
not be grouped into consistent geomorphic reaches (i.e., channels with consistent valley
form and gradient). Accordingly, the survey results are best interpreted as providing a
general characterization of stream habitat for Abernethy and Holcomb-Potter creeks.

The stream segments that were inventoried in 2017 are shown on Figure 1; stream
inventory photographs are shown in Appendix A.

ODFW Stream Habitat Inventory

The 2017 stream inventory data are supplemented by similar data collected by ODFW. The
ODFW inventories were conducted over a span of several years and covered a reach of
upper Abernethy Creek (2013) and three tributary reaches, Thimble (2013), Martin (2012),
and Root (2012) creeks. The inventory data was described in reports produced by ODFW for
each stream and summarized for this report by characterizing metrics (e.g., stream
gradient, large wood numbers) that were common to both the 2017 and ODFW inventories.
It is important to note that the ODFW inventories, for the most part, encompassed distinct
reaches (i.e., channels with consistent valley form and gradient). The stream reaches
inventoried by ODFW are shown on Figure 1.

ODFW Spawning Surveys

ODFW conducts annual spawning surveys for established spawning survey reaches
throughout Oregon to monitor salmon and steelhead population status and trends. In the
Abernethy Creek Watershed, ODFW has established spawning survey reaches on Abernethy
Creek and tributary streams (Figure 2). The spawning surveys target two primary species:
coho salmon and winter steelhead. Coho salmon spawning surveys began in Abernethy
Creek in 2002. In 2011°, ODFW extended the surveys to collect data on winter steelhead

¥ Steelhead spawning data was collected in 2002 for Abernethy Creek (Reach 31200.15), Thimble Creek (Reach
31200.1) and unnamed Tributary A (Reach 31200.20) fi no spawning fish were observed.
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and Pacific lamprey spawning®. The spawning surveys record data on redd (i.e., spawning
ground or egg nest) locations and numbers; observations of live or dead fish by species and
origin (hatchery or naturally produced) are also noted. Supporting information on
environmental conditions during the survey is also recorded: Weather, stream flow levels,
and stream viability (e.g., the bottom of riffles and pools are or are not visible).

Spawning data are collected during periods that coincide with peak spawning periods. Coho
spawning surveys take place from October through January; steelhead and Pacific lamprey
spawning surveys are conducted from December through mid-May. Surveys are conducted
at least once every 10 days for coho or once every 14 days for steelhead and lamprey.
Spawning surveys provide key metrics on population abundance, spatial distribution,
temporal distribution, and the proportion of hatchery fish to naturally produced fish.

2017 Water Temperature Monitoring

Cascade placed continuous water temperature loggers (Onset HOBO Temperature Loggers;
http://www.onsetcomp.com/) at 5 stream locations in Abernethy Creek and tributary
streams (Figure 1): 1) Abernethy Creek above Newell Creek confluence; 2) Abernethy Creek
above Beaver Lake; 3) lower Newell Creek below Highway 213; 4) lower Potter Creek; and
5) upper Holcomb Creek. Figure 1 shows the water temperature monitoring site locations.

Water temperature data were not available for three additional monitoring locations:
Abernethy Creek below Beaver Lake (logger covered by a beaver dam and not recoverable);
lower Newell Creek near the confluence with Abernethy Creek (logger covered by a bank
failure and not recoverable); and upper Potter Creek (monitor malfunctioned). The GOCWC
also monitored stream temperatures in 2016. The 2016 monitoring sites are shown on
Figure 1.

The loggers collected water temperature readings at 30 minute intervals beginning August
26 and ending September 28, 2017. To minimize spurious temperature readings resulting
from thermal stratification within the water column, the loggers were placed in stream
riffles or other locations with adequate flows to create thermal mixing. Placing temperature
loggers in the upper and lower portions of the stream channels network provides insights
into how water temperatures change in the downstream direction as streams progress
from headwater areas with dense vegetation cover over small channels, to large valley-
bottom streams with less vegetation cover over wide channels. Of course, conditions do not

* Resident western brook lamprey are also present in the Abernethy Creek system. Brook lamprey spawning areas
are not noted in the ODFW inventory.
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always follow these patterns, particularly where land uses have modified streamside vegetation
and stream shade.
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Figure 1. 2017 stream habitat inventory segments, ODFW habitat inventory locations, and 2016/2017 water temper ature
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Figure 2. ODFW spawning survey reach locations and steelhead redd locations, 2015 through 2017
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2017 Stream Habitat and ODFW Inventory Results
Abernethy Creek

Table 1 shows the key stream habitat metrics for the 5 Abernethy Creek segments
inventoried in 2017 and the ODFW reach surveyed in 2013. The stream inventory photos
are displayed in Appendix A.

The inventoried Abernethy Creek channels are characterized by low to moderate (1% - 4%)
average gradients (Figure 3). There is, however, substantial variability in channel gradients
for some stream segments. Segment 1, which is in a narrow valley constrained by both
hillslopes and terraces, begins just upstream of Bull Frog Lake. The average channel
gradient of nearly 4% varies from 2% in the lower portion of the segment to 10% in the
upper 500 feet of the segment. Segment 5 (average 3%), which is in a narrow valley
constrained by both hillslopes and terraces, is similarly variable, ranging from 2% to 7%.
Channel gradients are much less variable for the segments within wide valley areas:
Segment 2 (average 2%), Segment 3 (average 1%), and Segment 4 (average 2%). The ODFW
inventory reach in upper Abernethy Creek, which is within a narrow valley constrained by
terraces, has a consistent gradient of 3%.

Table 1. Abernethy Creek habitat characteristics derived from the 2017 Abernethy Creek
and 2013 ODFW inventories. Channel constraint codes: Valley Type — NV = Narrow
Valley; BV = Broad Valley. Constraint Type  — T = Constraining Terraces; H = Constrain ing
Hillslo pe; B = Constraining Bedrock; WP = Wide Floodplain

Strfni?rm;’fizaory Al A2 A3 A4 A5 ODFW
Survey Year 2017 2017 2017 2017 2017 2013
Surveyed Length (ft.) 2,084 850 2,190 910 2,430 3,025
Ave. Channel Slope (%) 4% 2% 1% 2% 3% 3%
Max Channel Slope (%) 10% 2% 2% 5% 7%

Min Channel Slope (%) 2% 2% 1% 1% 2%

Ave. Bankfull Width (ft.) 46.9 53.0 38.7 16.0 30.5 20.7
Valley Type NV WV WV WV NV NV
Channel Constraint Code T&H T T&H T&H T&H T
Ave. % Sand or Finer 5% 50% 90% 60% 75% 44%
Percent Pool Area 29% 98% 2% 93% 94% 76%
Wood Pieces / 1000 ft. 9.6 2453 23.7 25.3 29.6 37.0
Key Wood Pieces / 1000 ft. 0.5 169.8 2.3 0 0.4

Pools > 3 ft. Deep 8 2 5 4 3 1
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Figure 3. Average gradients for Abernethy Creek segments inventoried in 2017
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The average bankfull width of Abernethy Creekis channel ranges from 53.0 feet in Segment
2 where the channel is in a relatively broad valley (e.g., more than 4 times the channel
width) and moderately constrained by terraces; to 16.0 feet in Segment 4 where the
channel is confined by either terraces or hillslopes. The ODFW inventory reach, which is in
the upper watershed and confined by terraces, has an average bankfull width of 20.7 feet.
In general, stream channel width corresponds to watershed location, valley type, and the
features that are constraining channel adjustment (e.g., hillslopes, bedrock, etc.). Larger
channel widths are more likely located in the lower portions of the watershed where the
low gradient channel contained in a wide valley and the proportionately larger upstream
watershed area generates greater stream flows to shape the channel. Conversely, narrow
channels in the upper watershed are often located in narrow valleys, have higher gradients,
and proportionately less upstream watershed area.

Figure 4 illustrates channel substrate distribution for the Abernethy Creek inventoried
segments. Segment 1 has the greatest variability in substrate composition, with a mix of
sands, gravels, cobbles, and boulders. Notably, there is very small proportion of fine
substrate in this reach: An average of 5% sand or finer. In contrast, the other segments are
characterized by a high proportion of sand or finer substrate: Segment 2 (50%); Segment 3
(90%); Segment 4 (60%); Segment 5 (75%); and The ODFW reach in upper Abernethy Creek
(Table 1; 44%).
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With the exception of Segment 1, there is extensive deposition of fine sediments in the
inventoried stream channels. Sediment deposition, particularly in Segments 3, 4, and 5,
indicates that the channel is moving a very large amount of sediment. Based on the large
areas covered in fine sediments, it appears that the sediment load is higher than the
streamis ability to effectively transport the material through the channel. (See Appendix A
for photographs of the sediment deposition in these segments.)

Figure 4 . Channel substrate distribution for the inventoried Abernethy Creek segments

Abernethy Creek
Mean Substrate Composition

100 — | T—
80 u Ave % Bedrock
60 m Ave % Boulder
A0 Ave % Cobble
20 m Ave % Gravel
B Ave % Sand
O T T T T
Al A2 A3 Ad A5

As shown in Figure 5, the percent of the inventoried channel area in pools ranges from 98%
(Segment 2) to 29% (Segment 1). Figure 5 shows the total number of pools, deep pools (> 3
ft. deep) and complex pools (> 3 pieces of wood). Segment 1 has the largest number of
deep pools and Segment 3 has the most complex pools. The ODFW reach has a high
proportion of the channel area in pools (76%); 4 complex pools; and 1 deep pool.

For the most part, there is very little large wood in the inventoried stream segments (Table
1). Segment 2, with extensive accumulations of large wood in several locations and the
largest concentration of key large wood pieces (logs >24 inches in diameter and at least 33
ft. long), is the exception (Appendix A, Photo 7). Segment 3 has some key wood pieces
(Appendix A, Photo 14). The other segments, and the ODFW inventory reach, have very low
concentrations of large wood and very few, if any, key large wood pieces.
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Figure 5. Percent of the channel area in pools  for the inventoried Abernethy Creek
segments

Abernethy Creek
% Pool Area
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Figure 6. Number of deep pools, complex pools, and total pool number for the
inventoried Abernethy Creek segments
Abernethy Creek
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The following is a description of riparian vegetation along Abernethy Creek inventoried
stream segments:

Segment 1: Mature riparian area consisting of an overstory of alders, big leaf maple, and
scattered conifer trees, primarily cedar and Douglas fir. No large diameter (>20 inches)
conifers were observed. The understory is largely native vegetation with some large areas
covered in blackberry; reed canary grass is common within the active channel area. The
streamside vegetation provides good canopy cover and shade over the channel.
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Segment 2: The stream is bordered by extensive floodplain areas covered by reed canary
grass. Young stands of alder and other deciduous trees are present, but these trees are not
adjacent to the stream (conifers are largely absent). No large diameter (>20 inches) conifers
were observed. Some agricultural fields are adjacent to the stream channel riparian
vegetation boarding the stream is present. Overall, there is very little stream channel cover
or shade.

Segment 3: Mature riparian area consisting of an overstory of alders, big leaf maple, and

scattered conifer trees, primarily cedar and Douglas fir. A few large diameter (>20 inches)
conifers were observed. The understory is largely native vegetation with the exception of
some large areas covered in blackberry and reed canary grass. The streamside vegetation
provides moderate canopy cover and shade over the channel.

Segment 4: Portions riparian area has an overstory of alders, big leaf maple, and scattered
conifer trees. No large diameter (>20 inches) conifers were observed. Large portions of the
stream are bordered by extensive floodplain areas covered by reed canary grass. For the
most part, streamside vegetation does not provide canopy cover and shade over the
channel.

Segment 5: Young riparian area consisting of an overstory of alders, big leaf maple, and
scattered conifer trees, primarily cedar and Douglas fir. No large diameter (>20 inches)
conifers were observed. The understory is largely native vegetation with the exception of
some large areas covered in blackberry; moderate amounts of reed canary grass are
covering areas within the active channel area. The streamside vegetation provides
moderate canopy cover and shade over the channel.

ODFW Reach: Mature riparian area consisting of an overstory of alders, big leaf maple, and
scattered conifer trees, primarily cedar and Douglas fir. No large diameter (>20 inches)
conifers were observed. The inventory report does not have information on understory
vegetation or weed species composition. The streamside vegetation provides moderate
canopy cover and shade over the channel.

Tributary Streams

Table 2 and Figures 7 ii 10 show the key stream habitat metrics for the Holcomb and Potter
Creek segments surveyed in 2017 and the ODFW Thimble, Martin, and Root Creek reaches
surveyed in 2013. The stream inventory photos are displayed in Appendix A. The stream
habitat characteristics are described for each tributary in the sections below.
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Table 2. Abernethy Creek tributary  habitat characteristics derived from the 2017 Holcomb
and Potter Creek and ODFW inventories (2012 and 2013).Channel constraint codes:

Valley Type — NV = Narrow Valley; BV = Broad Valley. Constraint Type - T = Constraining
Terraces; H = Constraining Hillslope; B = Constraining Bedrock; WP = Wide Floodplain

e L R L L R L R R R e v o
Survey Year 2017 | 2017 | 2017 | 2017 | 2017 | 2017 | 2017 | 2017 2013 2012 2012
Surveyed Length (ft.) 682 839 824 465 227 463 581 | 2,924 | 3,500 3,307 3,451
Ave. Channel Slope (%) 5% 3% - 3% 3% 4% 3% 3% 5% <1% 2%
Max Channel Slope (%) 9% 6% - 8% 4% 11% 4% 7% 20% - -
Min Channel Slope (%) 2% 2% - 1% 2% 1% 2% 1% - - -
Ave. Bankfull Width (ft.) 228 13.6 - 15.2 14.3 17.0 11.8 20.0 9.0 11.2 21.3
Valley Type NV NV BV NV NV NV NV NV BV BV BV
Channel Constraint Code T&H | T&H T T T T&H | T&H | T&H T&H T&H T
Ave. % Sand or Finer 10% 16% -- 10% 10% 10% 11% 18% 69% 32% 35%
Percent Pool Area 35% 13% - 22% 57% 13% 42% 39% 7% 32% 69%
Wood Pieces / 1000 ft. 15 0.0 -- 0.0 0.0 0.0 6.9 10.9 29.1 9.0 21.6
Key Wood Pieces / 1000 ft. 0.0 0.0 - 0.0 0.0 0.0 0.0 0.7 - - -
Pools > 3 ft. Deep 0.0 1 - 0.0 0.0 0.0 0.0 0.0 1 0.0 1

Figure 7. Average gradients for Holcomb and Potter Creek segments inventoried in 2017
Holcomb Creek Segment 3 channel was a dry no gradient data were collected
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Figure 8. Channel substrate distribution for the inventoried Holcomb and Potter Creek
segments
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Figure 9. Percent of the channel area in pools for the inventoried Holcomb and Potter
Creek segments

Holcomb/Potter Creek
% Pool Area
1 L0145
B0
B4
A%
':ll.i"i T T - T T T ._I
F1 B 3 Fa Pl H1 HA

19| Page GOCWC: 2017 Stream Habitat Inventory



Figure 10 . Number of deep pools, complex pools, and total pool number for the
inventoried Holcomb and Potter Creek segments
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Holcomb Creek

Table 2 and Figure 7 show Holcomb Creek average channel gradients. Holcomb Creek
channels, for the most part, are higher gradient than Abernethy Creek, with gradients
ranging from to 9% to 5% (Segment 1); and from 6% to 3% (Segment 2). Segment 3 channel
gradient was not measured because the channel was dry.

Average bankfull channel widths range from 22.8 feet in Segment 1, to 13.6 feet in Segment
2. Segment 1 is in a narrow valley and the channel is confined by terraces and hill slopes.
Segment 2 is in a wide valley and confined by terraces. The channels in Segments 1 and 2
are unnaturally incised, with steep banks on both sides of the stream (Appendix A, Photos
22-26). The Segment 3 channel is moderately incised.

Figure 8 illustrates channel substrate distribution for the Holcomb Creek inventoried
segments. Both segments have variable substrate composition, with a mix of sands, gravels,
cobbles, and boulders. In comparison to high levels of fine sediment deposition in many of
the Abernethy Creek segments, Holcomb Creek fine sediments never exceed 20% of the
overall substrate composition. The Segment 3 dry channel bed was primarily cobbles and
finer material. It appeared that the dry channel condition was due stream flowing below the
surface through the substrate and not because of inadequate flows.

Pool habitat comprises a very low proportion of the inventoried Holcomb Creek channel
area, ranging from 35% in Segment 1 to 13% in Segment 2 (Figure 9). Figure 10 illustrates
the absence of deep pools (> 3 ft. deep) and complex pools (> 3 pieces of wood) in the
Holcomb Creek inventoried segments. There are no complex pools and only one pool over 3

20| Page GOCWC: 2017 Stream Habitat Inventory



feet deep in Holcomb Creek (Segment 2). There is very little large wood in the channel to
provide cover and hydraulic complexity, which contributes to the limited channel area in
pools.

Both Holcomb Creek segments are bordered by steep banks covered in blackberries and
other non-native vegetation. Scattered young stands of alder and other deciduous trees are
present, but conifers are largely absent. No large diameter (>20 inches) conifers were
observed. Overall, there is very little stream channel cover or shade.

Potter Creek

Table 2 and Figure 7 show Potter Creek average channel gradients. Similar to Holcomb
Creek, Potter Creekis inventoried channels, for the most part, are higher gradient than
Abernethy Creek and the gradients are highly variable within the segment, ranging from to
8% to 1% (Segment 1); 4% to 2% (Segment 2); 11% to 1% (Segment 3); 4% to 2% (Segment
4); and 7% to 1% (Segment 5).

Average bankfull channel widths range from 20.0 feet in Segment 5 to 11.8 feet in Segment
4. All of the segments are contained with a narrow valley and the channel is confined by
terraces and hill slopes. All of the inventoried segments are unnaturally incised, with steep
banks on both sides of the stream (Appendix A, Photo 27).

Figure 8 illustrates channel substrate distribution for the Potter Creek inventoried
segments. Similar to Holcomb Creek, all of the Potter Creek segments have variable
substrate composition, with a mix of sands, gravels, cobbles, and boulders. Similar to
Holcomb Creek, Potter Creek fine sediments never exceed 20% of the overall substrate
composition.

Pool habitat comprises a very low proportion of the inventoried Holcomb Creek channel
area, ranging from 57% in Segment 2 to 13% in Segment 3 (Figure 9). There are no deep
pools or complex pools.

Potter Creek Segment 1 is bordered by steep banks covered in blackberries and other non-
native vegetation. Scattered young stands of alder and other deciduous trees are present,
but conifers are largely absent. No large diameter (>20 inches) conifers were observed.
Overall, there is very little stream channel cover or shade.

In contrast to Segment 1, Potter Creek segments 2-5 have more native trees providing
shade and cover. Scattered young stands of alder and other deciduous trees are present, as
are some conifers. No large diameter (>20 inches) conifers were observed.

21| Page GOCWC: 2017 Stream Habitat Inventory



Thimble Creek (ODFW Inventory)

Thimble Creek habitat was inventoried by ODFW in 2013. The first 1,800 feet of the
inventory reach is a moderate gradient (3%) and narrow channel (bankfull width of 9 feet)
constrained by terraces in a wide valley. This section of the stream has numerous pools and
beaver dams. In the last 1,700 feet of the reach, the gradient quickly increases to 5% - 6%
with sections of nearly 20%. The stream channel in this section is constrained by hillslopes
in a narrow valley. A relatively high proportion of the channel substrate (69%) is sand or
finer material.

The Thimble Creek reach has a high proportion of pool habitat (65%). There are 5 complex
pools and one deep pool. In comparison to Holcomb and Potter Creeks, there are a
moderate number of large wood pieces in the Thimble Creek reach.

The Thimble Creek riparian area consists of a mature overstory of alders, big leaf maple,
and a high proportion of conifer trees. A number of large diameter (>20 inches) conifers
were observed. The understory is largely native vegetation with some large areas covered
by reed canary grass, particularly in the first low gradient section. The streamside
vegetation provides moderate canopy cover and shade over the channel.

Martin Creek (ODFW Inventory)

Martin Creek habitat was inventoried by ODFW in 2012. The inventory reach is
characterized by a low gradient (<1%), narrow channel (bankfull width = 11.2 feet),
constrained by terraces and hillslopes in a wide valley. A moderate proportion of the
channel substrate (32%) is sand or finer material.

About half of the Martin Creek inventoried channel area is pool habitat (52%). There are 3
complex pools and no deep pools. There are very few large wood pieces in the Martin Creek
reach.

The Martin Creek reach riparian area consists of a young overstory of alders and willow, and
a very low proportion of conifer trees. No large diameter (>20 inches) conifers were
observed. The understory is largely native vegetation. The streamside vegetation provides
moderate canopy cover and shade over the channel.

Root Creek (ODEW Inventory)

Root Creek habitat was inventoried by ODFW in 2012. The inventory reach is characterized
by a relatively wide (bankfull width of 11.2 feet), low gradient channel (2%) constrained by
terraces in a broad valley. A moderate proportion of the substrate (35%) is of sand or finer
material.
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A high proportion of the Root Creek reach is pool habitat (69%). There is one complex pool
and one deep pool. There are a moderate number of pieces of large wood in the Thimble
Creek reach.

The Root Creek reach riparian area consists of a young overstory of alders and big leaf
maple, and a low proportion of conifer trees. No large diameter (>20 inches) conifers were
observed. The understory is largely native vegetation. The streamside vegetation provides
moderate canopy cover and shade over the channel.

ODFW Spawning Survey Results

ODFW has conducted coho salmon spawning surveys in the Abernethy Creek and four
tributary streams since 2002. Winter steelhead and Pacific lamprey spawning surveys began
in 2011. Figure 2 shows the spawning survey reach locations for Abernethy Creek and
tributaries. Not all reaches are surveyed every year.

Spawning coho observations and distribution is highly variable. There have been spawning
observations in 8 years of the 15 year period that spawning surveys have been conducted.
Almost all of the observed spawning in the watershed has been in lower Abernethy Creek in
spawning reach 31200.00 (Figure 11). The reason why all the spawning activity was
restricted to this reach is probably because of the very limited number of adult coho
returning Abernethy Creek. The few returning adults spawned in the first area with
adequate conditions; there were no additional fish to spawn in the upper watershed.

No coho redds were observed in this reach in 2006, and 2010 fi 2013. The absence of
observed spawning could be a function of the limited survey periods (i.e., coho did spawn in
this reach, but the survey was not conducted at a time when the spawning or redds could
be observed); or the absence of redds could be due to no fish returning to spawn in this
reach. There has been a marked increase in the number of coho redds observed since 2014.
The largest number of coho redds to date (19 redds) was recorded in 2015. Abernethy
Creek coho are part of the Clackamas Coho population. The increasing spawning in
Abernethy Creek follows the increasing population trends for the Clackamas Population as a
whole.

Similar to coho, winter steelhead and Pacific lamprey spawning has been largely confined to
reach 31200.00, with the first redds observed in 2015 (Figure 11). ODFW records the stream
channel locations of steelhead redds (see Figure 1). In 2015, nearly 1,000 Pacific lamprey
redds were observed. Pacific lamprey redds are typically found in wider, low-elevation
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streams. Similar to coho and steelhead, Pacific lamprey spawn in gravel rich habitats,
predominantly pool tail-outs and low gradient riffles (Gunckel et al. 2009).

The large numbers of lamprey found in Abernethy Creek are probably linked to two factors:
1) Abernethy Creek provides good habitat for Pacific lamprey spawning and juvenile
rearing. Juvenile lamprey, which rear for up to seven years in streams and off-channel
areas, prefer fine sediments, which are abundant in Abernethy Creek; and 2) a large
proportion of the lamprey that move into the lower Willamette River move into tributaries
below Willamette Falls. On average, 172,718 Pacific lamprey adults migrate to Falls and
60,689 move through the fishway (Cyndi Baker, Confederated Tribes of the Warm Springs,
personal comm., 2018). Of the 112,029 Pacific lamprey adults that enter the lower
Willamette River but do not ascend the Falls, it is estimated that roughly half (56,015) move
into the Clackamas River and the other portion enter lower Willamette tributaries. Large
numbers of lamprey move into Abernathy Creek in large part because it is the first major
tributary below the Falls with suitable habitat for spawning. Some of the lamprey entering
the creek may be avoiding predation from the large number of sea lions that are assembled
near the Willamette Falls (Cyndi Baker, Confederated Tribes of the Warm Springs, personal
comm., 2018). The Confederated Tribes of the Warm Springs will continue to study Pacific
lamprey numbers and spawning migrations, including a better understating lamprey in
Abernethy Creek.

Smaller numbers of coho redds have been recorded in the other Abernethy Creek spawning
survey reaches (Table 3). All of the redd observations have been confined to reach 31200.45
(3 redds in 2009; one in 2014; and 6 in 2017) and reach 31200.75 (11 in 2017). It is
important to note that both of these spawning survey reaches are above Beaver Lake: the
presence of spawning coho above the lake means that the fish successfully navigated the
damis fish ladder.

ODFW has established spawning survey reaches on Thimble Creek, unnamed Tributary A,
Martin Creek, and Root Creek (Table 4). The only observation of redds in tributary spawning
survey reaches was Martin Creek: 3 redds in 2009.
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Figure 11. Coho, winter steelhead and Pacific lamprey redd

Abernethy Creek spawning survey reach (31200.00), 2005

observations for ODFW lower
2017. The axis on the left

displays the number of coho and steelhead redd. In years with no data displayed, there
were no spawning fish observed. The axis on the right (different scale) displays the

number of Pacific lamprey

redds. Data source: ODFW, 2017, Salem, OR
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Table 3. Abernethy Creek spawning survey reaches, excluding reach 31200.00 (described
in graph above), 2002 - 2017. Bold numbers highlight the number of redds in the years
when redds were observed. n/d = no data (survey not conducted)

Abernethy Creek (Spawning Survey Reach)

Year (31200.15) (31200.45) (31200.75)
Coho Steelhead Coho Steelhead Coho Steelhead
2002 0 n/d n/d n/d n/d n/d
2003 0 n/d n/d n/d n/d n/d
2004 n/d 0 n/d n/d n/d n/d
2005 n/d n/d n/d n/d n/d n/d
2006 n/d n/d n/d n/d n/d n/d
2007 n/d n/d n/d n/d 0 n/d
2008 n/d n/d n/d n/d 0 n/d
2009 n/d n/d 3 n/d 0 n/d
2010 n/d n/d 0 n/d n/d n/d
2011 n/d n/d 0 n/d n/d n/d
2012 n/d n/d 0 0 0 n/d
2013 n/d n/d 0 0 0 0
2014 n/d n/d 1 0 0 n/d
2015 n/d n/d 0 0 0 n/d
2016 n/d n/d 0 0 0 0
2017 n/d n/d 6 0 11 0
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Table 4. Abernethy Creek tributary stream spawning survey reaches, 2002 -2017. The
bold number indicates the only tributary spawning observation: 3 redds, Martin Creek,
2009. n/d = no data (survey not conducted)

Abernethy Creek Tributaries (Spawning Survey Reach)

Year Thimble Tributary A Martin Root

(31200.10) (31200.20) (31200.60) (31200.70)

Coho | Steelhead | Coho | Steelhead | Coho | Steelhead | Coho | Steelhead

2002 n/d n/d n/d n/d n/d n/d n/d n/d
2003 n/d n/d n/d n/d n/d n/d n/d n/d
2004 0 0 0 0 n/d n/d n/d n/d
2005 n/d n/d n/d n/d n/d n/d n/d n/d
2006 n/d n/d n/d n/d n/d n/d n/d n/d
2007 0 n/d n/d n/d 0 n/d n/d n/d
2008 0 n/d n/d n/d n/d n/d 0 n/d
2009 0 n/d n/d n/d 3 n/d n/d n/d
2010 0 n/d n/d n/d n/d n/d n/d n/d
2011 n/d 0 n/d n/d n/d n/d 0 n/d
2012 0 0 n/d n/d n/d n/d n/d 0
2013 0 0 n/d n/d n/d n/d n/d n/d
2014 0 0 n/d n/d n/d n/d 0 n/d
2015 0 0 n/d n/d n/d n/d n/d 0
2016 0 0 n/d n/d n/d n/d n/d n/d
2017 0 0 n/d n/d n/d n/d 0 n/d

2017 Stream Temperature Monitoring Results

Figure 12a shows the seven-day-average of maximum water temperatures for the five 2017
monitoring sites. In general, water temperatures track maximum daily air temperatures
with a slight time lag because water responds more slowly than air to increased thermal
inputs. The highest water temperatures occurred at the beginning of the monitoring period
between August 26 and September 10 when there was sustained maximum air
temperatures near or above 90.0 degrees Fahrenheit (F.). As the monitoring period
extended into September, maximum air temperatures gradually cooled until there was a
marked drop to less than 60.0 degrees around September 18. This cooling period was
accompanied by sustained rainfall between September 18 and 20. The combination of very
cool maximum air temperatures and precipitation resulted in substantial decline in water
temperatures at all of the sites.

In general, the smaller tributary streams of Newell, Holcomb and Potter Creek had cooler
water temperatures than larger Abernethy Creek. The highest tributary stream monitoring
site in the system, upper Holcomb Creek, had the coolest water temperatures. Newell
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Creek below Highway 213 Bridge and lower Potter Creek also had relatively cooler water
temperatures.

The two Abernethy Creek monitoring sites sustained the highest water temperatures
throughout the monitoring period. The lowest site in the stream system (Abernethy Creek
above Newell Creek confluence) had highest water temperatures followed by Abernethy
Creek above Beaver Lake.

Figure 12b, shows the same water temperature data with maximum daily air temperatures
extended from June 1 through October 30, 2017. Over the extended period there were two
events when air temperatures exceeded 95.0 degrees F.: around June 25 and again around
the 4™ of August. Given the sustained high temperatures during these periods, water
temperatures would have increased accordingly.

Figure 12 a. Abernethy Creek and tributary stream water temperatures and maximum
daily air temperatures measured at Oregon City, 2017
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Figure 12b. Abernethy Creek and tributary stream water temperatures and maximum
daily air temperatures measured at Oregon City, June 1 — October 31, 2017

Greater Oregon City Watershed Council
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Figure 13 shows the water temperature patterns for the five monitoring sites. Included in
the graph are the DEQ water temperature standards for salmonid rearing and migration.

Upper Holcomb Creek is the only site where water temperature patterns remained below
the rearing and migration standards throughout the monitoring period. This pattern was
also observed in 2016.

During the period of high air temperatures at the beginning of the monitoring effort, all of
the sites (with the exception of upper Holcomb Creek) exceeded the juvenile salmonid
rearing standard (64.4 degrees Fahrenheit). During the same period of sustained high air
temperatures, only the Abernethy Creek site above Newell Creek confluence exceeded both
the rearing and migration water temperature standards (exceeding 68.0 degrees
Fahrenheit).
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Newell Creek is a source of cool water to Abernethy Creek. Throughout the monitoring
period, lower Newell Creek at the site below Highway 213, and at the confluence of the two
streams remained several degrees cooler than Abernethy Creek °.

Figure 13. Abernethy Creek and tributary stream 2017 water temperatures and the DEQ
water temperature standards for salmon  and trout

Greater Oregon City Watershed Council
Abernethy Creek Water Temperature Monitoring, August 26 - Sept. 28, 2017
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Figure 14 shows the results from the 2016 water temperature monitoring study. Overall,
the 2016 temperature patterns were similar to the 2017 patterns: In both 2016 and 2017
Upper Holcomb Creek had the lowest temperatures and Abernethy Creek had relatively
higher temperatures. In 2016, the monitoring site below Beaver Lake had higher water
temperatures than lower Abernethy Creek (the site was above the confluence with
Holcomb Creek). Warm water originating from Beaver Lake probably contributed to this

° Although the temperature logger in lower Newell Creek just above the confluence with Abernethy Creek was lost,
water temperature samples taken at the same time in Newell Creek (100 feet upstream of Abernethy Creek) and in
Abernethy Creek above the confluence. The temperature data showed a 3 degree Fahrenheit difference between
cool Newell Creek and warmer Abernethy Creek. The igrabT samples were collected on August 28, 2017 in the late
afternoon when water temperatures are the highest. Data source: John Runyon, Cascade Environmental Group.
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pattern. Beaver Lake has extensive open water areas exposed to solar radiation which could
contribute to increased water temperatures.

Figure 1 4. Abernethy Creek and tributary stream 201 6 water temperatures and the DEQ
water temperature standards for salmon  and trout

Greater Oregon City Watershed Council
Abernethy Creek Water Temperature Monitoring, August 23 - Sept. 28, 2016
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Key Findings

There is little complex habitat in Abernethy Creek and tributary stream
channels

Historically, habitat in Abernethy Creek was typical of low elevation Willamette Valley
streams: Full of wood, numerous beaver ponds, and extensive floodplain inundation by high
water during the wet season.

Most early descriptions of streams and rivers in the Northwest were recorded in British and
United States army journals. The journals describe stream valleys were so wet that early
travel was confined to edges of the hills. Much of the flooding resulted from beaver dams,
accumulated sediment, fallen trees, and living vegetation in the channels. The channels
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were cleared, beaver were removed, and the land was drained for agriculture early in the
time of settlement.

The following is a description of typical pre-settlement conditions for low elevation
Willamette Valley streams:

Many of the smaller streams...through these flat sections of the
valley flow sluggishly and frequently overflow their banks during
periods of heavy winter rainfall.... Most of these have sufficient
grade to carry even more water than ordinarily comes to them;
seldom less than 3, and usually more, feet of fall per mile. The annual
overflow is caused from the obstructing of the channel by the growth
of trees and the extension of their roots, the dams thrown across the
channels by beavers and the consequent accumulation of sediment
and other debris.... It is common condition, however, and usually all
that is necessary is a clearing out and opening up of the clogged
channel of the stream to afford entire relief...to the farmer....

Source: Sedell et al. 1988

The loss of extensive beaver ponds and large wood jams has reduced the complexity fi deep
pools, side channels, and an active floodplain fi that creates high-quality fish habitat. The
very low quantities of large wood pieces observed in the survey, particularly large logs (key
large wood pieces), has reduced habitat complexity, which in turn is limiting fish
populations. Historically, low gradient valley bottom streams similar to Abernethy Creek
had at least 25% of stream channel covered by large wood (Sedell et al. 1988). In most of
the surveyed sections, large wood covered less than 10% of the channel and in many
stream segments, particularly in Holcomb and Potter creeks, no large wood was observed.

While the percentage of pool habitats in Abernethy Creek was, for the most part, within the
range that is to be expected (30% to 70% of the area) large wood was absent from most of
the pools. Large wood accumulations create complex pools that provide fish with feeding
and resting habitat and cover to hide from predators. Most of the key wood pieces
observed in the survey function as individual pieces without larger accumulations due to
the limited supply of other large wood pieces (Photo 1). In contrast to Abernethy Creek,
most of the surveyed sections of Holcomb and Potter creeks had very few pools.
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Photo 1. Abernethy Creek, Segment 1: An illustration of a key wood piece functioning in
the channel without associated accumulations of large wood
T S T S

In both Abernethy Creek and tributary streams, limited large wood quantities are
contributing to very few deep and complex pools, and incised channels that are
disconnected from the floodplain. Most of the Holcomb and Potter Creek inventoried
stream channels are long riffles within deeply incised channels. The incised channels have
developed over time because there is little wood in the stream to capture gravels and
sediment to raise the channel elevation. Because these channels are incised, the stream
does not flow into floodplain during most high flow periods.

Beaver Lake impairs downstream habitats in Abernethy Creek because the dam and
associated impoundment traps sediments and other stream substrates. This reduces the
transport of coarse bed-load material into Abernethy Creek, contributing to channel
incision, impairing the formation of pools, and limiting accumulations of gravels and cobbles
that create suitable spawning areas.

Habitat complexity, including access to off-channel habitats, it the primary factor limiting
the recovery of endangered coho salmon and winter steelhead in the Abernethy Creek
Watershed and other watersheds contribution to the ESA-listed Clackamas Fish population
(ODFW 2010). It is important to note that juvenile coho and steelhead from both the
Clackamas Population and upper Willamette stocks will access lower Willamette River
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tributaries, including Abernethy Creek. These fish rear in the lower portions of Abernethy
Creek and other tributaries during the winter and spring high flow periods.

There are areas of high quality streamside vegetation, but for the most part
riparian vegetation along Abernethy Creek and tributaries is degraded

There are areas of high quality streamside habitat along Abernethy Creek in particular.
Segment 1, for example, has a healthy overstory of big leaf maples, alders, and some
conifer trees. However, along most stream channels, riparian vegetation is degraded: few
trees to shade the channel and an understory dominated by blackberries, reed canary grass,
and other weedy species. Due to a legacy of historical logging and other land use activities,
there are very few mature (> 20 inches in diameter) conifer trees along Abernethy Creek
and tributaries to contribute shade and stable large wood to the channel. Most of the key
wood pieces appear to have been in the stream channel for a long period and are decaying.
These large wood pieces probably an historical TlegacyT of trees contributed to streams
from riparian areas that in the past retained mature large diameter conifer trees.

Abernethy Creek water temperatures during the summer are high; the
tributaries provide cool water

Water temperatures in Abernethy Creek exceed DEQ water temperature standards for both
salmonid rearing and migration. Based on 2017 and 2016 monitoring data, it appears that
Beaver Lake in the upper portion of the watershed is contributing elevated water
temperatures in Abernethy Creek. Newell Creek is a source of cool water to Abernethy
Creek. Based on 2016 water temperature monitoring data, Holcomb Creek above the
confluence with Abernethy Creek is also substantially cooler than Abernethy Creek
(Appendix B). Cold water tributaries like Newell and Holcomb Creeks offer trout and
juvenile salmon cold water refuge areas where they can escape Abernethy Creekis high
water temperatures.

Coho, winter steelhead spawn in Abernethy Creek and, to a more limited
extent, in tributary streams, but at very low numbers. Large numbers of
spawning Pacific lamprey have been observed

Very few coho and winter steelhead spawn in Abernethy Creek and tributary streams. Large
numbers of Pacific lamprey redds have been observed in Abernethy Creek in recent years.
Most of the spawning activity for these species is confined to a lower Abernethy Creek
spawning survey reach. The spawning activity in this reach is concentrated in a section of
Abernethy Creek extending from its confluence with Holcomb Creek to just above Hidden
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Lake®. It important to note that in 2017 there were a number of coho and steelhead redds
observed in the ODFW spawning survey reaches in upper Abernethy Lake. Both of these
reaches are above Beaver Lake, which is an artificial impoundment. Redds observed in the
spawning survey reaches above the lake indicates that coho and steelhead successfully
passed through the damis fish ladder.

Even at the current low levels of spawning, coho and winter steelhead that spawn in
Abernethy Creek contribute to the Clackamas coho and steelhead population complex. It is
the collective array of river and tributary stream habitats across the lower Willamette River
that supports the health of the salmon and steelhead populations. The quantity, quality,
diversity, and distribution of habitats in the river and tributary streams contribute to the
overall abundance and productivity of the Clackamas Population. Some areas such as the
upper Clackamas River may contribute more strongly to population abundance; whereas
the urban tributary streams, including Abernethy, Kellogg, and Johnson creeks, all
contribute habitats that increase the spatial diversity of the population.

There is considerable sediment deposition in Abernethy Creek from an
unknown source

With the exception of Segment 1, there is extensive deposition of fine sediments in the
inventoried Abernethy Creek channels. This conclusion is based on the geomorphic setting
and the patterns of accumulated sediment. The channel appears to be moving a very large
amount of sediment. Based on the large areas covered in fine sediments, the sediment load
appears higher than the streamis ability to effectively transport the material through the
channel, which is an indication of a large pulse of sediment moving through the system. The
sediment sources are not identified, but the sediment load appears be above natural
background levels: Sediment covers most of the channel area, with very few coarse
substrates (gravels, cobbles, etc.) observed. Sediment is likely generated from upstream
land uses (e.qg., gravel roads or other activities).

6 Abernethy Creekis channel is located adjacent to Hidden Lake. Adult migrating fish do not pass through Hidden
Lake on their upstream journey.
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Restoration Opportunities

To improve habitat complexity and floodplain access, emphasize large wood
placement and riparian restoration for incised channel areas of Holcomb and Potter
Creeks.

Continue to work with Metro within their property to improve vegetation and
habitat complexity in Newell Creek, a key cool water tributary that provides thermal
refuge habitat for fish in Abernethy Creek.

Work with Metro to improve habitat complexity and floodplain access in lower
Newell Creek and Abernethy Creek.

Reach out to property owners along the lower Holcomb Creek reach to explore
restoration opportunities and implement riparian and habitat complexity projects
for this important cold water tributary that provides thermal refuge habitat for fish
in Abernethy Creek.

Evaluate sediment sources that are contributing to high levels of sediment
deposition in Abernethy Creek.

Continue to track coho, winter steelhead, and Pacific lamprey spawning activity in
the watershed; evaluate spawning distribution and numbers for Abernethy Creek
Watershed in the context of ODFWis Clackamas Population spawning survey trends.

Extend water temperature monitoring to evaluate 1) other cold water tributaries
that may offer cool water refugia for fish in Abernethy Creek; and 2) warm water
contributions from Beaver Lake.

Inventory stream habitat in upper Abernethy Creek above Beaver Lake. Evaluate
restoration opportunities for this portion of Abernethy Creek where stream
temperatures and industrial timber land use patterns may be better suited for
restoration actions.
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APPENDIX A
2017 Stream Inventory Photos






2017 Stream Inventory Photographs

Photo 4. Abernethy Creek Segment 1: Riffle. Looking upstream.




Photo 7. Abernethy Creek Segment 2: Pool. Looking at large wood.
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Photo 8. Abernethy Creek Segm
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Phoo 9. Abernethy Creek Segment 3: Riffle. Looking upstream. Photo 10. Abernethy Cree
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Photo 11. Photo 12. Abernethy Creek Segment 3: Pool. Looking upstream.
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Photo 14. Abernethy Creek S
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Photo 15. Abernethy Creek Segment 3: Pool. Looking downstream. Photo 16. Abernethy Creek Segment 4: Riffle. Looking downstream.
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Photo 18. Aberneth
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y Creek Segment 4: Riffle. Looking downstream.
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Photo 19. Abernethy Creek Segment 4: Riffle. Looking upstream. Photo 20. Abernethy Creek Segment 4: Pool. Looking downstream.
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Photo 23. Holcomb Creek.Se.gment 1: Pool. Looking downstream.

Photo 24. Holcomb Creek Segment 1: Riffle. Looking upstream.
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Abernethy Creek Watershed

Photo 26. Holcomb Creek Segment 1: PJOI. Looking downstream.
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