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Chapter 1. Introduction and Watershed Overview

Introduction

Northeast of Salem, five large streams flow west out of the Cascade Mountains to join the Pudding River as it meanders north across the broad Willamette Valley and to its confluence with the Molalla River near Canby (Map 1, Project Location). The watershed encompasses 528 square miles, much of which is used for farming, timber harvest, manufacturing, and recreation. There are eleven incorporated communities within the watershed, including the rapidly growing cities of Salem, Woodburn and Silverton, and smaller towns such as Scotts Mills, Aurora and Gervais. The Pudding River watershed has outstanding natural features, including numerous waterfalls and the 8,360-acre Silver Falls State Park. The watershed supports diverse fish and wildlife populations and habitats.

In this document, we characterize past and current watershed conditions and identify opportunities for improving conditions in this watershed. The purpose of the Pudding River Watershed Assessment is to better understand the natural processes and land uses that influence fish habitat and water quality throughout the watershed. We have used the general framework described in the Oregon Watershed Enhancement Board’s Watershed Assessment Manual (Watershed Professionals Network 1999) to complete the assessment but have also supplemented the methods with additional analysis for various topics identified as important by the Pudding River Watershed Council.

We have used mostly pre-existing information to complete this assessment, although we did conduct some aerial photointerpretation and fieldwork to verify map and aerial photograph classification of stream channels and the streamside vegetation. Volunteers from the Council compiled the information for the chapter on historical conditions in the watershed. The council sponsored water quality monitoring in the summers of 2002 through 2004 and this information was included in the chapter on water quality.  

Draft chapters of the assessment were presented at Council meetings and Council members provided comments on the chapter drafts, which were then incorporated into the final document. The Council will later use the assessment findings and recommendations to develop a detailed habitat restoration action plan that will describe project priorities, locations, funding sources, landowner and agency coordination, and implementation schedules. Supporting data and map source data layers for the assessment are available from the Pudding River Watershed Council.

Overview of the Watershed Assessment Area

The assessment covers the 337,763-acre Pudding River watershed (Map 2, Watershed Overview). Elevations within the watershed range from 4,280 feet at the summit of Panther Rock in the upper end of Butte Creek to 66 feet where the river joins the Molalla River. The watershed’s climate is characterized by cool, rainy winters, and hot, dry summers. Only 5% of the annual precipitation falls from July through September (Pacific Northwest Research Consortium 2002). Winter precipitation usually falls as rain in the lower elevations of the watershed while a transient snow pack can develop at higher elevations.  

Nearly three quarters (74%) of the watershed is within Marion County with the remainder (26%) within Clackamas County. For the purpose of this assessment, the watershed was divided into ten subbasins, ranging in size from the 10,043-acre Zollner Creek subbasin to the 54,764-acre Rock Creek subbasin (Table 1-1).   

Over 92% of the Pudding River Watershed is privately owned. Eleven communities have all or portions of their urban growth boundaries with the watershed (Map 2, Watershed Overview). While the area within the urban growth boundaries encompasses a small percentage of the watershed (4%), these urban areas contain a major proportion of the watershed’s population. All of the urban areas are within the relatively flat lowland portion of the watershed.

Lands managed by government agencies are primarily concentrated in the upper portions of Butte, Abiqua, and Silver subbasins. The Oregon Department of Forestry manages 10,562 acres (3% of the watershed), most of which are located within the Abiqua and Butte subbasins. The Oregon Parks and Recreation Department manages two parks in the watershed, 170-acre Molalla State Park along the lower Pudding River and 8,585-acre Silver Falls State Park. These state parks encompass 2.5% of the watershed, with most of the area concentrated in the upper Silver Creek subbasin. The Bureau of Land Management manages 7,359 acres (2% of the watershed) in scattered holdings, primarily in the Abiqua, Butte, and Rock subbasins.   

Geology

Most of the Pudding River flows through the northern Willamette Valley, while tributaries in the upper section originate higher in the Western Cascade Mountains. The Pudding River Watershed is bisected by a northeast-southwest linear boundary which divides it into the Willamette Valley to the northwest and the Western Cascade Mountain range to the southeast. The major stream valleys, which flow from the Cascades, are Rock Creek, Butte Creek, Abiqua Creek, Silver Creek, and Drift Creek. They follow a northwest trend with relatively straight channels.

Table 1-1. Land management patterns (acres and percent) for the subbasins comprising the Pudding River Watershed. Private lands include areas within and outside of urban growth boundaries (UGBs). Land management agencies include the Oregon Department of Forestry (ODF), Oregon Parks and Recreation (OP&R) and the federal Bureau of Land Management (BLM).  For subbasin boundaries see Map 2, Watershed Overview.

	  Subbasin
	Management / Land Use Acres
	Total
	Percent of Watershed

	
	Private outside UGB
	Private w/in UGB
	ODF
	OP&R
	BLM
	
	

	Abiqua
	43,636
	916
	3,539
	
	1,775
	49,866
	14.8%

	Butte
	33,603
	241
	6,369
	
	3,749
	43,962
	13.0%

	Drift
	16,006
	
	
	55
	43
	16,104
	4.8%

	Little Pudding
	33,573
	4,554
	
	
	
	38,127
	11.3%

	Lower Pudding
	24,266
	842
	
	170
	
	25,278
	7.5%

	Mill
	20,847
	4,410
	
	
	
	25,257
	7.5%

	Rock
	51,712
	1,502
	
	
	1,550
	54,764
	16.2%

	Silver
	24,078
	1,474
	654
	8,360
	242
	34,808
	10.3%

	Upper Pudding
	38,911
	643
	
	
	
	39,554
	11.7%

	Zollner
	9,991
	52
	
	
	
	10,043
	3.0%

	Total
	296,623 
	14,634
	10,562
	8,585
	7,359
	337,763
	100.0%

	Percent of Watershed
	87.8%
	4.3%
	3.1%
	2.5%
	2.2%
	100.0%
	


The valleys of the southeast half of the watershed are relatively broad at their upstream extent but constrict into narrow gorges before the streams drop onto the flatter northwest half of the region. The major streams continue many miles atop layers of lava within entrenched, narrow bedrock channels. The channels meander widely only for the lower Pudding River and its western tributaries. The major stream gradients decrease steadily downstream, with important discontinuities at the waterfalls or bedrock canyons (Figure 1-1). Many of these waterfalls prevent the upstream migration of fish.

While the topography of the lower Pudding River watershed (within the floor of the Willamette Valley) is nearly flat, with of a gradient of only four feet per mile slopes in the upper reaches can be steep. 

Figure 1-1. Channel elevation for the Pudding River and adjoining Abiqua Creek with increasing distance from the confluence with the Molalla River.
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The oldest rocks in the Pudding River watershed are volcanic ash and lava found high in the upper reaches of the watershed (Orr and Orr, 1999) (Map 3, Geology, Figure1-2). In this region, ancient Cascade volcanics merge with sedimentary rocks of the Scotts Mills Formation that date from about 38 to 20 million years old. The Scotts Mills Formation is marine (oceanic) at its base, but ranges up to estuarine, and finally to non-marine (fresh water) river sedimentary rocks near the top. This steady change marks the slow elevation gain of the Cascade Mountain Range through this time interval. As the Cascade Mountains began to form around 40 million years ago, the center of eruptions (volcanoes) moved eastward. Most recently, volcanic activity is situated along the High Cascades, 50 miles to the east. The marine sediments of the Scotts Mills Formation represents an ocean shoreline that is rich with fossils remains of sharks, whales, invertebrates, indicating near shore, surf, and beach conditions. Molluscs (clams and snails), echinoderms (sea urchins), arthropods (crabs), and barnacles are common in rock exposures. Locally, shelly limestones were mined from open pits as far back as the 1920s to provide agricultural lime. The upper, younger rocks of the Scotts Mills Formation have thin seams of low-grade, high ash coal that was mined, concentrated by combustion, and then used for agricultural potassium.

Atop the Scotts Mills Formation, younger lavas (basalt) of the Columbia River Group, dating back some 15 million years, exist.  These lavas originated from eruptions as far away as Idaho and flowed overland hundreds of miles all the way to the Pacific Ocean before cooling and hardening. In the Pudding River watershed, the basalt lavas form the multiple cliffs at Silver Falls, as well as the crest of the gently westward tilted plateau atop the Western Cascades.   

Beneath the Willamette Valley the Columbia River lava flows form an important aquifer. As an underground water reservoir, these lavas owe their porosity to cracks (fractures) and to open areas between the separate flows. Although the water quality from the lavas is high, recovery of the aquifer after intense pumping can be slow because of the small size and spacing of fractures. Beneath the Willamette Valley thick gravel deposits of the Willamette 

Figure 1-2. Geological time line and definitions of geological units.
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aquifer lie above the Columbia River lavas. This aquifer originally formed when glacial material from the Ice Ages (Pleistocene) poured westward into the valley from the Cascades. These water-saturated sands and gravels are especially susceptible to pollution by human activities since they lie close to the surface.

Over the gravels of the Willamette aquifer is a succession of thin layers of what are called Willamette Silts which resulted from a series of massive Ice Age floods that originated in Montana (Allen et al., 1986). The periodic floods made their way across Washington and Oregon, surged down the Columbia River channel, and reached the Pacific Ocean. At the entrance to the Willamette Valley, the floodwaters ponded up to 400 feet deep over the present site of Portland before backing up as far as Eugene, leaving behind the distinctive silt layers.

The Pudding River watershed is seismically active. While earthquakes, such as the 1993 Spring Break Eathquake, are felt only occasionally, delicate seismographs record thousands of smaller quakes and tremors annually. Almost all of this seismic activity is due to intermittent movement along a number of southeast-northwest trending faults, originating from crustal plate activity dating as far back as 25 million years. The major streams within the watershed (Rock, Butte, Abiqua, Silver, and Drift), which flow into the mainstem of the Pudding, all follow those fault lines. Although the Mt. Angel fault intersects the ground surface at Mt. Angel Butte, the fault plunges steeply to the northeast, so that the rupture, which generated the 1993 magnitude 5 earthquake, was 12 miles beneath Scotts Mills (Thomas et al., 1996). Mt. Angle Butte itself is a fault “pop-up” where deeply buried layers of the Columbia River lavas are being forced to the surface by intense pressure along the fault.

The Willamette Valley, but especially the Pudding River area, is dotted by a variety of ancient bogs, marshes, and swamps that date back tens of thousands of years to the Pleistocene Ice Age epoch. At that time, valley glaciers in the Cascades flushed prodigious amounts of debris into the valley, disrupting and blocking stream drainages to create vast wetlands. The largest of these, Lake Labish, stretching for almost ten miles northeastward near Salem, represents the old bed and banks of the Willamette River before it moved into a new channel near Wilsonville. The river abandoned its old channel, after which a large shallow lake and then a bog developed. The onion fields of Lake Labish are among the most fertile agricultural lands of the Pacific Northwest. Over the years, the peat strata of this wetland have yielded thousands of bones of large Ice Age mammals. Similar ancient bog environments in the Evans Valley near Silverton and at Woodburn have also produced abundant fossils. 

Valley Form

The upper valleys of the southeast half of the watershed are relatively broad at their upstream extent and then constrict into narrow gorges before the streams drop onto the flatter northwest half of the watershed. Waterfalls and bedrock canyon reaches commonly define these transition zones (Map 4a and 4b, Channel habitat types). The major streams continue many miles across the flatter terrain in entrenched bedrock channels. These entrenched channels allow cobble and gravel from the upstream igneous geology to travel unusually far downstream. Only in the lower Pudding River and its western tributaries do channels meander widely. In these meanders, the substrate and bank material include predominantly fine materials of clay, silt, and sand.

The channel gradients of the major streams decrease steadily in a downstream direction with important discontinuities at the waterfalls or bedrock canyons (Figure 1-1). Many of these waterfalls prevent the upstream migration of fish. The gradient of the lower Pudding River is nearly flat and loses only 85 feet in elevation from the Abiqua Creek confluence to the Molalla River.

Channel Habitat Types and Fish Distribution

Channel habitat types can be used to describe the gradient and channel confinement of any reach of stream. Commonly, map contours or a digital elevation model are used to determine channel gradient and a combination of field observations and contour maps are used to determine channel confinement.

For purposes of this watershed assessment, we have assigned each fish-bearing stream reach one of eight channel habitat types. A general lack of stream survey data throughout the watershed did not allow for a more specific typing of channels. The channel habitat types we developed for this assessment included:

· FP = low gradient (0-1%) with large and active flood plain

· LM = low gradient (0-2%) with a moderately confined flood plain

· MM = moderate gradient (2-4%) with a moderately confined flood plain

· LC = low gradient (0-2%) with a flood plain confined by hillslopes or high terraces

· MC = moderate gradient (2-4%) with a flood plain confined by hillslopes or high terraces

· MV = steep (4-8%) with a narrow and confined valley

· SV = very steep (greater than 8%) with a narrow and confined valley

· BC = bedrock canyon at any channel gradient

The channel habitat type provides a rough indicator of the type of habitat that a stream is capable of providing for fish and other aquatic organisms. The quality and quantity of fish habitat associated with a given channel habitat type tends to decrease with increasing channel gradient and with greater channel confinement. Consequently, with all other factors being equal, stream reaches classified as FP usually have some of the best habitat for fish, while those classified as BC have some of the most marginal.

The channel habitat typing included in this chapter is for current conditions. Little is known about how the channel type of any given reach has been altered by past land use activities.

The extent of fish use throughout the Pudding River watershed is only coarsely known, and the best available data are concentrated along smaller streams on ODF lands. Very few, if any, surveys have been performed on streams crossing private lands that dominate the watershed. This assessment is therefore based on a combination of assumptions established by the Oregon Department of Forestry (ODF) and the Oregon Department of Fish and Wildlife (ODFW), supplemented by the field data where available, as detailed below. 

For this assessment we used maps jointly maintained by ODF and ODFW to define where fish likely exist. The information contained within these maps is based on both assumptions and field surveys and invariably does not accurately reflect the true distribution of fish. The initial identification of fish or “Class I” streams occurred in the 1970s and included only streams where fish use was considered to be significant. The term “significant” was interpreted in widely differing ways among districts. In some districts, significant fish use was assumed to include even the smallest of fish-bearing tributaries, while in other districts significant fish use was assigned only to major tributaries.  

Prior to the 1990s there were very few systematic surveys of the upstream extent of fish use. Since 1994, the two departments have made a greater effort to use field surveys conducted in the spring to definitively identify the upstream extent of all fish use within watersheds. In general, fish use based on field surveys has included many more stream miles in a watershed than the streams assumed in the 1970s to be “significant” for fish-bearing. Nevertheless, few field fish surveys have been conducted in the Pudding River watershed since 1994, and most of these have been on forest lands. As a result, the initial crude assumptions on fish distribution are still a part of the fish distribution maps. Users of this information should be aware that the fish-bearing stream network identified in this assessment is probably under-represented.  Because channel habitat types were determined only for assumed and known fish-bearing streams, the true distribution of channel habitat types for fish-bearing streams is probably also skewed to some extent.  The reaches of stream for which fish use has not yet been identified are probably mostly smaller, headwater streams and these reaches may represent mainly specific channel habitat types. 

Given these assumptions, mapped fish-bearing streams in the Pudding River watershed comprise 522 miles or nearly 1.0 mile per square mile of drainage area (Table 1-2). Nearly half (47 percent) of fish-bearing miles are low gradient and confined by hillslopes or terraces (LC). LC channel habitat types are typically associated with the incised streams flowing across the alluvial flats of the northwest half of the watershed, or with the larger southeastern tributaries once they exit the highly-constrained bedrock canyons (Maps 4a and 4b, Channel habitat types).  

Another 25 percent of the fish-bearing stream miles are classified as low gradient with only a moderately constrained flood plain (LM). Typically, small streams in the northwest half of the watershed start off with a LM configuration and then change to LC in a downstream direction as the stream develops enough power to incise into the Ice Age sediments deposited by the Missoula Floods. Stream segments with a classification of LM are also common immediately upstream of the waterfalls and bedrock canyons.

	Sub-
basin
	Drain-
age 
area
(sq.mi.)
	Miles of stream by channel habitat type (percent in parenthesis)

	
	
	FP
	LM
	MM
	LC
	MC
	MV
	SV
	BC
	Total
stream
miles

	
	
	0-1%
	0-2%
	2-4%
	0-2%
	2-4%
	4-8%
	>8%
	-
	

	Abiqua
	77.9
	0.6

(0.7)
	7.7

(9.2)
	5.2

(6.2)
	23.7

(28.3)
	15.4

(18.4)
	16.1

(19.2)
	14.2

(17.0)
	0.8

(1.0)
	83.8

(100.0)

	Butte


	68.7
	0.1

(0.2)
	18.4

(23.3)
	3.4

(4.3)
	18.2

(23.0)
	15.0

(19.0)
	13.0

(16.4)
	9.0

(11.3)
	2.0

(2.6)
	79.2

(100.0)

	Drift


	25.2
	2.4

(11.2)
	6.5

(29.8)
	1.1

(5.2)
	7.8

(35.9)
	1.8

(8.3)
	0.7

(3.3)
	
	1.4

(6.3)
	21.7

(100.0)

	Little Pudding
	59.6
	
	18.4

(53.9)
	
	15.8

(46.1)
	
	
	
	
	34.2

(100.0)

	Lower Pudding
	39.5
	
	11.2

(19.5)
	
	46.4

(80.5)
	
	
	
	
	57.6

(100.0)

	Mill


	39.5
	
	17.2

(44.1)
	
	21.7

(55.9)
	
	
	
	
	38.9

(100.0)

	Rock


	85.6
	
	14.7

(17.2)
	
	56.7

(66.0)
	9.8

(11.4)
	2.3

(2.7)
	2.0

(2.3)
	0.4

(0.4)
	86.0

(100.0)

	Silver


	54.4
	2.5

(4.8)
	2.4

(4.6)
	1.8

(3.5)
	22.3

(42.9)
	5.2

(10.1)
	11.3

(21.7)
	3.6

(7.0)
	2.9

(5.6)
	52.0

(100.0)

	Upper Pudding


	61.8
	1.3

(2.7)
	19.9

(41.0)
	0.3

(0.6)
	22.7

(46.7)
	1.8

(3.6)
	0.7

(1.4)
	
	2.0

(4.0)
	48.6

(100.0)

	Zollner


	15.7


	0.9

(4.8)
	11.1

(56.7)
	
	7.5

(38.5)
	
	
	
	
	19.6

(100.0)

	Total


	527.8


	7.9

(1.5)
	127.6

(24.5)
	11.8

(2.3)
	242.9

(46.6)
	49.0

(9.4)
	44.1

(8.5)
	28.8

(5.5)
	9.5

(1.8)
	521.6

(100.0)


Table 1-2. Mile and distribution of channel habitat types for stream segments identified as fish-bearing by subbasin.

Confined stream segments with a channel gradient greater than 2 percent (MC, MV, and SV) make up over 20 percent of the fish-bearing stream mileage. Fish in streams of these channel habitat types would be expected to face fast water and limited opportunities to avoid downstream displacement during high flows. Nevertheless, these constricted channels can provide excellent summer habitat for fish because of the gravel substrate and deep water.  Bedrock channels (BC) occur at predictable spots along the lower reaches of the major tributaries that flow from the east. Streams dropping abruptly from the Cascade Mountain slopes to the Willamette Valley floor are usually funneled through these steep-sided canyons.  Waterfalls, upwards of 100 feet, often occur in the bedrock canyons. Examples for the FP, LM, LC, and BC channel habitat types are illustrated in Figure 1-3.

Figure 1-3. Examples for four of the eight channel habitat types in the Pudding River Watershed.[image: image58.emf]Abiqua Creek 
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Low-gradient streams that meander widely across a wide flood plain (FP) are surprisingly uncommon (1.5 percent) in the Pudding River watershed and occur mainly upstream of the bedrock channel types. FP channel habitat types are often associated with areas where deep layers of sand and gravel accumulate in the valley bottom. The relative scarcity of the FP channel habitat type suggests that material of this size is readily transported out of the watershed due to high stream gradients, or the material readily breaks down into small particles. 

Subbasins with most of their area within the flatter northwest half of the watershed (Little Pudding, Lower Pudding, Mill, Upper Pudding, and Zollner) have little diversity in channel type and consist mostly of low gradient streams with moderately constrained (LM) or constrained (LC) channels.  Subbasins draining the southeast half of the watershed tend to be steeper and include a wide array of channel habitat types. The Abiqua and Silver subbasins have the greatest diversity in channel habitat types, although both contain waterfalls that exclude migratory fish from their upper basins where channel habitat types are most diverse.

Economy, Land Uses, and Population Trends

Agriculture and forestry are the dominant land uses within the Pudding River Watershed. Marion and Clackamas counties are ranked first and second, respectively, for gross farm and ranch sales in Oregon for 2003 (Oregon Department of Agriculture, 2004). The two counties are the major producers in the state for greenhouse and nursery stock, grass seed, and Christmas trees. Estimates of acreages for the major agricultural commodities produced in Marion and Clackamas counties provide a rough estimate of the relative distribution of the different commodities (Table 1-3). Nursery and greenhouse products are the dominant agricultural products for both counties, with a total production value in 2001-2002 of $154,575,000 in Clackamas County and $149,320,000 in Marion County (Oregon State University Extension Service 2003). The area is also a major producer of Christmas trees. Clackamas and Marion counties are ranked statewide first and second, respectively, for number of acres and production value of Christmas trees. In 2001-2002, Christmas tree operations had a production value of $32,360,000 in Clackamas County, and $17,408,000 in Marion County (Oregon State University Extension Service, 2003).   

Forest products are a major component of the economy in the Pudding River Watershed. County statistics provide a rough gauge of the relative amounts. In 2003, 135,557 million board-feet and 84,588 million board-feet of timber volume were produced from Clackamas and Marion Counties, respectively. The timber volume was produced, in rank order, on large industrial forests, small non-industrial forests, state and Bureau of Land Management lands (Oregon Department of Forestry, 2004). Industrial timber companies with major ownership in the Pudding River Watershed (in order of land holding size) are: Longview Fibre, Weyerhaeuser, Port Blakely, and Hampton Forest Products (Ronn Bevan, Longview Fibre, personal communication, 2005).

	Agricultural Commodity
	Clackamas County
	Marion County

	Grains
	2,850
	12,600

	Hay and Forage
	22,800
	17,800

	Grass and Legume Seed
	8,920
	70,610

	Nursery / Greenhouse
	12,300
	10,800

	Field Crops
	684
	10,058

	Tree Fruit and Nuts
	4,798
	8,575

	Small Fruit and Berries
	3,655
	6,535

	Vegetable Crops
	5,854
	26,826

	Specialty Crops
	2,230
	2,055

	Total Acres
	64,091
	165,859


Table 1-3. Acres harvested for major agricultural commodities in Clackamas and Marion Counties, 2003, excluding Christmas trees (Oregon State University Extension Service, 2003).

Population patterns and trends for Marion and Clackamas Counties provide insights into the total resident population within the Pudding River Watershed. Following World War II there was a period of economic growth throughout the Willamette Valley, and populations grew rapidly in both counties (Figure 1-4). Another increase in population was fueled by Oregon’s booming economy of the 1990s. It has been predicted that over the next 50 years the number of people living in the Willamette Valley will double to nearly 4 million (Pacific Northwest Research Consortium, 2002).

Based on county demographic data, most of the watershed has relatively low population density, with considerably less than 2,000 people per square mile (Map 5, Population Density). The forested upper portions of Rock, Butte, Abiqua, Silver, and Drift Creek subbasins have very low population densities. The highest population concentration within the watershed is in the lower portions of the tributary streams and within the Little Pudding River, Lower Pudding River, and Mill Creek subbasins. Table 1-4 shows the population size of the incorporated communities in 1990 and 2003. All of the watershed communities have grown during this 13-year period, with dramatic increases in population for Salem (107,793 to 142,940, which includes areas outside the watershed) and Woodburn (13,404 to 21,560).  Silverton’s population also grew rapidly during this period, increasing from 5,635 to 7,980.

Figure 1-4. Population trends for Marion and Clackamas Counties, 1900 to 2003 (US Census 2003, Oregon Population Center, 2004). Total population counts are displayed for 1900, 1950, and 2003. The dotted line shows the projected population growth through 2050[image: image59.emf]Abiqua Creek: Habitat Distribution
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Most of the Pudding River Watershed’s population is concentrated within the urban growth boundaries of the eleven incorporated communities. Urban growth areas encompass 14,634 acres within the watershed (Table 1-4). The urbanized areas are concentrated in specific subbasins. The Mill Creek subbasin has the highest percentage area (17%) with urban areas, primarily within the cities of Woodburn, Hubbard, and Aurora; the Salem urban growth area covers a high percentage of the Little Pudding River subbasin (12%); and Silverton occupies a significant proportion (4%) of the Silver Creek Subbasin, with additional city area within the Abiqua Creek and Upper Pudding subbasins.  

Table 1-4. The total population residing within the eleven incorporated communities with urban growth areas within the Pudding River Watershed, 1990-2003 (Oregon Population Research Center, 2004). Acres within the urban growth boundaries for each of the Pudding River Watershed Subbasins based on GIS map analysis, 2005.

	Year
	Population within incorporated community

	
	Aurora
	Barlow
	Donald
	Gervais
	Hubbard
	Molalla
	Mt. Angel
	Salem/

Keizer
	Scotts

Mills
	Silver-

ton
	Wood-burn
	Total

	1990
	567
	118
	316
	992
	1881
	3637
	2778
	107793
	283
	5635
	13404
	139394

	2003
	660
	140
	640
	2110
	2700
	5800
	3700
	142940
	300
	7980
	21560
	190533

	Subbasin
	Urban growth boundary (UGB) acres within subbasins of the Pudding River Watershed in 2003
	Total

(% UGB)

	Abiqua
	
	
	
	
	
	
	
	
	
	916
	
	916

(1.8%)

	Butte
	
	
	
	
	
	
	
	
	241
	
	
	241

(0.6%)

	Drift
	
	
	
	
	
	
	
	
	
	
	
	0

(0.0%)

	Little Pudding
	
	
	
	
	
	
	
	4554
	
	
	
	4554

(11.9%)

	Lower Pudding
	163
	17
	
	179
	36
	
	
	
	
	
	447
	842

(3.3%)

	Mill
	251
	
	71
	89
	421
	
	
	
	
	
	3578
	4410

(17.5%)

	Rock
	
	
	
	
	
	1502
	
	
	
	
	
	1502

(2.7%)

	Silver
	
	
	
	
	
	
	
	
	
	1474
	
	1474

(4.2%)

	Upper Pudding
	
	
	
	
	
	
	564
	
	
	79
	
	643

(1.6%)

	Zollner
	
	
	
	
	
	
	52
	
	
	
	
	52

(0.5%)

	Total
	414
	17
	71
	268
	457
	1502
	616
	4554
	241
	2469
	4024
	14634

(4.3%)
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Chapter 2. Water Quality

Introduction

In this chapter, we examine natural and human additions of substances to surface water in the Pudding watershed. Because water temperature strongly influences the distribution of coolwater fishes, we start out examining the thermal patterns of streams throughout the watershed and how they might be influenced by human activity. We then examine indicators of bacterial contamination throughout the watershed. While not harmful to fish and wildlife, certain bacteria in the water can influence human health either by direct contact during fishing and swimming or through the risk of surviving water treated for drinking.  

The amount of nitrogen, phosphorus, and organic matter entering streams influences the growth of algae and this, in turn, influences the appearance of the water and the dissolved oxygen concentration within the water. The appearance of the water is of concern to humans while the amount of dissolved oxygen can be critical for fish. Finally, we discuss the distribution of pesticides and other toxics that have been found within streams throughout the watershed. These compounds, at sufficient concentrations, can be harmful to humans, fish, and wildlife.

Background

Natural and human influences make their mark on the quality of water in the Pudding River and its tributaries. The dry summer climate and lack of a late spring snow pack leave the watershed with naturally low flows and warm water by mid-summer. The low gradient of the Pudding River means that nutrients and organic material do not get flushed readily to the Willamette River and instead are processed in place by algae and bacteria. About two-thirds of the flow of the Pudding River gets used for irrigation or drinking water in late summer (see Streamflow and Water Use Chapter), making dilution less effective as a way to deal with water quality problems. Nutrients and organic matter contained in wastewater or leached from farm fields further boost algal growth.

After European settlers arrived, the Pudding Watershed became an important center for farming and the processing of agricultural products. By 1940 abuses of the river had taken their toll. In their survey of Columbia River tributaries, Parldhurst et al. (1940) noted that:

“The Pudding River is one of the most badly polluted streams ever observed by the survey party. Garbage and fruit cannery wastes in the vicinity of Woodburn and Hubbard, Oregon had so badly contaminated the water with an oily emulsion that large numbers of suckers, chubs, lampreys, catfish, and even crayfish were found dead. It is believed that only spring run fish that ascend to the tributaries during spring high water stages can exist in this stream system until the pollution has been eliminated.”

Since 1940 much of this type of pollution has been eliminated and fish are again able to occupy most of their historic range in the watershed. Nevertheless, pressures on water quality remain high in the watershed due to the intensive agriculture, rapidly expanding urban areas, and extraction of river water during the summer.

Water Temperature

When relating water temperature to fish habitat, temperature is commonly expressed as the highest 7-day running average of daily maximum temperatures occurring during a summer.  Hereafter, this is referred to as the 7-day maximum and it is also how water quality criteria are measured by the Oregon Department of Environmental Quality. The water quality criterion for temperature in the Pudding Watershed streams is 64 °F for fish rearing.  This criterion stems from the fact that physiological changes and behavioral changes will often occur in fish when temperatures exceed 64 °F and will especially occur as the temperature rises beyond 70 °F. This is not to suggest that all or even most stream segments in the Pudding Watershed are naturally cooler than this standard; streams with abundant shade commonly exceed 64 °F in this warm climate. Moreover, salmon and trout commonly live in streams that exceed 64 °F and will do quite well in streams up to 70 °F. However, being cold-blooded, fish must consume more food when the water is warmer or they will lose weight. Warm water can also lead to sluggish movement and to fish congregating around pockets of cooler water. This limits their ability to search for food, as well as making them more prone to predation and poaching. Adult spring chinook salmon in Pudding Watershed streams have an additional problem with warm water. Since they must stay in the river throughout the summer before they can spawn in the fall, they are vulnerable to diseases. Warm water promotes these diseases and can also reduce the fish’s ability to resist disease. 

The Department of Environmental Quality has established additional water temperature criterion for salmonid spawning and this standard is lower in temperature than the 64 °F criteria for salmonid fish rearing. However, in the Pudding Watershed spawning by cool-water fishes takes place in the fall or spring, a time when stream temperature is little influenced by shade levels. Moreover, most streams are cooler than the spawning criterion at that time of the year. Consequently, it is the temperature criteria for summer rearing that are usually of most concern when discussing human influences on stream temperature.

When groundwater enters a stream channel, it immediately begins to warm from the sunlight striking the water surface and from the water’s interaction with the air. This warming is moderated to some extent by heat lost to the channel bottom and through evaporation, and by vegetation intercepting sunlight. Many streams have a subsurface component that flows through the sand and gravels parallel to the surface flow. This subsurface water is not exposed to sunlight and is therefore cooler than water flowing over the surface. Where the two stream components intermix (in, for example, a deep pool), the net result is either a cooling of the aboveground component of stream flow or a stratification of water in deep pools, with the coldest water at the bottom.

Complex interactions between shading, stream substrate, groundwater input rates, and channel geometry result in water temperatures that vary continually along the length of a stream.  Nevertheless, in general, streams warm as they travel from headwaters to mouth. The maximum summer temperature for any given reach of stream varies year to year, depending on the timing of maximum air temperature and low flows for the year. But usually, in the Pudding Watershed, maximum water temperatures occur from mid-July to mid-August, a time when the sun is high in the sky, flows are relatively low, and air temperatures are highest.

Available information

Suitable maximum water temperature information was available from the Pudding Watershed Council and Oregon Department of Environmental Quality for 23 sites measured in 2004 (Table 2-1). Data were also available from the Pudding Watershed Council for 9 sites in 2002 and/or 2003, three of which were not monitored in 2004. Measurements for 2005 collected by the Marion Soil and Water Conservation District occurred at 20 locations, 8 of which also had measurements for 2004.  

The 7-day maximum water temperatures in 2002 and 2004 were similar, so 2002 values associated with the two sites not monitored in 2004 were combined with the 2004 data set for the analysis. The 2003 data were not used since measurements took place during a cooler summer. The 2005 values were slightly less than the 2004 values related by the regression equation; 

Y = 0.965 * X + 4.41

Where: X = raw 2005 temperature value, Y 2005 temperature value adjusted to 2004,

n=8, R2=0.93

These adjusted values are displayed in Map 6, Maximum Water Temperature, and Table 1.

Findings

7-day maximum water temperatures were greater than 70° F at nearly all Pudding River sites and lower elevation tributary sites measured in 2004 (Map 6, Maximum Water Temperatures).  Higher water temperature was positively correlated with distance from the drainage divide (Figure 1); the further the downstream distance the warmer the stream became. Distance from the drainage divide is the distance from the monitoring site to a ridge defining the basin along the longest uphill route that follows the general route of the valley (Figure 2-2). A predictive equation based on these sites indicates that, for the average stream, a 7-day maximum water temperature of 70° F occurs about 5 miles downstream from the drainage divide and a 7-day maximum water temperature of 80° F occurs about 35 miles from the drainage divide. 

Only six sites measured in 2002, 2004, or 2005 were located on higher elevation streams in the watershed and the results from these suggest that higher elevation streams are much cooler than lower elevation streams in this watershed (Figure 2-1). Abiqua Creek, for example, is cooler than a 7-day maximum water temperature of 70° F for a distance of up to 20 miles from the drainage divide.

Table 2-1. Summary of water temperature data for streams in the Pudding Watershed.

	Map

 #
	Stream and location
	River mile
	Latitude
	Longitude
	Greatest 7-day average of maximum daily water temperatures (deg F)
	Distance*

(miles)
	Source of data

	
	
	
	
	
	2002
	2003
	2004
	2005***
	
	

	1
	Pudding R at Arndt Rd
	4.0
	45.2594
	-122.7386
	
	
	79.6
	
	38.4
	DEQ

	2
	Mill Cr at Ehlen Rd
	0.3
	45.2331
	-122.7570
	
	
	72.3
	72.7
	10.4
	DEQ

	3
	Mill Cr upstream Hubbard STP**
	5.8
	45.1860
	-122.8139
	
	
	69.2
	
	6.0
	DEQ

	4
	Pudding R at Whiskey Hill Rd
	17.0
	45.1804
	-122.7548
	
	
	80.1
	
	32.2
	DEQ

	5
	Pudding R at Hwy 211
	22.0
	45.1509
	-122.8042
	
	
	80.9
	
	28.9
	DEQ

	6
	Butte Cr (BC1)
	1.3
	45.1473
	-122.7802
	76.0
	76.2
	78.3
	
	30.4
	Council

	7
	Pudding R at Hwy 214
	27.0
	45.1265
	-122.8209
	
	
	78.4
	
	26.9
	DEQ

	8
	Zollner Cr at Monitor-McKee Rd (ZC1)
	0.4
	45.1005
	-122.8226
	
	
	71.0
	72.6
	7.1
	Council

	9
	Pudding R at Monitor-McKee Rd
	31.0
	45.1004
	-122.8312
	
	
	80.9
	
	24.4
	DEQ

	10
	Little Pudding R at Rambler Rd (LPR1)
	2.9
	45.0460
	-122.8949
	77.4
	78.6
	81.8
	80.6
	9.6
	Council

	11
	Butte Cr via Maple Grove Rd (BC2)
	15.4
	45.0328
	-122.6374
	77.2
	74.7
	74.8
	
	18.8
	Council

	12
	Abiqua Cr at Gallon House Rd (AC1) 
	2.5
	45.0321
	-122.7981
	
	
	78.4
	79.2
	25.2
	Council

	13
	Abiqua Cr (AC2) 
	6.1
	45.0282
	-122.7372
	
	
	70.7
	
	21.7
	Council

	14
	Powers Cr at mouth (PC1)
	0.0
	45.0159
	-122.6984
	
	
	70.5
	70.2
	6.9
	Council

	15
	Pudding R at Hazelgreen Rd (PR1) 
	45.2
	45.0100
	-122.8427
	
	74.5
	
	
	15.5
	Council

	16
	Silver Cr downstream STP** (SC1)
	2.9
	45.0090
	-122.7959
	77.2
	74.7
	78.7
	78.7
	21.1
	Council

	17
	Silver Cr upstream STP** (SC1)
	2.9
	45.0090
	-122.7959
	
	
	77.8
	77.0
	21.2
	Council

	18
	Silver Cr at Brush Cr Rd
	1.0
	45.0065
	-122.8240
	
	
	75.3
	
	22.6
	DEQ

	19
	Abiqua Cr at intake dam (AC3)
	7.6
	45.0039
	-122.6731
	69.8
	69.0
	
	68.9
	20.2
	Council

	20
	Pudding R at Selah Springs
	51.0
	44.9844
	-122.8344
	
	
	73.4
	
	13.4
	DEQ

	21
	Silver Cr at 1336 S. Water St (SC2)
	5.2
	44.9827
	-122.7436
	78.0
	71.5
	77.8
	75.8
	18.9
	Council

	22
	Drift Cr at Canyonview Camp (DC2)
	1.9
	44.9673
	-122.8007
	
	
	74.1
	
	12.3
	Council

	23
	Pudding R at State St
	58.0
	44.9144
	-122.8175
	
	
	73.0
	
	6.8
	DEQ

	24
	Little Pudding R (LPR3)
	17.2
	44.8954
	-122.8920
	
	
	73.5
	
	1.9
	Council

	25
	SF Pudding R at Cascade Hwy (PR3 )
	1.4
	44.8893
	-122.7985
	75.0
	71.4
	72.2
	
	4.8
	Council

	26
	NF Silver Cr at Hwy 214 (SC3)
	2.4
	44.8840
	-122.6193
	63.2
	63.2
	
	
	7.4
	Council

	27
	Bochsler Cr off of Hwy 214 (BX1)
	0.0
	45.0959
	-122.7839
	
	
	
	64.7
	3.9
	Council

	28
	Butte Cr downstream of campground (BC3)
	27.5
	44.9203
	-122.4946
	
	
	
	61.6
	7.3
	Council

	29
	Coal Creek at end of Butte Creek Road (CC1)
	3.6
	44.9930
	-122.5304
	
	
	
	65.2
	3.1
	Council

	30
	Little Pudding R at Conifer St Bridge (LPR2)
	11.5
	44.9456
	-122.9121
	
	
	
	67.8
	5.8
	Council


* Distance from drainage divide.

**  Sewage treatment plant.

***  Value adjusted for 2004 conditions; Y = 0.965 * X + 4.41, n=8, R2=0.93

Table 2-1 (continued). Summary of water temperature data for streams in the Pudding Watershed.
	Map

 #
	Stream and location
	River mile
	Latitude
	Longitude
	Greatest 7-day average of maximum daily water temperatures (deg F)
	Distance*

(miles)
	Source of data

	
	
	
	
	
	2002
	2003
	2004
	2005***
	
	

	31
	Oregon Garden wetland outfall
	-
	44.9913
	-122.8009
	
	
	
	72.3
	-
	Council

	32
	Brush Creek below wetland outfall (BRC1)
	1.9
	44.9913
	-122.8009
	
	
	
	69.7
	3.1
	Council

	33
	Brush Creek above wetland outfall (BRC2)
	1.9
	44.9913
	-122.8009
	
	
	
	63.3
	3.1
	Council

	34
	Drift Creek at Fox Road (DC3)
	6.4
	44.9236
	-122.7546
	
	
	
	74.2
	7.8
	Council

	35
	Abiqua Creek off of 300 Road (AC4)
	19.6
	44.9204
	-122.5511
	
	
	
	66.2
	19.7
	Council

	36
	Kirk Creek at 400 Road bridge (KC1)
	0.1
	44.9180
	-122.5060
	
	
	
	59.2
	4.7
	Council

	37
	Drift Creek near Hibbard Road (DC1)
	0.5
	44.9768
	-122.8296
	
	
	
	74.4
	10.7
	Council


* Distance from drainage divide.

**  Sewage treatment plant.

***  Value adjusted for 2004 conditions; Y = 0.965 * X + 4.41, n=8, R2=0.93


[image: image2.wmf]0

5

10

15

20

25

30

35

Distance from drainage divide (miles)

58

60

62

64

66

68

70

72

74

76

78

80

82

Water Temperature (deg F)

Maximum 7-day water temperature

2004 and 2005 data

upper limit for salmonids

Pudding River and 

lower elevation tributaries

Higher elevation tributaries

Circles are Pudding Watershed Council data.

Squares are Department of Environmental Quality data.

Y = 61.3 +5.25 ln(X)

R-square = 0.82, n = 20

9 degrees

Y = 49.2 + 6.56 * ln(X)

R-square = 0.90, n = 6


Figure 2-1. 7-day maximum temperatures for sites in the Pudding Watershed and their relationship with distance from the drainage divide. For the predictive equations that applies to the two groups of sites, ln is the natural logarithm, X is distance from drainage divide (miles), and Y is the predicted 7-day maximum water temperature (degrees Fahrenheit). Higher elevation sites are those to the east that flow entirely across basalt or sedimentary rock terrain. 
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Figure 2-2. Distance from divide is determined by measuring from the gaging site to the drainage boundary (or divide) along the longest route.  

Discussion

Temperature monitoring efforts in the Pudding Watershed have focused mainly on lower elevation portions of the watershed and indicate there are unfavorable summer conditions for coolwater fishes in these areas. Because shade information has not been gathered upstream of each monitoring site, it is not possible to evaluate how shade levels might be influencing stream temperature.  In general, decreasing shade along a stream will warm a stream.  

Results from monitoring of the West Fork Millicoma River (30 miles east of Coos Bay) which has a summer climate similar to the Pudding Watershed provides an example of how much shade can influence stream temperature. A multiple regression equation derived from data gathered throughout this watershed has the form:

Temp = 81.0 + 3.17* ln(Distance) - 0.243 * Shade 

where:

Temp = 7-day maximum water temperature (°F)



Distance = distance to drainage divide (miles)

Shade = Shade, average of measurements from 0 to 1 mile upstream of the gaging site (%)



ln = natural logarithm



n = 13

Adjusted squared multiple R = 0.89

This equation indicates that for a distance from drainage divide of 5 miles, a stream with an 80% shade level would be expected to have a maximum stream temperature of 67° F. If the shade level were instead 50%, the predicted water temperature would be seven degrees higher or 74° F. 

If the watershed council decides to make shade measurements in the future to supplement the temperature data, we recommend that shade is measured in the field (rather than from aerial photographs), using a spherical densiometer. Measurements should be equally spaced every 500 feet and extend a distance of one mile upstream of each gaging site. 

Summer water temperatures in the higher elevation portions of Butte Creek, Abiqua Creek, Silver Creek, and Drift Creek, are notably cooler than elsewhere, monitoring to date has been limited but it is likely that this portion of the watershed contains extensive stream reaches with favorable temperatures for coolwater fishes. Where upstream migration is not blocked by waterfalls or dams, trout and salmon from lower elevations in the watershed are likely to move into these cool water zones during the hottest part of the summer. The coolness of these higher elevation streams is probably related to the geology of the area. Because these streams flow over fractured igneous rock a relative abundance of groundwater enters the stream and since groundwater is cold (about 50° F in the summer) it helps retard stream warming in a downstream direction. The impervious sediments of the lower watershed yield little groundwater in the summer and this cooling effect is minor.

If the watershed council continues with water temperature monitoring, we recommend that the higher elevation portion of the watershed be the focus of evaluation. Spatial temperature patterns could be better understood if gages were distributed beyond the mouths and lower reaches of streams and if shade information was also gathered upstream of gaging sites.

The Oregon Department of Environmental Quality has included portions of the Pudding River, Zollner Creek, Silver Creek, Drift Creek, and Butte Creek on the 303d list because temperatures exceed the 64° F criterion for salmonid rearing (Table 2-2). The 303d listing process is an imperfect procedure whereby limited field data are used to tag stream segments that might experience impaired water quality due to human activities.  Theoretically, it is during a later TMDL (total maximum daily load) analysis process that natural and human spatial patterns connected to any identified water characteristics are sorted out. If a particular impairment is human-caused, ways to reverse that impairment are identified with upstream landowners responsible for resolving the problem. (This responsibility is in proportion to their contribution to the impairment.) In practice, only a portion of the stream segments within a watershed that exceed one or more water quality criteria ever get identified, the natural and human contributions to the water characteristic rarely get sorted out, and naturally functioning conditions (or recovery goals) are often misidentified. A common misconception arising from the TMDL process is that, given enough shade, any stream can be cool enough to support trout and salmon during the summer. Many of the stream segments included in Figure 1 are densely vegetated upstream of the gaging sites yet their temperatures are much greater than the State 64° F criterion for salmonid rearing.

Table 2-2. Streams in the Pudding Watershed on the 303d list because they do not meet the 64° F criterion for salmonid rearing.

	Stream


	River mile

	Pudding River
	0 to 61.0

	Zollner Creek
	0 to 7.8

	Silver Creek
	0 to 5.9

	Drift Creek
	0 to 9.5

	Butte Creek
	18.7 to 35.0


Recommendations 

An effective strategy for increasing the proportion of a watershed that is cool enough to support coolwater fishes during the summer is to first identify natural patterns of temperature change and focus shade restoration in those parts of the watershed where stream temperatures cool enough to support trout and salmon could actually be attained.  The monitoring data indicates that, for those streams in the lower elevation portion of the watershed, stream segments with maximum temperatures of less than 70° F would not be expected more than about 5.2 miles downstream of the drainage divide for lower elevation streams. Increasing shade by planting trees along stream banks immediately upstream and downstream of these reaches could help extend the cool water zone further downstream.  

The temperature regime of the higher elevation portion of the watershed, is not as well understood but distance from drainage divide to where a stream warms to 70 deg F is about 24 miles. The focus area for shade restoration should begin at this point and continue upstream and downstream in each of the higher elevation sub-basins.

Bacteria and Other Microorganisms

Potential sources of microorganisms in water include runoff from areas grazed by livestock, confined animal feeding operations, failed septic and sewage systems, and high concentrations of geese, ducks, and other animals in the watershed. In addition, urban stormwater runoff can carry microorganisms to waterways. While bacteria in streams generally have no influence on aquatic organisms or wildlife, certain types and strains of bacteria may pose a health risk to people who have contact with the water, and they can also increase the difficulty of treating water for human consumption. Other water-borne protozoa and disease-causing microorganisms can also adversely affect human and animal health. Because of the variety of organisms that have the potential to affect human health, monitoring commonly focuses on a single, easily-detected but relatively harmless bacterium that occurs frequently with the other more harmful varieties. 

Currently, Escherichia coli (abbreviated E. coli), which resides in the guts of humans and many other animals, is the bacterium widely used to assess the level of harmful bacteria in water. People need E. coli and other kinds of bacteria in their intestines in order to develop physically and to remain healthy.  Along with other species of bacteria, E. coli produces many necessary vitamins, such as vitamin K and B-complex, that are absorbed by the human digestive system. However, in addition to the “good” E. coli in the world, some strains of E. coli create a toxin that causes severe damage to intestinal cells.  Since other harmful microorganisms live in the guts of humans and animals too, the presence of the gut-residing E. coli (both good and bad strains), can mean that other harmful microorganisms are also present in the water. In Oregon, the water quality standard for E. coli is 406 organisms/100 mL (milliliter), to protect the swimming public and aquatic life. Results are often reported as mpn/mL, where mpn stands for most probable number.

The Oregon Department of Agriculture issues permits for confined animal feeding operations. While these operations may not necessarily be sources of bacterial contamination in streams, the disposal of manure and runoff water from impervious surfaces can increase the risk of contamination. Permitting of operations occurs once the number of animals for a given area is exceeded and the animals are indeed confined.  Many other animal raising operations may exist in a watershed for which a permit is not issued.  The distribution of permitted confined animal feeding operations throughout a watershed can be used an indicator of animal raising intensity in general.

Available information

Periodic sampling by the Pudding Watershed Council from 2002 to the present at 17 sites scattered throughout the watershed provides a good spatial representation of bacterial contamination in the watershed (Map 7, Bacteria Contamination). These data were summarized by site and by year; a median value of E. coli concentration (mpn/100mL) was calculated only if the site had at least five samples for the year (Table 2-3).  Similarly, the percentage of values higher than the state water quality standard was calculated by year for those sites with at least five samples for the year.

More extensive information on E. coli was available for the Pudding River where it crosses Highway 99E. Seasonal sampling was conducted by the Oregon Department of Environmental Quality at this site from 1996 and continues to the present.

The location and description of permitted confined animal feeding operations was obtained from the Oregon Department of Agriculture (Map 7, Bacteria Contamination, Table 2-4).

Table 2-3. Summary of E. coli data for sampled streams in the Pudding Watershed, 2002 to 2004 by the Pudding Watershed Council.

	Map #
	Stream and location
	Latitude
	Longitude
	# samples

2002-2004
	Median values for E. coli.

(mpn/100mL)
	Percentage of values

406 mpn/100mL or more

	
	
	
	
	
	2002
	2003
	2004
	2002
	2003
	2004

	1
	Butte Cr at Highway 211 (BC1)
	45.1473
	-122.7802
	25
	
	166
	159
	
	18
	25

	2
	Zollner Cr at Monitor-McKee Rd (ZC1)
	45.1005
	-122.8226
	25
	
	579
	150
	
	55
	17

	3
	Little Pudding R at Rambler Rd (LPR1)
	45.0460
	-122.8949
	15
	
	82
	
	
	18
	

	4
	Butte Cr via Maple Grove Rd (BC2)
	45.0328
	-122.6374
	6
	
	6
	
	
	0
	

	5
	Abiqua Cr at Gallon House Rd (AC1) 
	45.0321
	-122.7981
	24
	79
	45
	33
	0
	0
	0

	6
	Abiqua Cr (AC2) 
	45.0282
	-122.7372
	17
	72
	15
	
	0
	0
	

	7
	Pudding R at Hazelgreen Rd (PR1) 
	45.0100
	-122.8427
	26
	
	123
	111
	
	10
	8

	8
	Silver Creek upstream of STP* (SC1)
	45.0090
	-122.7959
	7
	69
	
	
	0
	
	

	9
	Silver Creek downstream of STP (SC1)
	45.0090
	-122.7959
	8
	130
	
	
	0
	
	

	10
	Abiqua Cr down. of S Abiqua Rd (AC3)
	45.0039
	-122.6731
	16
	11
	10
	
	0
	0
	

	11
	Brush Cr at Cascade Hwy (BRC1D)**
	44.9914
	-122.8012
	9
	59
	
	
	20
	
	

	12
	Brush Cr at Cascade Hwy (BRC1U)
	44.9911
	-122.8004
	9
	118
	
	
	20
	
	

	13
	Pudding R at Selah Springs Rd (PR2)
	44.9846
	-122.8345
	22
	196
	162
	102
	25
	22
	0

	14
	Silver Cr at 1336 S. Water St (SC2)
	44.9827
	-122.7436
	13
	
	12
	
	
	0
	

	15
	Drift Cr at Hibbard Rd (DC1)
	44.9673
	-122.8007
	7
	
	
	157
	
	
	14

	16
	SF Pudding R at Cascade Hwy (PR3 )
	44.8893
	-122.7985
	17
	
	108
	165
	
	33
	33

	17
	NF Silver Creek at Hwy 214 (SC3)
	44.8840
	-122.6193
	11
	
	10
	
	
	0
	


*  Sewage treatment plant
**  Downstream of inputs from the Oregon Gardens wetlands.

Table 2-4. Summary of permitted confined animal feeding operations in the Pudding Watershed. Information from the Oregon Department of Agriculture.
	Map

number
	Basin
	Type
	Within ¼ mile

of stream?

	16
	Abiqua
	Dairy
	Y

	12
	Butte
	Dairy
	Y

	17
	Butte
	Dairy
	Y

	29
	Butte
	Dairy
	Y

	30
	Butte
	Dairy
	Y

	32
	Butte
	Dairy
	Y

	22
	Butte
	Mink
	Y

	4
	Butte
	Swine
	Y

	3
	Lower Pudding
	Swine
	Y

	6
	Lower Pudding
	Swine
	Y

	1
	Mill
	Beef cattle 
	Y

	8
	Mill
	Dairy
	N

	11
	Mill
	Dairy
	Y

	18
	Mill
	Poultry
	N

	20
	Mill
	Poultry (eggs)
	N

	14
	Rock
	Dairy
	Y

	25
	Rock
	Dairy
	Y

	26
	Rock
	Dairy
	Y

	27
	Rock
	Dairy
	Y

	28
	Rock
	Dairy
	Y

	31
	Rock
	Dairy
	Y

	33
	Rock
	Poultry (eggs)
	Y

	34
	Rock
	Poultry (eggs)
	Y

	35
	Rock
	Poultry (eggs)
	Y

	36
	Rock
	Poultry (eggs)
	Y

	37
	Rock
	Poultry (eggs)
	N

	15
	Upper Pudding
	Dairy
	Y

	21
	Upper Pudding
	Mink
	N

	24
	Upper Pudding
	Mink
	N

	19
	Upper Pudding
	Poultry (eggs)
	N

	2
	Zollner
	Beef cattle 
	Y

	9
	Zollner
	Dairy
	Y

	10
	Zollner
	Dairy
	Y

	13
	Zollner
	Dairy
	Y

	23
	Zollner
	Mink
	Y

	5
	Zollner
	Swine
	Y

	7
	Zollner
	Swine
	Y


Findings

Long-term monitoring of E. coli in the lower Pudding River indicates few instances (4 out of 51 samples, or 8 percent) where concentrations exceeded the state water quality standard of 406mpn/100mL during the period from 1996 to 2004 (Figure 2-3). In all cases, the excessive concentrations occurred during non-summer months, a time when few humans are exposed to the water by swimming. There is no pattern of bacterial levels either increasing or decreasing over the last eight years.

Among streams sampled by the Pudding Watershed Council in 2003, Zollner Creek (#2) had the greatest number of samples that exceeded the state water quality standard for E. coli (55%) (Table 3).  However, in 2004 both the South Fork Pudding River (#16) and Butte Creek (#1) exceeded the standard more often than Zollner Creek. For two years in a row, about one-third of the samples collected for the South Fork Pudding River site (#16) exceeded the standard.  

When Silver Creek was sampled in 2002, no appreciable differences in E. coli concentrations were noted in the samples taken above (#8) and below (#9) the Silverton sewage treatment plant outfall. Similarly, E. coli concentrations in Brush Creek did not increase downstream of the confluence with water draining from Oregon Gardens (#11 and #12). Treated wastewater from the Silverton sewage treatment plant is filtered through wetlands at the Oregon Gardens and then flows into Brush Creek.

The downstream portions of the Pudding River, Zollner Creek, and Silver Creek have been listed by the Oregon Department of Environmental Quality as “water quality limited” for fecal coliform (Table 2-5). Measurements of fecal coliform provided an indicator of bacterial contamination, although the measurements preceded the E.coli criterion. The more recent measurements of E. coli by the Pudding Watershed Council from 2002 to 2004 suggest that the 303d listing of these streams is still valid.

The spatial concentration of permitted confined animal feeding operations can be an indicator of the level of animal raising activities in general throughout a watershed.  Permitted operations are concentrated in Rock Creek, Zollner Creek, and Butte Creek subbasins (Map 7, Bacteria Contamination, Table 2-4). Unfortunately, bacteria monitoring has not occurred for either Rock Creek or lower Butte Creek. The Zollner Creek subbasin with its three permitted dairy farms and four permitted beef or swine operations also has had the highest values for fecal coliform. Only a single permitted operation (a chicken egg farm) exists in the Little Pudding River, Upper Pudding River, and Drift Creek subbasins in spite of fecal coliform values being above average compared to the basin as a whole.

Discussion

Monitoring done to date has not been extensive enough to pinpoint specific sources of bacteria contamination of streams, although the results for Butte Creek strongly suggest there are discrete sources of bacterial contamination somewhere between the upstream site off of Maple Grove Road (#4) and the downstream site at Highway 211 (#1). 
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Figure 2-3. Concentrations of E. coli bacteria for the Pudding River measured at the Highway 99E bridge by the Oregon Department of Environmental Quality from 1996 to 2004. Triangles indicate samples taken from October to May and stars indicate samples taken from June to September.
Table 2-5. Streams in the Pudding Watershed on the 303d list because they did not meet the criterion for fecal coliform.

	Stream


	River miles

	Pudding River
	0 to 35.4

	Zollner Creek
	0 to 7.8

	Silver Creek
	0 to 5.9


The decrease in the percentage of Zollner Creek samples that exceeded the state water quality from 55% in 2003 to 17% in 2004 may be due to improvements made by farmers in this sub-basin.

The watershed has 37 permitted confined animal feeding operations of which one-half are dairies, 22% are poultry operations, 14% are hog raising operations, 11% are mink farms, and 5% are for raising beef cattle (Table 2-4). The mapped location of permitted confined animal feeding operations does not seem to provide a reliable indicator of potential sources of fecal contamination for the Pudding Watershed. Some subbasins with above-average values for fecal bacteria have few or no permitted confined animal feeding operations. Animal raising does occur throughout the watershed at farms that do not require a permit and the disperse grazing of cattle may be a more common source of contamination of streams than are the confined animal feeding operations. Other potential sources of bacterial contamination exist throughout the watershed (ie, stormwater from towns, failed septic systems) and their occurrence will be unrelated to permitted confined animal feeding operations.

Monitoring of the two subbasins in the watershed that are sources of surface water for drinking (Abiqua Creek and Silver Creek) have yielded no exceedences of the state water quality standard for bacteria. Median values of E. coli concentration for these two streams are very low (Table 2-3) and reflect the upstream forest land landscape and a lack of discrete sources of bacterial contamination.

Recommendations

Identifying the sources of bacterial contamination in the Pudding watershed may require a different monitoring strategy than the one used in the previous three years. Rather than taking repeated measurements each year at a limited number of sites, by sampling at many sites a few times per year during a few selected runoff events could provide the spatial information needed to associate land use practices with areas of high bacterial contamination.  

Field studies done elsewhere in the Willamette Valley indicate discrete sources of bacterial contamination originating from some urban stormwater systems, especially where inadvertent hookups with sanitary sewer pipes occur. Monitoring stormwater systems above and below some of the larger towns near major streams (Silverton, Woodburn, and Aurora) may be useful in determining their relative contribution to bacterial contamination. Stormwater inputs of bacteria can be strongly related to rainfall events so sampling that occurs when stormwater pipes are flowing (especially during the first stages of a storm) are more likely to isolate these sources of contamination.

Nitrate

The amount of nitrogen in a stream can influence the amount of algae growing either in the water column or attached to the stream bottom. Dense algal growths in streams can be unsightly and are often associated with declines in dissolved oxygen levels at night that can affect fish.

Nitrate and nitrite are two common forms of nitrogen in western Oregon streams that are available for uptake by algae and other aquatic organisms. Nitrogen, including the nitrogen from fertilizer, is mobile in soils and flushes out readily during heavy rainfall. Consequently, the concentration of nitrate and nitrite in the water is highest during the winter and lowest during the summer. Algae and other aquatic organisms take up nitrogen during the spring and summer, which also contributes to lower levels of nitrogen in streams during those seasons.

The measurement of nitrate in streams is usually expressed as a combination of nitrate and nitrite because to isolate the two species of nitrogen requires a more expensive test.  Within streams, nearly all nitrite in incoming water is quickly transformed into nitrate by organisms in the stream and so the nitrite component is very small.  Consequently, in the following discussion the terms “nitrate” and “nitrate/nitrite” are used interchangeably.

Available information

Quarterly to monthly combined nitrate/nitrite data are available from the U.S. Geological Survey for the years from 1993 to 2003 for Zollner Creek at Monitor-McKee Road and for Little Abiqua Creek. Similar data from 1985 to 2004 are available from the Oregon Department of Environmental Quality for the Pudding River at Highway 99.

Findings

There is little nitrate or nitrite found in the water of forest streams during the growing season for algae (April through August) since nitrogen is tightly recycled within the plant community and few human sources of nitrogen exist. Average values for the forested Little Abiqua Creek are only 0.3 mg/L as N during the growing season (Figure 2-4). In contrast, Zollner Creek drains an agricultural sub-basin and has nitrate and nitrite concentrations from April through August that average about 7 mg/L, nearly 25 times higher (Figure 2-5). Values for the Pudding River at Highway 99E are intermediate (averaging about 1.2 mg/L) and reflect the fact that upstream sub-basins are both forested and agricultural (Figure 2-6). For both Zollner Creek and the Pudding River sites, nitrate and nitrite levels have neither increased nor declined over the last decade.
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Figure 2-4. Combined nitrate and nitrite concentrations in Little Abiqua Creek, a forest sub-basin with few human sources of nitrogen. Data are from the U.S. Geological Survey.
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Figure 2-5. Combined nitrate and nitrite concentrations in Zollner Creek, an agricultural sub-basin with many nitrogen inputs related to human activity. Data are from the U.S. Geological Survey.
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Figure 2-6. Combined nitrate and nitrite concentrations in lower Pudding River, which receives runoff from both forested and agricultural sub-basins. Data are from the Oregon Department of Environmental Quality.

April monitoring of nitrogen concentrations within 17 streams of the Pudding and Mollala Watersheds in the early 1990’s (Rinella and Janet, 1998) showed that nitrogen values were greater in sub-basins that had a greater percentage of land in agricultural use (Figure 2-7). There was no defined relationship between nitrogen values and percent area in agriculture when for sampling done in late summer. Then, the lack of rain to flush nitrogen from soils and the in-stream processing of nitrogen probably obscured any such correlation.
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Figure 2-7. Increases in combined nitrate and nitrite in 17 Pudding and Molalla sub-basins with increases in percentage of area in agriculture (Rinella and Janet, 1998).

Zollner Creek has been listed by the Oregon Department of Environmental Quality as “water quality limited” for nitrate and nitrite since concentrations commonly exceed the state water quality standard (10 mg/L as N) from October through February (Figure 2-8).  Because of the dilution of high-nitrogen water from agricultural areas with low-nitrogen water from forestland, the state water quality for nitrate has never been exceeded in the lower Pudding River over the last 19 years (Figure 2-9).
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Figure 2-8. Monthly differences in combined nitrate and nitrite concentrations for Zollner Creek from 1993 to 2003. Month 1 is January and month 12 is December. Data are from the U.S. Geological Survey.
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Figure 2-9. Monthly differences in the combined nitrate and nitrite concentrations for the lower Pudding River measured at the Highway 99E bridge from 1985 to 2004. Month 1 is January and month 12 is December. Data are from the Oregon Department of Environmental Quality.

A case study of five drainages in the Pudding Watershed monitored in 1994 and 1995 provides another example of how land use influences nitrate concentrations in streams.  Data were collected five times from July through September and during five storms from October through February at the locations shown in Table 2-6. Agricultural land upstream of the monitoring point ranged from 0.5% for the forested North Fork Silver Creek to 93.2% for Zollner Creek.

Summer nitrate concentrations in Zollner Creek were nearly 50 times higher in Zollner Creek than they were in the forested North Fork Silver Creek (Table 2-6). The nitrate concentrations in Beaver Creek increased two-fold in a downstream direction, with the downstream site being about one-half that of Zollner Creek. The lower Pudding River site also had summer nitrate concentrations that were about one-half of Zollner Creek.

Nitrate loads of nitrate expressed as pounds of nitrogen per square mile of drainage area during winter storms averaged 63 times higher for Zollner Creek than for the forested North Fork Silver Creek (Table 2-6). Winter nitrogen loads for Zollner Creek were four to fives times higher than the other three sites with a majority of area in agricultural use.

Table 2-6. Nitrate concentrations during the summer and loads during winter storms for five locations in the Pudding Watershed (Tetra Tech, 1995).

	Stream
	North Fork

Silver Creek
	Pudding

River
	Upper Beaver Cr
	Lower Beaver Cr
	Zollner

Creek

	Location
	Hwy 214
	Hwy 99E
	Sunnyview Rd
	Kaufman 

Rd
	Monitor-McKee Rd

	Drainage area (sq. mi.)
	13.6
	483.0
	3.2
	7.8
	15.0

	Land use (% of total)

    Agriculture – grass /wheat

    Agriculture – other

     Forest

     Other
	0.0

0.5

99.5

0.0
	13.0

52.0

33.0

2.0
	56.8

30.1

9.8

3.3
	48.4

40.3

9.2

2.1
	34.6

58.6

4.0

2.8

	July-Sept. 1994 nitrate concentration; average of 5 samples (mg/L as N)
	0.07
	1.70
	0.86
	1.73
	3.40

	Winter 1994-1995 nitrate load; (lb/sq.mi. as N)

     October storm

     November storm

     December storm

     January storm

     February storm

     Average
	32

32

32

32

32

32
	269

248

441

904

731

519
	207

69

620

345

620

372
	31

57

848

452

876

453
	1485

368

2940

2411

2837

2008


Discussion

Much of the sloping and less fertile farm land in the Pudding River is planted to grass seed. In order to obtain high crop yields, nitrogen in the form of fertilizer pellets is applied to fields in the spring. Nitrogen application rates are typically 75 to 150 lb/acre for Willamette Valley grass seed fields. Excessive fertilizer use can result in leaching of nitrogen into streams, pollution of shallow groundwater, and unnecessary costs to the farmer. Nitrogen is applied to grass seed fields in the spring, a time when soils are wet and heavy rainfall can cause surface flow in fields and overland transfer of nitrogen-laden water into nearby waterways. Downward transport of some of this nitrogen beneath the rooting zone of plants can cause it to accumulate in shallow groundwater.

A study of nitrogen movement from grass seed fields to a small Willamette Valley stream (Lake Creek, within the Calapooia River Watershed) indicated that, compared to cultivated riparian zones, noncultivated riparian zones were very effective at removing nitrogen from subsurface water as it drains into a stream (Wigington et al., 2003).  However, most of the water flowing off the grass seed fields traveled over the surface and so had little interaction with the riparian vegetation. Most of the flow came from saturated swales that fed into small channels and then into the stream, so that most of the nitrogen in the runoff water ended up in the stream. The authors concluded that while retaining riparian vegetation is generally beneficial to streams, the benefits do not include mitigating nitrogen runoff. Instead they suggest that effective means to control nitrogen runoff from grass seed fields would begin with applying only the minimum amount of fertilizer needed to grow a crop and would ensure that fertilizer application is timed to coincide with periods of drier weather.

The above studies indicate a much higher level of nitrogen runoff from agricultural lands than from forest land. The environmental consequences of excessive nitrogen runoff are not fully known. Since most runoff occurs in the winter and spring when stream levels are high, much of the excess nitrogen is quickly transported to the Willamette River and then to the ocean. Probably the most obvious consequence of nitrogen leaching is the pollution of shallow groundwater areas, some of which are tapped by watershed residents for drinking water.

Recommendations

Nitrogen fertilizer is usually created from natural gas and recent price increases in natural gas have also caused the price of nitrogen fertilizer to increase sharply. Increasing fertilizer costs are likely to motivate farmers to determine how to minimize its use and to how to keep more of it on site. Avoiding application of fertilizer during wet periods, skipping over swales that have transient streamflow during rainfall, and using only the minimum amount needed for the desired crop response can help minimize off-site effects.  

Nitrate pollution of shallow ground water is probably the most obvious environmental side effect of fertilizer use and manure concentration on agricultural lands. The testing of wells used for drinking water can help protect people from any harmful effects. The most vulnerable individuals are pregnant mothers and young babies; nitrate concentrations of 10 mg/L or greater represent a health hazard to them. Shallow wells are more likely than deeper wells to exhibit problems with nitrate pollution. Also, wells are more likely to have high nitrate levels when close to fertilized fields or near concentrations of manure.

Phosphorus

In concert with nitrogen, phosphorus controls the amount of algae found in the Pudding River and its tributaries from spring through fall. Phosphorus is usually the scarcer of the two nutrients, especially from April to June when algae productivity is highest. Only orthophosphates, the soluble reactive component of total phosphorus in the water, is available for uptake by plants. The remaining phosphorus attaches itself to soil particles and is held tightly within the types of soils found in the Willamette Valley, even during heavy rainfall. Phosphorus is commonly found in treated wastewater from sewage treatment plants and meat packing plants.

Available information

Quarterly to monthly orthophosphate data are available from the U.S. Geological Survey for the years from 1993 to 2003 for Zollner Creek at Monitor-McKee Road and for Little Abiqua Creek. Similar data from 1985 to 2004 are available from the Oregon Department of Environmental Quality for the Pudding River at Highway 99.

Findings

Phosphorus available for biologic uptake in Little Abiqua Creek, a forested watershed, is practically non-existent from April through August (Figure 2-10), which reflects the ability of these environments to cycle phosphorus tightly. With average orthophosphate concentrations of only 0.015 mg/L as P, additional algae productivity in this stream is most certainly controlled by a lack of phosphorus. Zollner Creek has phosphorus levels (0.15 mg/L as P) (Figure 2-11) that currently average ten times that of Little Abiqua Creek, while current levels in the lower Pudding River (0.09 mg/L as P) (Figure 12) are six times that of Little Abiqua Creek. Agricultural runoff is likely a contributor to the high values observed in Zollner Creek and a combination of agricultural runoff and treated wastewater from point sources is likely a contributor to high values for the lower Pudding River.

April monitoring of soluble reactive phosphorous concentrations (similar to orthophosphate concentrations) within 18 streams of the Pudding and Mollala Watersheds in the early 1990’s (Rinella and Janet, 1998) showed that phosphorus values were greater in sub-basins that had a greater percentage of land in agricultural use (Figure 2-13).
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Figure 2-10. Orthophosphate concentration in Little Abiqua Creek, a forested watershed, during the algae growing season (April through August). Data from the U.S. Geological Survey.
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Figure 2-11. Orthophosphate concentration in Zollner Creek, an agricultural watershed, during the algae growing season (April through August). Data from the U.S. Geological Survey.
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Figure 2-12. Orthophosphate concentration in the lower Pudding River during the algae growing season (April through August). Data from the Oregon Department of Environmental Quality.
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Figure 2-13. Increases in soluble reactive phosphorus for 18 Pudding and Molalla sub-basins with increases in percent of area in agriculture (Rinella and Janet, 1998).  
A case study of five drainages in the Pudding Watershed monitored in 1994 and 1995 provides another example of how land use influences phosphorus concentrations in streams. Data were collected five times from July through September and during five storms from October through February at the locations shown in Table 2-6. Agricultural land upstream of the monitoring point ranged from 0.5% for the forested North Fork Silver Creek to 93.2% for Zollner Creek.

Summer orthophosphorus concentrations in Zollner Creek were over 20 times higher in Zollner Creek than they were in the forested North Fork Silver Creek (Table 2-7). The orthophosphorus concentrations in Beaver Creek were low and about the same as in North Fork Silver Creek. Most available phosphorus had been up taken by algae in these streams. The lower Pudding River site had somewhat elevated orthophosphorus concentrations that were about one-third of Zollner Creek.

Total phosphorus loads expressed as pounds of phosphorus per square mile of drainage area during winter storms averaged 4.5 times higher for Zollner Creek than for the forested North Fork Silver Creek (Table 2-7). Winter phosphorus loads for Beaver Creek were about the same for Beaver Creek and North Fork Silver Creek. 

Table 2-7. Phosphorus concentrations during the summer and loads during winter storms for five locations in the Pudding Watershed (Tetra Tech, 1995).

	Stream
	North Fork

Silver Creek
	Pudding

River
	Upper Beaver Cr
	Lower Beaver Cr
	Zollner

Creek

	Location
	Hwy 214
	Hwy 99E
	Sunnyview Rd
	Kaufman 

Rd
	Monitor-McKee Rd

	Drainage area (sq. mi.)
	13.6
	483.0
	3.2
	7.8
	15.0

	Land use (% of total)

    Agriculture – grass /wheat

    Agriculture – other

     Forest

     Other
	0.0

0.5

99.5

0.0
	13.0

52.0

33.0

2.0
	56.8

30.1

9.8

3.3
	48.4

40.3

9.2

2.1
	34.6

58.6

4.0

2.8

	July-Sept. 1994 orthophosphorus concentration; average of 5 samples (mg/L as P)
	0.02
	0.16
	0.01
	0.02
	0.47

	Winter 1994-1995 total phosphorus load; (lb/sq.mi. as P)

     October storm

     November storm

     December storm

     January storm

     February storm

     Average
	50

3

10

31

50

29
	44

7

69

70

91

56
	14

0

7

7

28

11
	3

3

23

31

54

23
	141

21

131

129

234

131


Discussion

Decreases in orthophosphate concentrations in recent years for both Zollner Creek (Figure 2-11) and the lower Pudding River (Figure 2-12) suggest that upstream improvements have been made in wastewater disposal, controlling soil erosion, or both. The decision by the City of Woodburn to use wastewater from the sewage treatment plant to irrigate poplar plantations during the growing season may be responsible for eliminating the high phosphorus concentrations that were observed in the lower Pudding River during the late 1980’s. However, orthophosphate concentrations are still many times greater than those observed in forested sub-basins and, given an abundance of nitrate in the water, are capable of fueling algal blooms.

Recommendations

Recommendations will be developed through the Watershed Council process.
Dissolved Oxygen

Most mountain rivers are well-aerated as they tumble through riffles or over cascades.  Oxygen concentrations are supplemented during the day by the oxygen produced by algae growing on the channel substrate or suspended in the water column. The main channel of the Willamette River between Eugene and Corvallis is an example of a well-aerated river. Throughout a typical August day and night, dissolved oxygen concentration remain high, ranging from about 9 to 10 mg/L, with the highest values in early evening (Figure 14). Dissolved oxygen levels are close to 100 percent of saturation with some supersaturation (up to 110 percent) occurring by early evening due to the extra oxygen created by algae. However, dissolved oxygen concentrations within off-channel portions of the Willamette can be far different from those of the main channel. For example, the water within an alcove near the Willamette River main channel site illustrated in Figure 14 had much less oxygen, and values varied widely from morning to afternoon.  Alcoves are like side channels except that they have no surface flow connection to the river at their upstream ends and so do not have moving water. Dissolved oxygen concentrations in the alcove are about 8 mg/L in mid-afternoon but drop to levels that are unfavorable for many native fish by morning (2.5 mg/L).
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Figure 2-14. Changes in dissolved oxygen levels for a main channel site and an adjacent alcove site at river mile 135.4 of the Willamette River over a typical 24-hour period in August. Data from the EPA Research Laboratory, Corvallis.
Dissolved oxygen levels are lower in the alcove because of a lack of aeration stemming from an absence of riffles and water flow, and because of bacterial respiration of organic matter in the water. Oxygen is supplemented by the algae suspended in the water column, which photosynthesize during the day. In the case of the alcove, however, levels remain below 100% saturation. The algae stop producing oxygen at night, and the respiring bacteria bring the oxygen concentrations down to very low levels by early morning. 

Much of the Pudding River and the lower reaches of the larger tributaries have characteristics similar to the alcove illustrated in Figure 2-14. Stream velocities are slow due to low channel gradients and low summer flows. Furthermore, organic compounds dissolved in the water and resting on the channel surface provide an abundant food supply for respiring bacteria. Dissolved oxygen concentrations in a stream can be a concern because some fish are sensitive to low concentrations. Warmwater fishes can tolerate dissolved oxygen concentrations as low as 2 mg/L and coolwater fishes such as trout and salmon usually prefer waters with concentrations of 5 mg/L or greater. Where spawning of trout and salmon successfully occurs in a watershed, the water is usually highly oxygenated (greater than 8 mg/L) during the time of year when eggs are in the gravels.

Available information
Dissolved oxygen measurements taken approximately monthly have been gathered by the Pudding Watershed Council at 16 sites throughout the watershed from 2002 to 2004.  Those measurements taken in August and September, the time when dissolved oxygen levels are typically at their yearly low, are summarized in Table 2-8.  

Results 

The dissolved oxygen measurements at the 16 Pudding watershed sites were typically collected between 10 AM and 3 PM, a time when rapid changes in dissolved oxygen concentrations would be expected because of oxygen supplementation by algae. Consequently, the dissolved oxygen values shown in Table 2-8 are probably higher than would be expected if measurements had been taken in the early morning.  

Dissolved oxygen concentrations were typically high (8 to 10 mg/L) in streams that had a higher gradient and were therefore constantly aerated as the water moved downstream (Abiqua Creek, Butte Creek, and portions of Silver Creek). Silver Creek had lower oxygen concentrations (6 to 7.5 mg/L) at the Cascade Highway Bridge and immediately upstream of Silverton but reasons for these differences are unclear since the stream has a gradient sufficient to cause aeration of the water. The Pudding River and Zollner Creek sites had the lowest dissolved oxygen concentrations (4 to 7 mg/L), which is probably a reflection of the low channel gradients and the greater amount of available organic matter.  Organic matter comes from other natural and human sources, including dead algae, streamside vegetation, manure, farm fields, urban runoff, and industrial discharges.

Discussion

The dissolved oxygen values measured throughout the watershed in late summer are not low enough to negatively affect fish. Although spawning chinook salmon require highly oxygenated water, these fish would already be avoiding the lower portions of the watershed where dissolved oxygen levels are lowest because water temperatures are too high and spawning gravels are absent.  Dissolved oxygen levels have typically been measured from mid-morning to mid-afternoon, and early morning values may actually be much lower than reported.  Some native fish, especially trout and salmon, will migrate out of water that reaches very low oxygen levels in the morning (less than 5 mg/L).

Dead algae are a common source of organic matter that bacteria can readily consume and cause oxygen levels to drop. Reducing the amount of phosphorus available to fuel algal growth in a river is one tool for reducing organic matter in the water and thereby reducing bacterial respiration and oxygen demand. It is not known to what extent organic matter cycling by algal growth and dieback is in control of dissolved oxygen levels in the Pudding River or whether it is possible to reduce phosphorus concentrations enough to limit algal growth. Attempts to reduce algal productivity in the nearby Tualatin River by strictly controlling human sources of phosphorus were limited by the plentiful reserves of natural phosphorus in the groundwater (Kelly et al., 1999).

There is some evidence that the concentration of oxygen-demanding material dissolved in the water of the lower Pudding River (measured as 5-day biochemical oxygen demand) is considerably less than it was before about 1992. The biochemical oxygen demand of water samples taken from April to August is today about one-half of those taken 25 years ago (Figure 2-15). Much of this improvement is likely the result of reducing summer discharges of cannery and sewage treatment plant wastewater into the river.  The biochemical oxygen demand of a substance is a measure of how much oxygen is consumed by bacteria and by chemical reactions during a given period (usually 5 days).
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Figure 2-15. Biochemical oxygen demand from 1982 to 2004 for the Pudding River at Highway 99E. Data from the Oregon Department of Environmental Quality.

Recommendations

A better understanding of dissolved oxygen dynamics in the portions of the watershed where streams are not readily aerated by water flowing over riffles could be attained by pairing afternoon measurements (after 2 PM) with early morning measurements (before 9 AM) on the same days in the months of August and September, a time of year when dissolved oxygen levels would be expected to be at their lowest. Previously measured sites where this information would be most valuable include Zollner Creek at Monitor-McKee Road, Pudding River at Selah Springs Road, and Silver Creek at Cascade Highway (upstream of Brush Creek). Investigating discrete sources of organic material (ie, stormwater pipes that have flow during the summer, point industrial discharges, field applications of manure that get transported back to streams through drain tiles or swales) upstream of these sites may help to explain why previously measured dissolved oxygen levels are lower at these sites than at neighboring sites.

Table 2-8. Summary of dissolved oxygen data for sampled streams in the Pudding Watershed for August and September from 2002 to 2004. Data gathered by the Pudding Watershed Council.

	Map #
	Stream and location
	Latitude
	Longitude
	# Samples


	Most common sampling time
	Average dissolved oxygen concentration

(mg/L)

	1
	Butte Cr at Highway 211 (BC1)
	45.1473
	-122.7802
	4
	10:00 AM
	8.1

	2
	Zollner Cr at Monitor-McKee Rd (ZC1)
	45.1005
	-122.8226
	4
	10:00 AM
	6.4

	3
	Little Pudding R at Rambler Rd (LPR1)
	45.0460
	-122.8949
	3
	12:30 PM
	7.7

	4
	Butte Cr via Maple Grove Rd (BC2)
	45.0328
	-122.6374
	2
	2:30 PM
	8.9

	5
	Abiqua Cr at Gallon House Rd (AC1) 
	45.0321
	-122.7981
	4
	2:30 PM
	7.6

	6
	Abiqua Cr (AC2) 
	45.0282
	-122.7372
	5
	1:00 PM
	9.5

	7
	Pudding R at Hazelgreen Rd (PR1) 
	45.0100
	-122.8427
	2
	10:30 AM
	7.1

	8
	Silver Creek upstream of STP* (SC1)
	45.0090
	-122.7959
	2
	1:00 PM
	9.6

	9
	Silver Creek downstream of STP (SC1)
	45.0090
	-122.7959
	2
	1:00 PM
	9.8

	10
	Abiqua Cr down. of S Abiqua Rd (AC3)
	45.0039
	-122.6731
	5
	11:30 AM
	9.8

	11
	Brush Cr at Cascade Hwy (BRC1D)**
	44.9914
	-122.8012
	5
	10:30 AM
	7.5

	12
	Brush Cr at Cascade Hwy (BRC1U)
	44.9911
	-122.8004
	7
	10:30 AM
	6.2

	13
	Pudding R at Selah Springs Rd (PR2)
	44.9846
	-122.8345
	5
	11:30 AM
	4.0

	14
	Silver Cr at 1336 S. Water St (SC2)
	44.9827
	-122.7436
	4
	2:30 PM
	7.0

	16
	SF Pudding R at Cascade Hwy (PR3 )
	44.8893
	-122.7985
	5
	10:00 AM
	8.2

	17
	NF Silver Creek at Hwy 214 (SC3)
	44.8840
	-122.6193
	5
	12:30 PM
	9.9


*  Sewage treatment plant
**  Downstream of inputs from the Oregon Gardens wetlands. 

Pesticides and Other Toxics 

Pesticides used in the watershed include herbicides, fungicides, and insecticides. The pesticide reporting system established by the Oregon Legislature in 2000 was never funded to the point of yielding results so little is known about current pesticide use and application rates within the Pudding River Watershed. But, it can be assumed that most pesticide use in the watershed is related to the dominant agricultural crops which include grass seed, vegetables, orchards, and ornamental plant nurseries.

Pesticides, like most man-made substances, are harmless to humans and animals at very low concentrations but can be harmful at higher concentrations. The science of determining the concentration at which pesticides become harmful to humans and animals is incomplete. While it is relatively easy to determine the concentration at which a pesticide causes animal mortality (usually a very high concentration that is seldom observed outside of laboratory experiments) the consequences of chronic exposure to low concentrations is often unknown.  Pesticides can cause non-lethal effects in humans and animals such as changes to reproductive success and the ability to ward off disease. The Environmental Protection Agency has determined what are called Maximum Contaminant Levels for some pesticides and these serve as indicators of what might be maximum safe levels of exposure. These guidelines are updated as new information becomes available and are frequently challenged as being too high or too low by various interest groups.  In the following we do not make independent judgments on whether pesticide concentrations measured in the Pudding Watershed are safe or, alternatively, dangerously high. For pesticides that have a Maximum Contaminant Level or a lethal concentration, we provide this information to serve as a comparison.  

In general, insecticides are more likely to affect humans and animals than would herbicides and fungicides. This is because humans and animals are more similar to insects than to plants and fungus. Most insecticides usually act upon the central nervous system of insects, a feature that humans and other animals share. In the following discussion the general term, pesticides, is used to include the chemicals that are either insecticides, herbicides, or fungicides.

Available information

A study of 51 Willamette Valley streams by the US Geological Survey from 1993 to 1995 indicated that pesticides of various types could be detected in most streams, except where a high proportion of the watershed was forest land (Rinella and Janet, 1998).  Atrazine and simazine, common herbicides used to eliminate broad-leaf and grassy plants, were found in 94% and 84% of samples, respectively (Table 2-9). Metolachlor, a selective herbicide, was found in 79% of samples. Diuron, a broad-based herbicide commonly used to prepare grass seed fields prior to replanting, was found in 59% of samples. The insecticide, diazinon, commonly used to kill a wide variety of sucking and leaf eating insects, was found in 54% of the samples. The concentrations of these pesticides found in Willamette Valley streams were far less than the values associated with trout mortality (Table 2-9). 

Table 2-9. The five most common pesticides found in samples from Willamette Valley streams from 1993 to 1995 (from Rinella and Janet, 1998).  

	Pesticide
	Type
	Percent

detections
	Detection limit

ug/L
	Median concentration

ug/L
	Maximum

concentration
ug/L
	96-hour LC50* for

rainbow trout (ug/L) /

relative toxicity

	Atrazine
	herbicide
	94
	0.001
	0.072
	4.500
	9900 / slight toxicity

	Simazine
	herbicide
	84
	0.005
	0.770
	5.800
	2800 / low toxicity

	Metolachlor
	herbicide
	79
	0.002
	0.022
	3.300
	2000 / low toxicity

	Diuron
	herbicide
	59
	0.020
	0.540
	14.000
	3500 / low toxicity

	Diazinon
	insecticide
	54
	0.002
	0.016
	1.200
	90-140 / moderate toxicity


*Pesticide concentration at which 50% of rainbow trout will die when exposed for 96 hours.

In a companion study, the U.S. Geological Survey found that the concentration of the atrazine (an herbicide), in sub-basins of the Pudding and Molalla watersheds to increase with increasing percent of the watershed in agricultural use during the spring (Figure 2-16). Subsequent sampling during the summer, a time when overland and shallow groundwater movement rarely occurs, indicated no correlation between atrazine concentrations in streams and percent area of the sub-basins in agriculture. 
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Figure 2-16. Concentrations of the herbicide, atrazine, in sub-basins of the Pudding and Molalla watersheds with various percentages of their watersheds having agricultural use.  Data from the U.S. Geological Survey.

During the last two decades as field burning has been greatly curtailed, diuron use has increased to eliminate vegetation in grass seed fields prior to replanting. Diuron is a pesticide of concern because it is often detected in shallow and deep ground water (Barbash et al., 1997). Diuron’s presence in ground water is a result of it being moderately soluble in water, having a moderately low tendency to attach to soil particles, and having a moderately long half-life in the soil. However, a study of diuron movement in soil and water was conducted in a grass seed field that bordered an intermittent stream in the mid-Willamette valley (Lake Creek in the Calapooia River Watershed) following an application rate of 2.2 lb/acre in late October (Field et al., 2003) and showed that, over the next 8 months, most of the diuron remained on-site in the surface layers of soil.

We could not find any monitoring studies of glyphosate presence within the streams of the Pudding River Watershed. Since it is commonly used near water, the toxicity of glyphosate on fish has been tested extensively over the last 10 years. One formulation of glyphosate (Rodeo) has federal approval for use in water. Fish have a relatively high tolerance for salt of glyphosate, which is the active ingredient in formulations such as Roundup, Accord, and Rodeo. It is the surfactant used with Roundup that is more toxic to fish. The term commonly used to quantify the toxicity of a compound on fish is LC50. It is the minimum concentration that kills 50% of fish (following 96 hours of exposure) in tank tests. The LC50 for rainbow trout for salt of glyphosate is 140 mg/L (Folmar et al. 1979) but 2-3 mg/L for the surfactant that is included in Roundup (Norris and Dost 1992). The LC50 for salmonids exposed to the combined salt of glyphosate and surfactant ranges from 11-55 mg/L (Table 2-10). A surfactant is used to make the glyphosate stick to vegetation so it can be absorbed through the leaves. It also makes the leaf surface more receptive to the entry of the glyphosate. In the discussions below, references to glyphosate include the formulation of salt of glyphosate plus its surfactant.

The vegetation conditions and the manner in which an herbicide is applied can greatly influence the herbicide concentration to which fish are exposed. When glyphosate was sprayed over streamside areas with no provisions to keep the spray out of the stream, Feng and others (1989) measured peak levels up to 0.16 mg/L in the stream. Following the first rains, concentrations peaked again at 0.11 mg/L. Similarly, Newton and others (1984) measured peak concentrations of 0.27 mg/L when a small forest stream was oversprayed with glyphosate. Rashin and Graber (1993) monitored six clearcuts in Washington that had been sprayed with various herbicides and found glyphosate concentrations never peaked above 0.008 mg/L. Combined with information from Table 2-10, this means that glyphosate concentrations in streams were less than 0.03% of the LC50 acute toxicity concentration for fish when current best management practices were used.

The U.S. Geological Survey conducted a detailed monitoring of four insecticides and six herbicides in Zollner Creek during high flows in April 1993 and during low flows in August 1994 and detected all ten pesticides at the downstream site (river mile 0.4) during 

the April sampling but only four at the upstream site (river mile 5.4) (Table 2-11).  During the August sampling, seven pesticides were detected at the downstream site and six at the upstream site. The EPA has determined a MCL (Maximum Contaminant Level) for only three of the ten pesticides included in the study. Concentrations measured in Zollner Creek for these three pesticides were much less than their respective MCL limits 

Table 2-10. Studies on the toxicity of Roundup and salt of glyphosate on salmonids.

	Study
	Herbicide
	Species
	LC50* Toxicity (mg/L)
	Comments

	Folmar

et al. 1979
	Roundup

Salt of glyphosate only
	Rainbow trout

Rainbow trout
	11

140
	No changes in fecundity or gonadosomatic index when exposed to concentrations of Roundup as much as 2 mg/L.

	Servizi

et al. 1987
	Roundup
	Juvenile sockeye

Rainbow trout

Juvenile coho
	28

27

42
	---

	Wan

et al. 1989
	Roundup
	Juvenile coho

Juvenile chinook

Juvenile rainbow
	27

27

15
	---

	Hildebrand et al. 1982
	Roundup
	Rainbow trout
	55
	10-fold and 100-fold increases over recommended aerial application rates (2 lb/ac) resulted in no morality of rainbow trout during field studies.

	Holtby and Baillie 1989
	Roundup
	Juvenile coho
	---
	Some stress and 3% mortality for caged juvenile coho in a side-channel that had been oversprayed. No stress or mortality for free-swimming coho. No changes in fish mortality, growth, or migration of coho 1-2 years after spraying.

	Newton

et al. 1984
	Roundup
	Juvenile coho
	---
	Following aerial application of Roundup (3lb/ac) on a forest brush patch with a small stream flowing through it, half-life of glyphosate on vegetation was 10-27 days and twice as long in the soil. Glyphosate concentrations in stream peaked at 0.27 mg/L and rapidly declined. No detectable amounts of glyphosate found in juvenile coho salmon that lived in stream.


· LC50 is the dose that kills 50% of fish. In the above studies, exposure was for 96 hours.

except atrazine equaled the MCL (3 ug/L) for the April sampling of the downstream site (Table 2-11).

All of the pesticides evaluated in the 1993-1994 Zollner Creek study are still in use today, although diazinon has since been given a Restricted Use label by EPA and therefore can be purchased and applied only by a licensed pesticide applicator. Diazinon is an insecticide that has fallen out of favor because it was once used extensively on golf course grounds and became associated with bird mortality.

The Oregon Department of Environmental Quality has included Zollner Creek on the 303d list for both dieldrin and chlordane, based on sampling done by the U.S. Geological Survey starting in the early 1990’s. From the 1950s until 1970, dieldrin and aldrin were widely used insecticides for crops like corn. Because of concerns about damage to the environment and potentially to human health, EPA banned all uses of dieldrin and aldrin in 1974, except to control termites. In 1987, EPA banned all uses. Sunlight and bacteria change aldrin to dieldrin so mostly dieldrin is found in the environment. Dieldrin binds tightly to soil and slowly evaporates to the air. In soil and water, it breaks down very slowly.  Aldrin rapidly changes to dieldrin in plants and animals. Dieldrin is stored in the fat of animals and people and leaves the body very slowly.

Sampling of dieldrin in Zollner Creek (at Monitor-McKee Road) began in the early 1990’s, a time when concentrations from 0.008 to 0.015 ug/L were being measured (Table 2-11). Monthly sampling to the present has yielded only one other detection of the insectide (0.006 ug/L on April 23, 1997). Regular sampling for dieldrin in lower Pudding River and Little Abiqua Creek since the 1990’s has resulted in no detections. The state water quality criteria for dieldrin are displayed in Table 2-13.

Until 1983, chlordane was used as an insecticide on crops like corn and citrus and on home lawns and gardens. Because of concern about damage to the environment and harm to human health, the Environmental Protection Agency (EPA) banned all uses of chlordane in 1983 except to control termites. In 1988, EPA banned all uses. Chlordane sticks strongly to soil particles at the surface and is not likely to enter groundwater. It can stay in the soil for over 20 years. It breaks down very slowly and builds up in the tissues of fish, birds, and mammals.

It is puzzling why Zollner Creek is on the 303d list for chlordane since it has not been detected within water samples (Table 2-12). It was detected within bed sediments as cis-chlordane in September 1992 and 1993 at concentrations of 1ug/kilo, but was not detected during a later August 1997 sampling.  Sampling for chlordane in the lower Pudding River has also not resulted in any detectable concentrations within either the water or sediments.

Zollner Creek is on the 303d list for arsenic based on three samples taken in 1991 and 1993 (Table 2-12). Concentrations in the water were 1 ug/L which greatly exceeds the state water quality standard for drinking water. Zollner Creek is not used by nearby residents for drinking water.  A single sampling of lower Pudding River for arsenic in 1993 resulted in no detectable concentrations of arsenic (< 1 ug/L). The source of the arsenic is unclear but it could be from a since-banned insecticide that contained arsenic.

The lower Pudding River is on the 303d list for DDT (dichlorodiphenyltrichloroethane), a pesticide once widely used to control insects in agriculture and insects that carry diseases such as malaria. Its use in the United States was banned in 1972 because of damage to wildlife, but it is still used in some countries. DDE is a breakdown product of DDT.  DDT, and especially DDE, build up in plants and in the fatty tissues of fish, birds, and other animals.  Sampling for DDT in 1994 showed DDT in both the lower Pudding River and Zollner Creek at concentrations of 0.002 ug/L (Table 2-12).

Table 2-11.  Pesticide monitoring of Zollner Creek in 1993 and 1994.  Data from the U.S. Geological Survey.

	Pesticide
	Use
	EPA

toxicity class
	EPA

use 

class
	EPA

Maximum

Contaminant

Level

(ug/L)
	Pesticide concentration (ug/L)

	
	
	
	
	
	Downstream Zollner Creek site

River mile 0.4
	Upstream Zollner Creek site

River mile 5.4

	
	
	
	
	
	April 1993

High flow
	August 1994

Low flow
	April 1993

High flow
	August 1994

Low flow

	Alachlor
	Herbicide
	Slightly toxic
	Restricted
	2
	0.110
	<0.002
	0.009
	<0.002

	Atrazine
	Herbicide
	Slightly toxic
	Restricted
	3
	2.98
	0.12
	0.26
	0.39

	Carbaryl
	Insecticide
	Moderately toxic
	General
	-
	0.008
	<0.008
	<0.008
	<0.008

	Chlorpyrifos
	Insecticide
	Moderately toxic
	General
	-
	0.010
	0.015
	<0.004
	0.025

	Diazinon
	Insecticide
	Moderately toxic
	Restricted
	-
	0.015
	0.026
	<0.002
	0.008

	EPTC
	Herbicide
	Slightly toxic
	General
	-
	0.007
	0.020
	<0.002
	0.017

	Fonofos
	Insecticide
	Highly toxic
	Restricted
	-
	0.008
	0.005
	<0.003
	<0.003

	Metolachlor
	Herbicide
	Slightly toxic
	General
	-
	0.083
	0.036
	0.039
	0.790

	Pendimenthalin
	Herbicide
	Slightly toxic
	General
	-
	0.008
	<0.004
	<0.004
	<0.004

	Simazine
	Herbicide
	Practically nontoxic
	General
	4
	1.37
	1.30
	0.31
	0.03


Table 2-12. Selected pesticides and other toxics sampled from 1993 to 2003 in Zollner Creek, lower Pudding River, and Little Abiqua Creek. Data from the U.S. Geological Survey.

	Parameter
	Zollner Cr*
	Pudding River at Hwy 99E**


	Little Abiqua Cr

	
	Date
	Value (ug/L)
	Date
	Value (ug/L)
	Date
	Value (ug/L)

	Dieldrin;

in water, filtered
	4/14/93
	<0.001
	4/14/93 to

1/29/97
	34 samples

<0.001
	8/3/93 to

6/8/2000
	27 samples

<0.001

	
	4/26/93
	0.008
	
	
	5/8/2001 to

9/25/2002
	12 samples

<0.005

	
	6/1/93
	0.011
	
	
	
	

	
	6/24/93
	0.015
	
	
	
	

	
	7/14/93
	0.009
	
	
	
	

	
	7/27/93 to 4/16/97
	31 samples

<0.001
	
	
	
	

	
	4/23/97
	0.006
	
	
	
	

	
	10/15/97 to 6/27/00
	34 samples

<0.001
	
	
	
	

	
	7/11/00 to

8/13/03
	48 samples

<0.005
	
	
	
	

	Chlordane;

in water,

unfiltered
	7/27/93 to

5/25/94
	4 samples

<0.1
	5/11/94 to

10/29/94
	4 samples

<0.1
	Not sampled
	-

	Arsenic;

in water,

filtered
	8/19/91
	1
	4/27/93
	<1
	Not sampled
	-

	
	6/1/93
	1
	
	
	
	

	
	7/27/93
	1
	
	
	
	

	DDT;

in water, 

unfiltered
	7/27/93 to

5/25/94
	4 samples

<0.001
	5/11/94 to

5/25/94
	2 samples

<0.001
	Not sampled
	-

	
	10/28/94
	0.002
	10/28/94
	0.002
	
	

	
	
	
	10/29/94
	0.001
	
	

	
	
	
	11/9/94
	<0.001
	
	


* on 303d list for dieldrin, chlordane, and arsenic

** on 303d list for DDT

Table 2-13. State of Oregon water quality criteria for selected toxics.

	Toxin
	Carci-nogen ?
	Protection of aquatic life
	Protection of human health

	
	
	Acute

criteria


	Chronic

criteria
	Water and fish ingestion
	Fish ingestion 

	Dieldrin
	Yes
	2.5ug/L
	0.0019ug/L
	0.000071ug/L
	0.000076ug/L

	Chlordane
	Yes
	2.4ug/L
	0.0043ug/L
	0.00046ug/L
	0.00046ug/L

	DDT
	Yes
	1.1ug/L
	0.001ug/L
	0.000024ug/L
	0.000024ug/L

	Arsenic
	Yes
	-
	-
	0.0022ug/L
	0.0175ug/L


Micrograms per liter = ug/L

Discussion

Much of the published data on pesticides and toxics in the Pudding watershed dates back to the 1990s and some information may not reflect current pesticide practices. Some pesticides with known risks to humans and aquatic organisms (ie, chlordane, dieldrin, and fonofos) have since been replaced by safer pesticides. Also, pesticide applicators are likely more aware of the health risks of pesticides than they were several decades ago and do more to ensure their proper application. Rapid changes in the types of crops grown in the watershed are probably resulting in changes to pesticide use. Ornamental plant nurseries are becoming a much larger component of agricultural activities in the Pudding Watershed and demand a different suite of pesticides for their production. The use of pesticides in plant nurseries has not been documented. Insecticide use is likely irregular, corresponding with unusual outbreaks that might affect only certain species of plants.  

Results from pesticide sampling done by the U.S. Geological Survey in 2004 were not available when this chapter was being prepared but may yield useful insights on current pesticide practices and the entry of pesticides into streams.

Recommendations

Recommendations on pesticide and toxic monitoring and best management practices will be developed through the Watershed Council process.  
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Chapter 3. Fish Populations and Aquatic Habitat

Introduction

This chapter summarizes what is known about native and introduced fish populations and habitat in the Pudding River Watershed. It examines native and introduced fish populations through time, aquatic habitat quality, and the natural factors and management practices that influence fish movement through streams. The discussion includes an evaluation of the major influences on key fish populations in the Pudding River Watershed. Water flow patterns, stream habitat, and fish populations change through the seasons and over time in response to natural and human events. Natural events such as floods and droughts help shape stream habitat and affect fish distributions and populations. Human actions, such as construction of roads, diversion of water, and application of land use practices, can modify aquatic and riparian habitat, change fish passage through rivers and tributary streams, and affect fish populations. 

Fish Population Data

The Pudding River anadromous salmon and trout populations—Chinook salmon and steelhead trout—are considered part of the larger Molalla River Sub-basin’s population. In comparison to the Molalla River watershed, the Pudding River historically had smaller runs of steelhead and salmon, and consequently most of the past and current fish management emphasis and information collection focuses on the Molalla system where there are larger runs. Because the two watersheds are considered an integrated system for both steelhead and salmon populations, the combined watersheds are referred to here as the Molalla/Pudding Sub-basin (WRI, 2004, ODFW, 1990). 

The Oregon Department of Fish and Wildlife (ODFW) manages most of the data collection for steelhead, spring Chinook, resident trout and other fish, and is responsible for fish population management. Unfortunately, because the Pudding River Watershed is a less productive salmon and steelhead production area compared to similar sized watersheds in the Willamette basin, there is limited data collection or focused fish management in the watershed (Wayne Hunt, ODFW, personal communication, Salem, 2005). For this reason, this chapter’s evaluation of the Pudding River’s steelhead, spring Chinook, and other fish populations is constrained by incomplete data sets. Fortunately, there are sufficient fish population and aquatic habitat data to permit insights into the relative productivity of the most important streams for anadromous and native fish in the Pudding River Watershed. Most of this chapter focuses on Butte, Abiqua, and Silver Creeks, all of which have Chinook and steelhead runs and recent inventories of stream habitat. Where the data are available, this chapter also provides information on native and introduced fish populations and stream habitats for other tributaries in the Pudding River Watershed. 

Information Sources

Information on Pudding River Watershed aquatic habitat, fish populations, and fish passage barriers was derived from studies, inventories, and other documents produced by the Oregon Department of Fish and Wildlife (ODFW), the Environmental Protection Agency (EPA), and other sources. Stream habitat inventory reports completed by ODFW in 2003 and 2004 provide detailed habitat information for portions of Butte, Abiqua and Silver Creeks. Historic fish population information and insights into changes in stream habitat over time came from stream surveys completed in the 1940s and 1950s. However, during this period the historic fish population estimates were probably overestimated due to extensive hatchery influences (Todd Albury, ODFW, personal communication, Clackamas, 2005). A river navigability study completed in 1979 provided evidence of historic log drives on the river and its tributary streams that still negatively affect fish habitat. The watershed’s fish use patterns and passage barriers are mapped with information supplied from ODFW. 
Fish Populations and Distribution

A variety of native fish species live in the stream, river, and pond habitats of the Pudding River Watershed. Four salmonid species (family Salmonidae) and a number of other native non-salmonid species inhabit the watershed during at least a portion of their life cycles (Table 3-1). The four native salmonid species inhabiting the watershed are spring Chinook salmon, winter steelhead, cutthroat trout, and mountain whitefish. 

The greatest diversity of fish species is found in the lower Pudding River Watershed. At one time or another during the year, most of the fish present in the Pudding River Watershed will be found in the lower portions of the watershed, either as resident fish or as migrators. The most abundant fish species are the non-salmonids, both native and non-native. In the lower watershed, native fish such as three-spine sticklebacks, redside shiners, and suckers are more numerous than trout or salmon. As noted below, the lower watershed also has the greatest abundance and diversity of introduced (non-native) species. In the upper watershed where water temperatures are cooler, this pattern is reversed, with salmonids being the most abundant species and non-salmonids, many of which are warm water species, being a minor component of the species assemblage. While the lower river has fewer salmonids, it is still an essential area for salmon, trout, and other species, because it acts as a migration corridor for native fish, including cutthroat trout, and anadromous winter steelhead, spring Chinook salmon, and Pacific lamprey during parts of their life cycles. Winter steelhead and spring Chinook salmon must pass through the lower and middle portions of the watershed on their way to spawning grounds in Butte, Abiqua and Silver Creeks. 

Anadromous Fish Species

Anadromous fish spend a portion of their lives residing in the ocean and return to the watershed for spawning. Juvenile fish also reside in the streams for a period of time to rear in fresh water before migrating out to the ocean. This section describes the life cycle, population status, and distribution of winter steelhead, spring Chinook salmon, and lamprey. Coho salmon and other non-native salmon and steelhead runs that have been introduced to streams in the watershed are also described. 

Three native anadromous fish species reside in the Pudding River Watershed—spring Chinook salmon, winter steelhead, and Pacific lamprey. Anadromous fish have complex life cycles that include, as adults, migrating upstream through the river network on their way to spawning areas and, as juveniles, moving downstream to the ocean. Therefore, they are vulnerable to predation and human interventions such as passage barriers, fishing pressure, and changes in habitat. Upper Willamette River spring Chinook salmon and winter steelhead, both native to the Pudding River system, are listed as threatened under the Federal Endangered Species Act. Pacific lamprey are listed as an Oregon State Sensitive Species. 
Table 3-1. Names and distribution of native fish documented as residing in the Pudding River and tributaries. Oregon chub (see note below) historically resided in the lower Pudding River Watershed but no longer do (Scheerer, 2000, Wevers et al., 1992, EPA, 1982).
	Salmonid

     Winter steelhead, Oncorhynchus mykiss
     Spring Chinook salmon, Oncorhynchus tshawytscha 

     Cutthroat trout, Oncorhynchus clarki clarki

     Mountain whitefish, Prosopium williamsoni     
	Notes

Willamette spring Chinook and winter steelhead (both anadromous species) were listed as threatened under the federal Endangered Species Act (ESA) in 1999. Factors contributing to their decline include habitat loss, fish passage barriers, altered flow regimes, poor water quality, and the effects of hatchery-introduced fish.  Hatchery fish impacts include competition with native fish for spawning and juvenile rearing areas.

	Non-salmonid

Lamprey

     Pacific lamprey, Lampetra tridentata
     Western brook lamprey, Lampetra richardsoni
Minnows

     Speckled dace, Rhinichthys osculus
     Longnose dace, Rhinichthys cataractae
     Northern pike minnow, Ptycheilus oregonensis

     Redside shiner, Richardsonius balteatus 

Suckers

     Largescale sucker, Catostomus macrocheilus
Sculpins
     Mottled sculpin, Cottus baurdi
     Paiute sculpin, Cottus beldingi
     Prickly sculpin, Cottus asper
     Shorthead sculpin, Cottus confusus
     Reticulate sculpin, Cottus perplexus

     Torrent sculpin, Cottus rhotheus

Other species

    Oregon chub, Oregonichys crameri     

    Sand roller, Percopsis transmontana

    Three-spine stickleback, Gastrosteus aculeatus

    Chiselmouth, Acrocheilus alutaceus

    Peamouth, Mylocheilus caurinus
	Pacific lamprey has been listed as an Oregon state sensitive species since 1993 due to a serious decline in population. Very little is known about population levels or distribution of western brook lamprey.  

Dace occur throughout the watershed, primarily in the Pudding River and the lower portions of its tributaries.

Most suckers occur in the lower watershed, primarily in the Pudding River.

Sculpins occupy streams throughout the watershed, with the greatest abundance in the upper tributaries.

Most of these species occur in the lower watershed of the Pudding River and in permanent and seasonal tributary streams. Oregon chub, Oregonichys crameri, is a small minnow native to the Willamette River basin, and is listed as endangered under the Federal ESA. Chub prefer low gradient tributaries and off-channel habitats such as side channels and sloughs. Their decline has been attributed to loss of habitat, altered flow regimes, and predation. Each of the repeated attempts to locate Oregon chub populations in the Pudding River Watershed has been unsuccessful.  Oregon chub have been reintroduced to selected Willamette Basin watersheds, but not the Pudding River Watershed.   


Winter steelhead
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Figure 3-1. A 31-inch steelhead caught in Butte Creek, spring of 1988. Photo courtesy of Sue Daily, 2005. 

Upper Willamette River Valley Runs

The upper Willamette River winter steelhead population occupies the Willamette River and its tributaries above Willamette Falls at Oregon City. Historically, most of the winter steelhead in the upper Willamette Basin spawned in the North and South Santiam River Sub-basins. There were smaller spawning populations in the Molalla/Pudding and Calapooia Sub-basins, and possibly the Tualatin River watershed (WRI, 2004). As mentioned above, the Pudding River Watershed steelhead are considered part of the larger Molalla/Pudding Sub-basin population. Most winter steelhead spend two years in the ocean before spawning and they can spawn multiple times.

Before the fish ladder at Willamette Falls was constructed, returning adult steelhead were only able to move upstream during the winter and spring high flow periods, because flow conditions at the falls blocked access for steelhead during the fall and summer months. As a consequence, before the construction of the fish ladders summer and fall steelhead populations could not ascend the falls into the upper Willamette River. 

The native late-run winter steelhead and hatchery-produced early-run fish are distinguished by their date of passage at Willamette Falls. Fish ascending the falls before February 15 are considered introduced, non-native, early-run fish and those ascending later are considered native late-run winter steelhead (WRI, 2004). Before the addition of the ladder early-run fish could not ascend into the upper Willamette River. Approximately 10% of the fish that pass Willamette Falls are natural spawners, and the remainder are hatchery fish (WRI, 2004).

Pudding River Watershed Runs

The Molalla/Pudding Sub-basin currently may contain three distinct runs of steelhead: 1) native late-run winter steelhead, 2) introduced early-run winter steelhead (from the Lower Columbia River and Puget Sound populations), and 3) introduced Skamania stock summer steelhead (WRI, 2004). Introductions of early-run winter steelhead were discontinued in 1996 and introductions of summer steelhead were discontinued in 1997 (Wayne Hunt, ODFW, personal communication, Salem, 2005). Only remnants of these introduced stocks are likely to persist. 

Adult winter steelhead are present in the Pudding River Watershed from mid-February through May, with peak spawning in April and May (ODFW, 1990). During this time, the fish live on accumulated fat—they do not eat in fresh water. Steelhead prefer cold streams with basalt bedrock and a range of cobble to gravel substrates for spawning, so most of the past and current winter steelhead spawning in the Pudding River Basin takes place in the streams draining the western slope of the Cascade Range, i.e., in Butte, Abiqua and Silver Creeks. Waterfalls blocking access to the upper portions of the watershed limit spawning habitat, and this is one reason why the Pudding River Watershed is less productive than similar sized watersheds in the Willamette Basin. In addition, steelhead spawning is thought to occur within a fairly narrow range of channel gradients and conditions. Steelhead prefer to spawn in stream areas where channel gradients range from 1% to 5% and where the channels are unconstrained (channels are not restricted by steep hillsides or terraces) with alluvial deposits and cobble substrates (Steel et al., 2004). 

Juvenile winter steelhead spend considerable time in the Pudding River’s tributary streams, usually residing for two years in the watershed before moving downstream to the ocean (Wevers et al., 1992). Juvenile winter steelhead require cold water and deep pools for feeding that also offer cover from predators. They also need access to tributary streams in order to escape high water temperatures in the summer and to find refuge from high flows in the winter. 

Map 8, Fish Distribution and Habitat Inventory Areas, illustrates the potential winter steelhead migratory and spawning habitat in the Pudding River Watershed. The Pudding River itself is a migration corridor for returning adult fish, and out-migrating juveniles also reside for a time in the river. Rock Creek is also considered potential winter steelhead habitat by the Oregon Department of Fish and Wildlife. However, we could not find historic or current documentation of steelhead use in Rock Creek, and knowledgeable individuals were unaware of any such documentation (Wayne Hunt, ODFW, personal communication, Salem, 2005). 

Steelhead Population Data

There are no comprehensive estimates of historical winter steelhead production in the Pudding River Watershed. Most of the historical accounts of steelhead are limited to Butte, Abiqua and Silver Creeks. There are also scattered historical reports of steelhead and salmon use in Drift Creek. A report summarizing stream habitat surveys in the Willamette Basin describes Drift Creek: “According to local reports, no salmon have been seen in Drift Creek for many years, and it was considered of little possible value to migratory fish” (Parkhurst et al., 1950, p. 41). There are no recent observations of steelhead spawning in Drift Creek, although steelhead can access the stream and portions of the stream have suitable habitat (Wayne Hunt, ODFW, personal communication, Salem, 2004). 

Winter steelhead populations are declining in all of the sub-basins in the Willamette system. The Molalla/Pudding Sub-basin steelhead population is at risk. Based on indices of wild steelhead spawner abundance for the five upper Willamette winter steelhead populations, the winter steelhead population of the Molalla/Pudding Sub-basin has a more than 20% chance of extinction within 20 years (Chilcote, 1998). A time series measuring redd densities (salmonid egg nest densities) from the sub-basin shows a declining trend from 1980 to 2000 (WRI, 2004). 

Butte Creek

There are contrasting historical accounts of steelhead runs in Butte Creek. A 1940s habitat survey concluded that: “There is practically no available spawning area in this stream, and no runs of salmon have been reported.” (Parkhurst et al., 1950, p. 39). In contrast, a report from a 1959 stream habitat survey about Butte Creek stated that: “Fair to good runs of spring Chinook and steelhead have been reported in this stream in earlier years but apparently their presence has not been documented. Some steelhead have been reported at Scotts Mills in recent years…” (Willis, et al., 1960, p. 228). There are approximately 25.8 miles of spawning habitat in Butte Creek (RM 0.0-25.8), (Wevers et al., 1992). Based on the amount of suitable habitat, the watershed probably supported fair historical runs of steelhead.  

Abiqua Creek

Historically, Abiqua Creek supported the largest steelhead spawning populations in the Pudding River Watershed. The 1959 stream survey report stated that: “Abiqua Creek produces more salmonids than other tributaries of the Pudding River. The more important tributaries of Abiqua Creek are: Powers; Alder; and Little Abiqua Creeks” (Willis, et al., 1960, p. 234). ODFW considers Abiqua Creek to have the largest winter steelhead runs and the highest quality spawning and rearing habitat in the Pudding River Watershed (Wayne Hunt, ODFW, personal communication, Salem, 2005). There are approximately 15.6 miles of spawning habitat in Abiqua Creek and tributaries (Wevers et al., 1992). The primary steelhead spawning areas are the sections below Abiqua Creek Falls (RM 9.9-20.5), lower Powers Creek (RM 0.0-2.0), and Little Abiqua Creek (0.0-3.0). 

Silver Creek

Silver Creek also supported historical runs of steelhead, although probably not in the numbers supported by Abiqua or Butte Creeks. A 1940s habitat survey stated that: “There were no reports of salmon in Silver Creek, and the stream is of little possible value to spawning fish” (Parkhurst et al., 1950, p. 40). The subsequent stream habitat survey in 1959 observed that: “There are no confirmed accounts of salmon being present in Silver Creek although residents of the area indicated a knowledge of a few Chinook salmon and steelhead in the stream” (Willis, et al., 1960, p. 240).  It is likely that the fish ladder at the Silverton Reservoir is a barrier to steelhead movement above the reservoir (Todd Alsbury, ODFW, personal communication, Clackamas, 2005).

ODFW has conducted periodic steelhead spawning surveys in Butte and Abiqua Creeks. Most of the spawning surveys take place in May (Table 3-2) and count winter steelhead redds (egg nests). While the spawning surveys do not look at the entire length of suitable spawning habitat, they do cover most of the high quality spawning areas. Steelhead spawning counts provide a reliable estimate of the relative spawning productivity from year to year. 

Annual winter steelhead redd densities have varied widely in Butte and Abiqua Creeks, ranging from a high of 31.6 redds per mile in 1985 (Abiqua Creek) to a low of zero redds observed in 1983 (Butte Creek). Abiqua Creek has consistently produced the greatest number of redds per mile, with some of the highest redd densities found among the tributaries surveyed in the Molalla/Pudding Sub-basin. The 31.6 redds per mile recorded in 1985 is the highest density recorded in the sub-basin between 1985-1991 (Wevers et al., 1992). The variations in adult fish counted at Willamette Falls generally follow the trends in abundance for Abiqua Creek steelhead redd counts (Figure 3-2). 

Table 3-2. Winter steelhead redd counts for Butte and Abiqua Creeks, 1966-1999. The stream sections surveyed are as follows: Butte—usually a 1.2-mile section from above Scotts Mills to Mill Creek; Abiqua—usually a 1-mile section below Abiqua Falls, and sporadic surveys of Powers and Little Abiqua Creeks. Observation notes were derived from the field crew survey notes. Although data may have been collected, no redd count information was found for Butte Creek 1992-1999, and Abiqua Creek 1966-1984 and 1987-1988. Data: ODFW, Clackamas, 2005. 

	Year
	Redds / Mile
	Observations

	
	Butte
	Abiqua
	

	1966
	1.7
	--1
	

	1979
	2.5
	--
	Butte: Lower end of section primarily bedrock. Spawning Lamprey. 

	1980
	6.7
	--
	Butte: Redds were generally smaller and less distinct than those observed in the Molalla system. 

	1981
	3.3
	--
	

	1982
	1.7
	--
	Butte: Spawning Lamprey. 

	1983
	0.0
	--
	

	1984
	1.7
	--
	Butte: Redds were old. Poor observation conditions.

	1985
	5.0
	31.6
	Butte: 4 lamprey observed. Abiqua: Surveyed 2.5 miles to base of falls plus 1 tributary. Little Abiqua - 0.6 miles: 15 redds.

	1986
	9.2
	1.8
	Butte: 8 of the redds were old. Abiqua: Surveyed 6.7 miles to base of falls plus 2 tributaries. Powers Creek - 1.5 miles: 2 redds. Little Abiqua - 0.5 miles: 2 redds.

	1987
	9.2
	--
	Butte: Lamprey redds. 

	1988
	5.8
	--
	Butte: Lamprey redds. 

	1989
	2.5
	27
	Butte: Lamprey observed. 

	1990
	5.0
	--
	

	1991
	1.7
	7
	Butte: Poor observation conditions.

	1992
	--
	11
	

	1993
	--
	3
	

	1994
	--
	14
	

	1995
	--
	4
	

	1996
	--
	2
	

	1997
	--
	3
	

	1998
	--
	3
	

	1999
	--
	9
	Abiqua: High flooding must have occurred this winter as some channels changed and new large woody debris was present in the channel. 


1 -- No data, or data were not located. 

Figure 3-2. Upper figure: Counts of upper Willamette River returning adult winter steelhead at Willamette Falls, 1985-2002. Lower figure: Counts of winter steelhead redds per mile in Abiqua Creek, 1985-1999. Redds counts were inventoried over a 1-mile stream section below the Abiqua Falls. Data: ODFW, Clackamas, 2005; Wayne Hunt, ODFW, Salem, 2003Out-migrating juvenile steelhead captured in traps placed in Abiqua and Silver Creeks, 1992-1993 (Data on file with ODFW, Clackamas, 2005).
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In 1992 and 1993 the Oregon Department of Fish and Wildlife monitored juvenile winter steelhead in Abiqua and Silver Creeks. The fish trapping was conducted between January and mid-June as the juvenile steelhead moved downstream on their way to the ocean. The patterns of juvenile winter steelhead abundance followed the redd count trends that showed greater population densities in Abiqua Creek. In both years of observation, Abiqua Creek had more out-migrating juvenile steelhead than Silver Creek (Table 3-3).

Table 3-3. Out-migrating juvenile steelhead captured in traps placed in Abiqua and Silver Creeks, 1992-1993 (Data on file with ODFW, Clackamas, 2005).

	Stream
	Year 

(Capture dates)

	
	1992
	1993

	Abiqua
	142  

(Jan. 22 – Jun. 15)
	89 

(Jan. 4 – Jun. 28)

	Silver Creek
	25 

(Jan. 29 – May 8)
	2 

(Jan. 4 – April 24)


Hatchery Introductions

Significant numbers of hatchery winter steelhead have been introduced into the Pudding River Watershed since the 1960s (Table 3-4). Many of these hatchery fish are of Big Creek (lower Columbia) origin and spawn in January and February, too early to be detected with the standard spawning surveys taken in May (Steel et al., 2004). However, there is also a substantial number of late-run North Santiam (Willamette) stock, which spawn at the same time as native fish and can interfere with native spawning. 

Table 3-4. Hatchery releases of juvenile steelhead into Butte, Abiqua, and Silver Creeks, 1957-1988 (ODFW, 1990). Lower Columbia Big Creek (early-run) and Willamette North Santiam (late-run) stocks were released into the system. 

	Brood Year
	Release Year
	Stock
	Number Released
	Release Site

	1957
	1958
	Big Cr.
	13,815
	Abiqua Cr.

	1968
	1968
	Big Cr.
	385
	Abiqua Cr.

	1968
	1968
	Big Cr.
	300
	Silver Cr.

	1969
	1969
	Big Cr.
	134
	Silver Cr.

	1970
	1970
	Big Cr.
	200
	Silver Cr.

	1971
	1971
	Big Cr.
	200
	Silver Cr.

	1972
	1972
	Big Cr.
	200
	Silver Cr.

	1972
	1973
	Big Cr.
	31,680
	Butte Cr.

	1984
	1984
	No. Santiam
	38,115
	Butte Cr.

	1984
	1984
	No. Santiam
	105,296
	Silver Cr.

	1984
	1984
	No. Santiam
	45,000
	Abiqua Cr.

	1985
	1985
	No. Santiam
	94,022
	Butte Cr.

	1985
	1985
	No. Santiam
	104,343
	Silver Cr.

	1986
	1986
	No. Santiam
	15,193
	Butte Cr.

	1986
	1986
	No. Santiam
	55,318
	Silver Cr.

	1987
	1987
	No. Santiam
	36,384
	Butte Cr.

	1988
	1988
	No. Santiam
	49,083
	Butte Cr.


Harvest

To protect young winter steelhead (which often cannot be distinguished from cutthroat trout), ODFW has restricted fishing in the basin to catch and release with barbless hooks. Winter steelhead harvest records from 1977 through 2000 for the Pudding River and Butte, Abiqua, and Silver Creeks are available and shown in Table 3-5. Winter steelhead have been caught in all of the streams, but most of the fish were caught in Abiqua Creek. During this period, the maximum catch was 253 adult fish in 1979-1980 (Wevers et al., 1992). Current angling regulations allow harvest of adipose-fin-clipped steelhead in the Pudding River Watershed (ODFW 2005).

Table 3-5. Harvest of winter steelhead from Pudding River and tributaries, 1977 - 2000. Harvest is estimated from returns of steelhead tags. The estimate is statistically corrected for non-response bias (Wevers et al., 1992, and Streamnet 2005).

	Year
	Tributary

	
	Pudding River
	Butte Creek
	Abiqua Creek
	Silver Creek

	1976 - 77
	4
	21
	207
	0

	1977 - 78
	15
	32
	111
	0

	1978 - 79
	9
	16
	35
	0

	1979 - 80
	0
	36
	253
	20

	1980 - 81
	0
	59
	10
	18

	1981 - 82
	10
	13
	136
	7

	1982 - 83
	3
	11
	41
	30

	1983 - 84
	0
	6
	71
	13

	1984 - 85
	8
	21
	40
	30

	1985 - 86
	28
	61
	42
	0

	1986 - 87
	12
	40
	30
	10

	1987 - 88
	0
	49
	58
	16

	1988 - 89
	3
	44
	0
	12

	1990 - 91
	12
	19
	--1
	--

	1991 - 92
	3
	16
	--
	--

	1992 - 93
	4
	14
	--
	--

	1993 - 94
	4
	8
	--
	--

	1994 - 95
	0
	4
	--
	--

	1995 - 96
	0
	0
	--
	--

	1996 - 97
	0
	0
	--
	--

	1997 - 98
	0
	0
	--
	--

	1998 - 99
	0
	0
	--
	--

	1999 - 00
	0
	0
	--
	--


1 -- No data, or data were not located. 

Spring Chinook

Upper Willamette Basin Runs

Upper Willamette spring Chinook salmon spawn in tributaries above Willamette Falls. Historically there were six demographically independent populations of spring Chinook salmon in the Upper Willamette system, all of them in systems that drain the west slope of the Cascade mountains: Clackamas, Molalla/Pudding, Calapooia, North Santiam/South Santiam, McKenzie, and Middle Fork Willamette (Meyers et al., 2003). Today four core populations survive in the Clackamas, North Santiam/South Santiam, McKenzie, and Middle Fork Willamette Sub-basins, all of which historically sustained large populations and may have the intrinsic capacity to sustain large populations in the future (WRI, 2004) The other Willamette sub-basins with spring Chinook populations, including the Molalla/Pudding, do not currently have large self-sustaining populations (Meyers et al., 2003). Historically, in comparison to the productive sub-basins, the Molalla/Pudding Sub-basin did not support a large run of salmon.

Before the Willamette Falls fish ladder was constructed, passage by returning adult spring Chinook salmon was possible only during the winter and spring high flow periods, because the timing of the river’s high flows dictated the spawning migration patterns of the fish. Historically, the Willamette River spring Chinook population was an early-run fish that entered the Columbia River system in the winter and early spring season in order to navigate above Willamette Falls. Presently, the run begins entering the Willamette River in February, with the majority of the run ascending the falls in April and May. Spring Chinook enter the Willamette as 3, 4, or 5-year old fish with some jacks (2-year-old male fish) arriving as well.

Pudding River Watershed Runs

The present native spring Chinook salmon run in the Molalla/Pudding Sub-basin is very small or perhaps extinct, consisting of offspring from hatchery populations. The few remaining spring Chinook salmon in the sub-basin spawn in the Molalla River system. A 2002 survey of 16.3 miles of the Molalla River found 52 redds (3.1 redds/mile). Most of these redds were constructed by adipose fin-clipped fish, indicating they were hatchery fish rather than wild (Schroeder et al., 2002). Hatchery releases of spring Chinook salmon have been made in the Molalla/Pudding sub-basin since 1981 in an attempt to restore the population (WRI, 2004). Given the extremely low redd densities and low numbers of spawning hatchery fish, the native Molalla/Pudding spring Chinook salmon population has probably been extirpated, or is close to reaching levels that are not self-sustaining (i.e., it is no longer a viable independent population) (WRI, 2004). 

Chinook migrate into the Molalla/Pudding Sub-basin in late April and May, with the migration continuing into July. The adults will spend the summer residing in pools. The salmon rely on stored fat and do not eat during this period. Spawning begins in late August and peaks in mid-September, though activity can extend into November (Wevers et al., 1992). Because adult spring Chinook reside in pools in the upper Molalla and Pudding River tributaries (primarily Abiqua Creek) over the summer months, their specific habitat needs are important and they are vulnerable to poaching and harassment. Adult spring Chinook prefer cool, deep pool habitat with abundant large wood and cover from undercut banks and logs. Juvenile spring Chinook can also spend considerable time rearing in the Pudding River. Like the adults, juvenile spring Chinook require cold water, and they also need deep pools for feeding and for cover from predators. Access to tributary streams to find refuge from high flows in the winter is also important. 

Map 8, Fish Distribution and Habitat Inventory Areas, illustrates the potential spring Chinook salmon migratory and spawning habitat in the Pudding River Watershed. Spawning habitats are found below the falls in Butte, Abiqua and Silver Creeks. Rock and Zollner Creeks are also considered to be potential spring Chinook salmon habitat by the Oregon Department of Fish and Wildlife. However, we could not find historic or current documentation of salmon use in these streams and knowledgeable individuals were not aware of any such documentation (Wayne Hunt, ODFW, personal communication, Salem, 2005). In a recent sampling of Rock Creek, cutthroat trout was the only salmonid species collected and no juvenile steelhead or Chinook salmon were detected (Ellis Ecological Services, Inc., 2004). Spring Chinook prefer to spawn in larger streams with gradients lower than 2% and large gravel to cobble substrates. The Pudding River is a migration corridor for returning adult fish; out-migrating juveniles also move down the river and may reside for a period, particularly in the winter and early spring months. 

Spring Chinook Salmon Population Data

There is very little information on the historical run size or distribution of the Molalla/Pudding Sub-basin spring Chinook salmon population (WRI, 2004). 

There is evidence that the Molalla/Pudding population was affected early in the settlement of the Willamette Valley. By 1903, the abundance of spring Chinook salmon in the sub-basin had already decreased dramatically (Meyers et al., 2003). Surveys in the Molalla and Pudding River Watersheds in 1940 and 1941 recorded a total of 882 and 993 spring Chinook salmon, respectively, in the two watersheds (Parkhurst et al., 1950). In 1947, Mattson (1948) estimated the run size to be 500 fish. By the 1960s, the sub-basin’s spring Chinook salmon run was believed to have declined to the point where it could no longer sustain its own population (Cramer et al., 1996). The Pudding River Watershed probably did not have a historically large run of spring Chinook salmon and it is possible that the few fish that did return to the Butte, Abiqua, and Silver Creeks were strays from the Molalla River (Wayne Hunt, ODFW, personal communication, Salem, 2005). 

Butte Creek

Historically, runs of spring Chinook were present in Butte Creek, though probably in very small numbers. Based on the 1959 stream habitat survey it was reported that: “Fair to good runs of spring Chinook and steelhead were reported to have been present in Butte Creek in early years but are largely absent now. No positive records of spring Chinook in Butte Creek are available….there may be a minor potential for spring Chinook [production]” (Willis et al., 1960, p. 233). 

Abiqua Creek

Abiqua Creek probably had the largest run of spring Chinook salmon in the Pudding River Watershed. The report of the 1959 stream habitat survey stated that: “Abiqua Creek produces more salmonids than other tributaries of the Pudding River” (Willis et al., 1960). In a 1940 survey of Abiqua Creek it was noted at the Silverton water supply dam that: “Approximately 50 spring Chinooks were held up at the dam until the survey crew removed debris from the fish ladder. Approximately 200 chinook spawners were observed in the next 6 miles above the dam” (Parkhurst et al., 1950, p. 38). This report also noted that within the lower 20-miles of Abiqua Creek: “There is spawning area available for at least 6,000 salmon in the section surveyed” (Parkhurst et al., 1950, p. 38).

Silver Creek

There was probably very little historic spring Chinook spawning in Silver Creek. The report of the 1959 stream habitat survey noted that: “Local residents report that few Chinook…utilize this stream but no information is available to confirm these reports” (Willis et al., 1960, p. 238). The 1940 survey of Silver Creek also noted Silver Creek’s low potential as habitat for spawning spring Chinook: “There were no reports of salmon in Silver Creek, and the stream is of little possible value to migratory fish” (Parkhurst et al., 1950, p. 40). 

Hatchery Introductions

Hatchery spring Chinook salmon were planted in large numbers in Abiqua Creek between 1983 and 1989 (Table 3-6). Hatchery spring Chinook salmon were released in the Pudding River Watershed as recently as 1998 but there have been few recent observations of spawning fish in any of the tributaries (Wayne Hunt, ODFW, Salem, 2005). On October 22, 1998 an ODFW field crew observed five spring Chinook salmon redds, one live fish and four dead fish in Abiqua Creek in a 2.0-mile section below the falls (data on file with ODFW, Clackamas, 2005). 

Table 3-6. Hatchery releases of juvenile spring Chinook salmon into Abiqua Creek, 1983-1989 (Wevers et al., 1992). Most of the released fish were derived from Willamette Basin stocks, though the origins of the 1986-1989 releases are not documented. 

	Brood Year
	Release Year
	Hatchery
	Number Released
	Release Site

	1982
	1983
	Marion Forks
	148,680
	Abiqua Cr.

	1984
	1985
	Willamette
	149,997
	Abiqua Cr.

	1985
	1986
	--
	108,381
	Abiqua Cr.

	1986
	1987
	--
	103,041
	Abiqua Cr.

	1987
	1988
	--
	98,222
	Abiqua Cr.

	1988
	1989
	--
	110,067
	Abiqua Cr.


Harvest

There has been limited angling for spring Chinook salmon in the Molalla/Pudding Sub-basin, with most of the harvest in the Molalla River. The sport catch within the Molalla River for 1988 and 1989 was 218 and 59 fish, respectively (Wevers et al., 1992). Current angling regulations do not allow harvest of salmon in the Pudding River Watershed (ODFW, 2005).

Lamprey

Two species of lamprey are distributed in all of the watersheds of the Willamette Basin. The Pacific lamprey is a large, anadromous, and parasitic species that has received the most research and management attention. The western brook lamprey is a resident (non-anadromous) species that lives in small streams. All of the information used in this summary on the status and life history of Pacific and brook lamprey is derived from Kostow (2002). Pacific and brook lamprey were listed as Oregon State Sensitive Species in 1993 because a serious decline in abundance had been observed since the 1950s. 

Pacific lampreys enter saltwater and become parasitic, attaching to and feeding on a wide variety of fish. It is not known how long they reside in the ocean. They return to freshwater in the lower Columbia River as early as February, with peak spawning numbers passing over Willamette Falls in May and June. After entering tributaries to the Willamette River, the lamprey over-winter before spawning in the spring. Adult Pacific Lamprey do not feed after entering fresh water. Pacific lampreys select gravel substrate for spawning, usually near pools. Juvenile Pacific lamprey (called ammocoetes) live in fresh water for five to seven years. The ammocoetes are filter feeders, primarily residing in the low-gradient portions of the tributaries to the Willamette River. Out-migration to the ocean occurs from November through June, peaking in the spring. There is limited information on the distribution or the population trends of spawning Pacific lamprey in the Pudding River Watershed. Based on counts of migrating adults at Willamette Falls, the basin-wide population appears to be declining. Spawning Pacific lampreys have been observed in Butte Creek during ODFW winter steelhead spawning surveys (see Table 3-2). 

The western brook lamprey is a non-parasitic, resident species that spawns and lives in small tributaries. After becoming adults, they lie dormant until late winter or spring and then spawn. Spawning takes place in gravels upstream of riffles. Adults die after spawning. There is limited information on the distribution or the population trends of spawning brook lamprey in the Willamette Basin and Pudding River Watershed. 

Summer steelhead

Summer steelhead are not native to the Molalla/Pudding Sub-basin. Historically, summer steelhead did not exist in the sub-basin because they could not ascend Willamette Falls due to low flows during their summer migration period. Summer steelhead smolts (Skamania stock) were first released into the Molalla River in 1984 and the practice continued into the 1990s (Wevers et al., 1992). No releases of summer steelhead have been made into the Pudding River and summer steelhead are no longer released into the Molalla River. They are still released into some upper Willamette River tributaries, including the McKenzie, Santiam and Middle Fork Willamette Rivers (WRI, 2004). Although introductions of summer steelhead have ended in the Molalla/Pudding Sub-basin, the fish still ascend the Willamette Falls ladder and are naturally reproducing throughout the basin, including in the Pudding River tributaries.  

The introduced summer steelhead appear to compete with the declining winter-run steelhead population—studies have demonstrated that the summer-run fish have an adverse effect on the native winter-run fish. Most of the summer steelhead spawning occurs in same stream areas where winter steelhead spawn. Summer steelhead redds can reduce winter steelhead spawning areas and the juveniles compete for scarce food supplies and habitat (Chilcote, 1998). 

The Oregon Department of Fish and Wildlife is conducting periodic summer steelhead spawning surveys throughout the Willamette River system. In the Pudding River Watershed, these spawning surveys concentrate on Butte and Abiqua Creeks (Table 3-7). As recently as the winter of 2005, summer steelhead were observed spawning in both streams, with most of the spawning activity in Abiqua Creek. 

Table 3-7. Summer steelhead surveys for Butte and Abiqua Creeks, 2003 – 2005. Survey dates vary. Most surveys were completed in January, February, or March, with some surveys in December. The table does not show data from additional dates where no fish or redds were observed. (Data: Julie Firman, ODFW, Corvallis, 2005.) 

	Stream
	Survey Date
	Adults
	Redds

	Abiqua
	2/6/2003
	--1
	2

	
	3/20/2003
	17
	26

	
	2/25/2004
	2
	10

	
	3/10/2004
	1
	4

	
	3/23/2004
	--
	20

	
	2/16/2005
	--
	4

	
	3/7/2005
	--
	2

	Butte
	3/5/2004
	--
	1

	
	3/25/2004
	--
	5


1 -- No data, or data were not located. 

Coho salmon

The upper reaches of Abiqua Creek and its tributary streams appear to have good potential for silver salmon. The liberations of this species, which was initiated in 1958, should be continued and, if possible, the size of the liberations should be increased (Willis et al., 1960, p. 238). 

Historically, coho salmon didn’t exist in the sub-basin because the fish could not ascend Willamette Falls during their fall migration period. Beginning in 1958, tens of thousands of coho salmon fingerlings were released into Butte, Abiqua, and Silver Creeks (Willis et al., 1960). Coho salmon stocking ended in 1998, but now the fish naturally spawn in Pudding River tributaries (Wevers et al., 1992). Coho fry and spawning adults have been observed during the summer steelhead spawning surveys in Abiqua Creek (Table 3-8). No coho have been observed during spawning surveys of Butte Creek. In addition to Abiqua Creek observations, coho salmon have been noted in Drift Creek (Wayne Hunt, ODFW, personal communication, Salem, 2005). Coho have also been observed in Silver Creek. On November 19, 1987 an ODFW field crew observed seven coho redds, twelve live fish and six dead fish in Silver Creek in a 2.5-mile section beginning at Silverton Park dam (Data on file with ODFW, Clackamas, OR).  

Table 3-8. Coho salmon adults and fry observed when conducting summer steelhead surveys, 2003-2005. All coho salmon were observed in Abiqua Creek—there were no sightings in Butte Creek during the summer steelhead surveys. The observations are from two surveyed sections of Abiqua Creek: Green Railroad Bridge above Little Abiqua to Cedar Creek and a Tributary that is 1 Mile below Abiqua Falls to Abiqua Falls. The table does not show data from additional dates where no fish or redds were observed. (Data: Julie Firman, ODFW, Corvallis, 2005.)

	Survey Date
	Observations

	3/23/2004
	Observed numerous coho fry

	12/3/2004
	54 coho redds, 9 live adults, 20 dead adults

	12/20/2004
	9 coho redds

	3/7/2005
	Coho fry present


Native and Introduced Resident Trout

Cutthroat trout

Willamette cutthroat trout, a subspecies of coastal cutthroat (Onchorynchus clarki clarki), are native to the Pudding River Watershed. All of the cutthroat trout in the Pudding River and tributary streams are resident. There are no anadromous forms because the river is upstream of Willamette Falls. There is a potential for cutthroat trout that migrate to the Willamette River (Wevers et al., 1992) to reside here. 

The resident cutthroat trout in the Pudding River Watershed are of two population types: fish that move and breed within an interconnected stream system and fish that exist in isolated populations above impassable natural barriers such as waterfalls, or fish passage barriers that have resulted from land-use practices (such as road-crossing culverts or dams) (WRI, 2004). Among cutthroat trout restricted to small tributaries, the youngest age classes (ages 1 and 2) predominate, while large streams can have a number of older fish (ages 2 and 4) (Wevers et al., 1992). In a study of Molalla River cutthroat trout populations, the collected fish were primarily two years old, and ranged in size from 4.8- to 8.2-inches (Wevers et al., 1992). Cutthroat trout usually spawn in small tributaries, and the Willamette Basin populations have a long spawning period that extends from January through July (WRI, 2004). Spawning also takes place earlier in valley floor streams and later in mountain tributaries, with the timing related to water temperature patterns and runoff (WRI, 2004). 

Cutthroat trout have the widest distribution of any salmonid (trout and salmon) in the Pudding River Watershed. Cutthroat spawn and reside in the Pudding River and most of the tributaries. Isolated populations have been identified by ODFW above waterfalls in Butte, Abiqua Creek, Silver and Drift Creeks. Map 8, Fish Distribution and Habitat Inventory Areas, illustrates the known range of cutthroat trout in the tributaries and the isolated populations above the waterfalls. Cutthroat trout probably extend further into small tributaries, but these areas have either 1) not been inventoried and/or 2) the distribution information was not located for this assessment.

Very little is known about the status of cutthroat trout populations in the Pudding River Watershed. The status of the population must be inferred from studies in the Molalla and other watersheds. For example, population estimates were made over the course of eleven years for an isolated population in a Molalla River Tributary, Dead Horse Canyon Creek. This creek had no other salmonids and very little angling pressure. Population fluctuated annually, but remained relatively stable over time, averaging 2,644 trout per mile (House, 1995).  However, other native and introduced salmonids are probably affecting cutthroat trout abundance in the Pudding River Watershed. Where steelhead or coho salmon and cutthroat trout coexist, cutthroat trout abundance is often depressed (Wevers et al., 1992). 

Although there is very little information on the status of Pudding River Watershed cutthroat trout populations, the numbers of fish have probably declined, particularly in the lower portions of the tributaries. Historically, there was excellent native cutthroat trout fishing in a number of lower watershed streams, including Zollner Creek and the Pudding River (Douglas Bochsler, watershed resident, personal communication, 2005).

Introduced trout

Rainbow trout were first introduced into the Pudding River Watershed as far back as the 1920s (Wevers et al., 1992). Fish were stocked throughout the watershed, including areas above falls on Butte, Abiqua and Silver Creeks (Wayne Hunt, ODFW, personal communication, Salem, 2005). Hatchery rainbow trout were released in greater numbers into the Pudding River tributaries during the 1970s and 1980s. Most of the hatchery stocking focused on Abiqua Creek, where an annual average of 2,510 rainbow trout were released between 1978 and 1980 (Wevers et al., 1992). Hatchery rainbow trout compete with native juvenile winter steelhead, which can reduce survival of the steelhead. Most of the releases of hatchery rainbow trout were discontinued in the 1990s due to concerns over declining steelhead populations.

Brook trout, which are also not native to the Pudding River Watershed, were released into tributaries in the watershed in the 1920s and 1930s. Beginning in the 1960s and continuing through the early 1980s, brook trout were released only into lakes (Wevers et al., 1992). Populations of brook trout are established in the headwater lakes of Butte and Abiqua Creek, but no self-sustaining populations have yet to be found in the outlet streams (Wevers et al., 1992, Wayne Hunt, ODFW, personal communication, Salem, 2005). 

The only current trout stocking in the Pudding River Watershed is in Silverton Reservoir on Silver Creek. The Oregon Department of Fish and Wildlife stocks large numbers of legal-sized and larger rainbow trout in the reservoir (Table 3-9). Because there are no screens to prevent fish movement out of the reservoir, the stocked trout have access to Silver Creek (Danette Ehlers, ODFW, personal communication, Clackamas, 2005). The adipose fins are clipped on the stocked trout, which distinguishes them from juvenile native steelhead, which  must be released. 

Table 3-9. Oregon Department of Fish and Wildlife rainbow trout stocking schedule for Silverton Reservoir on Silver Creek, 2005 (ODFW, 2005b). 

	Date (week)
	Number / Size

	
	Legal 

(8-inches)
	Larger

	April 25
	3,500
	200

	May 2
	2,100
	500

	June 6
	2,600
	200

	June 20
	2,600
	250

	Total
	10,800
	1,150


Other Native and Introduced Fish Species

Native non-salmonid fish present in the watershed include a variety of minnow and sculpin species, the largescale sucker, and other fish species. There is a greater abundance of non-salmonid fish in the lower watershed, but some species, such as shiners and sculpins, are found throughout the watershed. Most of the fish species in the lower watershed can tolerate higher water temperatures than salmonids can. Generally, high water temperatures and low flows in the summer season favor warm-water species and act as a migration barrier to cold-water species such as trout and salmon, which find high water temperatures to be stressful or lethal (Wevers et al., 1992). There are also a variety of non-native fish in the watershed that are adapted to warm waters. These fish have been “introduced” (either accidentally or intentionally) to the Willamette River and its tributary streams. 

There are few systematic studies of fish populations in the Pudding River and lower portions of its tributaries. A 1982 study completed by the Environmental Protection Agency documents summer fish use and abundance patterns for lower Mill and Rock Creeks (Table 3-10). No trout or salmon were observed in the inventory, and the native fish found included sculpins, redside shiners, northern pike minnow, suckers, and lamprey. Four sand rollers were observed in Mill Creek. The sand roller, a member of the trout-perch family, is native to the Willamette system and inhabits many of the tributaries of the Pudding. This species is a state-listed stock of concern (Wevers et al., 1993). 

Table 3-10. Fish population survey information from lower Rock (RM 3.76) and Mill Creeks (RM 0.90), 1982. Fish counts and species were collected by electrofishing. The data were collected as part of an Environmental Protection Agency (EPA) study of fish populations in Willamette Valley lowland streams (EPA 1982; data on file with ODFW, Clackamas, 2005). 

	Stream
	Survey Date
	Species
	Introduced (I) or Native (N)
	Number

	Rock
	6/30/82
	Bluegill
	I
	6

	
	
	Northern pike minnow
	N
	40

	
	
	Speckled dace
	N
	4

	
	
	Redside shiner
	N
	58

	
	
	Reticulate sculpin
	N
	380

	
	
	Pacific lamprey
	N
	2

	
	8/12/82


	Bluegill
	I
	4

	
	
	Northern pike minnow
	N
	12

	
	
	Speckled dace
	N
	28

	
	
	Redside shiner
	N
	68

	
	
	Largescale sucker
	N
	4

	
	
	Reticulate sculpin
	N
	623

	
	
	Western brook lamprey
	N
	8

	
	9/22/82


	Northern pike minnow
	N
	12

	
	
	Speckled dace
	N
	2

	
	
	Redside shiner
	N
	8

	
	
	Reticulate sculpin
	N
	202

	
	
	Western brook lamprey
	N
	2

	Mill
	6/21/82
	Northern pike minnow
	N
	2

	
	
	Redside shiner
	N
	2

	
	
	Reticulate sculpin
	N
	30

	
	8/10/82
	Redside shiner
	N
	4

	
	
	Reticulate sculpin
	N
	250

	
	
	Torrent sculpin
	N
	10

	
	
	Sand roller
	N
	4

	
	
	Pacific lamprey
	N
	4

	
	9/20/82


	Northern pike minnow
	N
	24

	
	
	Redside shiner
	N
	2

	
	
	Reticulate sculpin
	N
	196

	
	
	Torrent sculpin
	N
	2

	
	
	Sand roller
	N
	4


Non-native warm-water fish are restricted to the main stem of the Pudding River and the lower portions of its major tributaries. Bluegill was the only non-native fish species observed in the 1982 inventory of Mill Creek (EPA, 1982). Other non-native fish observed in the watershed include largemouth bass, warmouth, brown bullhead, black crappie, white crappie, pumpkinseed, green sunfish, channel catfish and yellow perch (Table 3-11). There were numerous releases of these fish into the Pudding River through the 1980’s (Wevers et al., 1992).

Oregon chub are native to lowland streams in the Willamette valley, including the lower Pudding River. Historically, populations of chub were documented in the nearby Molalla River. ODFW performed surveys from 1991-98 to determine chub abundance in the Willamette Valley streams. During this study, one likely habitat on the Pudding was surveyed but no specimens were found (Scheerer, 2000). Because of their preference for off-channel habitats, stream channelization and wetland loss has affected them severely, as has competition from introduced warm-water fish and bull frogs (Scheerer, 2000). Currently, efforts are being made to recover Oregon chub populations through habitat protection and population reintroduction, primarily in upper Willamette River tributaries such as the McKenzie and the Middle Fork of the Willamette.

Table 3-11. Non-native fish species documented in the Pudding River Watershed (Wevers et al., 1992).

	Non-native Species
	Scientific name

	Mosquitofish
	Gambusia affinis

	Yellow bullhead
	Ameiurus natalis

	Brown bullhead
	Ameiurus nebulosus

	Channel catfish
	Ictalurus punctatus

	Goldfish
	Carassius auratus

	Common carp
	Cyprinus carpio

	Largemouth bass
	Micropterus salmoides

	Redear sunfish
	Lepomis microlophus

	Bluegill
	Lepomis macrochirus

	Pumpkinseed
	Lepomis gibbosus

	Green sunfish
	Lepomis cyanellus

	Warmouth
	Lepomis gulosus

	White crappie
	Pomoxis annularis

	Black crappie
	Pomoxis nigromaculatus

	Banded killfish
	Fundulus diaphanous

	Yellow perch
	Perca flavenscens

	Smallmouth bass
	Micropterus dolomieui


Aquatic Habitat

This section describes aquatic habitat in the Pudding River Watershed. Most of the aquatic habitat description applies to portions of Butte, Abiqua, and Silver Creeks and associated tributaries where the Oregon Department of Fish and Wildlife completed habitat inventories in 2003 and 2004. Map 8, Fish Distribution and Habitat Inventory Areas, shows the extent of the habitat inventories. Historic documents and other information are used to describe stream habitat for the Pudding River and those tributaries that were not recently inventoried. 

A number of interrelated components shape streams and thereby determine the quality of stream habitat. Channel habitat type, which is defined by channel gradient and degree of confinement, is one of the components that help form stream habitats. For example, small and steep headwater streams provide very different fish habitat conditions than do the larger meandering channels of the lower Pudding River. Maps 4a and 4b, Channel Habitat Types, provide an indication of the capacity of stream channels to meander and interact with the valley by creating new channels. (See Chapter 1, Introduction and Watershed Overview for a discussion of Pudding River Watershed channel habitat types.) Unconstrained channel types are one component of high quality fish habitat. In the unconstrained areas, the streams flow into the broader valley, which helps divert flow and reduces stream velocities, thereby providing winter habitat for fish. 

The channel habitat type interacts with the other factors that shape streams, such as large wood in the channel, depth and frequency of pools, the frequency of non-pool habitats such as riffles and cascades, and the type of substrate that forms the channel bottom. All of these habitat components are measured during aquatic habitat inventories. Table 3-12 describes the habitat components that interact to form fish habitat. The components described in the table provide a framework for interpreting the aquatic habitat inventory information for Butte, Abiqua, and Silver Creeks and their associated tributaries. Riparian vegetation, which also influences fish habitat, will be covered in Chapter 6, Riparian Areas and Wetlands. 

Historic Impacts on Aquatic Habitat Quality

From the late 1800s through the early 1900s, the Pudding River and tributary streams were used to transport logs from harvest sites to downstream mills (See Chapter 4, History). Figure 3-3 illustrates the impact of log drives on lower Butte Creek. Because the log drives reduced in-channel wood and log jams that had accumulated over centuries, their legacy is still evident. In addition to log drives, wood was also removed from channels by flood events and log jams were removed by government agencies and individuals operating under the misguided notion that log jams were blocking the migration of salmon (McIntosh et al., 2000). Log drives, wood removal from channels, and minimal inputs from riparian trees have reduced the amount of in-channel wood throughout the Pudding River Watershed. This historical legacy of minimal wood in stream channels from past practices reduces the depth and frequency of pools and the quality of fish habitat (McIntosh et al., 2000).

Pudding River and Other Valley Bottom Streams

The Pudding and Little Pudding River, Senecal Creek, Mill Creek, and Zollner Creek flow for the most part across the broad alluvial valley. In addition, a substantial portion of Butte Creek flows across the valley bottom. These low gradient systems are characterized by many long, slow-moving pools and few riffles (Wevers et al., 1992). The Pudding River is primarily a migration corridor for spring Chinook salmon and winter steelhead, and does not provide spawning or juvenile habitat. In a habitat survey of the Pudding River in 1940 it was observed that: “This sluggish mud bottom stream is of value to salmon and trout mainly as a passageway to several of its tributaries” (Parkhurst et al., 1950, p. 38). For the other valley bottom tributaries this survey also noted: “These small, sluggish tributaries to the Pudding River were inspected and found to be of no present or potential value to salmon” (Parkhurst et al., 1950, p. 41).
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Figure 3-3. An historical photo of Butte Creek looking downstream from Hartman Dam (RM 10.25), 1940. The dam was recently removed. The legacy impact of the log drives from the early part of the last century is still evident in the scoured channel and bedrock streambed. Photo courtesy of Oregon State University Archives (OSU, 2005).

Butte Creek

In the summer of 2004, aquatic habitat inventories were completed for 9.8 miles of Butte Creek and 0.90 miles of a tributary known as Tributary “A” (see Map 8, Fish Distribution and Habitat Inventory Areas; the ODFW Aquatic Habitat Inventory Report and reach map is on file with the Watershed Council). Aquatic habitat in Butte Creek was inventoried up to the waterfall that marks the end of winter steelhead distribution. The inventory covered nine reaches of Butte Creek, although no stream habitat information was collected on Reach 6 because the private landowner denied access. (A reach is a stream section, usually between tributaries, with relatively uniform gradient, channel confinement, and land use.) Two reaches on Tributary A were inventoried. Table 3-13 and Figure 3-4 describe the detailed aquatic habitat inventory data. 

Table 3-12. Key components and measures of fish habitat quality measured during aquatic habitat inventories. Adapted from Foster et al., 1998, Jacobsen and Thom, 2001. 

	Habitat Component
	Aquatic Inventory Measure
	Significance for Fish Habitat

	Complexity
	Pools over 3-feet deep, number of complex pools, wood pieces, volume, and key pieces
	Wood volume, pool depth, and number of complex pools are key measures of habitat complexity. Water depth in pools (particularly pools greater than 3-feet deep) and cover from wood are important for providing feeding and resting areas for fish. Large wood helps to create deep, abundant pools and captures gravel substrate, creating spawning areas and contributing to habitat diversity. A pool area of at least 35% of the channel is the habitat quality benchmark established by ODFW. 

Complex pools have more than 3 pieces of large wood associated with the pool. 

Large wood is a minimum of 6" in width and greater than 9' in length. 

Key pieces of wood are a minimum of 23" in width and greater than 30 ft in length. 

Wood volume ratings: low – less than 50 cu. ft. per 100 ft. of channel; medium – 50-250 cu. ft. per 100 ft. of channel; high – greater than 250 cu. ft. per 100 ft. of channel.

	Habitat type
	Percent of the channel area in pools, riffles, cascades, and dry channel
	The number and kinds of habitats indicates the suitability for fish. Pools are important for adult and juvenile fish for feeding and resting. Riffles provide spawning habitat and areas for insect (food) production. An array of habitat types is necessary, and unsuitable habitat can be expressed as the dominance of one habitat type (e.g., the reach might be dominated by riffle habitat).  

	Channel interaction
	Width of the valley, landforms that constrain the channel (e.g., hill slopes or terraces), side channels, and channel gradient
	Most changes in stream channels occur during high flow events. The formation of multiple channels and the ability of the stream to flow into the broader valley in unconstrained sections help divert some flow and reduce velocity, providing winter habitat for fish. Side channels provide habitat diversity, including areas for juvenile fish to escape predation. Channel gradients influence habitat-forming flow velocities, and the distribution of habitats. Most of the high quality holding, spawning, and juvenile areas have channel gradients of less than 4%. Most fish cannot access channels with gradients in excess of 12%.

	Substrate
	Percent of channel area in bedrock, boulders, cobbles, gravels, and silt/sand
	High percentages of silt and sand may indicate poor quality spawning habitat, while cobbles and boulders provide important habitat elements. Large areas covered in bedrock can be a result of limited wood to capture gravels and other materials, or a reduction in upstream sources of gravels and other material such as a dam that retains gravels and other materials. 


In general, Butte Creek had the highest quality habitat of the inventoried streams, with more wood pieces, greater wood volume, and deeper pools. All of the reaches, with the exception of Reach 5, were constrained by hill slopes or terraces. Reach 9 had a gradient of 6%; all of the other reaches had gradients of less than 3%. 

The habitat quality in Butte Creek’s Tributary A, in contrast, was quite low, with no deep pools, very few pieces of wood in the channel, and large areas of the channel underlain by substrates dominated by sands and bedrock. 

The next sections provide a description of the reach characteristics for Butte Creek and Tributary A.

Reach 1 

Reach 1 begins approximately 1000 meters upstream from Milepost 16 before the junction with Butte Creek Tributary A. The Reach extends 884 meters upstream.  

The channel was constrained by alternating hill slopes and terraces. Scour pools (66% of the length of the reach), riffles (16%), and steps (11%) were the primary stream habitats. There were a large number of deep pools and a moderate number of complex pools. Bedrock, cobbles, and boulders were the primary channel substrates. There were very few pieces of wood in the channel and wood volume was low. 

Reach 2

Reach 2 begins at the confluence with Coal Creek and extends 382 meters upstream.

The channel was constrained by alternating hill slopes and terraces. Scour pools (47%), cascades (29%), and riffles (18%) were the primary stream habitats. There were no deep pools (pools greater than 3-feet deep) or complex pools. Bedrock, cobbles, and boulders were the primary channel substrates. There were a moderate number of pieces of wood in the channel and wood volume was also moderate.  

Reach 3

Reach 3 begins at the end of Reach 2 and extends 531 meters upstream.

The channel was constrained by alternating hill slopes and terraces. Scour pools (47%), riffles (25%), and cascades (18%) were the primary stream habitats. There were a large number of deep pools and a moderate number of complex pools. Bedrock, boulders, and cobbles were the primary channel substrates. There were a moderate number of pieces of wood in the channel and wood volume was also moderate.  

Reach 4

Reach 4 begins at the end of Reach 3 and extends 1,691 meters upstream.

The channel was constrained by alternating hill slopes and terraces. Scour pools (40%), rapids (22%), and riffles (19%) were the primary stream habitats. There were a moderate number of deep and complex pools. Cobbles, boulders, and bedrock were the primary channel substrates. There were a moderate number of pieces of wood in the channel and wood volume was also moderate.  

Reach 5 

Reach 5 begins at the end of Reach 4 and extends 3,252 meters upstream.

The reach was unconstrained, with multiple channels in a broad valley floor. Scour pools (26%), riffles (25%), dry units (16%), and rapids (13%) were the primary stream habitats. There were a moderate number of deep and complex pools. Cobbles, gravels, and boulders were the primary channel substrates. There were a large number of pieces of wood in the channel and wood volume was high.  

Reach 6

Reach 6 begins at the end of Reach 5 and extends 1,263 meters upstream. The reach ends approximately 400 meters upstream from the confluence with Fall Creek.

This reach was not inventoried due to denial of property access.  

Reach 7

Reach 7 begins approximately 400 meters upstream from the confluence with Fall Creek.  The reach extends 3,431 meters upstream.  

The channel was constrained by alternating hill slopes and terraces. Rapids (28%), scour pools (25%), and riffles (23%) were the primary stream habitats. There were a moderate number of deep and complex pools. Cobbles, gravels, and boulders were the primary channel substrates. There were a large number of pieces of wood in the channel and wood volume was high. Despite the constrained channel, this reach has the second highest area in side channels (26.3%), which is probably the result of the channel being shaped by the abundant wood present in this reach.  

Reach 8

Reach 8 begins at the end of Reach 7 and extends 3,565 meters upstream ending at the confluence of Looney Creek.

The channel was constrained by alternating hill slopes and terraces. Riffles (28%), scour pools (27%), dry units (17%), and rapids (16%) were the primary stream habitats. There were a moderate number of deep and complex pools. Bedrock, cobbles, and boulders were the primary channel substrates. There were a large number of pieces of wood in the channel and wood volume was high. The abundant wood in the channel probably accounts for the large percentage of the area in multiple channels (20.0%). 

Reach 9

Reach 9 begins at the confluence of Looney Creek and extends 793 meters upstream to Butte Creek Falls.

The channel was constrained by hill slopes. Scour pools (49%), riffles (23%), and rapids (18%) were the primary stream habitats. There were a moderate number of deep and complex pools. Bedrock, cobbles, and boulders were the primary channel substrates. There were a moderate number of pieces of wood in the channel and wood volume was also moderate. 

Tributary A – Reach 1

Reach 1 begins at the confluence with Butte Creek and extends 434 meters upstream. 

The channel was constrained by terraces. Scour pools (51%) and riffles (32%) were the primary stream habitats. There were no deep or complex pools. Sands and silts, bedrock and cobbles were the primary channel substrates. There were very few of pieces wood in the channel and wood volume was low.

Tributary A – Reach 2 

Reach 2 begins at the end of Reach 1 and extends 962 meters upstream. 

The channel was constrained by alternating hill slopes and terraces. Scour pools (56%), riffles (23%), and rapids (18%) were the primary stream habitats. There were no deep pools, but there were a large number of complex pools. Sands and silts, bedrock, and cobbles were the primary channel substrates. There were very few pieces of wood in the channel and wood volume was low.

Table 3-13. A summary of Butte Creek aquatic habitat inventory information (ODFW, 2005b). Butte Creek and one unnamed tributary were surveyed between July 1 and August 4, 2004. Reach 6 was not surveyed because the landowner denied access. 

	Stream / Reach
	Length (Miles)
	Grad(%)
	Dominant Sub-strate1
	% Area in Side Chan
	Large Wood Pieces / 100 ft.
	Key Pieces Large Wood / 100 ft.2
	Large Wood Vol (cu.ft / 100 ft.)
	No. Pools > 3-ft. Deep / 1000 ft.
	No. Complex Pools / 1000 ft.3

	Butte Creek

	1
	0.6
	1.2
	BR (30%)

CO (27%)

BO (17%)
	2.0
	3.17
	0.06
	42.64
	4.21
	2.29

	2
	0.2
	2.0
	BR (45%)

CO (18%)

BO (17%)
	0.0
	5.43
	0.30
	110.86
	0.0
	0.0

	3
	0.3
	2.3
	BR (31%)

BO (21%)

CO (21%)
	0.3
	9.30
	0.12
	150.88
	3.38
	1.28

	4
	1.1
	1.7
	CO (32%)

BO (21%)

BR (13%)
	7.4
	5.94
	0.18
	111.52
	2.62
	1.52

	5
	2.0
	2.1
	CO (35%)

GR (19%)

BO (18%)
	32.9
	12.90
	0.52
	257.81
	1.31
	1.58

	6
	0.8
	--4
	--
	--
	--
	--
	--
	--
	--

	7
	2.1
	2.3
	CO (40%)

BO (20%)

GR (17%)
	26.3
	13.29
	1.25
	442.80
	1.04
	2.13

	8
	2.2
	2.1
	CO (38%)

BO (22%)

GR (16%)
	20.0
	5.94
	0.58
	204.67
	1.28
	1.28

	9
	0.5
	6.0
	BR (28%)

CO (26%)

BO (25%)
	0.0
	8.07
	0.46
	200.74
	2.65
	3.04

	Tributary A

	1
	0.3
	3.1
	SA (25%)

BR (23%)

CO (18%)
	0.0
	1.55
	0.0
	9.84
	0.0
	0.0

	2
	0.6
	1.8
	BR (26%)

SA (25%)

CO (18%)
	0.0
	2.16
	0.0
	32.14
	0.0
	7.2


1. Dominate substrate as a percent of channel area. BR = Bedrock; BO = Boulder; CO = Cobble; GR = Gravel;  SA = Sands/Silts. The percentages apply only to the dominant substrates and may not add to 100%.

2. Key pieces of large wood. Key pieces of wood: minimum of 23 in. in width and greater than 30 ft. in length.
3. Number of complex pools. Complex pools have more than 3 pieces of large wood associated with the pool. 

4. -- Reach not surveyed
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Figure 3-4. Stream habitat distribution for Butte Creek and Tributary A. The stream 

habitat inventory was completed in the summer of 2004 (ODFW, 2005b).
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Abiqua Creek

In the summer of 2003, aquatic habitat inventories were completed for 4.8 miles of Abiqua Creek upstream from the Highway 213 Bridge and for 0.70 miles of the lower portion of Powers Creek (see Map 8, Fish Distribution and Habitat Inventory Areas; the ODFW Aquatic Habitat Inventory Report and reach map is on file with the Watershed Council). The inventory covered two reaches of Abiqua Creek. One reach on Powers Creek was inventoried. Table 3-14 and Figure 3-5 describe the detailed aquatic habitat inventory data. 

In general, the inventoried section of Abiqua Creek had poor habitat quality. There is very little wood in Abiqua Creek, and this is reflected in the small number of complex pools of the type formed by wood. Both reaches were constrained by hill slopes or terraces, and had gradients of less than 2%. 

Abiqua Creek’s inventoried tributary, Powers Creek, had an unconstrained channel in a broad valley. The inventoried section of Powers Creek also had poor habitat quality, with no deep pools and very few pieces of wood in the channel.

The next sections provide a description of the reach characteristics for Abiqua and Powers Creeks.

Reach 1 

Reach 1 begins at the Highway 213 Bridge crossing and extends upstream 3,682 meters to the confluence with Powers Creek.  

The channel was constrained by alternating hill slopes and terraces. Scour pools (44%) and riffles (34%) were the primary stream habitats. There were no deep pools (pools greater than 3-feet deep) and very few complex pools. Cobbles and boulders were the primary channel substrates. There were very few pieces of wood in the channel and wood volume was low. 

Reach 2

Reach 2 begins at the confluence with Powers Creek and extends 2,007 meters upstream to the South Abiqua Road crossing.  

The channel was constrained by terraces. Riffles (51%) and scour pools (42%) were the primary stream habitats. There were no deep pools or complex pools. Boulders and cobbles were the primary channel substrates. There were a moderate number of pieces of wood in the channel and wood volume was also moderate.  

Powers Creek – Reach 1

Reach 1 begins at the confluence with Abiqua Creek and extends 1,136 meters upstream to a bridge.  

The channel was constrained by terraces. Scour pools (51%) and riffles (32%) were the primary stream habitats. There were no deep or complex pools. Sands and silts, bedrock, and cobbles were the primary channel substrates. There were very few pieces of wood in the channel and wood volume was low.

Table 3-14. A summary of Abiqua and Powers Creek aquatic habitat inventory information (ODFW, 2004). Abiqua and Powers Creeks were surveyed between July 30 and August 6, 2003.

	Stream / Reach
	Length (Miles)
	Grad(%)
	Dominant Sub-strate1
	% Area in Side Chan
	Large Wood Pieces / 100 ft.
	Key Pieces Large Wood / 100 ft.2
	Large Wood Vol (cu.ft / 100 ft.)
	No. Pools > 3-ft. Deep / 1000 ft.
	No. Complex Pools / 1000 ft.3

	Abiqua Creek

	1
	3.5
	0.7
	BO (29%)

CO (29%)
	10.2
	1.68
	0.03
	24.27
	1.58
	0.82

	2
	1.3
	0.7
	BO (30%)

CO (27%)
	0.5
	0.49
	0.03
	9.18
	1.21
	0.46

	Powers Creek

	1
	0.7
	1.2
	GR (32%)

CO (28%)
	1.8
	0.64
	0.0
	4.59
	0.0
	0.54


1. Dominate substrate as a percent of channel area. BR = Bedrock; BO = Boulder; CO = Cobble; GR = Gravel; SA = Sands/Silts. The percentages are only for the dominant substrates and may not add to 100%.

2. Key pieces of large wood. Key pieces of wood: minimum of 23 in. in width and greater than 30 ft. in length.
3. Number of complex pools. Complex pools have more than 3 pieces of large wood associated with the pool. 

Figure 3-5. Stream habitat distribution for Abiqua Creek and Powers Creek. The stream habitat inventory was completed in the summer of 2003 (ODFW, 2004). 
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Silver Creek

In the summer of 2003, stream habitat inventories were completed for 2.6 miles of Silver Creek (see Map 8, Fish Distribution and Habitat Inventory Areas; the ODFW Aquatic Habitat Inventory Report and reach map is on file with the Watershed Council). The inventory covered two reaches of Silver Creek—0.8 miles within the City of Silverton and downstream, and 1.8 miles between Silverton and the Silverton Reservoir. Table 3-15 and Figure 3-6 describe the detailed aquatic habitat inventory data. 

In general, the inventoried sections of Silver Creek had poor habitat quality. There was very little wood in Silver Creek, very few pools greater than 3-feet deep, and almost no complex pools of the type formed by wood. The channel substrate was dominated by bedrock and cobbles, with very few areas with gravels. All of the reaches were constrained by high terraces. The inventoried reaches had gradients of less than 2%. 

The next sections provide a description of the reach characteristics for Silver Creek.

Silver Creek, West of Silverton – Reach 1 

Reach 1 begins west of Silverton and extends 1,342 meters within the Silverton City limits.

The channel was constrained by high terraces. Scour pools (68%) and riffles (25%) were the primary stream habitats. There were few deep pools and no complex pools. Bedrock and cobbles were the primary channel substrates. There were very few pieces of wood in the channel and wood volume was low. 

Silver Creek, Below Reservoir – Reach 1

Reach 1 begins at the city of Silverton’s Central Street Bridge crossing and extends 2,855 meters to just below the Silver Creek Reservoir Dam.  

The channel was constrained by terraces. Riffles (51%) and scour pools (42%) were the primary stream habitats. There were few deep or complex pools. Bedrock, boulders, and cobbles were the primary channel substrates. There were a moderate number of pieces of wood in the channel and wood volume was also moderate.  
Table 3-15. A summary of Silver Creek aquatic habitat inventory information (ODFW, 2004). Two sections of Silver Creek—one above and one below Silverton—were surveyed between August 21 and August 23, 2003. 

	Stream / Reach
	Length (Miles)
	Grad(%)
	Dominant Sub-strate1
	% Area in Side Chan
	Large Wood Pieces / 100 ft.
	Key Pieces Large Wood / 100 ft.2
	Large Wood Vol (cu.ft / 100 ft.)
	No. Pools > 3-ft. Deep / 1000 ft.
	No. Complex Pools / 1000 ft.3

	Silver Creek – West of Silverton

	1
	0.8
	0.8
	BR (36%)

CO (25%)
	3.5
	0.37
	0.07
	9.84
	1.58
	0.0

	Silver Creek – Below Reservoir 

	1
	1.8
	1.1
	BR (26%)

BO (24%)

CO (24%)
	6.1
	1.00
	0.06
	21.65
	1.40
	0.98


1. Dominate substrate as a percent of channel area. BR = Bedrock; BO = Boulder; CO = Cobble; GR = Gravel; SA = Sands/Silts. The percentages are only for the dominant substrates and may not add to 100%.

2. Key pieces of large wood. Key pieces of wood: minimum of 23 in. in width and greater than 30 ft. in length.
3. Number of complex pools. Complex pools have more than 3 pieces of large wood associated with the pool. 

Figure 3-6. Stream habitat distribution for Silver Creek west of Silverton and below Silver Creek Reservoir. The stream habitat inventory was completed in the summer of 2003 (ODFW, 2004). 
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Summary of Aquatic Habitat Quality 

As noted above, recent stream habitat inventories were completed for portions of Butte, Abiqua, and Silver Creeks and associated tributary streams. Since these are the most important anadromous fish streams in the Pudding River Watershed, it is appropriate to focus habitat inventory efforts in these systems. Because stream systems are dynamic, with rapid changes in channel habitat from floods and land-use practices, it is important to have current stream habitat information. 

Butte Creek has the highest quality habitat of the inventoried streams. The aquatic habitat inventory collected information on the upper portions of Butte Creek above Scotts Mills and to the base of the falls. While there is considerable variability among the reaches, in general, Butte Creek has greater quantities and volume of in-channel wood, and more abundant and deeper pools in comparison to Abiqua and Silver Creeks. Reach 5 of Butte Creek, which is unconstrained with multiple channels and abundant wood, stands out as the highest quality reach. Reach 6, which was not surveyed, also has an unconstrained channel set in a wide valley. Reaches 7 and 8, though constrained, have abundant side channels, which are probably a result of the large wood volumes in these reaches. In the late 1800s and early 1900s, logs were driven down sections of Butte Creek, including Reaches 1 to 4. The log drives, and associated blasting of boulders and other obstructions, cleared large amounts of wood from the stream and help account for the low wood volumes currently found in these reaches. Butte Creek’s Tributary A has substrate that is dominated by bedrock and sands and fines, with very little wood in the system to create pools and capture gravels. 

The Abiqua Creek aquatic habitat inventory reaches included the stream from highway 213 to about one mile upstream of Powers Creek. The habitat in key winter steelhead spawning areas below Abiqua Falls and in Little Abiqua Creek was not inventoried. The inventoried portion of Abiqua Creek is constrained by hill slopes and terraces and there is little wood in the stream and few deep pools. There are accounts of log drives in the section of stream above Powers Creek, which would have reduced the volume of wood in the stream. Powers Creek has an unconstrained channel in a wide valley. Limited wood in Powers Creek is contributing to the absence of deep, complex pools and the dominance of sands and silts and bedrock in the channel. Accumulated wood helps capture gravels that are important for spawning.

Aquatic habitat in Silver Creek was inventoried in sections of the stream within, below, and above the City of Silverton. All of the sections have limited wood in the channel, few deep complex pools, and substrates dominated by bedrock, boulders, and cobbles. Several factors are contributing to the limited wood in the system and the coarse substrates. There were a number of log drives in the late 1800s and early 1900s down this section of Silver Creek. These past log drives, combined with changes in riparian tree composition and size and with the results of other management practices, have reduced the amount of wood in the creek. Also, the Silverton Reservoir is trapping gravels and fine substrates, which is contributing to the dominance of bedrock and coarse materials in the channel (Wayne Hunt, ODFW, personal communication, 2005, Salem). 

Fish Passage

This section evaluates the status of fish passage in the Pudding River Watershed. Fish must be able to move through the river channel and tributary streams during different phases of their life cycles and in response to changing conditions. Fish passage barriers on the Pudding River and tributary streams can pose a significant problem for fish populations. Dams and road-crossing culverts are examples of potential fish passage barriers that exist in the watershed. Fish passage barriers can completely block fish movement at all times or they can partially block movement for periods of time associated with high or low stream flows. When there is a complete barrier, fish cannot access important areas for spawning or move into cool tributary streams when the Pudding River or other streams warm during the summer months. Partial fish passage barriers can significantly slow the migration of spring Chinook salmon and winter steelhead through the river. Salmon and steelhead will often hold in pools at the base of a barrier waiting for conditions to change, creating problems such as stress on the fish, delayed migration, and opportunities for poaching and predation. Fish passage barriers also restrict movement for spawning cutthroat trout adults and for juvenile fish so that fish passage barriers, particularly road-crossing culverts, can significantly limit cutthroat trout populations and distribution (WRI, 2004).

Fish passage problems are a long-term issue in the Pudding River Watershed. Historical fish habitat surveys document a number of fish passage obstructions in the watershed, particularly at dams. For example, the fish habitat survey completed in the 1940s cited fish passage problems with the Scotts Mills dam on Butte Creek and the Silverton water supply dam on Abiqua Creek (Parkhurst et al., 1950, p. 39). A fish ladder was later added to the Scotts Mills dam, which improved fish passage (Figure 3-7). 

Culverts commonly block fish passage by creating a drop at the outlet that is higher than fish can jump. While some adult trout and salmon can jump obstacles greater than 3 feet, most fish cannot jump that high. In addition, water can travel through culverts at velocities high enough to exceed a fish’s swimming ability. The velocity of water moving through the culvert is determined by a number of factors, but the major one is the gradient of the culvert. A very steep culvert (one with a high gradient) will increase velocities more than a properly installed culvert that is placed nearly flat. 

Fish passage is a concern for both adult and juvenile fish. Small juvenile fish are the weakest swimmers and can be stopped by a drop as short as 6 inches at a culvert outlet. For this reason, most criteria for fish passage are designed to accommodate juveniles, since they are the most vulnerable life stage. Guidelines for fish passage developed by the Oregon Department of Fish and Wildlife specify that culverts need to be installed at a gradient of less than 0.5% and have no more than a 6-inch drop at the outlet. 
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Figure 3-7. Scotts Mill Dam (RM 11), 1940. This dam, constructed on the crest of the waterfall, did not have a fish ladder in 1940, effectively blocking access for winter steelhead and spring Chinook salmon to upper Butte Creek. Photo courtesy of Oregon State University Archives (OSU, 2005). 

Most dams are equipped with fish ladders that allow fish to move above the dam. However, poorly designed fish ladders can hinder fish passage in a number of ways. Migrating fish are “attracted” to greater flow velocities and volumes and often move to the base of the dam where there is more flow than at the fish ladder. Also, water velocities within fish ladders, particularly at high flows, can block or impede adult or juvenile fish movement up the ladder. Each of these factors can block or slow the progress of the fish over the dam, leaving them vulnerable to predation or poaching. 

Fish Passage Evaluation

Available information

The Oregon Department of Fish and Wildlife maintains a database of fish passage information for dams and culverts throughout the state. This database is the most current and comprehensive information available on fish passage, though the quality of the information is variable. We used this database and Marion County’s historic fish distribution study (Mason, Bruce & Girard, 2003) to evaluate the status of fish passage barriers in the Pudding River Watershed. While this is the best available information on fish passage barriers in the watershed, the data must be interpreted with caution. The fish passage information was collected over a number of years and for many of the sites does not reflect the current situation. The status of fish passage at dams and culverts can change over time from a variety of factors, including floods that modify the channel and depth of pools, and accumulated debris at the inlet of a culvert or within a fish ladder. For this reason, we identify all of the barriers that may limit fish movement as “potential” fish passage barriers. The information presented in this evaluation is the first step in identifying and addressing fish passage problems. Detailed, site-specific measurements are necessary to determine the current fish passage status of a dam or culvert and to develop a design to address the problem (Wayne Hunt, ODFW, personal communication, Salem, 2005). In addition, there are probably a number of unidentified road-crossing culverts that limit cutthroat trout distribution (Wayne Hunt, ODFW, personal communication, Salem, 2005).

Evaluation of available information

A total of 39 culverts and 35 dams within the Pudding River Watershed have been identified as potential fish passage barriers (Tables 3-16 and 3-17, Map 9a-9b Fish Passage Obstructions). Most of these barriers are considered to be partial barriers to the movement of adult and juvenile fish. This means that either: 1) the dam or culvert inhibits the movement of adult or juvenile fish at certain high or low flows, 2) the barrier has a jump height that is too high (greater than a 6-inch drop) or the culvert is too steep (over 0.5% gradient), or 3) both are true. Most of the identified culverts and dams are partial barriers, primarily affecting the movement of juvenile fish, primarily cutthroat trout (Mason, Bruce & Girard, 2003). There are certainly other unidentified culvert fish passage barriers in the watershed, primarily on small tributaries and affecting cutthroat trout populations (Wayne Hunt, ODFW, personal communication, Salem, 2005).

Based on fish use and habitat quality, the Oregon Department of Fish and Wildlife has identified the priorities for addressing fish passage issues at culverts (Table 3-16). There are no high priority culvert barriers and 16 medium priority culvert barriers Pudding River Watershed. The Rock Creek Sub-basin has the most culvert barriers (9), followed by Abiqua Creek Sub-basin (7). The Silver Creek Sub-basin has the fewest identified culvert barriers (1). The high concentration of culverts identified with fish passage issues in the Rock Creek Sub-basin may be due to Clackamas County’s thorough inventory of the area (Mark Mouser, Clackamas County Road Department, Clackamas, 2005). Additional culverts with fish passage problems in the other sub-basins would probably be identified through more detailed inventories.   

Marion County has identified some of the medium priority barriers within their road system for replacement with culverts that provide fish passage. Marion County has identified several culverts for replacement: on Powers Creek in the Abiqua Creek sub-basin, and within the Little Pudding Watershed on Labish Ditch (#31). Clackamas County is investigating addressing road crossing culverts that are fish passage barriers (Mark Mouser, Clackamas County, personal Communication, 2005). With the exception of the counties, it is not known if there are plans for replacement of other culverts or dams that have fish passage problems.

All of the identified dams are partial fish passage barriers (Table 3-17).  There are fish ladders or other means for the fish to pass above the dams, but the dams may delay adult passage at high and/or low flows or may completely block the upstream passage of juvenile fish.  Migrating winter steelhead and spring Chinook salmon are able to eventually pass over all of the dams, though some of the dams may delay migration.       

Although migrating winter steelhead and spring Chinook can eventually pass over all of the dams within their migration areas, some of the dams still present significant obstacles. The Silverton Reservoir dam may inhibit steelhead access above the reservoir (Todd Alsbury, ODFW, personal communication, Clackamas, 2005). Butte Creek Dam at Scotts Mills may require repairing to improve the direction of flow into the fishway (Ray Hartlerode, ODFW, personal communication, Salem, 2005). The dam structure is failing in several places and, if not repaired, the structure could collapse in the near future, cutting off all fish movement upstream because there would not be water flow in the ladder. In addition, the pool at the base of the tailrace has scoured out, reducing the substrate and lowering the water levels below the historic level, which does not provide adequate fish passage.  

Of the dams identified as partial fish passage barriers, the Silverton Water Supply Dam on Abiqua Creek (#26) is the most significant barrier to fish movement, presenting winter steelhead with a considerable obstacle at certain flow conditions (Wayne Hunt, ODFW, personal communication, Salem, 2005). Winter steelhead migrate over the dam from January through May, with the largest numbers moving up Abiqua Creek in April (Figure 3-8). It is important to accommodate steelhead passage through the ladder and over the dam during this migration period (Wayne Hunt, ODFW, personal communication, Salem, 2005).

Inadequate fish passage at this dam has long been an issue. A 1950s fish habitat survey noted: “A large number (possibly several hundred) of steelhead were observed…to be held up at the Silverton water supply dam on May 15, 1952” (Willis, et al. 1960, p. 237). Fish apparently have difficulty locating the fish ladder outfall because its outlet is not within the tailrace pool, but rather off to one side. Fish hold in the pool under the dam and do not move into the fish ladder. Oregon Department of Fish and Wildlife personnel have observed winter steelhead making dozens of jumps in a futile attempt to pass over the dam. (Wayne Hunt, ODFW, personal communication, Salem, 2005). Improving passage at the dam would also benefit cutthroat trout (Wayne Hunt, ODFW, personal communication, Salem, 2005).

Figure 3-8.  Counts of winter steelhead passing through the fish ladder at the Silverton Water Supply Dam on Abiqua Creek, 1966 and 1992.  Data collected by the Oregon Department of Fish and Wildlife, Salem, Oregon. (The original graph is on file with the Pudding River Watershed Council.)
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Table 3-16. Culverts identified within the Oregon Department of Fish and Wildlife’s fish passage database as potential fish passage barriers (Streamnet, 2005). For culvert locations see Map 9a-9b, Fish Passage Obstructions. 
	Map ID #
	Pudding Sub-basin
	Road Ownership
	Habitat Quality
	ODFW Priority
	Comments

	1
	Lower Pudding
	Marion County
	Unknown
	Low
	Double culvert (36"x 2'). Possible velocity barrier.

	2
	Lower Pudding
	Marion County
	Unknown
	Low
	Pond above and below.

	3
	Lower Pudding
	Marion County
	Unknown
	Low
	Possible velocity barrier.

	4
	Mill
	Oregon Department of Transportation; I-5
	Unknown
	Low
	Possible velocity barrier.

	5
	Mill 
	Marion County; 505
	Unknown
	Low
	Small step 6" from the downstream end, most velocity is below it.

	6
	Rock 
	Clackamas County
	Good
	Medium
	Double culvert (30"x 36' CMP, 24" x 43' CCL). Step falls on cobble: 2' before pool.

	7
	Rock 
	Clackamas County
	Unknown
	Medium
	Step falls over cobble for 3' w/ total drop of 24" before entering Rock Creek.

	8
	Rock 
	Clackamas County
	Unknown
	Low
	May only inhibit adult passage.

	9
	Rock
	Clackamas County
	Unknown
	Medium
	Upstream 30' of culvert has all the slope, 3%. (Overall culvert slope is 2%). May pass some adults.

	10
	Rock 
	Clackamas County
	Unknown
	Low
	Adults may be inhibited only in some flows.

	11
	Rock
	Oregon Department of Transportation
	Unknown
	Low
	Triple culvert (36"x 3')

	12
	Rock
	Clackamas County
	Unknown
	Low
	

	13
	Rock
	Oregon Department of Transportation; Hwy 211
	Unknown
	Low
	

	14
	Rock
	Clackamas County
	Good
	Medium
	Perched, juvenile step bar, except in high flows. May prohibit adults in low flows.

	15
	Butte 
	Clackamas County
	Good
	Medium
	Triple culvert (48"x 3'), plastic. Velocity varies in each pipe.

	16
	Butte 
	Clackamas County
	Unknown
	Low
	Step falls on 18% cascade. Velocity appears OK, slope of 3.8%. 

	17
	Butte 
	Clackamas County
	Unknown
	Medium
	May only inhibit adult passage.

	18
	Butte 
	Marion County
	Unknown
	Medium
	Step estimated and pool depth unknown due to inaccessibility.

	19
	Butte
	Clackamas County
	Unknown
	Medium
	Double culvert (60"x 2'). Velocity may inhibit adults only in some flows.

	20
	Butte 
	Clackamas County
	Unknown
	Low
	

	21
	Zollner
	Marion County
	Poor
	Low
	

	22
	Zollner 
	Marion County
	Poor
	Low
	Perched.

	23
	Upper Pudding
	Marion County
	Poor
	Low
	May be seasonal bar only to juveniles.

	24
	Upper Pudding
	Marion County
	Fair
	Medium
	Steel pipe.

	25
	Upper Pudding
	Marion County
	Fair
	Medium
	No pool.

	26
	Little Pudding
	Marion County
	Fair
	Medium
	Landowner has seen 6" trout here.

	27
	Little Pudding
	Marion County
	Fair
	Medium
	Double culvert (36"x 2'). Possible velocity barrier.

	28
	Little Pudding
	Oregon Department of Transportation; Hwy 99
	Poor
	Low
	Double culvert (24"x 2').

	29
	Abiqua
	Unknown
	
	
	

	30
	Abiqua 
	Marion county
	Good
	Medium
	

	31
	Abiqua 
	Marion county
	Good
	Medium
	Downstream end of culvert is 10' slide with 20% slope.

	32
	Abiqua
	Marion county
	Unknown
	Low
	Plastic culvert. Culvert slope estimated, inaccessible due to fence.

	33
	Abiqua
	Marion County
	Fair 
	Medium
	6' concrete slide at lower end of culvert.  8" average drop at downstream end of slide (6-10" range).

	34
	Abiqua 
	Marion County
	Unknown
	Low
	

	35
	Abiqua 
	Marion County
	Unknown
	Low
	

	36
	Silver 
	Marion County
	Unknown
	Low
	

	37
	Drift 
	Marion County
	Unknown
	Medium
	

	38
	Drift 
	Marion County
	Unknown
	Low
	Downstream segment is partially detached and tilted towards pool.

	39
	Drift
	Marion County
	Unknown
	Low
	Step falls into buried tub with a 2"-3" step into tub at downstream end. Appears to be 2' step out of culvert at upper end.


Table 3-17. Dams identified within the Oregon Department of Fish and Wildlife’s fish passage database as historic and current potential fish passage barriers (Streamnet, 2005). For locations see Map 9a-9b, Fish Passage Obstructions. 
	Map ID #
	Pudding Sub-basin
	Name
	Comments

	1
	Mill
	Fredericks Pond Dam
	

	2
	Rock
	Buche Dam
	

	3
	Rock
	Teasel Creek Reservoir Dam
	

	4
	Rock
	Anderson - Roy Reservoir Dam (Dobbes Lake Dam)
	

	5
	Rock
	Schaefer, Ray Reservoir Dam
	

	6
	Rock
	Rose - Bill L. Reservoir Dam
	

	7
	Rock
	Aamodt Reservoir Dam
	

	8
	Butte
	Betty Jane Deardorff Dam
	

	9
	Butte
	Neil Beyer Reservoir Dam
	

	10
	Butte
	Scotts Mills Falls Dam
	

	11
	Butte*
	Hartman Dam
	Documented in 1959. Also documented to have a location as RM 10.25. This dam was removed in 1996.

	12
	Butte*
	Lima Dam
	Reported by to be a barrier to migratory fish. This dam was removed before 1959.

	13
	Butte
	Drescher Reservoir Dam
	

	14
	Zollner
	Unnamed dam
	

	15
	Zollner
	Unnamed dam
	

	16
	Upper Pudding
	Barnes Reservoir Dam
	

	17
	Upper Pudding
	Beaver Creek Reservoir Dam
	

	18
	Upper Pudding
	S-M-S No. 1 Dam
	

	19
	Upper Pudding
	Silver Falls Timber Co. L.P. Dam
	

	20
	Upper Pudding
	Koinenia Lake Dam
	

	21
	Little Pudding
	Waldo Lake Dam
	

	22
	Abiqua
	Unnamed dam
	Documented in 1959 as a log and earth fill bridge dam. Reported width is 30 feet.

	23
	Abiqua
	Willard's Pool Dam
	Fishway present but distribution was mapped up to dam and not past it.

	24
	Abiqua
	Porter Farm Dam No. 2
	

	25
	Abiqua
	Silver Falls Timber Co. Log Pond Dam
	

	26
	Abiqua
	Silverton Water Supply Dam
	Appears to create a significant delay for migrating winter steelhead. 

	27
	Abiqua
	Floyd Peterson Dam
	

	28
	Silver
	Pettit Reservoir Dam
	Likely a complete passage barrier, but it needs to be verified. Distribution is currently mapped to 300 feet above the dam but likely needs to be adjusted downstream.

	29
	Silver
	Yandell Reservoir Dam
	

	30
	Silver
	Silverton City Park Dam
	

	31
	Silver
	Silver Creek Reservoir Dam
	

	32
	Drift
	Fox Reservoir Dam
	

	33
	Drift
	Lorence Lake Dam
	

	34
	Drift
	Heater Reservoir Dam
	

	35
	Drift
	Funrue Dam
	


*Historic dams that have been removed. 

Conclusions and Recommendations

The Pudding River Watershed’s fish populations and habitat have changed through time. Fish populations, particularly winter steelhead and spring Chinook salmon, are reduced from historic abundance. The watershed, however, is still an important area for winter steelhead populations. Fish habitat quality has been reduced by limited wood in streams and by other factors. Barriers to fish movement are limiting the distribution of cutthroat trout and delaying the migration of winter steelhead. 

Recommendations for addressing the key factors limiting fish populations and hindering management in the Pudding River Watershed include: 

1. Limit Effects of Introduced Fish. Introduced coho and summer steelhead are competing for habitat and food and affecting winter steelhead and other native fish. The Council, working collaboratively with the Oregon Department of Fish and Wildlife, should seek ways to minimize the impact of introduced fish on the watershed’s winter steelhead population. 

2. Inventory Important Spawning Areas on Abiqua Creek. Abiqua Creek supports the largest winter steelhead spawning population in the Pudding River Watershed. Unfortunately, the recent aquatic habitat inventories did not assess the most important steelhead spawning areas in the stream sections below Abiqua Falls and in Little Abiqua Creek. The Council should work with the Oregon Department of Fish and Wildlife to complete habitat inventories in these areas. 

Current aquatic habitat data for the Abiqua Creek system will provide information for targeting stream restoration actions. Based on the recent habitat inventory, there appear to be opportunities for habitat restoration in Powers Creek, an area with documented steelhead spawning. There is very little wood in Powers Creek, and this has limited the frequency and depth of pools and the extent of spawning gravels. Proper placement of logs in this stream would improve fish habitat. 

3. Improve Data Continuity and Data Management. Data on steelhead spawning numbers and distribution provide important information on population trends. Unfortunately, there is inadequate funding for the Department of Fish and Wildlife’s Pudding River Watershed data collection efforts. The Department no longer collects systematic steelhead spawning data in the watershed. In addition, past data on spawning and fish population are poorly documented and archived. The Council should work with ODFW to continue steelhead spawning surveys in key tributaries, particularly Abiqua Creek. 

4. Eliminate Fish Passage Barriers. The Silverton Water Supply Dam on Abiqua Creek slows the migration of winter steelhead into spawning areas. The Council should work cooperatively with the City of Silverton to evaluate the situation and implement fish passage improvements for the fish ladder. 

A number of culverts in the watershed are barriers to fish movement, particularly for juvenile fish. The Council should work with landowners and other interested parties to collect current fish passage information and develop designs to address identified problems. In addition, the Council could work cooperatively with landowners and the Oregon Department of Fish and Wildlife to evaluate problems with fish migration over dams.

5. Investigate steelhead use in Rock and Drift Creeks. There is limited historical and current evidence of steelhead use in Rock and Drift Creeks. The Council should work cooperatively with ODFW to systematically assess steelhead use in these important tributary systems.  
The final chapter of the Pudding River Watershed Assessment will combine information on fish populations, water quality, riparian conditions and other factors to provide specific recommendations on habitat restoration and other actions that will improve fish populations. 
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Chapter 4. Water Flow and Use

Introduction

This chapter characterizes natural and modified flows in the Pudding River and tributaries in order to understand the influence of water use on fish, water quality, and land use. It also highlights opportunities to improve conditions, identifying where voluntary changes in water use would be most beneficial to fish and water quality.

Natural losses in the amount of water in a river as it flows downstream result from evaporation into the atmosphere, transpiration by vegetation, and deep infiltration into the underlying geologic formations (Figure 4-1). During the dry summer months, it is usually only the vegetation growing closest to the river that has much ability to influence river flow through the transpiration process. Human activity also causes flow losses when water is withdrawn for irrigation and other uses. 

A river gains flow when shallow groundwater and tributaries enter the channel. The sum of these losses and gains determines the flow (or discharge) of the river at any given point. Discharge is usually expressed in terms of cubic feet per second (cfs). The term “unit discharge”expresses flow rates in terms of the size of the area being drained, and is the discharge in cfs divided by the upstream drainage area, usually expressed as cubic feet per second per square mile (cfs/sq.mi.).
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Figure 4-1. Gains and losses of water in a river segment. A water gain is designated with a “+” and a water loss with a “ -”.

Available Flow Data

Systematic and long-term discharge measurements in the Pudding watershed are limited to seven locations (Table 4-1). The period of record varies among gaging stations, thereby making direct comparisons among streams complicated. For example, gaging a stream’s discharge during a series of years when precipitation is unusually high may lead to erroneous comparisons of the long-term water yield of that watershed when it is compared to another stream for which gaging occurred during years of normal precipitation. Three of the gaging stations (Little Abiqua Creek, Zollner Creek, and Pudding River at Aurora) have records that begin in the summer of 1993, which was when the U.S. Geological Survey began water quality studies in the watershed. These gages are still operating. A gage was established on the Pudding River near Woodburn in October, 1997 (15.2 miles upstream of the Aurora gage) and it also continues to operate. Data for the gages that are still operating was available up to September 30, 2003.

Table 4-1. Pudding watershed stream gaging station information.

	Station 


	Stream
	Drainage

area

(sq. mi.)
	River

mile of station
	Upstream annual precipitation 

(inches)
	Latitude of station

(deg, min, sec)
	Longitude of station

(deg, min, sec)
	Period of 

record

	14200400
	Little Abiqua Cr
	9.81
	0.1
	65-85
	44 57 21
	122 37 38
	7-1-93 

to present

	14200300
	Silver Cr 

at Silverton
	47.9
	3.0
	45-95
	45 00 34
	122 47 15
	10-1-63 to 9-30-68,* 10-1-70 to 9-30-79

	14201500
	Butte Cr 

at Monitor
	58.7
	5.9
	40-100
	45 06 06
	122 44 42
	10-1-40 to 9-30-52, 10-1-66 to 9-30-85

	14201300
	Zollner Cr 

near Mt Angel
	15.0
	0.4
	40-45
	45 06 02
	122 49 14
	7-1-93

to present

	14201000
	Pudding R 

near Mt Angel
	204
	40.7
	40-100
	45 03 47
	122 49 45
	10-1-39 to

3-31-66

	14201340
	Pudding R 

at Woodburn
	314
	23.4
	40-100
	45 09 05
	122 48 11
	10-1-97

 to present

	14202000
	Pudding R 

at Aurora
	479
	8.2
	40-100
	45 14 00
	122 44 56
	10-1-28 to 9-30-64, 

6-21-93 to 9-30-97,

10-1-2002 to present


* Silver Creek dam and reservoir completed upstream in 1970.

The other three gaging stations have been discontinued. The Silver Creek gage at Silverton operated from 1963 to 1968 and from 1970 to 1979, the Butte Creek gage at Monitor operated from 1940 to 1952 and from 1966 to 1985, and the Pudding River gage near Mount Angel operated from 1939 to 1966.

Estimating missing water flow data

The Aurora and Woodburn gages on the Pudding River are each missing discharge records at different points during the period from 1993 to the present. Aurora has no record of discharge from October 1, 1997 to September 30, 2002 and Woodburn has no record of discharge before October 1, 1997. Because both sites had gaging records for the period from October 1, 2002 to September 30, 2003, there is a way to develop regression equations that estimate the missing daily values in both the Aurora and Woodburn records. We were interested in filling in these missing values so that each gage would have a continuous record from 1993 to 2003, thereby allowing a direct comparison with the other two gages (Little Abiqua Creek and Zollner Creek) that have data during the full period of record. 

To estimate flow at the Aurora gage, a linear regression equation was developed using values for the 365 days from October 1, 2002 to September 30, 2003 when both gages were in operation.
 The data fit this equation well (R-square = 0.97) with some over-prediction of the Aurora discharge when Woodburn discharge values drop below 20 cfs (Figure 4-2).
 

The Woodburn gage had no record prior to October 1, 1997 so we used the regression relationship between the Aurora and Woodburn gages to estimate values from October 1, 1993 to September 30, 1997 in order to have a complete record that matched the other three gages. In this regression equation, the Aurora gage is the independent variable.
 

These data also fit the equation well (R-square = 0.97), with some under-prediction of the Woodburn discharge when the Aurora discharge values drop below 30 cfs (Figure 4-3).
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Figure 4-2. Discharge values for the Pudding River at Aurora in relation to the Woodburn discharge.
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Figure 4-3. Discharge values for the Pudding River at Woodburn in relation to the Aurora discharge.
Stream discharge

Little Abiqua Creek

Little Abiqua Creek is the only gaging station in the Pudding watershed unaffected by upstream withdrawals or reservoirs. Average annual precipitation ranges from 65 to 85 inches in the upstream drainage area (Map 10, Average Annual Precipitation). For the gaging period of record (1994-2003), unit discharge was lowest in August (0.34 cfs/sq.mi.), with average August discharge 4.5% of January discharge (Figure 4-4). Average discharge in September was nearly as low as it was in August. June through September precipitation (measured at the Salem airport) was near average to above average during four of the first five years and below average for the next five years (Figure 4-5). Consequently, the summer precipitation and presumably, summer flows, were about normal when averaged for the whole period of record.

Silver Creek

The discharge of Silver Creek was measured at Silverton, first from 1963 to 1968 (before completion of the Silver Creek Reservoir), and then from 1970 to 1979 (after the reservoir was completed). Although the amount and timing of summer discharge was probably altered by reservoir operations, June through September precipitation was below normal between 1963 to 1968 and above normal between 1970 to 1979 so differences in the discharge that might be caused by the reservoir is obscured in the discharge records (Figure 4-5). It is interesting to note that during the post-reservoir period, unit discharges for the months of May through August were nearly identical to Little Abiqua Creek (Figures 4-4 and 4-6). Silver Creek has many upstream water diversions, including the diversion for municipal use by the city of Silverton. The headwaters of Silver Creek extend into an area of high precipitation (up to 95 inches per year) so unit discharge during the winter months is somewhat higher than for Little Abiqua Creek. Average August discharge was 3.4% of January discharge, percentage lower than Little Abiqua and reflects some summer water use.
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Figure 4-4. Average monthly unit discharge for Little Abiqua Creek near Scotts Mills.
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Figure 4-5. Annual and 3-year running averages of summer precipitation (June through September) for Salem at the airport.
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Figure 4-6. Average monthly unit discharge for Silver Creek at Silverton.

Butte Creek

Butte Creek has recorded discharge readings for the periods from 1940 to 1952 and 1966 to 1985. During this second period, June through September precipitation was unusually high (Figure 4-5), which likely resulted in higher than normal measured summer flows. There were many water diversions upstream of the gaging station at Monitor. August unit discharge was 0.23 cfs/sq.mi., or 32% less than the 0.34 cfs/sq.mi. measured for Little Abiqua Creek which has no upstream water diversions (Figures 4-4 and 4-7). Differences between the two sites would probably have been greater if June through September precipitation had not been unusually high for much of the Butte Creek period of record. Average August discharge was 2.9% of January discharge for the Butte Creek gage.

Zollner Creek

Zollner Creek has the same period of record as Little Abiqua Creek, but monthly unit discharges were much lower (Figures 4-4 and 4-8). Some of this difference is due to lower annual precipitation in the Zollner Creek drainage, which ranges from 40 to 45 inches, compared to 65 to 85 inches in Little Abiqua Creek. For January, a time when little water withdrawal occurs, discharge in Zollner Creek averaged 53% of the Little Abiqua Creek discharge, but in August, discharge for Zollner Creek was only 9% of Little Abiqua Creek and reflects the intensive use of Zollner Creek water for irrigation. The very low monthly discharges in Zollner Creek extend from June through September. Average August discharge was 0.9% of January discharge.
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Figure 4-7. Average monthly unit discharge for Butte Creek at Monitor.
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Figure 4-8. Average monthly unit discharge for Zollner Creek near Mount Angel.

Pudding River near Mount Angel

The period of record for the gaging station along the Pudding River near Mount Angel (river mile 40.7) covers roughly an equal number of wet and dry years and so can probably be taken as comparable to the 1994 to 2003 period of record derived for the other two downstream gaging stations along the Pudding River. Average unit discharge in January is less at the Mount Angel station (Figure 4-9) than for the Silver Creek and Butte Creek stations because the upper Pudding River watershed drainage area includes large areas that receive only 40 to 50 inches of precipitation on average. Average unit discharge in August was only 0.15 cfs/sq.mi., which is one-half the amount measured for Little Abiqua Creek. This reflects both the lower precipitation and the many upstream water withdrawals from the upper Pudding River. Average August discharge was 2.0% of January discharge for the Mount Angel gage.

Pudding River at Woodburn

The Woodburn gaging station on the Pudding River is located at river mile 23.4 and is upstream of both the Butte Creek and Rock Creek confluences. Average unit discharge in January was even less than for the Mount Angel station and reflects the greater percentage of lowland area with low precipitation (including the Little Pudding River watershed) upstream of this point. Average unit discharge in August was only 0.09 cfs/sq.mi (Figure 4-10), which reflects the many upstream water withdrawals. August discharge averaged 28.7 cfs at the Woodburn gage but was greater upstream at the Mount Angel gage (30.8 cfs). This is because the period of record for the Mount Angel gage was from 1939 to 1965 and since then, many more water rights have been granted upstream. If the Mount Angel gage still operated, August discharge at this location would probably be less now than it was prior to 1965 because of the additional water withdrawals. Average August discharge at the Woodburn gaging station was 1.4% of January discharge.
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Figure 4-9. Average monthly unit discharge for the Pudding River at Mount Angel.
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Figure 4-10. Average monthly unit discharge for the Pudding River at Woodburn. 

Pudding River at Aurora

The station on the Pudding River at Aurora is downstream of all of the major tributaries from the east and all western tributaries except Mill Creek. It has a period of record from 1929 to 1964 and from 1994 to 2003 (Figure 4-11). Average precipitation for the two periods was about the same for the months between April and October, although winter precipitation was greater for the 1994 to 2003 period (Figure 4-12). Discharge during summer months was less for the 1994 to 2003 period and probably reflects an increase in the number of upstream water rights granted since 1964. August discharge between 1929 and 1964 averaged 70 cfs but only 46 cfs between 1994 and 2003. On average, August discharge was 2.7% of January discharge between 1929 and 1964 but only 1.6% of January discharge between 1994 and 2003.
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Figure 4-11. Average monthly unit discharge for the Pudding River at Aurora.
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Figure 4-12. Average monthly precipitation for Salem at the airport.

Estimating Natural Flow

Estimating the magnitude of summer discharge in the absence of upstream water withdrawals and reservoir operations provides a basis for evaluating current water use in a watershed. It also provides a benchmark of possible water flows that could be achieved if efforts were made by water users to leave more water in streams for fish and for diluting pollution. 

There are no gaging sites in the Pudding watershed other than Little Abiqua Creek that have flow measurements unaffected by extensive water withdrawals, so natural flows are unknown for most of the Pudding watershed. Nevertheless, natural flows can be estimated for the other streams because there is at least one gaging site in the watershed with flows unaltered by water withdrawals (the Little Abiqua gaging site). 

By calculating the ratio, for example, of August flow to January flow on the Abiqua (4.5%), and then calculating the ratio of August flow on another stream to January flow (a month which typically has no water withdrawals) on that same stream, we can see the extent to which each of the other streams is affected by water withdrawals in August, and we can also calculate what the natural flow would have been without the withdrawals.

For example, the ratio of August to January flow for Little Abiqua Creek is 0.34/7.56 = 0.045 or 4.5%. At all other gaging sites, this ratio is considerably less than 4.5%, thereby reflecting the extensive withdrawal of water from those streams during August (Table 4-2).

Table 4-2. Stream discharge for August as a percent of January flow for gaging stations throughout the Pudding watershed.

	Station 


	Stream
	Water

Years of 

record
	Annual average

unit discharge

(cfs/sq.mi.)
	January average

unit

 discharge

(cfs/sq.mi.)
	August average

unit

 discharge

(cfs/sq.mi.)
	August discharge as a percent of January 

	14200400
	Little Abiqua Cr*
	1994-2003
	3.82
	7.56
	0.34
	  4.5%

	14200300
	Silver Cr**
	1970-1979
	4.62
	12.03
	0.41
	3.4

	14201500
	Butte Cr
	1940-1985
	3.79
	8.06
	0.23
	2.9

	14201300
	Zollner Cr
	1994-2003
	1.65
	3.97
	0.035
	0.9

	14201000
	Pudding R at Mt Angel
	1939-1965
	3.49
	7.67
	0.15
	2.0

	14201340
	Pudding R at Woodburn
	1994-2003
	2.80
	6.35
	0.09
	1.4

	14202000
	Pudding R at Aurora
	1994-2003

1929-1964
	2.79

2.62
	6.30

5.62
	0.10

0.15
	1.6

2.7


* No upstream water diversion or storage.

** After dam and reservoir.

Natural August discharges were estimated at all other gaging sites by multiplying January discharge by 0.045. Both estimated natural flows and measured flows for August are shown in Table 4-3. The difference between measured and natural flows provides an estimate of the amount of water that is being withdrawn in August for irrigation and other uses. These results indicate that, on average, about one-quarter of the flow in Silver Creek and one-third of the flow in Butte Creek was being withdrawn during August during the period of record. For Zollner Creek, over 80% of the flow is being withdrawn. About 56% of the flow of the Pudding River has been withdrawn when it reaches Mount Angel, while about two-thirds of the flow has been withdrawn when it reaches the two downstream stations on the Pudding River. From 1929 to 1964 about 42% of the August discharge was being withdrawn from the Pudding River upstream of Aurora. This increased to 66% for the 1994 to 2003 period. 

Table 4-3. Measured and estimated natural August discharge for gaging stations throughout the Pudding watershed.

	Station 


	Stream
	Water

Years of 

record
	Measured

average 

January / August

discharge

(cfs)
	Calculated average natural*

August 

discharge

(cfs)
	August

natural discharge minus measured 

(cfs)

	14200400
	Little Abiqua Cr**
	1994-2003
	74.2 / 3.3
	3.3
	0

	14200300
	Silver Cr***
	1970-1979
	576 / 15.3
	25.9
	         10.6  (41%****)

	14201500
	Butte Cr
	1940-1985
	473 / 13.3
	21.3
	8.0  (38%)

	14201300
	Zollner Cr
	1994-2003
	59.6 / 0.48
	2.7
	2.2  (81%)

	14201000
	Pudding R at Mt Angel
	1939-1965
	1565 / 30.8
	70.4
	39.6  (56%)

	14201340
	Pudding R at Woodburn
	1994-2003
	1994 / 28.7
	89.7
	61.0  (68%)

	14202000
	Pudding R at Aurora
	1994-2003

1929-1964
	3018 / 45.8

2692 / 70.3
	135.8

121.1
	90.0  (66%)

50.8  (42%)


* Natural August discharge assumed to be 4.5% of January discharge.

** No upstream water diversion or storage.

*** After dam and reservoir.

**** Percent flow withdrawn for use = (natural – measured) / (natural) * 100

Peak Flows

One of the ways an understanding of the magnitude of the peak flows that occur throughout a watershed is useful is in the design of culverts or small bridges where roads cross streams. Peak flows are usually greater in areas of higher rainfall and at elevations where a temporary snow pack can develop in the winter and be readily melted when warm, intense rainfall occurs. In the western Cascade Mountains, these peak runoff events usually occur from November through February.

Peak flow magnitudes are often described in terms of how often they recur (recurrence interval). For example, the peak flow for a 100-year recurrence interval is the highest discharge that occurs, on average, once every 100 years. This is a much higher discharge than the 10-year peak flow. The relative magnitudes of peak flows associated with various recurrence intervals has been derived for gaging stations on small streams in the Oregon Coast Range (Table 4-4) and are applicable to the Pudding watershed. As an example, a point on a stream that happens to have a 50-year-flow of 100 cfs would experience a discharge of 38 cfs during a peak flow with a 2-year recurrence interval.

Table 4-4. Ratio of peak flows for various recurrence intervals.

	Recurrence interval
	Ratio relative to 50-year flow

	2-year
	0.38

	5-year
	0.54

	10-year
	0.66

	50-year
	1.00

	100-year
	1.16


Data source: Chip Andrus, unpublished data.

The Oregon Department of Forestry has created maps showing isopleths of peak flow associated with the 50-year recurrence interval. This was done by calculating the 50-year peak flow from records of small streams throughout the state, plotting their position on a map, and creating lines of equal 50-year peak flow. As expected, peak flow isopleths for the Pudding watershed (Map 11, 50 Year Peak Flow) roughly parallel the isopleths of average annual precipitation (Map 10, Average Annual Precipitation).

In order to use Map 11 to determine the peak flow associated with the 50-year recurrence interval at a given point along a stream, one first interpolates the associated unit peak flow value using the isopleths. That value is then multiplied by the upstream drainage area (in square miles). For example, if a point along Little Abiqua Creek corresponds to a unit peak flow of 175 cfs per square miles, as indicated on Map 10, and the upstream drainage area at that point is 3.2 square miles, the peak flow associated with the 50-year recurrence interval would be 175 * 3.2 = 560 cfs. The corresponding 100-year peak flow would be 1.16 * 560 = 650 cfs, using the ratio provided in Table 4-4.

This method for determining peak flows is appropriate for drainage areas less than about 20 square miles. As the drainage area becomes larger, the unit peak flow is muted and this method will over-estimate peak flow values.

We evaluated the annual peak flow record for the Pudding River gage at Aurora  and determined flood recurrence intervals by fitting the data to a log-Pearson type III distribution, as described in Kirby et al. (1994), (Figure 4-13). The highest flow of record occurred on February 8, 1996 and it slightly exceeded the calculated 100-year flow of 43,600 cfs. The next highest flow of record occurred on December 30, 1937 and had a recurrence interval between 25-years and 50-years. The December 1964 peak flow that resulted in major flooding in much of Oregon had less than a 25-year return interval for the Pudding River.
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Figure 4-13. Annual peak flows and flood recurrence intervals for the Pudding River at Aurora. Drainage area upstream of gage is 479 square miles. Data source: http://water.usgs.gov/cgi-bin/waterwatch?state=or&map_type=flood&web_type=table
Water Use

Water is withdrawn from streams for irrigation, municipal supply, and other uses at many locations throughout the middle and lower portions of the Pudding River and its tributaries. Surface water use permits have been granted by the state for 1,934 locations in the watershed. The summed rate of permitted surface water use for the entire watershed is 357 cfs, which far exceeds the 136 cfs natural August flow (Table 4-3) estimated for the Pudding River at Aurora (river mile 8.2). However, not all water rights are exercised fully at any given time so flows in the Pudding River at Aurora near the mouth of the river average 46 cfs in August. A rough estimate of the percentage of permitted surface water right use that is normally exercised at any one time in August can therefore be calculated as (136 cfs – 46 cfs)/357 cfs *100 = 25 percent.

The vast majority (92%) of permitted water withdrawals are for irrigation and other farming-related uses (Table 4-5). Municipal and domestic use makes up nearly 5% of permitted water withdrawals and the remaining 3% is industrial, forestry, or other uses.

The surface water rights with the highest permitted use rates are the two granted to the city of Silverton for municipal use. Their water right to Abiqua Creek has a maximum use rate of 10 cfs and the one to Silver Creek is 5 cfs. The water rights associated with the ten highest use rates in the Pudding watershed are summarized in Table 4-6.

Oregon water law states that the first person to obtain a water right on a stream has first priority on rights to the water. When water is in short supply, the holder of the oldest water right has priority and can use all of the water specified in the water right regardless of the needs of junior users. If there is a surplus beyond the needs of the most senior right holder, the water right holder with the next oldest priority date can take as much as necessary to satisfy needs under their right. The 14 oldest water rights in the Pudding watershed have priority dates earlier than 1900. However, these rights were granted for domestic use or livestock watering so their use rates are small.  These oldest water rights date back to the late 1800s and are attached to homestead deeds for land obtained under the Donation Land Claim Act.

The oldest water right with a sizable use rate (greater than 0.5 cfs) dates back to 1911 and is the 5 cfs Silver Creek water right granted to the City of Silverton. The city’s 10 cfs Abiqua Creek water right is also old, dating back to 1916. The ten oldest water rights that have a use rate greater than 0.5 cfs are summarized in Table 4-7.

Instream water rights

Instream water rights in the Pudding watershed have been obtained by the state of Oregon at various times during the past 41 years to reserve flow for the dilution of pollution and for supporting fish. An instream water right represents a reserve on a certain amount of streamflow that cannot be withdrawn for any out-of-stream uses. Instream water rights have priority dates and are subject to the same rules of seniority that apply to other water rights, so a stream with many older water rights can experience flows that are much less than what the instream water right would indicate.

Instream water rights often have “use” rates that vary by month or half-month, with larger amounts of water granted in winter months than in summer months (Table 4-8). Also, the way in which an instream water right applies to a stream can vary. For some instream water rights, the amount of reserved water is indicated in terms of how much water occurs at a particular point (usually a gaging station or the mouth of a stream). Other instream rights may apply to a reach of stream, while still others may apply to an entire stream network.

Table 4-5. Permitted surface water uses, excluding instream water rights, in the Pudding watershed (data source, http://apps.wrd.state.or.us/apps/wr/wrinfo/wrinfo.php).

	Use description
	Rate

(cfs)
	% of

total

	Irrigation
	276.91
	77.6

	Supplemental irrigation
	20.09
	5.6

	Primary & supplemental irrigation
	14.67
	4.1

	Nursery uses
	13.93
	3.9

	Agriculture
	1.09
	0.3

	Irrigation & domestic
	0.86
	0.2

	Irrigation, livestock & domestic
	0.02
	0.0

	Livestock
	0.26
	0.1

	Dairy barn
	0.02
	0.0

	Combined Farming
	327.86
	91.9

	Municipal
	15.27
	4.3

	Domestic
	0.93
	0.3

	Group domestic
	0.02
	0.0

	Domestic expanded 
	0.03
	0.0

	Domestic including lawn and garden
	0.26
	0.1

	Domestic and livestock
	0.05
	0.0

	Combined municipal and domestic
	16.56
	4.6

	Manufacturing
	1.27
	0.4

	Commercial uses
	0.35
	0.1

	Air conditioning or heating
	0.10
	0.0

	Temperature control
	0.01
	0.0

	Power development
	0.41
	0.1

	Combined industrial
	2.13
	0.6

	Fire protection
	0.71
	0.2

	Forest management
	1.50
	0.4

	Combined forestry
	2.21
	0.6

	Recreation
	4.01
	1.1

	Fish culture
	3.08
	0.9

	Wildlife
	0.24
	0.1

	Fish & wildlife
	0.13
	0.0

	Aesthetics
	0.03
	0.0

	Pond maintenance
	0.57
	0.2

	Combined other
	8.06
	2.3

	
	
	

	TOTAL
	356.81
	100.0


Table 4-6. Surface water rights with the ten largest use rates in the Pudding watershed.

	Application

number
	Permit

number
	Point of diversion location
	Source
	Use description
	Priority 

date
	Use 

rate

	4924
	3226
	NW1/4,NW1/4,Sec.34,T.6S, R1E
	Abiqua Cr
	Municipal
	5/24/1916
	10.00

	1297
	622
	Sec.18,T.7S,R1E
	Silver Cr
	Municipal
	3/16/1911
	5.00

	71160
	51736
	SE1/4,NE1/4,Sec.36,T5S,R1W
	Butte Cr
	Irrigation
	2/8/1991
	4.51

	70321
	53657
	NW1/4,NW1/4,Sec.2,T6S,R1W
	Zollner Cr
	Primary & supple. irrigation
	4/26/1990
	3.74

	84072
	53651
	SE1/4,NE1/4,Sec.23,T.6S,R1W
	Abiqua Cr
	Nursery uses
	2/19/1999
	3.34

	70391
	53164
	NE1/4,NW1/4,Sec.8,T.6S,R1E
	Butte Cr
	Primary & supple. irrigation
	6/4/1990
	3.24

	53369
	39377
	SW1/4,NE1/4,Sec.1,T.6S,R1W
	Trib to Zollner Cr
	Supplemental irrigation
	10/24/1975
	3.00

	21664
	17014
	SW1/4,SW1/4,Sec.21,T.5S,R1W
	Pudding R
	Irrigation
	5/22/1946
	2.40

	71962
	53180
	SE1/4,SE1/4,Sec.21,T6S,R1E
	Trib to Butte Cr
	Irrigation
	10/21/1991
	2.36

	
	13619
	SE1/4,NE1/4,Sec.6,T6S,R1W
	Abiqua Cr
	Irrigation
	4/25/1939
	2.30


Table 4-7. Surface water rights in the Pudding watershed for the ten oldest priority dates

 with a use rate greater than 0.5 cfs.

	Application

number
	Permit

number
	Point of diversion location
	Source
	Use description
	Priority 

date
	Use 

rate

	1297
	622
	Sec.18,T.7S,R.1E
	Silver Cr
	Municipal
	3/16/1911
	5

	4924
	3226
	NW1/4,NW1/4,Sec.34,T.6S,R1E
	Abiqua Cr
	Municipal
	5/24/1916
	10

	
	6535
	SE1/4,NW1/4,Sec.23,T.6S,R2W
	Little Pudding R
	Irrigation
	6/17/1924
	2.23

	10732
	7314
	Sec.25,T.6S,R.2W
	Lake Labish
	Irrigation
	4/22/1926
	0.5

	10914
	7490
	SW1/4,NW1/4,Sec.3,T.8S,R.1W
	Pudding R
	Irrigation
	7/21/1926
	0.56

	11401
	7868
	NE1/4,SW1/4,Sec.34,T.5S,R.2E
	Teasel Cr
	Manufacturing
	4/5/1927
	0.5

	14985
	10906
	SW1/4,SW1/4,Sec.2,T.5S,R.1W
	Pudding R
	Irrigation
	6/16/1933
	1.25

	15600
	12593
	NW1/4,SE1/4,Sec.22,T.4S,R.1W
	Mill Cr
	Irrigation
	10/25/1934
	0.98

	16018
	11846
	SE1/4,SE1/4,Sec.8,T.6S,R1E
	Butte Cr
	Irrigation
	8/29/1935
	0.68

	
	13084
	NE1/4,NE1/4,Sec.32,T.5S,R1W
	Pudding R
	Irrigation
	6/22/1938
	0.6


Table 4-8. Instream water rights for the Pudding Watershed.
	Stream
	Priority

date
	Use

code
	WR

Id
	Permit

(Appli-cation

#)
	Use rate (cfs)

	
	
	
	
	
	Jan.
	Feb.
	Mar.
	Apr.
	May
	Jun.
	Jul.
	Aug.
	Sep.
	Oct.
	Nov.
	Dec.

	
	
	
	
	
	1-15


	16-31
	1-15
	16-29
	1-15
	16-31
	1-15
	16-30
	1-15
	16-31
	1-15
	16-30
	1-15
	16-31
	1-15
	16-30
	1-15
	16-30
	1-15
	16-31
	1-15
	16-30
	1-15
	16-31

	Abiqua Cr  (a)
	11/3/83
	PF


	111855
	MF 

71
	75
	75
	75
	75
	75
	75
	75
	75
	75
	75
	60
	40
	25
	20
	15
	15
	15
	15
	40
	60
	75
	75
	75
	75

	Silver Cr  (b)
	11/3/83
	PF


	111856
	MF 169
	60
	60
	60
	60
	60
	60
	60
	60
	60
	60
	50
	50
	23
	23
	23
	23
	23
	23
	23
	23
	60
	60
	60
	60

	Silver Cr (c)
	8/5/93
	PF


	125201
	IS

73537
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6
	3.6

	Drift 

Cr  (d)
	10/18/90
	F8


	124846
	IS

70781
	40
	40
	40
	40
	40
	40
	40
	40
	30.1
	30.1
	13.6
	5
	3
	3
	2
	2
	2
	2
	3
	5.3
	20
	40
	40
	40

	Butte Cr  (e)
	12/22/88
	F3


	114685
	IS

69799
	75
	75
	75
	75
	75
	75
	75
	75
	75
	75
	75
	50
	25
	25
	12
	12
	20
	20
	75
	75
	75
	75
	75
	75

	Pudding R  (f)
	6/22/64
	F1


	111866
	MF

151
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35

	Pudding R  (g)
	6/22/64
	F1


	111867
	MF

152
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10

	Pudding

R  (h)
	7/13/89
	F1


	117085
	IS

69998
	80
	80
	80
	80
	80
	80
	80
	80
	80
	80
	60
	60
	50
	40
	40
	40
	40
	40
	60
	60
	80
	80
	80
	80

	Pudding R  (i)
	8/5/93
	PF


	125196
	IS

73532
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36
	36

	Pudding R  (j)
	8/5/93
	PF


	125197
	IS

73533
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	Pudding R (k)
	8/5/93
	PF


	134219
	IS

73534
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11

	Pudding R  (l)
	8/5/93
	PF


	125199
	IS

73535
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7
	6.7

	Pudding R  (m)
	8/5/93
	PF


	125200
	IS

73536
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	1
	1
	5
	5
	5
	5
	5
	5


(a)  At mouth.





(h)  From Aurora gage to mouth.

Use codes:
PF = Supporting aquatic life and minimizing pollution.

(b)  From City of Silverton to mouth. 



(i)   From R.M. 10.0 to mouth.


F8 = Anadromous and resident fish rearing.

(c)  Multiple headwaters to the mouth. 



(j)   From R.M. 21.0 to 10.0.


F3 = Anadromous and resident fish habitat.

(d)  From East Fork /West Fork confluence to mouth.


(k)  From R.M. 41.0 to 21.0.


F1 = Supporting aquatic life.

(e)  From Scotts Mills – Maple Grove Bridge to mouth.


(l)   From R.M. 49.0 to 41.0.

(f)   At the Aurora gage (Hwy 99E) which is R.M. 8.2.


(m) From R.M. 51.0 to 49.0.

(g)  At the Mt. Angel gage which is R.M. 40.4.

The oldest instream water rights in the Pudding watershed date back to 1964 and apply to the Pudding River gaging stations at Aurora (river mile 8.2) and at Mount Angel (river mile 40.4). (See Map 12, Instream Water Rights) These instream water rights are for 35 cfs and 10 cfs, respectively, and do not vary by month (Table 4-8). Instream water rights dating back to 1983 exist for Abiqua Creek and Silver Creek. The Abiqua water right applies to flow at the mouth of the stream (15 cfs in August) while the Silver Creek water right applies to a segment of stream extending from the City of Silverton to the mouth (23 cfs in August). Superimposed on Silver Creek is another instream water right (3.6 cfs year-round) that dates back to 1993. It applies to all portions of the stream network shown in Map 12, Instream Water Rights. Butte Creek has a 1988 instream water right that extends from Scotts Mills to the mouth (12 cfs in August), and Drift Creek has a 1990 instream water right that extends from the East Fork / West Fork confluence to the mouth (2 cfs in August).

The reach of the Pudding River furthest downstream has two additional instream water rights, these with priority dates of 1989 (40 cfs in August) and 1993 (36 cfs, year-round). Upstream reaches of the Pudding River also have 1993 instream water rights with amounts that vary by reach and that decrease in the upstream direction (Table 4-8, Map 12, Instream Water Rights).

Instream Water Rights in Actual Practice

A comparison of flows of the Pudding River from 1994 to 2003 at Aurora indicates that during times of average flow and higher, the instream water rights were exceeded for all summer months. However, during the lowest flow years, the most restrictive instream water right (1989) was not met from early July through late September. Much of the consumptive water use in the Pudding watershed is associated with water rights that pre-date the instream water rights (Table 4-9). For example, only 5% of the permitted water usage is associated with water rights that are junior to the August 5, 1993 instream water rights (those that apply to reaches of the Pudding River from the mouth to the Drift Creek confluence).

Another example is Abiqua Creek, where the September 3, 1983 instream water right that applies to the mouth (15 cfs in August) is junior to consumptive water rights having a summed use rate of 56.9 cfs. While the August flow of Abiqua Creek at its mouth is unknown, its natural flow can be estimated by taking the measured August unit flow of Little Abiqua Creek (0.34 cfs/sq.mi.) and multiplying this by the drainage area of Abiqua Creek (77.9 sq.mi.), to arrive at 26.5 cfs. Assuming actual water use in August is 25% of permitted use, the water rights senior to the instream water right would be expected to use up to 14.2 cfs (0.25 * 56.9 = 14.2) of the flow, with 12.3 cfs remaining in the stream. This is less than the instream water right of 15 cfs. Consumptive water rights with a priority date junior to the instream water right have a summed use rate of 10.8 cfs. If water rights junior to the instream water right were also exercised, without regard for the instream water right, streamflow would be expected to decline another 2.7 cfs (0.25 * 10.8 = 2.7). 
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Figure 4-14. Measured average, maximum, and minimum flows (at half-month intervals) for the Pudding River at Aurora (gaging station) from 1994 to 2003 compared to the 1964, 1989, and 1993 instream water rights.

Table 4-9. Water rights that have consumptive use in the Pudding watershed, shown by priority date.

	Priority date 
	Summed use rates for water rights that are not instream

(cfs)
	Cumulative summed use rates for water rights that are not instream

(cfs)
	Percent 

of total

	8/5/1875
	
	0
	0%

	
	213.3
	
	

	6/22/1964
	
	213.3
	60%

	
	93.3
	
	

	11/3/1983
	
	306.6
	86%

	
	6.9
	
	

	12/22/1988
	
	313.5
	88%

	
	0.1
	
	

	7/13/1989
	
	313.6
	88%

	
	11.4
	
	

	10/18/1990
	
	325.0
	91%

	
	13.4
	
	

	8/5/1993
	
	338.5
	95%

	
	18.4
	
	

	3/23/2005
	
	356.8
	100%

	
	
	
	


Groundwater

Groundwater is used throughout much of the Pudding watershed to supplement irrigation and provide domestic water to rural residents. In much of the area of the watershed where groundwater is extracted, a sedimentary aquifer overlies a deeper basalt aquifer.  The sedimentary aquifer does not exist east of the flat, lowlands.  The sedimentary aquifer is composed of coarse sand and gravel bounded by layers of clay and silt. These clay and silt layers are more common at depth, are less permeable than the imbedded coarser material, and probably create a layer of low permeability that prevents or slows water from infiltrating vertically to the underlying basalt aquifer (Tucson Myers & Associates, 1994). The sedimentary aquifer is thin at its southeast end, thickens to the north and west, and is as thick as 650 feet near Aurora. It is recharged by precipitation falling on the surface and percolating vertically (Woodward et al., 1998). This aquifer is the primary source for high capacity wells (250 to 300 feet deep) in the northwest half of the watershed (Tuscon Myers & Associates, 1994).

A basalt aquifer exists near the surface for the southeast one-half of the watershed and is overlain by sedimentary deposits elsewhere. The aquifer can be productive where wells intersect fracture areas. High yielding wells are often more than 500 feet in depth. Where the confining sedimentary aquifer exists, it is likely that recharge of the basalt aquifer occurs from the east where the confining layer is absent (Tuscon Myers & Associates, 1994). The quality of water from both aquifers is generally good, although saline water can occasionally be found near faults or folds and is probably the result of deep water being brought upward along the fault zones (Woodward et al., 1998).

A third aquifer, in ancient marine sediments lies beneath the basalt aquifer but wells in this zone produce brackish and saline water from the ancient seaway it represents.  Several municipal and agricultural wells in the vicinity of Mt. Angel have drawn saltwater from this formation and had to be abandoned.  In the upland areas of the southeastern portion of the watershed, this marine sedimentary aquifer lies at or very near the surface.  Here, the saline water has been flushed out by percolating surface water, and many of the shallow domestic wells produce high quality water from the aquifer.

Declining groundwater levels in the basalt aquifer underlying a 16-square-mile area around Mount Angel and to the north and east has prompted the Oregon Water Resources Department to designate it a Groundwater Limited Area (Map 13, Designated Groundwater Areas). Similarly, a 22-square-mile area south and west of Molalla (Gladtidings) and an 11-square-mile area along the south boundary of the watershed (Stayton-Sublimity) have been designated as Groundwater Limited Areas. In these areas, future drilling is limited to wells that provide domestic water to individual homes. In addition, a small area near Victor Point has been designated by the state as a Groundwater Withdrawal Area.

The U.S. Geological Survey has tracked surface water levels in dozens of wells throughout the Willamette Valley since 1996. Suitable records through the year 2002 were available for 22 of these wells located in the Pudding watershed. For each well record, we extracted the lowest water altitude measured each year (usually in late summer or early fall). Observations made when the well was in use or immediately after use were not included. In order to check for systematic declines in well levels over the period of record, we regressed well surface altitude against year since the beginning of record, such that:

Y = a + b * X

where: 

Y = well surface altitude (feet)

X = years of observation

b = regression coefficient; indicates the average annual decline in water elevation (feet), if the correlation with X is statistically significant (P<=0.05).

We also checked for correlation between well surface altitude and the 12-month precipitation preceding the well surface observation. We used precipitation records measured at Silverton. The regression equation was:

Y = a + b * X

where: 

Y = well surface altitude (feet)

X = 12-month precipitation prior to the well observation (inches)

b = regression coefficient; indicates the average increase in well surface altitude for each inch of additional precipitation, if the correlation with X is statistically significant (P<=0.05).

The correlation between well surface altitude and precipitation was statistically significant for only one well record of the 22, so we concluded that any declines in surface altitude were not attributable to variation in annual precipitation over the period of record.

All four of the wells that were within the basalt aquifer (wells R, S, V, and P) exhibited statistically significant declines in surface altitude over their period of record (Table 4-10 and Map 13, Designated Groundwater Areas). Average annual declines of the wells ranged from 1.5 to 5.2 feet per year. The well with the largest annual decline in surface water elevation (well R) was within the Victor Point Groundwater Withdrawal Area.

Only 3 of the 18 wells that tap the aquifer composed of sedimentary deposits exhibited statistically significant declines in surface altitude. The three wells with declines were clustered in the north end of the watershed near Aurora. Average annual declines for these three wells were less than for the wells in the basalt aquifer and ranged from 0.6 to 2.2 feet per year.

Further evidence of long-term declines in water surface altitudes of the wells in the Mount Angel and Gladtidings Groundwater Limited Areas are found in Tuscon Myers & Associates (1994). Measurements of water depth from the time the wells were drilled until the early 1990s indicate that all monitored wells in the Mount Angel area declined. Declines ranged from 3.3 to 8.2 feet per year (Table 4-11) with the average decline being 5.4 feet per year in the Mount Angel area. Three out of four wells in the Gladtidings area exhibited declines in surface water altitude. The average decline was 1.7 feet per year. Because wells are deep in the Gladtidings area (averaging 440 feet), the well surface water declines do not pose an immediate threat to well use.

Measurements of water yield for the Mt Angel #5 well indicate that the 90-foot decline in well water surface altitude from 1974 to 1992 was accompanied by a yield decline from 620 gallons per minute in 1974 to 170 gallons per minute in 1992. While the total well depth was not indicated, the depth to water surface, 460 feet in 1992, suggests that the well is at risk of going dry.

Table 4-10. Annual change in water altitude for wells monitored by the USGS between 1996 and 2002.

	Well
	Use of well
	Well depth

(feet)
	Land surface

altitude

(feet)
	Period of record
	Aquifer
	Annual change in well surface altitude (feet)* 

	A
	irrigation
	?
	190
	1998-2001
	Sedimentary
	NS

	B
	unused
	150
	192
	1997-2001
	Sedimentary
	-0.6

	C
	domestic
	245
	173
	1997-2001
	Sedimentary
	-2.2

	D
	domestic
	117
	172
	1998-2002
	Sedimentary
	-0.8

	E
	irrigation
	235
	174
	1996-2002
	Sedimentary
	NS

	F
	public supply
	197
	181
	1996-2002
	Sedimentary
	NS

	G
	domestic
	64
	165
	1997-2001
	Sedimentary
	NS

	H
	domestic
	65
	280
	1996-2001
	Sedimentary
	NS

	I
	irrigation
	252
	180
	1996-2002
	Sedimentary
	NS

	J
	domestic
	97
	202
	1997-2001
	Sedimentary
	NS

	K
	irrigation
	165
	153
	1996-2002
	Sedimentary
	NS

	L
	domestic
	232
	198
	1997-2001
	Sedimentary
	NS

	M
	domestic
	50
	160
	1997-2001
	Sedimentary
	NS

	N
	domestic
	120
	180
	1997-2001
	Sedimentary
	NS

	O
	irrigation
	172
	191
	1997-2002
	Sedimentary
	NS

	P
	domestic
	265
	319
	1996-2002
	Basalt
	-3.5

	Q
	domestic
	252
	185
	1997-2001
	Sedimentary
	NS

	R
	unused
	583
	602
	1998-2002
	Basalt
	-5.2

	S
	unused
	514
	450
	1997-2002
	Basalt
	-3.5

	T
	domestic
	225
	225
	1997-2002
	Sedimentary
	NS

	U
	domestic
	130
	230
	1997-2002
	Sedimentary
	NS

	V
	domestic
	266
	220
	1996-2002
	Basalt
	-1.5


Annual decline in well surface altitude shown only for those wells for which there was a statistically significant (P<=0.05) correlation with year since the beginning of record. NS means that the correlation was not statistically significant, indicating no systematic change in well surface water altitude. The well surface altitude used here was the lowest level observed each year (usually late summer or early fall). 

Data source: http://or.water.usgs.gov/pubs_dir/Online/Cd/WRIR99-4036/README.HTM.

Table 4-11. Change in surface water depth for wells in the Mount Angel and Gladtidings Groundwater Limited Areas.

	Groundwater Limited Area and well name
	Well

depth

(feet)
	Year and depth to water (feet)
	Year and depth to water 

(feet)
	Average annual change in water depth (feet)

	Mount Angel

       Kraemer

       Dickman 

       Lone Pine

       Esch

       Norb

       Mt Angel #5 

       Average
	
	1971    30

1983    50

1979    30

1982    80

1971    70

1981  370
	1992    100

1992    110

1992    110

1992    130

1992    140

1992    460
	-3.3

-6.6

-6.2

-5.0

-3.3

-8.2

-5.4

	Gladtidings

     Kemnitz

     Kraemer/Ray

     Kraemer

     Lucht

Average
	322

280

657

520


	1981    40

1982    60

1982    90

1974  100
	1989      90

1992    110

1990      50

1988    120
	-6.3

-4.0

+5.0

-1.4

-1.7


Groundwater productivity and usage

Utilization of groundwater for irrigation and other purposes is already widespread in the northwest one-half of the watershed where a high-yielding aquifer of sedimentary deposits overlays the basalt aquifer. Except for a localized area near the city of Aurora, current groundwater use does not seem to be tapping this aquifer at a rate that exceeds its ability to recharge each winter. Where the aquifer of sedimentary deposits is not present to the southeast, wells tap the deep basalt aquifer and most monitored wells have shown sizable declines in well water elevation over the last few decades. Here, current groundwater use seems to be exceeding aquifer recharge rates and further expansion of groundwater use throughout this area will be limited.

Considering the limited productivity of the basalt aquifer, there are probably few opportunities for landowners to provide more water for fish by voluntarily substituting groundwater for stream water withdrawn directly from streams during the summer.  Most stream reaches that are cool enough to support salmon and trout during the summer are to the east and occupy the portion of the watershed that has only the basalt aquifer. Well productivity is probably sufficient to substitute groundwater for water withdrawals in the northwest one-half of the watershed where the high-yielding aquifer of sedimentary deposits exists, but here streams flow through the lowlands and the stream water is generally too warm to support salmon and trout.  Nevertheless, additional water in these streams would help dilute pollution and improve conditions for those native fish that live in these warmer streams.

Conclusions

Water use is high in the Pudding watershed and includes both diversions from streams and pumping of groundwater.  Instream water rights to provide fish habitat and dilute pollution exist for a number of streams in the watershed but they are junior to most other water rights and so have only an indirect effect on streamflow.  The existence of the instream rights prevents the additional granting of surface water for consumptive use during the dry season.  Water is still available in many subbasins for water storage during the wet season.

Except for a limited area near Aurora, groundwater supply is sufficient to match demand for wells that tap the shallow aquifer composed of sedimentary deposits that are found in the lowlands.  However, water supplies are not sufficient to match demand for wells that tap the underlying basalt aquifer that is at the surface further to the east.  Ground water elevations are rapidly decreasing here and are a constraint on agriculture and domestic use. The increased use of surface water supplies, except for that which can be stored over the winter, is not a viable option here since the streams are already overappropriated.
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Chapter 5. Riparian Vegetation and Wetlands

Introduction

One purpose of this chapter is to characterize vegetation along the watershed’s fish-bearing streams in order to understand how these vegetation patterns influence fish and wildlife habitat and water quality. Trees growing next to streams provide shade that keeps waters cool, nutrients in the form of leaves and litter, and, after the trees topple into the stream, large wood that creates high quality habitat for fish (Bisson et al., 1987). The root systems of trees closest to the stream also help increase streambank complexity. This chapter also highlights opportunities to improve riparian conditions near the river and its tributaries in order to improve water quality and fish habitat. 

Another purpose of this chapter is to quantify the wetlands in the western one-half of the Pudding watershed (the portion of the watershed for which digital wetland inventory maps are available). Wetlands provide unique habitat for some types of wildlife and plants and their acreage has diminished over the decades to make room for farming and development. This section concludes with a description of the wastewater treatment wetlands at The Oregon Garden.

Riparian vegetation

Methods

Infrared aerial photographs flown on June 19, 2004 at a scale of 1:24000 were used to identify vegetation along fish-bearing streams throughout most of the study area. The infrared photographs were of good quality, and show hardwoods as a separate color from conifers. And, since water surfaces are usually black in infrared photographs, they are also easily identified in the photos. Infrared photographs were not available for the very eastern headwaters of Butte Creek, Abiqua Creek, and Silver Creek (Map 14a and 14b, Riparian Vegetation). The lack of information in this area is not critical since this is mainly commercial timberland and management of streamside vegetation is dictated by either the Forest Practices Act (for private and state ownership) or by federal management plans (for BLM ownership).

We visited about two dozen streamside locations in the basin with varying types of vegetation in order to assist in delineating vegetation types from the photographs.

Because the infrared photographs were not rectified (corrected for tilt and distortion), The actual GIS mapping of riparian vegetation was done using black and white aerial ortho-photographs (digital). The black and white photographs were flown in 2000. The infrared photographs were used to identify the type of riparian vegetation in detail and the black and white orthophotographs used for mapping. 

Riparian vegetation was mapped to a width of 100 feet on each side of the stream, and the vegetation and infrastructure were typed according to the classifications in Table 1. There are two different crown closure classes (indicated as a “1” or a “2” in the last character of the vegetation code). The suffix “1” in the vegetation code indicates that the tree crown covers at least 50% of the 100-foot wide band, and the suffix “2” indicates that there is less than 50% crown cover (Figure 5-1). A stand was considered conifer-dominated if the conifer crown cover was at least 50% of the total tree canopy and hardwood-dominated if the hardwood crown cover was at least 50% of the total tree canopy.

Table 5-1. Classifications used for mapping vegetation or land uses within 100 feet of streams and ponds.

	Vegetation

HY1

HM1

HY2

HM2

CY1

CM1

CO1

CY2

CM2

CO2

BR

GR
	Younger hardwoods (< 30 years), 50-100% crown closure

Moderate and older hardwoods (> 30 years), 50-100% crown closure

Younger hardwoods (< 30 years), < 50% crown closure

Moderate and older hardwoods (> 30 years), < 50% crown closure

Younger conifers (< 30 years), 50-100% crown closure

Moderate conifers (30-60 years), 50-100% crown closure

Older conifers (> 60 years), 50-100% crown closure

Younger conifers (< 30 years), < 50% crown closure

Moderate conifers (30-60 years), < 50% crown closure

Older conifers (> 60 years), < 50% crown closure 

Brush

Grass (not grass seed field)



	Crops

F

NU

OR


	Farm field

Nursery operation

Orchard (e.g. filbert)



	Infrastructure

CD

GO


	City, developed (commercial and residential)

Gravel extraction operation




The size classes of streams are those designated by the Oregon Department of Forestry. Small streams are those with an average annual flow of less than 2 cfs, while large streams have an average annual flow of greater than 10 cfs. All other streams are classified as medium-sized.
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Figure 5-1. Crown closure classes for mapped riparian vegetation. Areas with crown closure greater than 50% have the suffix “1” and areas with crown closure less than 50% have the suffix “2” in their vegetation mapping codes.

Results

Basin-wide riparian vegetation

Over 60% of streambanks are dominated by hardwood stands of various ages and crown closure classes (Table 5-2), and the majority of these hardwood stands consist largely of trees older than 30 years. In contrast, only 8% of streambanks are dominated by conifers. The remaining one-third is not bordered by trees but by brush (mostly non-native species such as Himalayan blackberry), farm fields, orchards, grass, gravel mining operations or developed land within cities.

The most common vegetation type throughout the basin is hardwood stands older than 30 years and with more than 50% crown cover. In the lower elevations of the basin, these older hardwood stands are dominated by black cottonwood, Oregon ash, bigleaf maple, and Oregon white oak, while the higher elevations are dominated by red alder and black cottonwood. Riparian conifer stands are mainly Douglas-fir with some western redcedar, ponderosa pine, and western hemlock. The majority of streams with conifer in the riparian area occur within Silver Falls State Park and most of these conifers are more than 60 years old (Table 5-2).

Large streams have older streamside vegetation and a higher percentage of conifer-dominated stands than do small streams (Table 2). Also, farming occurs up to the edge of the stream channel along 31% of small streams, but occurs along only 10% of large streams.

Table 5-2. Basin-wide summary of vegetation types within 100 feet of fish-bearing streams.

	Vegetation type within 100 feet of streambank
	Percent of total

	
	Large streams
	Medium streams
	Small streams
	All

streams

	Conifers greater than 60 years, greater than 50% canopy
	2.7
	2.5
	0.5
	2.3

	Conifers greater than 60 years, less than 50% canopy
	0.1
	0.1
	0.0
	0.1

	Conifers between 30 and 60 years, greater than 50% canopy
	4.3
	2.7
	5.8
	4.1

	Conifers between 30 and 60 years, less than 50% canopy
	0.2
	0.3
	0.2
	0.2

	Conifers less than 30 years, greater than 50% canopy
	0.6
	1.5
	2.0
	1.1

	Conifers less than 30 years, less than 50% canopy 
	0.0
	0.0
	0.0
	0.0

	Hardwoods greater than 30 years, greater than 50% canopy
	40.9
	27.2
	23.1
	33.4

	Hardwoods greater than 30 years, less than 50% canopy
	25.7
	16.5
	14.1
	20.7

	Hardwoods less than 30 years, greater than 50% canopy
	2.4
	8.5
	2.1
	4.2

	Hardwoods less than 30 years, less than 50% canopy
	2.5
	2.8
	1.4
	2.4

	Brush
	8.7
	15.9
	12.5
	11.6

	Farm fields
	10.2
	17.6
	31.2
	16.3

	Orchards
	0.3
	0.6
	1.5
	0.6

	Grass
	0.5
	3.6
	4.1
	2.1

	Gravel extraction operations
	0.2
	0.3
	0.2
	0.2

	City, developed 
	0.5
	0.0
	1.2
	0.5

	Total (percent)


	100.0


	100.0


	100.0


	100.0




Riparian vegetation differences among sub-basins

The percent of riparian area dominated by conifers varies widely among sub-basins, ranging from 0% for the Little Pudding River and Mill Creek to 47% for Silver Creek (Figure 5-2 and Tables 5-3 and 5-4). Hardwood vegetation is most dominant within those sub-basins located predominantly in the western half of the basin where the land is relatively flat. These are also the same sub-basins that have the greatest length of streambank in classifications that do not include trees (fields, grass, brush, orchards, gravel extraction operations, and city development).

Riparian vegetation differences among stream sizes by sub-basin

When the riparian vegetation data are summarized by both sub-basin and stream size (Tables 5-5 and 5-6), the scarcity of trees within 100 feet of small streams in the western one-half of the basin is even more apparent. Small-sized streams in Zollner sub-basin, for example, lack trees along 91% of streambanks. Similarly, small-sized streams in the Mill sub-basin and the Upper Pudding sub-basin have treeless riparian areas for about two-thirds of their lengths. Sub-basins that mainly drain forest land rather than farm land usually have streambanks that are heavily forested. All small-sized streams in the Silver sub-basin are bordered by trees. 
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Figure 5-2. Percentage of streambank in various vegetation classes for sub-basins of the Pudding basin.

Riparian vegetation differences among individual streams

We scored and ranked individual streams in the Pudding basin according to the quality of the riparian vegetation found throughout their lengths. Only the main stems of each named stream were evaluated; tributaries were not included. We developed scores for the various vegetation types that ranged from 1 to 10, with the higher score indicating greater positive influence on the stream. For example, older conifer stands (> 60 years) with 50-100% crown cover were given a score of 10 while a riparian area consisting of a farm field was assigned a score of 1. A major reason for these scorings is that older conifers provide abundant quantities of persistent large wood and shade while farm fields provide neither.

To calculate the rank for each stream, we multiplied the score for each of the vegetation types by the streambank length for that type. These numbers were then summed and divided by the total streambank length in order to come up with a weighted average score between the values of 1 and 10.

The scores and relative ranking for individual streams are displayed in Table 5-8. The streams with the ten highest scores are primarily in the upper reaches of the eastern sub-basins while the streams with the ten lowest scores are primarily in the lowland areas where farming is most concentrated.

Table 5-3. Vegetation type by sub-basin (streambank length in feet).

	Sub-basin
	Vegetation type (streambank length in feet)

	
	CO1
	CO2
	CM1
	CM2
	CY1
	CY2
	HM1
	HM2
	HY1
	HY2
	BR
	F
	OR
	GR
	GO
	CD
	TOTAL

	Abiqua


	3846
	0
	44803
	700
	18940
	0
	119639
	49295
	29372
	11953
	42396
	29684
	5013
	3157
	5179
	0
	363977

	Butte


	2650
	0
	14816
	2306
	280
	0
	107872
	64146
	4443
	3098
	23849
	34023
	0
	6946
	0
	0
	264429

	Drift


	0
	0
	4814
	0
	5784
	248
	32383
	13486
	2795
	3613
	7534
	11034
	0
	0
	753
	0
	82444

	Little Pudding
	0
	0
	0
	0
	0
	0
	66378
	41710
	15213
	15611
	23291
	54591
	834
	1730
	0
	0
	219358

	Lower Pudding
	0
	0
	7244
	0
	0
	0
	121348
	113051
	9633
	5177
	69394
	70391
	6574
	3199
	0
	2069
	408080

	Mill


	0
	0
	0
	0
	0
	0
	68826
	32073
	10303
	0
	32507
	25680
	3053
	11635
	0
	3832
	187909

	Rock


	1901
	0
	2159
	0
	0
	0
	183717
	119260
	15324
	12645
	63124
	73692
	0
	23761
	0
	0
	495583

	Silver


	49773
	2083
	32264
	3438
	4816
	0
	64830
	16917
	4732
	0
	8353
	2518
	0
	1317
	0
	6377
	197418

	Upper Pudding
	0
	0
	1226
	0
	301
	0
	88852
	76203
	18529
	11028
	30203
	83028
	1017
	3915
	0
	0
	314302

	Zollner


	1317
	0
	0
	0
	0
	0
	26224
	20378
	1310
	0
	6005
	45155
	0
	0
	0
	0
	100389


CO1  Conifers greater than 60 years, greater than 50% canopy
HM1  Hardwoods greater than 30 years, greater than 50% canopy
OR  Orchards

CO2  Conifers greater than 60 years, less than 50% canopy

HM2  Hardwoods greater than 30 years, less than 50% canopy
GR  Grass

CM1  Conifers between 30 and 60 years, greater than 50% canopy
HY1  Hardwoods less than 30 years, greater than 50% canopy
GO  Gravel extraction operations

CM2  Conifers between 30 and 60 years, less than 50% canopy
HY2  Hardwoods less than 30 years, less than 50% canopy

CD  City, developed

CY1  Conifers less than 30 years, greater than 50% canopy

BR  Brush

CY2  Conifers less than 30 years, less than 50% canopy

F  Farm fields

Table 5-4. Vegetation type by sub-basin (streambank length: percent of total).
	Sub-basin
	Vegetation type (streambank length: percent of total)

	
	CO1
	CO2
	CM1
	CM2
	CY1
	CY2
	HM1
	HM2
	HY1
	HY2
	BR
	F
	OR
	GR
	GO
	CD
	TOTAL

	Abiqua


	1.1
	0.0
	12.3
	0.2
	5.2
	0.0
	32.9
	13.5
	8.1
	3.3
	11.6
	8.2
	1.4
	0.9
	1.4
	0.0
	100.0

	Butte


	1.0
	0.0
	5.6
	0.9
	0.1
	0.0
	40.8
	24.3
	1.7
	1.2
	9.0
	12.9
	0.0
	2.6
	0.0
	0.0
	100.0

	Drift


	0.0
	0.0
	5.8
	0.0
	7.0
	0.3
	39.3
	16.4
	3.4
	4.4
	9.1
	13.4
	0.0
	0.0
	0.9
	0.0
	100.0

	Little Pudding
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	30.3
	19.0
	6.9
	7.1
	10.6
	24.9
	0.4
	0.8
	0.0
	0.0
	100.0

	Lower Pudding
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	29.7
	27.7
	2.4
	1.3
	17.0
	17.2
	1.6
	0.8
	0.0
	0.5
	100.0

	Mill


	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	36.6
	17.1
	5.5
	0.0
	17.3
	13.7
	1.6
	6.2
	0.0
	2.0
	100.0

	Rock


	0.4
	0.0
	0.4
	0.0
	0.0
	0.0
	37.1
	24.1
	3.1
	2.6
	12.7
	14.9
	0.0
	4.8
	0.0
	0.0
	100.0

	Silver


	25.2
	1.1
	16.3
	1.7
	2.4
	0.0
	32.8
	8.6
	2.4
	0.0
	4.2
	1.3
	0.0
	0.7
	0.0
	3.2
	100.0

	Upper Pudding
	0.0
	0.0
	0.4
	0.0
	0.1
	0.0
	28.3
	24.2
	5.9
	3.5
	9.6
	26.4
	0.3
	1.2
	0.0
	0.0
	100.0

	Zollner


	1.3
	0.0
	0.0
	0.0
	0.0
	0.0
	26.1
	20.3
	1.3
	0.0
	6.0
	45.0
	0.0
	0.0
	0.0
	0.0
	100.0


CO1  Conifers greater than 60 years, greater than 50% canopy
HM1  Hardwoods greater than 30 years, greater than 50% canopy
OR  Orchards

CO2  Conifers greater than 60 years, less than 50% canopy

HM2  Hardwoods greater than 30 years, less than 50% canopy
GR  Grass

CM1  Conifers between 30 and 60 years, greater than 50% canopy
HY1  Hardwoods less than 30 years, greater than 50% canopy
GO  Gravel extraction operations

CM2  Conifers between 30 and 60 years, less than 50% canopy
HY2  Hardwoods less than 30 years, less than 50% canopy

CD  City, developed 

CY2  Conifers less than 30 years, less than 50% canopy

F  Farm fields

Table 5-5. Vegetation type by sub-basin, stream size (streambank length in feet).

	Sub-basin
	Stream

size
	Vegetation type (streambank length in feet)

	
	
	CO1
	CO2
	CM1
	CM2
	CY1
	CY2
	HM1
	HM2
	HY1
	HY2
	BR
	F
	OR
	GR
	GO
	CD
	TOTAL

	Abiqua
	Large
	0
	0
	11278
	237
	2592
	0
	67271
	27662
	5928
	6877
	14851
	7826
	0
	0
	2915
	0
	147437

	
	Medium
	3846
	0
	14274
	0
	7181
	0
	30460
	13237
	19254
	3733
	18308
	13611
	5013
	0
	2264
	0
	131181

	
	Small
	0
	0
	19251
	463
	9167
	0
	21908
	8396
	4190
	1343
	9237
	8247
	0
	3157
	0
	0
	85359

	Butte
	Large
	2650
	0
	12291
	2306
	0
	0
	83823
	52745
	0
	0
	16006
	8694
	0
	1792
	0
	0
	180307

	
	Medium
	0
	0
	1486
	0
	0
	0
	10454
	10186
	1632
	3098
	0
	12914
	0
	3798
	0
	0
	43568

	
	Small
	0
	0
	1039
	0
	280
	0
	13595
	1215
	2811
	0
	7843
	12415
	0
	1356
	0
	0
	40554

	Drift
	Large
	0
	0
	4814
	0
	4665
	248
	18812
	13486
	315
	0
	2028
	5760
	0
	0
	0
	0
	50128

	
	Medium
	0
	0
	0
	0
	1119
	0
	8476
	0
	2257
	3613
	5342
	4703
	0
	0
	0
	0
	25510

	
	Small
	0
	0
	0
	0
	0
	0
	5095
	0
	223
	0
	164
	571
	0
	0
	753
	0
	6806

	Little Pudding
	Large
	0
	0
	0
	0
	0
	0
	50177
	25060
	2734
	5552
	8615
	30167
	834
	0
	0
	0
	123139

	
	Medium
	0
	0
	0
	0
	0
	0
	14894
	11324
	12479
	10059
	13979
	17662
	0
	0
	0
	0
	80397

	
	Small
	0
	0
	0
	0
	0
	0
	1307
	5326
	0
	0
	697
	6762
	0
	1730
	0
	0
	15822

	Lower Pudding


	Large
	0
	0
	3975
	0
	0
	0
	95966
	86613
	5151
	3108
	43004
	28274
	3371
	0
	0
	0
	269462

	
	Medium
	0
	0
	0
	0
	0
	0
	8583
	12826
	4243
	0
	17626
	9308
	0
	0
	0
	0
	52586

	
	Small
	0
	0
	3269
	0
	0
	0
	16799
	13612
	239
	2069
	8764
	32809
	3203
	3199
	0
	2069
	86032

	Mill
	Large
	0
	0
	0
	0
	0
	0
	39126
	17140
	0
	0
	8892
	5230
	0
	3167
	0
	0
	73555

	
	Medium
	0
	0
	0
	0
	0
	0
	18459
	7224
	10303
	0
	13172
	3141
	0
	5415
	0
	0
	57714

	
	Small
	0
	0
	0
	0
	0
	0
	11241
	7709
	0
	0
	10443
	17309
	3053
	3053
	0
	3832
	56640

	Rock
	Large
	0
	0
	0
	0
	0
	0
	77653
	47832
	188
	9808
	6373
	17836
	0
	0
	0
	0
	159690

	
	Medium
	1901
	0
	2159
	0
	0
	0
	78595
	57661
	13364
	1167
	46017
	33570
	0
	19639
	0
	0
	254073

	
	Small
	0
	0
	0
	0
	0
	0
	27469
	13767
	1772
	1670
	10734
	22286
	0
	4122
	0
	0
	81820

	Silver
	Large
	34218
	1212
	24198
	503
	971
	0
	43433
	12835
	0
	0
	2870
	2518
	0
	1014
	0
	6377
	130149

	
	Medium
	12983
	871
	3788
	2343
	3845
	0
	19634
	3447
	4732
	0
	5483
	0
	0
	303
	0
	0
	57429

	
	Small
	2572
	0
	4278
	592
	0
	0
	1763
	635
	0
	0
	0
	0
	0
	0
	0
	0
	9840

	Upper Pudding
	Large
	0
	0
	1226
	0
	0
	0
	64205
	57100
	16960
	8537
	14687
	30350
	0
	812
	0
	0
	193877

	
	Medium
	0
	0
	0
	0
	301
	0
	12789
	4355
	552
	1004
	3282
	22855
	0
	0
	0
	0
	45138

	
	Small
	0
	0
	0
	0
	0
	0
	11858
	14748
	1017
	1487
	12234
	29823
	1017
	3103
	0
	0
	75287

	Zollner
	Large
	0
	0
	0
	0
	0
	0
	7821
	4676
	1310
	0
	0
	0
	0
	0
	0
	0
	13807

	
	Medium
	1317
	0
	0
	0
	0
	0
	18403
	13699
	0
	0
	6005
	25624
	0
	0
	0
	0
	65048

	
	Small
	0
	0
	0
	0
	0
	0
	0
	2003
	0
	0
	0
	19531
	0
	0
	0
	0
	21534


CO1  Conifers greater than 60 years, greater than 50% canopy
HM1  Hardwoods greater than 30 years, greater than 50% canopy
OR  Orchards

CO2  Conifers greater than 60 years, less than 50% canopy

HM2  Hardwoods greater than 30 years, less than 50% canopy
GR  Grass

CM1  Conifers between 30 and 60 years, greater than 50% canopy
HY1  Hardwoods less than 30 years, greater than 50% canopy
GO  Gravel extraction operations

CM2  Conifers between 30 and 60 years, less than 50% canopy
HY2  Hardwoods less than 30 years, less than 50% canopy

CD  City, developed 

CY1  Conifers less than 30 years, greater than 50% canopy

BR  Brush

CY2  Conifers less than 30 years, less than 50% canopy

F  Farm fields

Table 5-6. Vegetation type by sub-basin, stream size (streambank length: percent of total).

	Sub-basin
	Stream

size
	Vegetation type (streambank length: percent of total)

	
	
	CO1
	CO2
	CM1
	CM2
	CY1
	CY2
	HM1
	HM2
	HY1
	HY2
	BR
	F
	OR
	GR
	GO
	CD
	TOTAL

	Abiqua
	Large
	0.0
	0.0
	7.6
	0.2
	1.8
	0.0
	45.6
	18.8
	4.0
	4.7
	10.1
	5.3
	0.0
	0.0
	2.0
	0.0
	100.0

	
	Medium
	2.9
	0.0
	10.9
	0.0
	5.5
	0.0
	23.2
	10.1
	14.7
	2.8
	14.0
	10.4
	3.8
	0.0
	1.7
	0.0
	100.0

	
	Small
	0.0
	0.0
	22.6
	0.5
	10.7
	0.0
	25.7
	9.8
	4.9
	1.6
	10.8
	9.7
	0.0
	3.7
	0.0
	0.0
	100.0

	Butte
	Large
	1.5
	0.0
	6.8
	1.3
	0.0
	0.0
	46.5
	29.3
	0.0
	0.0
	8.9
	4.8
	0.0
	1.0
	0.0
	0.0
	100.0

	
	Medium
	0.0
	0.0
	3.4
	0.0
	0.0
	0.0
	24.0
	23.4
	3.7
	7.1
	0.0
	29.6
	0.0
	8.7
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	2.6
	0.0
	0.7
	0.0
	33.5
	3.0
	6.9
	0.0
	19.3
	30.6
	0.0
	3.3
	0.0
	0.0
	100.0

	Drift
	Large
	0.0
	0.0
	9.6
	0.0
	9.3
	0.5
	37.5
	26.9
	0.6
	0.0
	4.0
	11.5
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Medium
	0.0
	0.0
	0.0
	0.0
	4.4
	0.0
	33.2
	0.0
	8.8
	14.2
	20.9
	18.4
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	74.9
	0.0
	3.3
	0.0
	2.4
	8.4
	0.0
	0.0
	11.1
	0.0
	100.0

	Little Pudding
	Large
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	40.7
	20.4
	2.2
	4.5
	7.0
	24.5
	0.7
	0.0
	0.0
	0.0
	100.0

	
	Medium
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	18.5
	14.1
	15.5
	12.5
	17.4
	22.0
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	8.3
	33.7
	0.0
	0.0
	4.4
	42.7
	0.0
	10.9
	0.0
	0.0
	100.0

	Lower Pudding


	Large
	0.0
	0.0
	1.5
	0.0
	0.0
	0.0
	35.6
	32.1
	1.9
	1.2
	16.0
	10.5
	1.3
	0.0
	0.0
	0.0
	100.0

	
	Medium
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	16.3
	24.4
	8.1
	0.0
	33.5
	17.7
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	3.8
	0.0
	0.0
	0.0
	19.5
	15.8
	0.3
	2.4
	10.2
	38.1
	3.7
	3.7
	0.0
	2.4
	100.0

	Mill
	Large
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	53.2
	23.3
	0.0
	0.0
	12.1
	7.1
	0.0
	4.3
	0.0
	0.0
	100.0

	
	Medium
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	32.0
	12.5
	17.9
	0.0
	22.8
	5.4
	0.0
	9.4
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	19.8
	13.6
	0.0
	0.0
	18.4
	30.6
	5.4
	5.4
	0.0
	6.8
	100.0

	Rock
	Large
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	48.6
	30.0
	0.1
	6.1
	4.0
	11.2
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Medium
	0.7
	0.0
	0.8
	0.0
	0.0
	0.0
	30.9
	22.7
	5.3
	0.5
	18.1
	13.2
	0.0
	7.7
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	33.6
	16.8
	2.2
	2.0
	13.1
	27.2
	0.0
	5.0
	0.0
	0.0
	100.0

	Silver
	Large
	26.3
	0.9
	18.6
	0.4
	0.7
	0.0
	33.4
	9.9
	0.0
	0.0
	2.2
	1.9
	0.0
	0.8
	0.0
	4.9
	100.0

	
	Medium
	22.6
	1.5
	6.6
	4.1
	6.7
	0.0
	34.2
	6.0
	8.2
	0.0
	9.5
	0.0
	0.0
	0.5
	0.0
	0.0
	100.0

	
	Small
	26.1
	0.0
	43.5
	6.0
	0.0
	0.0
	17.9
	6.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	100.0

	Upper Pudding
	Large
	0.0
	0.0
	0.6
	0.0
	0.0
	0.0
	33.1
	29.5
	8.7
	4.4
	7.6
	15.7
	0.0
	0.4
	0.0
	0.0
	100.0

	
	Medium
	0.0
	0.0
	0.0
	0.0
	0.7
	0.0
	28.3
	9.6
	1.2
	2.2
	7.3
	50.6
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	15.8
	19.6
	1.4
	2.0
	16.2
	39.6
	1.4
	4.1
	0.0
	0.0
	100.0

	Zollner
	Large
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	56.6
	33.9
	9.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Medium
	2.0
	0.0
	0.0
	0.0
	0.0
	0.0
	28.3
	21.1
	0.0
	0.0
	9.2
	39.4
	0.0
	0.0
	0.0
	0.0
	100.0

	
	Small
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	9.3
	0.0
	0.0
	0.0
	90.7
	0.0
	0.0
	0.0
	0.0
	100.0


CO1  Conifers greater than 60 years, greater than 50% canopy
HM1  Hardwoods greater than 30 years, greater than 50% canopy
OR  Orchards

CO2  Conifers greater than 60 years, less than 50% canopy

HM2  Hardwoods greater than 30 years, less than 50% canopy
GR  Grass

CM1  Conifers between 30 and 60 years, greater than 50% canopy
HY1  Hardwoods less than 30 years, greater than 50% canopy
GO  Gravel extraction operations

CM2  Conifers between 30 and 60 years, less than 50% canopy
HY2  Hardwoods less than 30 years, less than 50% canopy

CD  City, developed 

CY1  Conifers less than 30 years, greater than 50% canopy

BR  Brush

CY2  Conifers less than 30 years, less than 50% canopy

F  Farm fields

Table 5-7. Scores assigned to the various vegetation and land use types according to riparian vegetation quality.

	Score

4

6

3

4

6

8

10

5

6

8

2

1
	Vegetation

HY1

HM1

HY2

HM2

CY1

CM1

CO1

CY2

CM2

CO2

BR

GR
	Younger hardwoods (< 30 years), 50-100% crown closure

Moderate and older hardwoods (> 30 years), 50-100% crown closure

Younger hardwoods (< 30 years), < 50% crown closure

Moderate and older hardwoods (> 30 years), < 50% crown closure

Younger conifers (< 30 years), 50-100% crown closure

Moderate conifers (30-60 years), 50-100% crown closure

Older conifers (> 60 years), 50-100% crown closure

Younger conifers (< 30 years), < 50% crown closure

Moderate conifers (30-60 years), < 50% crown closure

Older conifers (> 60 years), < 50% crown closure 

Brush

Grass (not grass seed field)



	1

1

1
	Crops

F

NU

OR


	Farm fields

Nursery operation

Orchards (e.g. filbert)



	1

1
	Infrastructure

CD

GO


	City, developed (commercial and residential)

Gravel extraction operations




Among the eight major streams in the Pudding basin, Silver Creek and Rock Creek rank the highest in riparian vegetation quality (Table 9), while the Little Pudding River and Mill Creek have the lowest scores.

Discussion

Riparian conditions along fish-bearing streams in the Pudding basin vary widely among streams and along individual streams. The tendency of streams in the western lowlands of the basin to meander widely causes trees on the outside of meanders to be undercut; their collapse often results in there being no natural vegetation between the river and adjacent farm fields. Attempts to plant trees along banks that now lack trees should take into account future widening of the channel caused by stream meandering. Knowing the local rate of undercutting can help identify how far back trees should be planted in order for them to have a chance of reaching maturity before the stream meander attempts to undercut them (Leopold et al.  1992). A way to evaluate how rapidly a segment of stream is meandering is to examine aerial photographs from various dates and measure the change.

Conifer trees are preferred within riparian areas because their wood is so long-lived in the channel. The boles of hardwoods commonly decay within a decade, while conifer boles can last 60 years or more. Conifer trees are generally scarce in riparian areas of the Pudding basin, except within Silver Falls State Park where old conifers dominate the 

riparian area. Considering this scarcity, attempts to plant trees along streams should focus on establishing conifers, especially Douglas-fir, which can withstand summer drought periods better than western redcedar and western hemlock. 

Nearly one-third of the streambank length in the Pudding basin currently lacks trees: these areas would be a logical focus for reforestation efforts. While lacking trees, many of these areas are nevertheless fully vegetated, often with non-native brush species that can compete successfully with planted trees. Rigorous control of competing vegetation for a span of at least five years is usually necessary for these reforestation efforts to work.

There are also opportunities for effective reforestation where the existing riparian trees occupy only a thin band along the stream. Planting trees between the existing trees and the 100-foot-mark, followed by control of competing vegetation, is a long-term strategy for creating fully-functioning riparian corridors decades in the future.

Efforts to improve riparian conditions in the Pudding basin will involve many miles of stream, so there is a need to identify areas where tree planting will be most effective. Focusing tree planting efforts on transitional areas where the summer water temperature changes from adequate to inadequate for trout and salmon (see the Water Quality chapter) can help move the cool-water zone downstream over time and expand year-round habitat for these fish. 

Table 5-8. Ranking according to riparian habitat quality scores for individual streams.

	Ranking
	Stream
	Score

	1
	Howard
	8.1

	2
	Silver, North Fork
	8.1

	3
	Silver, South Fork
	8.1

	4
	Smith
	8.1

	5
	Brooks
	7.1

	6
	Cotton
	7.0

	7
	Bridge
	6.8

	8
	Homestead
	6.6

	9
	Jeff
	6.6

	10
	Abiqua, Little
	6.3

	11
	Silver, Little North Fork
	6.3

	12
	Hammond
	6.0

	13
	Coal
	5.8

	14
	Alder
	5.7

	15
	Powers
	5.5

	16
	Comer
	5.4

	17
	Silver
	5.3

	18
	Wheeler
	5.3

	19
	Rock
	5.1

	20
	Drift
	4.9

	21
	Butte
	4.8

	22
	Abiqua
	4.7

	23
	Cedar
	4.7

	24
	Drift, East Fork
	4.7

	25
	Fruitland
	4.4

	26
	Thomas
	4.4

	27
	Pudding
	4.3

	28
	Davis
	4.2

	29
	Deer
	4.1

	30
	Senecal
	4.1

	31
	Brush
	4.0

	32
	Kaiser
	3.9

	33
	Pudding, Little
	3.9

	34
	Mill
	3.8

	35
	Pudding, South Fork
	3.8

	36
	Teasel
	3.8

	37
	Drift, West Fork
	3.7

	38
	Marquam
	3.7

	39
	Woods
	3.7

	40
	Bear
	3.5

	41
	Zollner
	3.5

	42
	Garrett
	3.1

	43
	Howell Prairie
	3.0

	44
	Bochsler
	2.7

	45
	Kraus
	2.6

	46
	Carnes
	2.4

	47
	Muddy
	2.2

	48
	Evans
	2.1


Table 5-9. Ranking of the eight major streams in the Pudding basin according to their riparian habitat quality scores.

	Stream


	Score

	Silver Creek
	5.3

	Rock Creek
	5.1

	Drift Creek
	4.9

	Butte Creek
	4.8

	Abiqua Creek
	4.7

	Pudding River
	4.3

	Little Pudding River
	3.9

	Mill Creek
	3.8


Wetlands (natural)

Background

Wetlands are neither terrestrial systems nor aquatic systems, but instead occur where the water table is usually at or near the surface or where the land is covered by shallow water. For purposes of classification under the National Wetland Inventory system, wetlands must have one or more of the following three attributes: (1) at least periodically, the land must predominantly support hydrophytes, (2) the substrate must be predominantly undrained hydric soil, and (3) the area must be saturated with water or covered by shallow water during some portion of the growing season each year (Cowardin et al. 1979). A hydric soil is formed when conditions of saturation, flooding, or ponding occur long enough during the growing season that anaerobic (not oxygenated) conditions develop in the upper part of the soil. Hydrophytes are plants that grow in water or on a substrate that is at least periodically deficient in oxygen due to excessive water. Hydrophytic plants have morphological, physiological and reproductive adaptations that allow them to thrive in inundated or saturated soils where upland plants cannot (Cowardin et al. 1979).

Wetlands mapped during the National Wetland Inventory are categorized by system and by class. The three systems relevant to the Pudding basin are as follows:

· The Riverine System includes all wetlands and deepwater habitats contained within a channel, except wetlands dominated by trees, shrubs, persistent emergents, emergent mosses, or lichens. 

· The Lacustrine System includes wetlands and deepwater habitats with all of the following characteristics: (1) situated in a topographic depression or a dammed river channel; (2) lacking trees, shrubs, persistent emergents, emergent mosses or lichens that provide greater than 30% areal coverage; and (3) possessing a total area exceeding 20 acres. Similar wetland and deepwater habitats totaling less than 20 acres are also included in the Lacustrine System if an active wave-formed or bedrock shoreline feature makes up all or part of the boundary, or if the water depth in the deepest part of the basin exceeds 6.6 feet at low water. 

· The Palustrine System includes wetlands dominated by trees, shrubs, persistent emergents, and emergent mosses or lichens. It also includes wetlands lacking such vegetation, but with all of the following characteristics: (1) the area is less than 20 acres; (2) active wave-formed or bedrock shoreline features are lacking; (3) the water depth in the deepest part of the basin is less than 6.6 feet at low water. The Palustrine System groups the vegetated wetlands traditionally called by such names as marsh, swamp, bog, fen, and prairie. It also includes the small, shallow, permanent or intermittent water bodies often called ponds.

A summary these three systems, each of which applies to the Pudding basin, is shown in Figure 5-3.

Methods

We summarized digital wetland maps produced by the National Wetland Inventory for the western portion of the watershed. No digital wetland maps were available for the eastern half of the watershed. 
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Figure 5- 3. Basic components of the three wetland systems found in the Pudding basin.
Results

Wetlands in the Pudding basin are abundant and occur throughout the basin. Most wetlands occur within, along, or adjacent to stream and river channels (Map 15, National Wetland Inventory Wetlands). Wetlands mapped as polygons occupy 2419 acres while the summed length of linear wetland features is 333 miles for the mapped portion of the basin (Tables 5-10 and 5-11).  Assuming that the average width of a linear wetland is 30 feet, linear wetlands occupy over 1.89 square miles. Therefore, wetlands mapped as either polygons and linear features comprise 2.4% of the portion of the mapped portion of the basin. Wetland density in the Pudding basin is similar to the Calapooia basin to the south, which has an overall wetland density of 2.8%. Like the Calapooia River, much of the Pudding River meanders widely across the Willamette basin and wetlands are commonly associated with abandoned river meander bends that are too wet to be farmed.

Table 5-10. Summary of wetlands mapped as polygons.

	Sub-basin


	Wetland Classification (acres)
	Area mapped within sub-basin (sq. mi.)
	Mapped wetland density

(acres / sq. mi.)

	
	Palustrine
	Riverine
	Lacustrine
	Total
	
	

	Abiqua
	60
	4
	27
	91
	6.7
	13.5

	Butte
	49
	0
	0
	49
	6.9
	7.0

	Drift
	52
	0
	0
	52
	7.6
	6.8

	Little Pudding
	313
	0
	0
	313
	59.6
	5.3

	Lower Pudding
	479
	233
	0
	712
	33.5
	21.2

	Mill
	481
	0
	0
	481
	39.5
	12.2

	Silver
	107
	0
	0
	107
	9.3
	11.5

	Upper Pudding
	564
	1
	0
	565
	59.0
	9.6

	Zollner
	49
	0
	0
	49
	10.0
	7.9

	TOTAL
	2154
	238
	27
	2419
	232.1
	Average: 10.4


Table 5-11. Summary of wetlands mapped as linear features.

	Sub-basin


	Wetland Classification (mi.)
	Area mapped within sub-basin (sq. mi.)
	Mapped wetland density

(mi. / sq. mi.)

	
	Palustrine
	Riverine
	Lacustrine
	Total
	
	

	Abiqua
	7.5
	5.2
	0.0
	12.7
	6.7
	1.9

	Butte
	4.2
	8.1
	0.0
	12.3
	6.9
	1.8

	Drift
	5.1
	8.4
	0.0
	13.5
	7.6
	1.8

	Little Pudding
	58.0
	14.8
	0.0
	72.8
	59.6
	1.2

	Lower Pudding
	31.2
	17.4
	0.0
	48.6
	33.5
	1.5

	Mill
	42.3
	0.0
	0.0
	42.3
	39.5
	1.1

	Silver
	6.2
	9.7
	0.0
	15.9
	9.3
	1.7

	Upper Pudding
	65.4
	35.9
	0.0
	101.3
	59.0
	1.7

	Zollner
	13.1
	0.9
	0.0
	14.0
	10.0
	1.4

	TOTAL
	233.0
	100.4
	0.0
	333.4
	232.1
	Average: 1.4


Because trees and shrubs quickly colonize depressions in the Willamette Valley and because individual wetlands are relatively small, nearly all of the wetland polygons (83%) and a majority of the linear wetlands (70%) were Palustrine systems (Table 10). Lacustrine systems were rare and occur only in the lower Abiqua sub-basin.

The Lower Pudding sub-basin has the highest density of wetlands mapped as polygons (21 acres per square mile). Here, abandoned river meanders are abundant.

Discussion

Many wetlands in the Pudding basin have been drained over the decades but 2.4% of the western Pudding basin still consists of wetlands. Nearly all wetlands are associated with existing or abandoned stream channels. Since these wetlands are low in the flood plain, they are generally too wet to farm. Additionally, a majority of wetlands have mature hardwood vegetation growing in them and the cost to clear that vegetation and make the area into farm land is high. State law prohibits the draining of jurisdictional wetlands unless wetlands of similar type are created elsewhere. 

Wetlands (constructed)

The Oregon Garden wetlands

The Oregon Garden wetlands were constructed to further treat wastewater from the treatment plant in the city of Silverton. Previously, the treated wastewater emptied directly into Silver Creek, downstream of Silverton. Now, the treated water travels through a series of 25 wetland cells where biotic processes act to further reduce the concentration of nutrients in the wastewater before it enters Brush Creek (Figure 5-4). The flow of water into cell A is about 300 gallons per minute in peak summer. A portion of the water is used for irrigation via a diversion at cell O. The remainder flows through a 
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Figure 5-4. Configuration of the 25 treatment wetland cells at the Oregon Garden.

second series of treatment wetlands (cells Q through Y) and the excess flows into Brush Creek. Brush Creek is a small stream and by late summer nearly all of the flow in Brush Creek consists of water that has been processed in the wetlands. The wetland cells and overflow areas between cells are heavily vegetated with wetland plants. 

One reason for constructing the wetlands was to promote processes that allow much of the nitrogen in the wastewater to be released as a gas or converted to organic matter  (Mitsch and Gosselink, 1986). Figure 5-5 illustrates the loss of nitrogen in the form of nitrate as the water flows from cell H to cell Y and the influence the effluent has on Brush Creek after the treated water flows into it. For the last year of sampling (from May, 2004 to May, 2005), the nitrogen levels in Brush Creek downstream of the wetland effluent were elevated only during the August and October sampling dates and concentrations were far less than the concentrations in the water in cell H (Figure 5-5). The water quality data used here were collected by personnel at The Oregon Garden.
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Figure 5-5. Nitrogen concentration in the form of nitrate for cell H (upper wetland site), cell Y (lower wetland site) and two sites along Brush Creek, above and below the outfall for the wetland water.

The total phosphorus concentration also declines as the wastewater travels through the wetland cells. In wetlands, the phosphorus becomes attached to sediment particles or is incorporated into plants. Although the water exiting the wetlands elevates phosphorus concentrations within Brush Creek during all months, these levels are much less than the levels in the wastewater coming from the wastewater treatment plant (Figure 5-6).
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Figure 5-6. Phosphorus concentration for cell H (upper wetland site), cell Y (lower wetland site) and two sites along Brush Creek, above and below the outfall for the wetland water.
Discussion

The Oregon Garden wetland provides a good example of how constructed wetlands can be used to further treat wastewater originating from discrete sources before the water enters streams. Nitrogen and phosphorus removal in the cells occurs year-round and using a portion of the water for irrigation further reduces the effect on the receiving stream. Treated wastewater from the city of Woodburn is used to irrigate a poplar plantation during the summer and has similar benefits for water quality in the lower Pudding River. 
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Chapter 6. Riparian and Stream Restoration

Introduction 

This chapter combines information from the assessment to outline a framework for determining priority areas to restore aquatic and riparian habitat conditions in the Pudding River Watershed. The conclusions focus on restoring habitat for salmon and trout and habitat for pond turtles.

Determining high priority stream reaches for restoration
In the previous chapters we have discussed the variety of stream and riparian conditions found throughout the Pudding Watershed. For example, stream temperatures cool enough to sustain trout, salmon, and steelhead year-round (less than 70 °F) are restricted to headwater reaches or those mid-reach areas for streams with their headwaters in the highest zones of the watershed (Figure 1-2). We have also illustrated the wide range of vegetation types along streams that provide shade and large wood to streams (Maps 14a and 14b, Riparian Vegetation). In general, shade is sparser along small and medium size streams in the flatter portion of the watershed where farming is common; there is usually denser riparian shade along streams in the steep, forested portion of the watershed.

Passage around barriers is another important factor in how fish use streams. Barriers to fish passage are common throughout the watershed (Maps 9a and 9b, Fish Passage Obstructions) and are either natural (waterfalls) or man-caused (dams and culverts). Where the stream is too small or warm for fish during the summer, an impassible barrier can mean that the stream reach is not used by fish at all. Waterfalls block access to the upper portions of the key anadromous fish subwatersheds –Butte, Abiqua, and Silver Creeks (see Map 8, Fish Distribution and Habitat Inventory Areas). Waterfalls on these streams restrict the amount of historical and current habitat available for adult spawning and juvenile rearing. For this reason, it is important to improve fish passage in the lower areas of the watershed below the waterfalls, and particularly within the mainstem of the anadromous fish use streams. Table 6-1 shows dam and road culvert fish passage obstructions that are a priority for restoration. The highest priority fish passage obstructions for improvement are the dams on Butte and Abiqua Creeks. In both these cases, improving the fish ladders or other fixes can dramatically improve upstream access for both adult and juvenile trout and salmon. 

For purposes of determining areas to improve riparian and stream conditions, we have assigned higher value to stream reaches that are centered on the point where the stream warms to 70 °F (measured as the 7-day running average of daily maximum values). It is our assumption that improvements in riparian shade in these parts of the watershed do the most in helping add year-round habitat for coolwater fishes. In addition, adding logs to these reaches helps create deep pools that are used by fish to avoid exposure to warm temperatures in the summer and find refuge from fast water in the winter.

Table 6-1. Dams and culverts identified as medium or high priority for addressing fish passage issues. The specific culvert fish passage problems need to be field verified.  For dam and culvert locations see Maps 16a and 16b, Restoration Opportunities. The map numbers also correspond to Map 9a-9b, Fish Passage Obstructions in chapter 3, Fish Populations and Aquatic Habitat.   
	Map ID #
	Pudding Sub-basin
	Name / Ownership
	Habitat Quality
	Priority
	Comments

	DAMS

	10
	Butte
	Scotts Mills Falls Dam / Marion County
	Good
	High
	The dam structure is failing in several places and, if not repaired, the structure could collapse in the near future, cutting off all fish movement upstream because there would not be water flow in the ladder. In addition, the pool at the base of the tailrace has scoured out, reducing the substrate and lowering the water levels below the historic level, which does not provide adequate fish passage.  

	26
	Abiqua
	Silverton Water Supply Dam / City of Silverton
	Good
	High
	This dam appears to create a significant delay for migrating winter steelhead.  Fish have difficulty locating the fish ladder outfall because its outlet is not within the tailrace pool, but rather off to one side. Fish hold in the pool under the dam and do not move into the fish ladder.

	CULVERTS

	6
	Rock 
	Clackamas County
	Good
	Medium
	Double culvert (30"x 36' CMP, 24" x 43' CCL). Step falls on cobble: 2' before pool.

	7
	Rock 
	Clackamas County
	Unknown
	Medium
	Step falls over cobble for 3' w/ total drop of 24" before entering Rock Creek.

	9
	Rock
	Clackamas County
	Unknown
	Medium
	Upstream 30' of culvert has all the slope, 3%. (Overall culvert slope is 2%). May pass some adults.

	14
	Rock
	Clackamas County
	Good
	Medium
	Perched, juvenile step bar, except in high flows. May prohibit adults in low flows.

	17
	Butte 
	Clackamas County
	Unknown
	Medium
	May only inhibit adult passage.

	18
	Butte 
	Marion County
	Unknown
	Medium
	Step estimated and pool depth unknown due to inaccessibility.

	19
	Butte
	Clackamas County
	Unknown
	Medium
	Double culvert (60"x 2'). Velocity may inhibit adults only in some flows.

	24
	Upper Pudding
	Marion County
	Fair
	Medium
	Steel pipe.

	25
	Upper Pudding
	Marion County
	Fair
	Medium
	No pool.

	26
	Little Pudding
	Marion County
	Fair
	Medium
	Landowner has seen 6" trout here.

	27
	Little Pudding
	Marion County
	Fair
	Medium
	Double culvert (36"x 2'). Possible velocity barrier.

	30
	Abiqua 
	Marion county
	Good
	Medium
	

	31
	Abiqua 
	Marion county
	Good
	Medium
	Downstream end of culvert is 10' slide with 20% slope.

	37
	Drift 
	Marion County
	Unknown
	Medium
	


We have combined riparian condition, shade, temperature patterns, and fish passage obstructions into one map to demonstrate restoration priority areas (Maps 16a and 16b, Restoration Opportunities). Temperature patterns in streams were determined by using known temperature patterns in adjacent sub-basins, or using the temperature relationship displayed in Figure 1-2, or at points where temperature was actually measured (Map 6, Maximum Water Temperatures). The information in Maps 14a and 14b, Riparian Vegetation, was reformatted to show where shading natural vegetation was missing (brush, grass, farm field, orchard, city developed, and gravel extraction operation) on one or both sides of the stream. These priority criteria are summarized in Table 6-2 and displayed in Maps 16a and 16b, Restoration Opportunities. Users of these maps can readily pick out where streamside vegetation is lacking near points of temperature transition from below 70 °F to above 70 °F. The planting of shading trees and additions of large wood is most important in these areas.

The vegetation that once grew along stream prior to much European settlement can be mapped using notes contained within the GLO surveys that occurred around 1850 (Map 17, Historical Vegetation). This provides clues to which species that would be appropriate for reforestation along streams. Douglas-fir was a common riparian species for the upper watershed and along the upper Pudding River and Little Pudding River.  Alder and Douglas-fir was common along the lower Pudding River, and mid-elevation stream reaches contained oak along with Douglas-fir.

Table 6-2. Criteria for selecting high priority stream reaches for restoration.

	Parameter


	Higher priority
	Lower priority

	Temperature
	7-day maximum about 70 degrees
	7-day maximum considerably less or more than 70 degrees

	Shade
	One side or both sides of stream lacking shading vegetation
	Both sides of stream having shading vegetation

	Passage
	Downstream of fish passage 

Barrier and address human-caused fish passage barriers. Highest priority: Dams on anadromous fish use streams
	Upstream of fish passage 

Barrier unless fish passage has been addressed


Opportunities to improve pond turtle habitat

Western pond turtles and painted turtles were once common in the northern Willamette Valley but are now scarce due to a lack of successful reproduction. The dense vegetation growing around the ponds in which they live is mainly responsible for the unsuccessful  reproduction since it keeps the sunshine from warming the soil over the eggs. Predation by skunks, raccoons, and domestic animals such as dogs and cats can also result in poor reproduction.
Turtle reproduction can be improved by removing and controlling vegetation alongside ponds, sloping back steep banks, planting the area to a sparse, native grass such as tufted hairgrass, fencing the area with 1” by 2” fencing to keep out predators, and adding basking logs to the pond (Figure 6-1).

Farm ponds that are fed by groundwater are common throughout the mid-elevation areas of the Pudding River Watershed and are ideal candidates for turtle restoration. In addition, cutoff meaders of the Pudding River in the flat portion of the watershed are ponds that can be improved for turtles (see Map 15, National Wetland Inventory).
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Figure 6-1. Successful turtle nesting site near Aumsville. Brush was removed, steep bank near pond excavated, 0.5-acre site fenced and planted with tufted hairgrass, and basking logs were added to pond.
APPENDIX A

Appendix A: Pudding River Watershed History 

Introduction

This chapter provides an overview of the historical conditions and changes over time within the Pudding River watershed. Elizabeth Orr and Scott Eden wrote the text. Jeff Brekas, Loy Cramer, Jerry Hinsvark, Scott McAleer, Mary Narey, Marilyn Schlacter-Barner, Annabell Prantl, and Lori Webb contributed information, photographs, and maps.

Three periods are covered in this account: the prehistoric time from 15,000 B.C. to the 1700s, when the Kalapuya Indians were the dominant people; the interval of European contact from the 1700s to the mid-1800s, when explorers, fur trappers, missionaries and settlers appeared; and the period from 1850 onward, when settlements were established and the modern economy, cities, and political structures took hold. 

Chronology of Historical Events

15,000-6000 B.C.: Paleo-Indians arrive in the Northwest. End of the Ice Ages.

6000-4000 B.C.: Early Archaic Period. 

4000 B.C.-200 A.D.: Middle Archaic Period. Camas, fish, and game provide food. A variety of tools utilized.

200-1750: Late Archaic Period. The bow and arrow are widely used.

1540-1770s: Spanish, English, Russian, and American explorers discover the Pacific Coast.

1778: Fur trading begins.
1781-83: Smallpox epidemic sweeps from Missouri to the Northwest. The Kalapuya population is reduced to below 3,000.

1792: Robert Gray discovers the entrance to the Columbia River.

1812: Donald McKenzie of the Pacific Fur Company travels through the area.

1813: Northwest Fur Company establishes a trading post three miles north of St. Paul.

1821: Northwest Fur Company merges with the larger Hudson’s Bay Company.

1826: Ferry crossing established on the Willamette River two miles north of St. Paul.

1829: John McLoughlin, director of the Hudson’s Bay Company, encourages the settlement of French-Canadians at Champoeg.

1830-33: Plague (flu or malaria) brought by a ship to the Columbia River further reduces the native population.

1834: Jason Lee arrives in the Willamette Valley to establish the Methodist Mission.

1843: A provisional government is organized by settlers meeting at Champoeg.

1845: Provisional land claims taken at present day City of Molalla. Molalla incorporated in 1913.

1846: Hudson’s Bay Company withdraws from Oregon. Parkersville is founded by William Parker. 

1847: Grafted fruit tree stock brought to the Willamette Valley.

1848: Oregon becomes a territory. Battle of Abiqua Creek.

1849: The California gold rush.

1850: First federal census finds approximately 12,000 persons living in Oregon. The Donation Land Claim Act is passed, allocating 320 acres to each settler. 

1852: Parkersville post office opens.

1854: Silverton founded. Incorporated 1892.

1855: Native Americans forced onto reservations at Grand Ronde. Silverton post office established.

1856: Aurora colony founded by William Keil on Mill (Deer) Creek near the mouth of the Pudding River. 

1859: Oregon becomes a state. 

1860: The census shows that seventy-five people were living in the City of Molalla.

1861: The Great Flood of December demolishes Champoeg.

1865: The Silverton Fire burns a million acres in the Silver and Drift Creek drainages.

1869: 1,000 cases of measles reported in Salem.

1871: Hubbard platted. Woodburn post office opens.

1880: Narrow gauge Oregonian Railway Company, Ltd. established in Silverton.

1888: Woodburn’s population grows to 500; violent wind storms damage the state house in Salem. Many trees down.

1890: In November, the second largest Willamette Basin flood destroys almost all bridges in the valley.

1893: A Scotts Mills and Mt. Angel post office opened; large historic oak cut down in Silverton. Silverton ‘Red Sox’ baseball team organized.

1893 to 1949: Annual or biennial floods.

1897: “Liberal University” operated briefly in Silverton.

1903: Telephone service begins in Molalla.

1906: Silverton Lumber Company incorporated.

1908: Donald sub-station established along the Oregon Electric Railway. Donald incorporated in 1912.

1910: Barlow incorporated; telephone service in Mt. Angel.

1929: Forest fires sweep through Cascade foothills.

1933: Silver Falls State Park established, largely because of photographer June Drake. Many WPA works accomplished.

1936: Silverton supplied with water via a five-mile wooden pipeline from the Abiqua dam. 

1939: First wastewater treatment plant in Silverton.

1950: January snowstorms dump thirty inches of snow on Molalla.

1962: The Columbus Day storm, with winds over 100 miles-per-hour, does $170 million in damage.

1964: Severe flooding in December not halted by flood-control dams built throughout the Willamette Basin (1950s). Extensive damage in Salem and Keizer, where houses were submerged. Claggett Creek reverses direction.

1971: Silverton reservoir built at old splash dam site on Silver Creek (near old townsite of Bargerville). 

1974: Flooding high in February.

1996: Flooding comparable to the 1964 flood. In Silverton, more than 100 people evacuated and homes damaged. The Pudding River at Aurora one of seven rivers in Oregon to reach record high levels.

Prehistoric Period: 15,000 B.C. to 1700s

Throughout the Willamette Valley, but especially within the Pudding River watershed, a variety of ancient bogs and swamps date back to the Pleistocene Epoch (Ice Age) approximately 12,000 years ago. At that time, Cascade glacial activity poured water and sediment into the Willamette Basin, overwhelming the existing drainage network of small streams. Lake Labish, the largest of these wetlands, extended northeastward from Salem for almost ten miles. The lake represented the old bed and banks of the Willamette River before it moved to a new path north toward Wilsonville. Once this ancient stretch of the river was abandoned, a large lake developed, which changed eventually into a marsh and bog. The peaty strata and anoxic conditions of this wetland have yielded the bones of Ice Age animals such as elephants, sloths, sabre-toothed cats, and small rodents. Even a modern steam locomotive found its way into the bog (Photo 11). A similar marsh, following Mill Creek through Woodburn, is turning up fossil vertebrates as well. Both environments have been highly modified by drainage canals and agriculture as well as by urban development (Orr and Orr, 1999). 

Paleo-Indians, descendants of ancestral people who crossed the Bering Straits from Asia about 15,000 years ago, reached the northwest about 13,000 years ago. (This was during the Ice Ages, when water, locked up into continental glaciers, exposed the land bridge across the Straits.) They dispersed evenly across the region and into the Willamette Basin. These were the Clovis big game hunters, named after the distinctive grooved spear points they used. For reasons that are unclear, the Clovis people suddenly vanished about 11,000 years ago. Their demise may have been related to the simultaneous extinction of elephants, sloths, and other large mammals that they relied for food. 

During this post-glacial period the climate was changing, becoming warmer and drier. White pine and Sitka spruce, which preferred cooler conditions, were declining, while Douglas-fir, ponderosa pine, and white oak increased. (Interestingly, this knowledge of the changing climate was gained from fossil pollen studies taken from Lake Labish and Onion Flat near Salem (Aikens, 1984).) Following a later climate shift to more rain and cooler temperatures around 4,000 years ago, Douglas-fir and ponderosa pine dominated the hills, while deciduous species occupied the valley floor. Camas lilies, hazelnuts, Oregon grape, salmonberry, elderberry and other plants were dispersed throughout wetlands or along streamsides. 

Within the Willamette Valley, wild grasses dominated the open prairies. Lieutenant John Wilkes of the United States Exploring Expedition, who docked his ship at Vancouver, WA in 1841, commented in his Narrative, “the prairies are at least one-third greater in extent than the forest; they were again seen carpeted with the most luxuriant growth of flowers … extending in places a distance of fifteen to twenty miles” (Wilkes, 1852). Explorers also remarked on the savanna-like conditions they encountered. In his Journal, Joel Palmer wrote that the “courses of the Pole Alley (Molalla), Pudding and Santiam Rivers all are through open country with timber confined to scattered groves and streambank forests” (Palmer, 1847, p. 179). He noted that open savannas, interspersed with white ash, willow, black cottonwood, red alder, and big leaf maple along the streambanks at lower elevations gave way to Douglas-fir, cedar, hemlock, and spruce in the foothills.

Only one prehistoric archaeological site in the Pudding River watershed has been thoroughly examined and written about, although artifacts can routinely be found along streams where Indians camped seasonally. At Hager’s Grove on Mill Creek near Interstate 5 the inhabitants lived at two separate locations among the cottonwood, oak, ash, and willows. This site yielded stone artifacts in association with charcoal-filled hearths and ovens. A variety of large stemmed and side-notched projectile points, drills, mortars, hammerstones, and chips were uncovered, but no house structures were discovered. Camas bulbs and hazelnuts point to a spring and fall usage. Dated charcoal from the firepits ranges from 3,800 years before the present time up to the historic time (beginning in the 1700s), indicating a long period of occupation for Hager’s Grove; however, lengthy intervals of abandonment were also indicated (Aiken, 1984, p.93; Pettigrew, 1980).

Eventually Paleo-Indians throughout Oregon evolved into separate tribes, each with its own language, habits, and customs. Grouped by language, there were two bands occupying the Pudding River watershed, whose territory was divided along the foothills of the Cascade Range. One tribe, inhabiting the lower Pudding, spoke the Kalapuya dialect and belonged to the Kalapuya family of the Ahantchuyuk band (Aikens, 1984). They overlapped with Molalla language speakers, who lived to the east at the higher elevations. Although small in number, the Molalla band was widely distributed from Clackamas to Douglas County. Aggressive in nature, they traded for slaves with the Klamath Indians to the south and carried on warfare with their Cayuse neighbors to the east. The Mukanti band of the Molalla, near the present-day city of Molalla, used the Old Indian Trail, or Klamath Trail, as it traveled through the Santiam Valley near Mt. Jefferson and on across the Waldo Hills. As the Klamath Trail headed north to the Columbia River it crossed Silver Creek, while another Indian roadway followed Abiqua Creek into the valley (Thayer, 1995). These pathways provided easy access northward to the Chinooks who lived along the Columbia as well as to the settlers of French Prairie (Chapman, 1996; Down, 1926). 
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Map 1. An 1851 map of the Willamette Valley by George Gibbs and Edmund Starling shows the relationship of the Molalla and Kalapuya tribes (Aikens, 1986).
Kalapuya and Molalla speakers were hunters and gatherers, moving from place to place as they harvested available natural resources. For subsistence they depended on digging bulbs, gathering acorns or wild nuts and berries, and fishing and hunting. Each of these activities required the establishment of temporary camps at different seasonal locations. The camps were frequently near waterways where edible plants grew on the rich soils of the floodplain and fish filled the streams. After camas flowers appeared in early summer along the banks of the Pudding River, the roots were pried out with sharpened sticks, roasted, pounded into cakes, dried, and stored for the winter. A wide variety of seeds, berries, wild onions, and nuts were also gathered in the fall and processed for storage. (Emmert, 2003). Fishing took place during spring and fall runs, although steelhead, trout, and eel were caught throughout the year. Anadromous fish may not have been a primary food source for the Kalapuyans, who relied on a larger variety of foods. Abundant game animals such as deer, elk, and riverine mammals, as well as the smaller rodents, squirrels, rabbits, and raccoons, were generally available to supplement their diet (Beckham, Minor, and Toepel, 1981; Robertson, 2002). 

The continuing presence of grasslands may have been sustained through repeated burning by the Indians. How frequently and how extensively fire was used is not clear, although a few of the early accounts by pioneers of French Prairie, Lake Labish and Howell Prairie (or Tachmool) suggest that regular burning was practiced, possibly to remove thatch and provide grasslands for game. Tree ring studies, which show frequent charring from 1647 to 1843, with fewer fires occurring after the arrival of Europeans, provide some evidence to support regular burnings (Aikens, 1984).

By the time the first settlers reached the Willamette Valley, epidemics from as early as 1781 had destroyed over half of the Indian population, and by the 1830s “intermittent fever or ague” swept through whole villages. The attitude of many whites was reflected by that of Leslie Scott: “Always it will be a source of thanksgiving that the destruction of the Indians of the Pacific Northwest by disease spared the pioneer settlers the horror of a strong and malignant foe” (Scott, 1928, p.161). Calculations of the number of Kalapuyan bands vary. At the time of the Lewis and Clark expedition (1805 to 1806), one account lists at least six bands, estimated at between 10,000 to 13,500 individuals, whereas another source gives only 3,000 Kalapuyans in 1780, but as many as sixteen or seventeen distinct tribes. By 1841, Charles Wilkes noted that only 400 or so Kalapuyans remained in the valley. The Superintendent of Indian Affairs listed just 123 Molallas throughout the valley by the 1850s (Boag, 1992; Hussen, 1967; Wilkes, 1852; Palmer Papers). 

In 1851, the surviving Molalla and Kalapuyans were forced by treaty to relinquish their lands and were removed to reservations (Minor, et al., 1980). While most came to reside at the Grande Ronde Reservation, some members were placed on temporary land claims along Abiqua Creek and the Pudding River where they remained, died, and were buried. Their burial mounds have long since been leveled by cultivation (Hodes, 1932). Several “last” Kalapuyans have been recorded. Sam Fern, said to be the only remaining full-blooded Kalapuyan, died at Cottage Grove on September 5, 1919, at the age of forty-seven. However, Lize, a Kalapuyan from the Mohawk River valley, who died in Brownsville on August 25, 1948, aged one hundred, was also described as the last of her tribe. The last surviving leader of the northern Molalla was Indian Henry Yelkes, who “met death from unknown causes” in September, 1913 (Molalla Pioneer, September 25, 1913).

European Explorers, Fur Traders, and Early Settlers: 1700s to Mid-1800s

The first Europeans to arrive in the Northwest were explorers and fur traders, who reached the coast in the late 1700s. Some wished to claim new territory for their governments, while others sought riches in trade goods. In the Pacific region, the whites found a wealth of fur-bearing animals, which they trapped and killed to the point of extinction during the succeeding century. By exploring inland waterways in search of otter, beaver, or marten, trappers played a major role in opening the unknown region of the Northwest. The fur seekers were followed by missionaries and then by permanent settlers.

There are several accounts of how the Pudding River was named. Judge J. Quinn Thornton wrote in his 1848 description of the far western frontier: “The Putin (pronounced Put-in, but corrupted to Pudding) has its source in the Presidents’ Range of mountains (Cascade Mountains)” (Thornton, 1973, p.292). A second version, which deals with fur trappers, is the one most often cited. According to this account, in 1821 or 1822 two French-Canadian trappers, Joseph Gervais and Etienne Lucier, along with their families, were camped on the Pudding River, called Hons-u-cha-chac by the Indians, when a winter storm came up. Fortunately they were able to shoot an elk, from which their Indian wives prepared a favorite French dish called blood pudding. Afterward Lucier and Gervais named the stream Riviere au Boudin, or Pudding River (McArthur, 1952, pp.500-501). A slight variation states that the river received its name from the “circumstances of a trapping party which had become bewildered and out of food; there they ate a pudding made from the blood of a mule which they killed” (Bancroft, v.1., p.72). In 1843 the river was designated by the Indian name, Anchiyoke, when the Champoeg District was created by the Oregon territorial government. However, the name Pudding had already been used on Charles Wilkes’ 1841 map, and it was never changed.

In 1829, Etienne Lucier persuaded John McLoughlin of Hudson’s Bay Company to loan him seed to sow as well as wheat to feed his family. With McLoughlin’s assistance, Lucier was able to break ground and plant crops near Champoeg, an area now called French Prairie (Lenzen, 1991). By helping the French-Canadians, McLoughlin was attempting to discourage American settlement south of the Columbia River. Initially cultivating bottomlands along the Willamette, the French Catholics later moved away from the river to St. Louis and Gervais, where their culture flourished for twenty years. By 1838 there were twenty-six farms at French Prairie, and less than ten years later, this number swelled to eighty-three families. In 1841 the Hudson’s Bay Company warehouse at Champoeg was recorded as storing 30,000 bushels of wheat and 10,000 bushels of other grains. 
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Map 2. Early settlement map from “The Gold on the Pudding” by Annabell Prantl. 

The earliest American pioneers in the Pudding River watershed were farmers, arriving with a wagon train in 1842, led by the famous Jesse Applegate. Even then, three agricultural communities were already operating in Marion County: the French-Canadians of French Prairie, the traders near Tualatin Plains in both Yamhill and Marion counties, and the Methodists near Salem (Lenzen, 1991). Among the wagon party were the Howell and Waldo families, who drove a herd of cattle from their home in Missouri. These early settlers, as well as others who came later, were able to claim 320 acres under the 1850 federal Donation Land Law. If accompanied by a spouse, the claimant could receive twice that amount of acreage. Before passage of the law, Marion County’s population was 2,749 persons and Clackamas County’s was 1,850. Within ten years of the law’s enactment, the number of persons in Marion County rose to 7,088 and rose to 3,446 in Clackamas County (Lang, 1885, p. 591).

With the blessing of the federal government, pioneers were actually claiming land already occupied by Native Americans, who were displaced from their traditional hunting and gathering locations by the newcomers. With the Americans and Indians occupying the same land and using the same resources, it was inevitable that settlers and the warlike Molalla would come into conflict. There are a number of different versions of stories relating what was called the “War on the Abiqua.” In 1847 the Molalla leader, Crooked Finger, visited the adjacent Klamath and Modoc tribes, seeking support for an uprising against the whites. A “desperate Molalla,” Crooked Finger had received his name from a deformed hand injured by a flint-lock rifle. Assembling perhaps 150 Indians, he felt confident enough to threaten local white families. Settlers along Abiqua and Butte creeks organized and armed themselves, and, when the hostile Indians attacked during the winter of 1848, the whites barricaded themselves in Richard Miller’s cabin (near the present-day Miller Cemetery). After shots were fired on both sides, the Indians retreated. The following day the armed settlers, locating the Molalla camp by following tracks in the newly fallen snow, attacked and routed the Indians. “The entire engagement was long suppressed by the participant whites, for shame of the slaughter of women and children, for which a frontier ruffian seems to have been responsible” (Stern, 1966, p.239). After this event, the Klamath no longer visited their seasonal camps on the Abiqua. A bronze plaque commemorating the event was placed at the site. The sign was later removed to the Silverton Country Museum because of repeated vandalism (English, Ron, pers. comm., 2005, Silverton Historical Society).
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Photo 1, on the left, a 1954 photograph of “Indian Bluff” on Abiqua Creek is thought to show the site of the Battle 
of the Abiqua, and to the right, Photo 2, is the photograph of the commemorative plaque. (Photos courtesy of the Salem Public Library, Ben Maxwell Historic Collection.)
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Map 3. Early settlement of French Prairie (History of Marion County, Marion County Historical Society, 1956).

Permanent Settlement: 1850s to the Present Period

As the “threat” and fear of Indians diminished by the mid-1800s and after the federal government passed legislation to encourage settlement, countless wagonloads of pioneers traveled westward. The Willamette Valley was the most sought-after destination, and, once there, immigrants clustered along waterways, placing their farms and homes on the fertile bottomlands. For each settlement, a flour or sawmill, powered by a waterwheel, was a necessity. In 1854 Silverton was founded; Hubbard and Woodburn were platted in 1871. Mt. Angel was settled in the 1850s, and Scotts Mills was settled about ten years later. In 1852 the Parkersville post office opened.

The visionary Utopian society at Aurora was unique. Near the mouth of Mill Creek, Aurora Colony (also known as Dutch Town) was founded by the followers of William Keil in 1856. Named for Keil’s daughter, its 600 industrious residents lived communally. They farmed 14,000 acres and raised hogs, fruit, wine grapes, and other foods, which made them self-sufficient. The Colony became famous for its artisans and musicians as well as for its hotel and excellent country food, making it a popular stopover for travelers between Portland and Salem on the Oregon & California Railroad. 

Once the mineral hot springs along the Cascades became known for their curative qualities, a number of resorts within the Pudding watershed developed as favored weekend destinations. In the late 1920s, Mineral Springs Farm (or “Wolfer’s Mineral Springs”) on Mill Creek in Hubbard and Wilhoit Mineral Springs above Scotts Mills lured the “Clackamas County Elite” with their advertising brochures of “cute … peaked roof huts, spacious log lodge, [and] the restful atmosphere and curative soda water.” After the facility burned several times, Wilhoit Springs fell into disuse (McCormick, 1992, p.95).

Agriculture

As more Americans reached the Northwest, pioneers had to venture further into the forested upland in order to find unclaimed land. “They were woodland farmers, hunters, and raisers of livestock, in combination and skilled in the use of axe and rifle. Trees were raw material for their log cabins, and fences, and also an encumbrance of the ground, to be deadened, burned, or felled.” (Sauer, 1962, p.2-3). Dense forests were cleared to make way for the plow, a practice that produced great quantities of lumber while also enabling agriculture to become a dominant industry. The valley is unusual in that lush grasses grow year-round, which reduced the need for storage to maintain stock. William Slacum, an early observer of the valley’s settlement, proclaimed that the Willamette Valley was the best grazing country in the world, with its rich grasses available in the summer and winter (Vaughan, 1965).

The keeping of livestock and planting of crops were important to the success of each farm enterprise. The first cattle were brought in by the Hudson’s Bay Company, while the Willamette Cattle Company drove an additional 600 head into the valley from California in 1837. Several hundred meat cattle, also from California, reached Salem in 1842 (Smith, 1940). Settlers maintained their own herds, and farmers on French Prairie kept substantial numbers of horses, hogs, sheep, mules and oxen. Daniel Waldo and his family obtained sixty-eight head of cattle in 1843 to begin the first homestead in the hills around Silverton. Sheep were raised for their wool and in 1880 there were 14,000 sheep in Clackamas County and 35,000 in Marion County. Initially, the practice of cultivating and enclosing small fields while allowing livestock to roam freely across the open prairies was the established land use pattern in the Willamette Valley. But with the development of towns such as Woodburn, Gervais, and Mt. Angel, fences had to be erected to keep the cattle away. 

Farmers preferred the fertile open lands along the lower stretches of the Pudding River where few trees needed to be cleared before cultivation could begin. Native grasses, affected by both cultivation and grazing practices, were replaced by introduced vegetation. By 1880 wheat was the main crop planted, with the number of acres in wheat followed, in order, by that of oats, corn, and barley (Lang, 1885, p.585). In 1832, wheat became the currency of the day and could be credited for trade goods. Most of it was shipped by the Hudson’s Bay Company to Russian posts in Alaska, although some went to the Sandwich Islands (Hawaii) and to China. Over 40,000 bushels of grain were sent from Hubbard in 1878 (Corning, 1947). 

The planting and marketing of other commodities such as hops, potatoes, fruits and nuts, and nursery crops began in the mid-1800s. For example, hops were first introduced to Oregon in 1865, and production reached its heyday twenty-five years later. By World War I, Woodburn led the world in hop acreage, at which time the camps of pickers were a common sight along the Pudding River. Nine bushel boxes sold for twenty-five to sixty cents each (Lynch, 1978; Marion Co. History, 1957). The spread of Downy mildew and the reduced availability of labor brought a decline in hop production after 1945. “Dimick” potatoes from the “early” or “shaker” stock of Michigan were introduced to Marion and Clackamas counties. In 1880, Clackamas County led the state in production with just over 200,000 bushels, while Marion County was third behind Multnomah County with 154,000 bushels. 

Oregon was said to excel as a fruit-growing region. “Fruit trees will grow from six to eight feet the first year; bear fruit the second” (Lang, 1885, p.565). Joseph Gervais had apple trees on French Prairie as early as 1831 (Vaughan, 1965). In 1847, nurseryman Henderson Luelling of Milwaukie brought 700 grafted fruit trees from Iowa to provide the stock for many orchards in the Pudding River valley. About the same time, Ralph Geer began to plant and promote orchards in the Waldo Hills. Between 1910 to 1925 loganberry acreage rose to become the region’s most important fruit crop, enabling Marion County to excel as the state’s top producer. During 1916, over 71,000 gallons of juice were pressed at PHEZ, Pheasant Fruit Juice Company, in Woodburn, one of the first Oregon manufacturers to begin a nationwide advertising campaign (Lucas, 1998). In addition to loganberries, both blackberries and strawberries were also planted and harvested regionally. In Silver Falls City, a short-lived community near Silver Falls, a grower recorded that he harvested 122½ tons of strawberries on his farm during one season in the 1920s (Sweger, 1980).

Over the years, the planting and production of several unusual farm crops came and went, while others remained and expanded. At one time, Molalla led the west in growing teasel burrs for use in woolen mill machinery. In 1858 William Barlow brought black walnuts to the valley. Jess Settlemier, the founder of Woodburn, operated one of the first nurseries there, while his father owned one in Silverton. During the 1930s, enough acres of Blue Lake pole beans were grown to supply both the Ray Maling cannery in Woodburn and the Silverton Canning Company. After their introduction in 1923, the beans soon captured over thirty percent of the domestic market. For fifty years, the Salem district was the only producer of Blue Lake beans, but by 1970 they were being grown in other parts of the country. 

In the early twentieth century, flax became the top commodity within the lower Pudding River region. Flax was raised to produce linen thread, and Oregon flax was processed at the state penitentiary in Salem and at a mill in Mt. Angel. Mt. Angel emerged as the center for the flax industry in the Northwest until after WWII, when demand decreased and the mills struggled to find markets. 

Lake Labish

Once a hunting ground for Native Americans, Lake Labish was drained and converted to agricultural production in a process that began with the first settlers. Discovered in the mid-1800s by French trappers, Lake Labish took its name from the French word “la biche,” meaning doe. An 1837 account by Lt. William Slacum tells of his visit to Lake Labish: 

“The Pudding River on the east and the long Labiche swamp on the south made a sort of island basin out of the lake bed that had been laid down here in ancient times. It had been burned off regularly by the Indians in order to preserve grazing for game animals, so was covered with tall wild hay. A lacing of trees outlined the creeks, with occasional groves of fir and oak timber. Two main trails crossed it, one south from Fort Vancouver, the other west along the river from the Falls.”

The alteration of the lake and its wetlands environment provides an example of how pioneer farmers modified rich “beaver soils” to create opportunities for agriculture. Labish subsequently became famous for its crops of potato, onion, celery, lettuce, and beans, among others (Marion Co. History, 1956). 

The first attempt to modify the lake came in 1849 when William Parker constructed a dam across the Pudding River, backing up water into the lake for five or six miles, as storage for his grist and sawmills. Anchored in the soft banks of the Pudding River, his first two dams washed out, and he wasn’t successful until he constructed a stronger third one that was able to withstand winter floods. The Labish Drainage District, composed of upstream farmers, formed in 1904 and proposed to buy out Parker’s eighty-year-old water right to the dam, but its offer was turned down by the new owners, the Wattier family. A court ordered the Wattiers to tear down the structure, but when they refused, it was dynamited by persons unknown. The dam was never completely rebuilt, although the argument over its presence continued through several further court hearings and many years.
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Photo 3, on the left, is an historic photo of a painting of the mill at Parkersville, which stood at the site until the 1930s. Photo 4, on the right, shows the construction of the pump station at Lake Labish in 1961 at the same location on the Little Pudding River. (Photos courtesy of Annabell Prantl and the Marion Soil and Water Conservation District.)
Regular dredging, clearing, and wooden tiling were carried out to complete the conversion of the Labish wetlands to agriculture. In 1911, attempts to drain the lake by digging a ditch towards its western end were not successful, but four years later Madison Jones dug a channel from the east side, draining the middle section. Sandy Hayes brought in a steam dredge that was formerly used to find gold in California and cleared out the lower end of the lake starting before, but finishing after, World War I. 

Loy Cramer related that his mother, Inez Jones, born in 1890, recalled seeing elk feeding around Lake Labish during the time before the lake was drained. He remembered that Madison (M.L.) Jones bought the lake bottom for fifty cents an acre from the State and hired Nels Severson to dynamite a large beaver dam on the Little Pudding River, which was holding water in the lake. Sometime after the turn of the century, Jones is thought to have opened up nearly 1,000 acres of productive farmland in Lake Labish (Cramer, pers. comm., 2005).

Food Processing

Because of Oregon’s agricultural-based economy, the vegetable, fruit, and dairy industries have retained their importance over the years. Previously, food processing had become one of the region’s largest sources of wastewater, and cannery effluent was generally discharged into nearby waterways. The Pudding River and its tributaries received cannery wastewater and dairy effluent until rudimentary treatment ponds were mandated by the State in the 1930s (Lucas, 1998). 

During the early part of the twentieth century, Salem had over sixty canneries all working to process regionally-grown vegetables, cherries, prunes, pears, apples, plums, blackberries and loganberries. At that time, the food processing industry was the largest employer in Salem, and more than forty fruit growers formed the Salem Fruit Union. Woodburn itself had at least seventeen canneries. Relying on seasonal labor, cannery work was important during the depression, and shorter shifts were offered to employ more people. Canning was a vital part of the war effort during WWII, and all factories were running at full capacity. By the late 1950s, Salem surpassed San Jose, California in output, prompting Oregon Governor Tom McCall to proclaim it as the largest canning center in the world. However, depressed markets and high production costs closed many canneries in the 1980s.

Beginning in 1927, Ray Maling’s (Bird’s Eye), the first modern cannery in Woodburn, had an outfall at Highway 214 on the Pudding River near the Southern Pacific Railroad bridge. Lewis Walker, a Woodburn native, noted the terrible pollution from the twenty-inch wooden pipe that fed constantly into the river. In the 1960’s, aerated lagoons were added to handle the wastewater storage. While up to two-thirds of the effluent was sprayed onto fields, a significant amount was still discharged into the Pudding with only rudimentary lagoon treatment. The peak daily level of wastewater generated by this facility climbed to 4 million gallons, and at one point, when the load taxed Woodburn’s city water supply to the limit, the company was forced to drill a 750 gallon-per-minute well. In Woodburn and Gervais, the Oregon Packing Company, which pickled cucumbers in salting tanks, also sent its effluent into the river. Nearby at Brooks, the Mainline vegetable packing plant discharged a portion of their wastewater into the Pudding, while the remainder was applied to fields. After 1970, the company installed aeration ponds that helped break down some of the discharge. 

As the result of excess of cannery wastes entering the river, a 1944 water sample for biological oxygen demand in the Pudding below Woodburn yielded only 5.8 ppm for an August sample and 0.2 ppm for a September sample, the latter being one of the lowest overall readings in a Willamette water quality study (Dimick, 1944). Recreational swimming in the Pudding near Woodburn was not common after cannery operations were in full production.

The Silverton Canning Company on Front Street utilized the municipal disposal system for its by-products, but the antiquated facility was unable to handle the load, and a significant pollution problem was created in Silver Creek. In 1939, a new city disposal system was built as production continued to increase at the plant. After it became Kolstad’s Canning Company in 1963, expansion of the plant was so extensive that all the available water was used up, making it necessary to install an eight-inch intake pipe running from Silver Creek. The increased pipe size brought a sewer overload at the wastewater treatment plant in 1966 during a particularly heavy corn and pumpkin run. In 1969, when the facility was operated by the Stayton Canning Company, it began disposing of 400,000 gallons of wastewater daily by field application to forty acres cultivated for hay near Hobart Road (Lucas, 1998). 

During the depression, canning still remained one of the most reliable local employers, but cannery profitability suffered as fruits and berries were bought for mere cents per pound and home canning became the norm. Marion County provided a mobile service to help home canners, and during 1933, nearly all the communities in the Pudding River watershed were served by this program, which offered free materials and advice. The program was dissolved in 1934. 

Table 1.  Canneries operating in the Pudding River Watershed (Adapted from Lucas, 1998).

	Year
	Location
	Description

	1889-1892
	Woodburn
	Woodburn Packing Co. was never financially successful.

	1908-1915
	Woodburn
	Woodburn Canning Association forms and builds the Woodburn Cannery (later Woodburn Fruit Company) for berries, fruit, pumpkins.

	1912-1925
	Silverton
	Land Products Company intended to start a cannery in Silverton but evidently decided just to grow and handle farm products.

	1915-1916
	Salem/

Woodburn
	Oregon Fruit Juice Co. (later Pheasant Fruit Juice Co., then PHEZ, then NW Fruit Product Co.) utilized the former Woodburn Fruit Company site.

	1919-1927
	Woodburn
	Roy & Carl Graves Cannery. Derelict in the late 1920s; was finally torn down in 1937. The site became the Woodburn Feed and Supply Company.

	1919
	Silverton
	Silverton Food Products Company purchased the Silverton Hops Growers’ warehouse. It canned blackberries, strawberries and other fruit but was idle from 1932 to 1935. 

	1922-1938
	Mt Angel
	Mt. Angel Packing Company, a co-op, leased land from Southern Pacific RR.

	1922-1923
	Woodburn
	Willamette Valley Canners

	1924-1930
	Woodburn
	Oregon Packing Company processed pickles and strawberries. The plant was vacant for nine years before being torn down. 

	1924
	Woodburn
	The Young Street Plant was built by Woodburn Fruit Growers (later United Growers) on old Livesay Sawmill site. Fruit and jam production.

	1927 -1993
	Woodburn
	Ray-Brown Company cannery became Ray Maling Company (Bird’s Eye), then General Foods in 1943, and finally AgriPac in 1987. 

	1929- 1935
	Mt Angel
	Libby, McNeill Pickle Plant leased Southern Pacific railway land and produced up to five rail cars daily for the Portland markets.

	1933
	Four Corners 
	Emile Aufranc opens a custom cannery on State Street near Salem.

	Year
	Location
	Description

	1935-present
	Silverton
	Silverton Canning Company became Royal Canning in 1944, then Kolstad’s Packing Company in 1946, and Stayton Canning Company in 1968. Finally it was Norpac, then Brucepac in 1994. 

	1936-2000
	Four Corners
	Roland & Meryle West mushroom farm on State Street in Salem became West Foods, Inc. in 1947, Mushroom King in 1985, and Pictsweet in 1987.

	1940-1988
	Woodburn
	North Marion Fruit Company opens a new plant. Another new plant is built in 1964.

	1943 -1965
	Aurora/

Woodburn
	Roland Gottsacker opens the Butte Creek Pickle Company in 1950. It became Woodburn Enterprises in 1960.

	1950
	Mt Angel
	Burger Packing Co. produced specialty soups in the early 1950s.

	1952
	Woodburn
	Terminal Ice & Cold Storage warehouse was built at Ray Maling Cannery. .

	1955
	Woodburn
	Conroy Packing Company processed and froze berries on the site of the old Woodburn Fruit Grower’s business. Became Kerr in 1990.

	1960
	Woodburn
	Woodburn Enterprises pickle plant opens.

	1963
	Woodburn
	J.M. Smucker plant produced jam and jellies in Woodburn until recently. 

	1968
	Brooks
	Mainline Foods opens; becomes Stayton Canning Company in 1973.
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Photo 5, cannery waste from Bird’s Eye in Woodburn falls directly into the Pudding River in 1964. (Photo courtesy Oregon State University Historic Archives.)

Creameries and Dairies

Many of the first dairies began on farms where the cows grazed around the stumps of cut-down trees. Because of its lush grasses and abundant water supply, the Willamette Basin was seen as providing endless possibilities for dairying. When the number of cattle increased, and farmers found themselves producing an excess of milk, they established neighborhood creameries for making butter and cheese from the surplus. Such was the case in Mt. Angel, when John Wunderlich converted some of his buildings in order to manufacture butter and cheese in 1889. But modern facilities were lacking, and Wunderlich’s efforts proved unsuccessful, as did several other attempts, until 1912 when farmers formed their own co-op, the Mt. Angel Creamery and Ice Company. About that time, a very successful creamery in Hubbard marketed “Mother Hubbard Butter,” and Silverton had a number of dairy operations during the 1930s. In the late 1880s Marion County was among the top three producers of butter in the state at 224,000 pounds (Hodes, 1932; Marion Co. History, 1956).

Dairies have traditionally used nearby waterways to dispose of their effluent. Today, state law mandates effluent processing only for sewage lagoons, and dairies in the Pudding watershed spray their raw wastes onto fields. Rick Gerig, who grew up on the Little Pudding River, recalled that a creamery near Fruitland in the late 1930s discharged whey directly into the waterway. In spite of this, he noted that there was always good trout fishing in the Little Pudding River.

Natural Resources

Lumber and Dams

The immense forests of the Northwest played an important role in its settlement and economy. Initially, simple logging and milling were merely a necessary part of the clearing and cultivation surrounding every permanent settlement, but in no time lumber manufacturing became one of the primary industries of the Pudding Basin. Sawmills appeared on virtually all tributaries of the Pudding, and towns such as Silverton quickly developed a timber-based industry. At one time, close to seventy mills of all sizes operated throughout the region (Thayer, 1996, p.1). Small individual sawmills with dams were in operation on Mill Creek (1840s), Silver Creek in 1846, Butte Creek in 1847, Abiqua Creek in 1863, and on the Pudding River at Parkersville in 1848. 

During the early years of white settlement, trees were felled near streams and floated downriver to the nearest mills during high flows. Those closest to streams were the first to be toppled into the water. As loggers moved uphill, the trees were dragged to the river by oxen or mules. Wooden crib splash dams were constructed across the streams during periods when water levels were too low to move the logs. When the water level behind the dam was high enough, the dam was pulled down and the water, along with the logs, was flushed downstreaRm. Frequently the dams were permanent, with large gates that opened. Winter or spring floods or releases of water from behind splash dams would then transport the harvested logs downstream. Many logs were moved down the streams, particularly in Silver Creek. One early Silverton resident recalled the log drives as follows: “…one of the chief wintertime amusements in Silverton was to watch saw logs pass under Main Street Bridge on their way to J.H. Lichty’s sawmill three miles below town on the Pudding River” (Farnell, 1979, p. 19). 

Table 2 outlines the extent and timing of the log drives on the Pudding River and tributaries. The force of the logs scoured the stream channels and banks, removing vegetation, gravel, and accumulated large wood from the channel, often scouring the channel down to bedrock. To assure a clear channel for the movement of logs, log jams, boulders, and other obstacles were often blasted from the channels (Farnell, 1979). 

Table 2.  The extent of historic log drives and locations of splash dams on the Pudding River and tributaries (Farnell, 1979). 

	Stream
	Log Drive Extent
	Approximate Dates
	Notes

	Pudding River
	RM 48.6 at Silver Creek to mouth
	Late 1800s to 1903
	

	Pudding River
	RM 26 to mouth
	1897 to 1940s
	

	Rock Creek
	Lower 10 miles
	Early 1900s; 1920s to 1930s
	

	Butte Creek
	Lower 20 miles
	1887 to 1906
	Including Coal and High Hills Creeks.

	Abiqua Creek
	RM 12 to Powers Creek
	1893 to 1907
	There was a splash dam at RM 12 of Abiqua Creek.

	Silver Creek
	Lower 12 miles
	To 1903
	There was a splash dam at RM 12 of Silver Creek.


Historic log drives on Oregon’s waterways are one of the criteria used by the State to determine whether a particular stream is navigable. When designated as navigable, the streambed reverts from private to state ownership. In 1979, the Division of State Lands conducted preliminary studies of waterways throughout the Pudding River and concluded that log drives occurred on the reaches listed in Table 2. 

Yet another test of navigability was whether the river had historically been accessed by ships. Based on findings of the Division, the Pudding River was considered navigable to Parkersville. In 1852 William Parker had proposed to dredge the Pudding up to the Little Pudding to help transport goods for his mills. The Pudding River Transportation and Navigation Company was incorporated for that purpose, but the deepening was never accomplished. Some maintain that William Parker, with his fortune and influence, might have accomplished this feat were it not for his early death in 1859. The steamer ‘Moose’ was used on the Pudding as far as Irvin’s Bridge (near Barlow) in 1860. Farnell noted that this passage was only possible during that particular year because the lower Pudding River had changed course from storm events, draining directly into the Willamette without first joining the Molalla as was commonly the case (Farnell, 1979). 

Logging companies operating on Butte Creek frequently had inadequate water in the creek to move logs downstream.  As a consequence, a series of splash dams were built to carry the timber down from High Hill to a sawmill in Marquam. One of these, the Mortison dam on Butte Creek, was in operation in 1917 three miles upstream of Monitor. Another was placed on Coal Creek, and one was built at the falls at Scotts Mills (Beckham, 1990). In 1906, a dam on Abiqua Creek at River Mile 12, with a six-foot gate, was erected to fulfill a contract “to deliver 20 million board feet of logs to the …. mill on the Abiqua (two miles north of Silverton), a distance of about seven miles from our timber” (Timberman, 1903, p.11). 

Since 1936, a diversion dam has existed on Abiqua Creek, the most productive salmon and steelhead stream in the Pudding system, to supply Silverton’s drinking water. This structure, originally a log crib structure, was built with a fish ladder, although this early ladder’s effectiveness at allowing spring Chinook and winter steelhead passage is unknown. This original Abiqua intake dam was located near the Dunagan covered bridge, and was washed out in a 1942 flood event. A newer concrete structure was built in 1943 about 4,500 feet upstream of the original dam, a project that required a special permit from the War Department for civilian use of such a large amount of cement (Hande, 2003; pers. Comm., Steve Yoder, 2005, City of  Silverton).
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Photo 6, on the left, of the original wooden Silverton water intake dam on the Abiqua near River Mile 10, and Photo 7, a 1954 scene of the rebuilt concrete dam located 4,500 feet upstream. (Photos courtesy of Oregon State University Archives and the Salem Public Library, Ben Maxwell Historic Collection.)

Silver Creek had a series of dams built two miles upstream from the mill site in Silverton at what was then called Bargerville. Two of these dams later generated electric power for Silverton. A concrete diversion dam, erected by the Oregon Milling Company in 1885, carried water from Silver Creek via an earthen flume to a flour mill. This seventy-five-foot-wide structure washed out in the flood of December, 1949 (Silverton Appeal Dec 26, 1949). In 1932, the Works Progress Administration erected a short concrete dam in Coolidge-McClaine Park as a backup water supply for Silverton. The present day Silver Creek reservoir was built in 1971, covering an existing nine-foot-high waterfall, yet the backup water supply intake for Silverton remains at the lower dam. 

The Silverton Lumber Company constructed a mill on Silver Creek in 1907. It operated successfully until it was sold in 1926. The company’s annual cut was 30,000,000 board feet. In 1918, the Silver Falls Timber Company opened another rail timber yard in Silverton, and within a few short years the community led the Willamette Valley in timber production. Among the many small sawmills, John Brewer’s company cut an estimated 500,000 board feet per year (Thayer, 1996, p.3-4; Silverton Comprehensive Plan, 1979).

The grist and sawmill at Scotts Mills, located on Butte Creek, was constructed in 1847 by French trapper Thomas McKay, but it passed into the hands of Robert and Thomas Scott some years later (Silverton-Appeal Tribune/Mt. Angel News, July 27, 1988, Sect.1, p.8). An electrical power plant was also later operated at this site to provide power to Scotts Mills. Lima dam, an old wooden barricade on Butte Creek just upstream of Highway 211, was also most likely a mill site. It was almost completely washed away at the time of a 1953 Oregon Fish Commission survey. Hartman dam, a concrete structure, existed on Butte Creek about one mile upstream of Highway 211 until it was removed by the State Fish and Wildlife Department in 1999 to facilitate fish passage. When surveyed in 1959, it was broken and was reportedly difficult for fish to pass. 

Early saw and grist mills were already in operation by Dave Smith and George White at the site of the Aurora Colony when William Keil first ventured there in 1856. The mills were located at the junction of Senecal and Ferrier (Mill) Creeks, upstream of their confluence with the Pudding River. In 1904, a water-powered electricity plant in Aurora was run by the Molalla Electric Light and Power (Will, 1972; Marion Co. History, 1956). 

A twelve-foot-high concrete dam existed in 1848 on the upper Pudding River in Pratum at the Sunnyview Road crossing. This was the site of the Willamette Valley’s first white flour mill, McAllister Mill. Because of floods, this dam failed in 1911 and again in 1920. The Sunnyview covered bridge at the same location was also destroyed (Devries, 1994).

Table 3.  Early mills operating in the Pudding River watershed. 

	First Year 
	Location
	Description

	Pudding River

	1848-1912
	Pudding River at Parkersville
	Parker sawmill and later grist mills

	1878
	Pudding River near Hubbard
	Jamieson and Bowden Mill

	Unknown
	Pudding River
	Kelly Mill

	1890
	Pudding River near mouth of Silver Creek
	Lichty Sawmill

	1891-1905
	Pudding River near mouth of Silver Creek
	Scharbach and Hollenback Mill

	1898-1925
	Pudding River at Pratum
	McAllister Flour Mill

	Late 1930s
	Pudding River near River Mile 17 (Whiskey Hill)
	Miller Sawmill

	Silver Creek

	1846
	Millford, Silver Creek
	Sawmill James Smith and John Barger

	1852
	Silverton, Silver Creek
	Sawmill operated by Beuford Smith. 1853- Flour Mills.

	1879
	Upper Silver Creek
	Swartz Mill, Brewer Mill, Twin Falls

	1885-1932
	Silverton, Silver Creek; Concrete diversion dam near Cowing St (Ames Dam).
	Oregon Milling Co., later Fischer Flour Mill (1898). 1st vertical style grist mill west of Mississippi. 1891- electricity supplied to Silverton.

	1886
	Silver Creek
	Johnson and Elk Mill

	1889
	Upper Silver Creek, moved to Winter Creek 1896.
	Arnold and Watson Mill

	1895


	Silver Creek, RM 6
	Erwin Mill

	
	Silver Creek, RM 12
	Arnett Mill (1903 -Union Light and Power Co. power generating plant –Farnell, 1979)

	1906
	Silver Creek
	Lais Mill, Silverton

	1907
	Upper Silver Creek, Silver Falls City
	Hostetler and Killian Mill

	1916-1938
	Silver Creek, Silverton
	Silver Falls Lumber Co.

	1918
	Upper Silver Creek, Silver Falls City
	Neal Mill

	1925
	Upper Silver Creek, Silver Falls City
	Carter Mill

	Butte Creek

	1847
	Butte Creek at Scotts Mills.
	Sawmill 1847, Grist Mill 1851 founded by Thomas McKay.

	1853
	Butte Creek, near Scotts Mills.
	Bowman Mill

	1866
	Butte Creek- site of original mills at the falls/dam in Scotts Mills.
	Scott Sawmill (electricity generating turbine installed in 1908).

	First Year 
	Location
	Description

	1897
	Butte Creek at Monitor (RM 8).
	Mortenson and Hanson Mill

	1917
	Marquam, Butte Creek
	Sawmill owned by Bill Mortison, with a dam on the Pudding three miles upstream of Monitor.

	Unknown
	Butte Creek or tributaries (Scotts Mills area)
	Bellinger Mill, Landwing and Shepard Mill, Mortenson Mill, Kellis Mill, Pearson and Wenzel Mill, Parks and Becker Mill, Nelson Mill, Shepard Mill, Jacobson Mill, Kellis Mill, Wiebel Mill, Sowa Mill, Hempshorn Mill, Reynolds and James Mill, Syron and Van Annam, Bartnick, Kimick Mill, Groshong Mill, Johnson Mill, Wastenberg Mill, and Gieger Mills.

	Rock Creek

	1901
	Rock Creek
	Bagby Mill at old Aurora Colony log ponds. 

	1925
	Rock Creek
	Fisher Mill

	Mill Creek

	1847
	Pudding River at Aurora. Dam on Mill Creek.
	White’s Mill on Mill Creek. Saw and grist mills. 

	1850s
	Hubbard, Mill Creek
	Kester’s Mill

	Little Pudding River

	1848
	Parkersville, Pudding River at the Little Pudding River.
	Sawmill and grist mill. Dam on the Big Pudding River backed up water into Lake Labish. 

	1878
	Little Pudding River at RM 9
	Schwartz and Woodward Mill

	Abiqua Creek

	1852
	Near mouth of Abiqua Creek
	Hall Mill

	1863
	Abiqua
	Hutton Mill

	
	Between Eighty Creek and Powers Creek
	Stuckart and Minden Mill

	1893
	Powers Creek
	Smith and Opsend Mill

	unknown
	Little Abiqua Creek
	Charles Peterson Mill

	1910
	Eighty Creek
	Brown Mill

	unknown
	Powers Creek, Davis Creek
	Keith, Hadley Bros. Mill, Killion and Loar Mill, Jungwirth, Powers Mill, Ross Mill, Hadley and Son Mill, Thomas Mill, Gordon Mill, Porter and Minden Mills.

	1945
	Abiqua Creek
	Bartsch and Robbins Mill.

	Other 

	Prior to 1878
	Simmons Creek (near Zollner Creek)
	Near Mt. Angel, Mathias Butsch.
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Photo 8, 1910 Livesay Mill two miles east of Gervais on what is now Howell Prairie road. This mill was later moved to St. Paul then Woodburn, reaching production of 70,000 board feet until finally closing in 1966. (Photo courtesy of Annabell Prantl).
Fish

Fish have long been one of the Pacific Northwest’s most abundant natural resources, but modification of streams by dams, reductions in stream flows, riparian alterations, pollution, poaching and over-fishing have all contributed to the drastic decline in their variety and numbers. Trout fishing has always been popular on nearly all tributaries of the Pudding River, but particularly on Butte, Abiqua, and Silver creeks.

Although low water passing over the falls near present day Oregon City may have limited salmon runs to the upper Willamette River, a spring run here was described in June, 1841, by Charles Wilkes of the U.S. Exploring Expedition. Wilkes was amazed at the tenacity of the Chinook when leaping successfully over the falls after repeated failures. In 1948, Chet Mattson of the Oregon Fish Commission noted that the proposed dams in the Willamette system would reduce the area in which spring Chinook were known to spawn by forty-eight percent. He pointed out that the Willamette system was very important to spring Chinook because the fish counts at Oregon City were nearly comparable in size to those at Bonneville, which encompasses the entire Columbia system (Mattson, 1948).

The early dams and logging practices likely had an extremely negative effect on the anadromous salmon populations in the basin. The excellent upstream habitat and the flow levels of Silver, Abiqua and Butte creeks probably explain why they were noted for their excellent recreational trout fisheries, even if the anadromous runs were harmed by human activities. The anadromous salmon and steelhead on these streams may have re-established their runs in the mid 20th century, when most of the mill dams were absent. The dams were obstructions to fish passage and this fact, in addition to other causes of poorer habitat conditions for salmon and steelhead, may help explain why plentiful anadromous fish runs have never been associated with the upper reaches of the Pudding River, Drift Creek, Rock Creek, Mill Creek, Senecal Creek and the Little Pudding River. Some of these systems were cut off from upstream fish migration for periods in excess of five decades. For example; Albert Shoenborn, owner of Wilhoit Springs Resort, was interviewed by the Fish Commission in 1953, and stated that he had “never hear [sic] of salmon being present in Rock Creek during his 72 years residence.” Yet Rock Creek and Drift Creek offer nearly the same Cascade foothill habitat conditions that can be found in the more productive systems of Butte, Abiqua and Silver creeks.

As early as the 1940s, the decreased production of spring Chinook in the Pudding River was documented as the increasingly polluted and warmed water in the river proved lethal to trout and other salmonids (Dimick, 1945). Following the 1947 spring Chinook run on the Abiqua, it was estimated that just fifty fish survived, from the total of 12,040 that spawned (Fulton, 1970). Crayfish, actually arthropods, have been noted to be historically abundant in most tributaries of the Pudding, and a commercial crayfish operation that supplied restaurants was once active in Parkersville (Prantl, pers. comm., 2005). Arthropods and freshwater clams are no longer found in abundance in the lower gradient areas of the basin. There is also speculation that some members of the Russian community in the Woodburn area may have had an adverse effect on anadromous fish during the 1970s and 1980s by netting trash fish out of the Pudding River and lower Butte Creek: certainly some poaching complaints were made (Dave Thomas, long-time Silverton resident, pers. comm., 2005).

Introduced competition from summer steelhead and Coho salmon came when the fish ladder was constructed at Willamette Falls. Coho were also directly introduced by the Fish Commission into Abiqua Creek, beginning in 1958. Eleven thousand five hundred Coho were stocked into Davis Creek, a tributary of the Abiqua, in 1983. Brook trout, introduced to high lakes in the basin, have not been observed in the mainstem creeks. All warmwater fish known to have been introduced into the Willamette system probably inhabit the lower reaches of the Pudding River basin (Hunt, 1983). Pacific lamprey eels have been observed on Abiqua Creek and Butte Creek by residents and Fish Commission biologists. These primitive anadromous fish were important food and cultural resources to Native Americans, but little is known of their current distribution.

Wildlife

John Bagby, whose family built a cabin in the Butte Creek area, wrote around 1905 that: 

“I shall first try to tell you the names of different animals that roamed this wilderness of the west. They are the brown and black and cinamon bear, the cougar, wildcat, lynx, large timber wolf, coyote or prairie wold, martin, beaver, fisher, ottar, mink, muskrat. The elk and deer and Spanish and wild cattle. A few other small not worth mentioning. The diferent animals I have spoken of could be seen in the day time as they was very numerous ... and the deer would come in at night … and father would take the gun and mother the pich torch and shine there eyes and father would kill plenty of deer” (McCormick, 1992, p.79).

At the time of European contact, both elk and deer were numerous throughout western Oregon. Botanist David Douglas remarked, “The Elk … is plentiful in all the woody parts of the country. Originally the elk inhabited the western slope of the Cascade Mountains.” Of the two deer species, black-tailed deer preferred the forested uplands, whereas the white-tailed deer was found in lowlands near waterways. Again Douglas found the deer most common “more especially in the fertile prairies of the Cowalidsk and Multnomah [Willamette] Rivers” (Douglas, 1914, p.155, p.90). Bear, cougar, beaver, wolves, muskrat and other animals were noted by fur trappers such as Gabriel Franchere: “Our guide informed us that up this river [Willamette] about a day’s journey there was a large waterfall and beyond it the country abounded in beaver, otter, deer, and other wild animals” (Franchere, 1967, p.50). The lucrative trade in furs, which was enjoyed by the Hudson’s Bay Company in the early days, dwindled as many fur animals were trapped out and fashions changed. A bounty was agreed to on wolves, lynx, bear and panther in 1843 after a meeting at Joseph Gervais’s house on French Prairie (Oregon Historic Quarterly, pp. 176-210, 1912).

Ron Antoine remembers trapping beaver and muskrat in the 1950s between Saratoga and Waypark bridges on the Pudding River and sending the uncured pelts to Sears, Roebuck, and Company by mail for $8 and $1 respectively. He says area youth would also strip chittum bark (Cascara) from trees near Silver Falls City and Mt. Angel to sell it for making laxative powder. Lewis Walker recalled trapping mink and muskrat on the Pudding River around 1939 when he was about ten years old. After World War II, he bought a surplus inflatable boat and rafted the river, hunting for mallards and canvasbacks. Grouse and band-tailed pigeon were abundant, while flocks of migratory waterfowl inhabited the lowland streams and wetlands in autumn. 

Mining and Minerals

Coal deposits within the watershed represent what was once a line of vegetation along the ancient ocean shoreline. Coal was discovered at Scotts Mills in 1907 and at Wilhoit Springs in 1915. On Butte Creek, the Oregon Diamond Coal Mining and Development Company leased private land owned by Isaac and Mary Commons and set to work drilling and sinking a shaft near where the Scotts Mills city park is today. The coal was low-grade and high in ash, and was burned to be spread on the fields for potassium. Only a small amount was mined before the company shut down. Another coal mine was located four miles east of Pratum, and had the advantage of a railroad spur line. Silver was once found on Silver Creek, and nearby on the Molalla River the discovery of gold in the mid-1800s sent a number of claimants to that region. During the 1920s, shell limestone was strip-mined from a small quarry near Marquam and crushed to be used for agricultural lime. An oil derrick was built in Pratum in 1908, but it never struck oil and may have been built only for the purpose of collecting shares from investors (Devries, 1994).

Transportation

Horseback, canoes, paddlewheels, and steamboats were the only practical means of travel during the days of settlement, and it wasn’t until the development of roadways and a rail line that urban growth made significant progress. While early commerce depended solely on ports along the Willamette, the building of inland roadways and railroads was of great importance to commerce, linking farm produce and natural resources to outside markets. 

Roadways and Bridges

New arrivals found few roads and mostly unsurveyed lands. Instead of following east-west or north-south survey lines, as was the case in the Midwest, the first roadways often jogged around the boundaries of original land claims. This practice led to some strangely configured roads, since the individual claims of the early pioneers were sometimes laid out in a haphazard manner, often with irregular shapes. Geographic landmarks also dictated where roads were placed. The Barlow Road or Old Immigrant Road was an alternate toll wagon route from The Dalles south of Mt. Hood through Clackamas County that was established in 1844. It provided an optional way of travel for settlers not wishing to pay the high tolls and risk the danger of rafting down the Columbia River. Presentday road still bear the name Barlow Road at Elliot Prairie, which is bounded by Rock Creek and Butte Creek. 

As early as 1844, the Oregon legislative assembly provided for a road to “cross Molalla River at Wright’s farm, thence to pass the farm of Daniel Waldo, thence southward.” Again, in 1854, the territorial government allocated money for a road “commencing at Salem in Marion County and run from thence on the nearest and most practical route to the house of Samuel Allen on Abicaw Creek.” In the Willamette Basin, the main route of transportation was the Territorial Road that followed the eastern edge of the valley from Oregon City through Silverton to Lebanon and Brownsville. The road crossed Silver Creek north and west of the future town, which had yet to be platted. In 1855 the road was modified to pass by “Charles Rondeau in Marion County.” This was near Central Howell (Down, 1926, p.231). 

The California Stage Company operated daily stage coaches between Sacramento and Portland beginning as early as 1860, with stops at Brown’s (south of Salem), Salem, Waconda (Gervais), Barlow and Dutch Town (Aurora). The trek took six days to cover the 710 miles. The route between Parkersville and Brooks, which is now called Waconda Road, was known as Brown’s Cow Path (Marion Co. History, 1962, 1956). A road from Butteville to a ferry on the Pudding River was established in 1852. Early Euro-American settlers also utilized some of the traditional trails of the native people, which include parts of present-day highways 99, 213, and 211. A camp site at the natural springs near Chemeketa in Salem was already linked to a trail running east to the Cascades, which later became State Street (Marion Co. History, 1957). In 1860, the Pacific Highway (99E) from Sacramento to Portland provided a more direct route to Portland, bypassing Parkersville (Farnell, 1979). This route was graveled in 1910, making it passable during the rainy season (Prantl, pers. comm., 2005).

A number of covered bridges once existed in Marion County. The Scotts Mills bridge spanned Butte Creek; the Main Street or Johnson bridge and the James Street bridge both crossed Silver Creek (1911); the Silver Creek bridge crossed Brush Creek; the Easson Bridge was on the Pudding River at Parkersville; the Sunnyview Road bridge was on the Pudding at Pratum; the Dunagan bridge near the Silverton water supply dam spanned Abiqua Creek; the Coleman and Schlader bridges were also on Abiqua Creek (1917); and a bridge over the Pudding on what is now Highway 211 east of Woodburn existed from 1907 to 1940 (Marion Co. History, 1956). Another covered bridge at Barlow near the mouth of the Pudding River survived from 1915 to 1952, and Irwin’s bridge was built to replace the ferry near the future town site of Aurora. Today, the only remaining covered bridge in Marion County is the Gallon House bridge on the Abiqua between Silverton and Mt. Angel, which has been repeatedly rebuilt after flood damages. This structure takes its name from long ago when liquor was sold in gallon containers.
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Photo 9, on the left, a dilapidated bridge on the Pudding at Highway 211 east of Woodburn in 1936 has a new county road bridge beside it. Photo 10 (1945) on the right shows the “Red Bridge” at Barlow on the Pudding River. (Photos courtesy of the Salem Public Library, Historic Ben Maxwell Collection.)

[image: image53.jpg]



Map 4. From 1881 U.S. Army Chief of Engineers map, showing major wagon trails and railroads in the watershed.

Railroads

The presence of railroads in the Pudding Basin brought an immediate increase in prices of farm property since the rails were able to serve large areas of once isolated lands. Failure of a rail line to reach a frontier community frequently meant the town declined, while its presence brought expanded development. Rail lines reached towns inaccessible by road during the winter time when travel was all but impossible because of mud.

After years of political wrangling, the Oregon & California Railroad reached up the Willamette Valley from Portland to Salem in 1870, and ten years later a narrow gauge railway was built through Woodburn to Silverton and on to Turner (Marion County History, 1957). A disagreement as to whether the proposed 1881 railway would run through Gervais or Woodburn was decided by the Oregon Supreme Court, and the subsequent route eventually ran through Woodburn, making it a rail hub. 

A north-south and east-west rail route, connecting Ray’s Landing on the Willamette River, ran eastward to Silverton and southward to Coburg. The railroad operated with both a narrow gauge track and wood-burning locomotives, while speeds were kept below twelve miles per hour by regulations (McKay, 1980). Other local stops on this line included St. Paul, Foise (between St. Paul and Woodburn), Woodburn, McKee, Mt. Angel, Downs, Macleay, and Shaw. From 1885 to 1888 this line was extended from Dundee into Portland, after which the Southern Pacific bought the line as a feeder and upgraded it to standard gauge. By the early 1900s, Mt. Angel had become the central shipping point for Scotts Mills, Marquam, Wilhoit, and Monitor after the railroad by-passed those communities (Hodes, 1932). A spur line was built to connect Pratum and Salem in 1912. 

The Oregon Electric Railway opened a direct line from Salem to Portland in 1908, covering the stretch from St. Paul to Wilhoit along Butte Creek as well. The locomotive was powered by a 33,000 volt feeder line from the Oregon City hydroelectric plant. Originally operated by the Portland Railway, Light, and Power Company, the plant ultimately became Portland General Electric. The Wilsonville railway bridge across the Willamette was part of this project (Collins, 1997). 

Several years later, the Portland, Eugene, & Eastern Railway Co. ran an electric railroad from Oregon City to Molalla, which eventually continued to Mt. Angel and Silverton (Chapman, 1996). In Silverton, the railway followed the early wagon road along the east bank of Silver Creek and down Water Street to the flour mill. By the turn of the century, warehouses, hotels, a door factory, and other shops had been located near the railroad tracks, establishing this as the center of the community (Mceachern, 1990, p.111-112).
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Photo 11, showing a train wreck in 1891 at Lake Labish, is a testimony to the instability of the lakebed’s peat soils. The engine was never recovered. (Photo courtesy of the Salem Public Library Historic Collection.)

An extensive system of logging railroads, built by the Silverton Lumber Company during the 1920s, replaced the use of splash dams for moving logs, which had been common until then on Silver Creek. These lines also extended up Abiqua Creek and Powers Creek, and then to Silver Creek Falls (Thayer, 1995). As did other timber companies in the valley, it contracted with the Southern Pacific Railroad to freight its lumber to the larger markets. 
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Lusty railroad boom town of the old west-- view of Fourth street taken in the late
1890's before the fire wiped out the main business district.
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On the left, Photo 12, is an 1890s photograph of the Oregon & California railroad and City Hall at Gervais. On the right, Photo 13, is from 1891 and shows the Macleay Station west of Silverton with a steam locomotive hauling lumber. (Photos courtesy Annabell Prantl and the Salem Public Library, the Ben Maxwell Historic Collection). 

Conclusion

Urbanization followed on the heels of the transportation system, although growth in the Pudding Watershed was not as great as elsewhere in the northern Willamette Basin. Some villages solidified into permanent communities, whereas others dwindled and vanished. By 1880, Clackamas County’s population jumped to close to 10,000 persons and Marion County’s to 15,000. By the early 1900s, Mt. Angel’s population was 936, reaching 1,300 by the middle part of the century. Silverton had 2,200 persons in 1900 and 3,000 by 1950; Woodburn went from 1,600 to 2,300; Stayton from 650 to 1,500; and Salem from 17,600 to 43,100. In the year 2000, Mt. Angel’s population had almost doubled; Silverton reached 6,700 persons; Woodburn went to 16,500; Stayton was at 6,660; and Salem had 126,500 persons. 

Businesses diversified considerably as well, expanding beyond only farm produce and timber products. Today Silverton boasts antique stores, coffee houses, and clothing outlets alongside the traditional farm-based industries. In Mt. Angel, a water bottling company and upscale furniture shop typify the trend toward a changing economy, while in Woodburn a large factory outlet mall is one of the most popular shopping sites in Oregon. However, farming and logging remain the basic economy in the Pudding Basin. Over the years farms have become smaller in acreage and farm products more diversified. Nursery plants have replaced cereal grains as the main cash crop.

By the 1930s, urbanization, along with agricultural and logging practices that had been continuing for a hundred years, had taken a toll on the waters of the Pudding River. The Willamette and its tributaries, such as the Pudding, were highly polluted. “There is considerable pollution … from municipal and industrial wastes, which are emptied into the streams without treatment. As a result the waters of these rivers are becoming less and less fit for recreational use, and pollution has already become a menace to fish life” (Oregon State Planning Board. Report, 1935, p.24). After World War II, the use of chemical fertilizers, pesticides, and herbicides as well as the practice of spray irrigation seriously affected the water quality and quantity of this region. Fertilizers and pesticides either leach into groundwater aquifers or are drained by tiling directly into ditches and streams. The heavy use of chemicals, for example, has given Zollner Creek the distinction of being one of the most polluted streams in the United States. Pesticides detected in Zollner Creek include atrazine, simazine, nitrites, and diuron (Rinella, Frank, and Janet, Mary, 1988). Nitrate concentrations in surface waters and some shallow wells are often well above drinking water standards, and the Pudding has been identified as contributing the highest annual average pollutant load to the Willamette River (Oregon Department of Environmental Quality, 1995, p.3-12).  

The cities and industries which developed in the Pudding basin had their own impact on the resources. Historically, towns and businesses used rivers as sewers to dispose of their waste. Such was the case locally, where urban, as well as industrial and private effluent, was piped directly into tributary streams or wetlands. In 1939 a fisherman on Silver Creek in Silverton noted the abundance of sewer lines that drained directly into the creek (Hande, 2003). It wasn’t until the creation of the Oregon State Sanitary Authority, the precursor to the Oregon Department of Environmental Quality, that the State began to reduce the pollution of its waters. By the 1960s most regional urban and industrial sources had constructed substantial treatment facilities to process sewage. Under provisions of the federal Clean Water Act of 1972, states and communities are mandated to develop programs to assure the integrity of the nation’s waters. Up to this point, no one had seen the need to conserve or preserve such a bountiful resource as Oregon’s waters, which were viewed as flowing in an endless supply. 

Irrigation for agriculture dominates the Pudding Basin’s water picture, making use of both groundwater and streams. Numerous small agricultural dams and deep wells contribute to low surface flow and to impaired water quality, both serious problems in the watershed. Common practices such as the use of “big gun” and sprinkler spigots, where a stream of water is shot into the air, can result in a forty percent water loss due to evaporation during hot summer days. Because there are more new wells and continued upgrading and deepening of existing ones, groundwater levels are dropping drastically. Municipalities such as Mt. Angel, dependent on groundwater, are finding their wells going dry. Two simultaneous consequences have resulted: surface flows, which are tied to the groundwater level, diminish, while brackish water from a deeper formation rises to contaminate the aquifer. In 1992 sections around Mt. Angel, Stayton, Sublimity, Wilsonville, and Salem were declared “ground water limited” by the Oregon Water Resources Department. Under this designation, new drilling and water use can be restricted as a means to conserve the resource. As an attempt to maintain the groundwater level, the department can prohibit the penetration of the basalt aquifer.

Advances have been made to improve water conditions in Oregon. The passage of Senate Bill 1010 by the Oregon Legislature in 1993 was a step in the direction of regulating farm practices “for the purposes of protecting water quality” (Oregon Department of Agriculture SB 1010 Planning Program, 1999, p.4). The bill’s intent is to encourage voluntary adoption of management practices in order to reduce water quality violations on farm lands. The Forest Practices Act was passed in 1971 to maintain and protect water resources and aquatic habitat. This regulation prohibits the acidic waters of log ponds from being flushed into the river, and the tons of sawdust, formerly dumped directly into the streams, go to other uses. Loggers commonly removed vegetation from the streambank, thus exposing the once-shaded water to direct sunlight, but the aim now is to preserve these riparian areas. 

In spite of these practices and regulations, the waters of the Pudding Basin remain polluted. Recently a worker at the Mt. Angel treatment facility remarked that “The processed waste water from this plant is cleaner than the river (Pudding) into which it is piped.” This sad commentary on the condition of the river and its tributaries should not be allowed to remain unchanged (Orr, pers. comm., May, 2003).
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APPENDIX B

Appendix B: BLM Aquatic Conservation Strategy Objectives

Table: Documentation of Consistency with the Nine Aquatic Conservation Strategy Objectives for Forest Management Projects on Federal lands in the Pudding River Watershed

	ACS Objectives


	Recommendations 

 

	1. Maintain and restore the distribution, diversity, and complexity of watershed and landscape-scale features to ensure protection of the aquatic systems to which species, populations and communities are uniquely adapted.


	Commercial thinning in portions of the Riparian Reserves on federal lands in the Pudding Watershed would result in forest stands that exhibit attributes typically associated with stands of a more advanced age and stand structural development (larger trees, a more developed understory, and an increase in the number, size and quality of snags and down logs) sooner than would result under a passive management regime.  

Since Riparian Reserves provide travel corridors and resources for aquatic, riparian dependant and other late-successional associated plants and animals, the increased structural and plant diversity would ensure protection of aquatic systems by maintaining and restoring the distribution, diversity and complexity of watershed and landscape features. 

In addition, maintain and restore:

Diverse vegetation appropriate to the water table, geomorphic land type and stream channel type; and multi-layered canopy, mature conifer, coarse woody debris where they occurred in the past.

Stream connection to its floodplain.

Stream bank vegetation to maintain bank stability by providing appropriate protective buffers on stream channels and water features. 

 

	2. Maintain and restore spatial and temporal connectivity within and between watersheds.


	Long term connectivity of terrestrial watershed features would be improved by enhancing conditions for stand structure development.  In time, these reserves would improve in functioning as refugia for late successional, aquatic and riparian associated and dependent species.

Both terrestrial and aquatic connectivity would be maintained, and over the long-term, as Riparian Reserves develop late successional characteristics, lateral, longitudinal and drainage connectivity would be restored.

Replacement or removal of existing culverts would, in some cases, restore movement of aquatic species in the watershed. Use of organic material for ephemeral stream crossings should not hinder movement of aquatic species.



	3. Maintain and restore the physical integrity of the aquatic system, including shorelines, banks, and bottom configurations.


	Minimize construction of additional stream crossings.  Evaluate any proposed new or renovation stream crossing for stability and risk to aquatic resources and water quality.

Upgrade crossings on potentially unstable stream channels, to allow for the passage of debris torrent material without blocking of streamflow.  

Replace/upgrade crossings that have an outflow drop that causes appreciable bed scour and represent a barrier to fish or other aquatic species. All failing and/or worn stream crossings should be replaced with bankful-to-bankful, 100-year flood design culverts.  Culverts with natural or sunken bottoms should be installed wherever feasible.  

Physical integrity of channels at stream crossings would be altered for one to several years following replacement/ repair/maintenance.  Within the road prism (estimated at 30 feet maximum width), the channel surface, banks and bed would be compacted (bulk density of soils increased by as much as 30%), vegetation disturbed or removed and the bed/banks within the road prism would be obliterated.  Where channels are stable, little to no additional disturbance to channel morphology would be expected either upstream or downstream from the crossing. 

Over the long term, removal of road segments in riparian zones and/or  wetlands would likely contribute to improvement in channel function  by reducing flow impediments and alterations such as channel narrowing and road/stream intersections.

For all projects in riparian reserves, apply appropriately sized protective buffers to protect the physical integrity of channels and shorelines.   



	4. Maintain and restore water quality necessary to support healthy riparian, aquatic, and wetland ecosystems. 


	Management activities should be designed to have to have no measurable effect on stream temperatures, pH, or dissolved oxygen.  This can be achieved by applying appropriately sized protective buffers adjacent to all streams and shorelines during management.  To protect and recover natural stream temperature regime follow the Northwest Forest Plan Temperature TMDL Implementation Strategies for design of all forest management projects in riparian zones.

Roads constructed for forest management should be preferentially located on ridge tops or locations with no hydrologic connections or proximity to streams or riparian areas.   Roads should avoid areas with recognized stability problems.  

During forest management design, all road surfaces along haul routes should be assessed for risk of supplying fine sediment to stream channels.  Limit hauling of forest products on non-paved forest roads to periods when road surfaces are not contributing run-off and sediment to stream channels.  Design and maintain road surfaces to limit the risk of supplying sediment to streams.   



	5. Maintain and restore the sediment regime under which aquatic ecosystems evolved.


 
	Renovate or construct roads to route water captured on road surfaces to stable hillslopes, not directly into stream channels, utilizing out-sloping, rolling dips, more frequent ditch relief culverts (cross drains), etc.  Place a higher priority on roads actively contributing sediment into the stream system and/or those within Riparian Reserves and/or on high gradient hillslopes.

Upgrade or decommission road segments that represent a risk for cumulative effects, considering proximity to the riparian zone, hillslope stability, road maintenance and use, and age and construction methods. 

Where road segments passing through riparian areas or wetlands are removed or decommissioned, this would help to restore the rate of sediment delivery, stream turbidity levels, composition of stream substrates and sediment transport regime to levels nearer to those under which the ecosystem evolved. 



	6. Maintain and restore in-stream flows sufficient to create and sustain riparian, aquatic, and wetland habitats and to retain patterns of sediment, nutrient, and wood routing.


	Forest management projects that remove less than half the existing forest cover, are less likely to produce any measurable effect to stream flows.

Maintain and restore processes that allow water storage and gradual release to contribute to baseflows, connection to floodplain, and unimpeded channel morphology.  

Beaver activity is generally beneficial to in-stream processes and floodplains.  Culvert replacement and road maintenance should be designed to avoid conflicts with beaver activities.   

	7. Maintain and restore the timing, variability, and duration of floodplain inundation and water table elevation in meadows and wetlands.


	Forest management projects should not alter stream channel, wetland or pond morphological features.  All operations, equipment and disturbances should be  kept at an appropriate distance from all wetlands and stream channels in order to maintain current condition of floodplain inundation and water tables. 

Where stream channels have incised into their floodplains, evaluate the potential for in-stream projects to restore the proper pattern, dimension, and form of the channel.  Where feasible, implement such projects.

 

	8. Maintain and restore the species composition and structural diversity of plant communities in riparian areas and wetlands to provide adequate summer and winter thermal regulation, nutrient filtering, appropriate rates of surface erosion, bank erosion, and channel migration and to supply amounts and distributions of coarse woody debris sufficient to sustain physical complexity and stability.


	Within riparian zones and wetlands, maintain current species composition, except as necessary to restore meadow, oak savanna, and oak and conifer woodland habitats that occurred there under reference conditions. Forest management projects should have no adverse effects on species composition and structural diversity of plant communities in riparian areas and wetlands.
Density management in conifer stands within riparian reserves is recommended to increase CWD size and input, as well as maintain desired stand structure and species composition to meet ACS objectives.  Commercial density management and associated transportation development will not prevent attainment of this and other ACS objectives.

Evaluate the potential benefits of placing coarse woody debris and debris jam structures at natural catch points in transport and response channels (i.e., at tributary junctions, constrictions, outside bends of meanders, etc.). 



	9. Maintain and restore habitat to support well-distributed populations of native plant, invertebrate, and vertebrate riparian-dependent species.


	Forest management projects should be designed to have no adverse effect on riparian dependent species. Although thinning activities may affect invertebrates within the treatment areas, adjacent non-thinned areas should provide adequate refugia for the species.  In the long term, the treatments should restore elements of structural diversity to treatment areas in Riparian Reserves.  These attributes would help to provide resources currently lacking or of low quality, and over the long-term, would benefit both aquatic and terrestrial species.  





Elevation (feet)
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� ln(Y) = 0.6193 + 0.9692 * ln(X)


   where: ln = natural logarithm


               Y = Aurora discharge (cfs)


               X = Woodburn discharge (cfs)





� The equation above can also be expressed as:


   Y = e 0.6193 * X 0.9692


   where: e equals the natural exponent ( = 2.7183)





� ln(Y) = 0.4355 + 0.9969 * ln(X)


   where: ln = natural logarithm


               Y = Woodburn discharge (cfs)


               X = Aurora discharge (cfs)





� The above equation can also be expressed as:


   Y = e 0.4355 * X 0.9969


   where: e equals the natural exponent ( = 2.7183).








� 
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ABIQUA CREEK

		STREAM		REACH		BASIN AREA (MI^2)		LENGTH (FT)		% AREA INSIDE CHANNELS		GRADIENT		LARGE BOULDERS #/100 FT.		LARGE WOOD (# / 100 FT. OF PRIMARY CHANNEL)		LARGE WOOD CU FT / 100 FT. OF PRIMARY CHANNEL		KEY WOOD PIECES (# / 100 FT. OF PRIMARY CHANNEL)		# of POOLS / 1000 FT. > 1M DEEP		# of COMPLEX POOLS / 1000 FT. > 1M DEEP				Dammed & BW Pools		Scour Pools		Glides		Riffles		Rapids		Cascades		Step/Falls		Dry

		Abiqua		1		67.33584		0		10.2		0.7		352.3488		1.6764		24.272		0.03048		1.58496		0.82296		Reach 1		7.52		43.57		2.26		33.52		4.99		0.32		3.08		4.74

		Abiqua		2		67.33584		0		0.5		0.7		466.0392		0.48768		9.184		0.03048		1.2192		0.4572		Reach 2		1.6		42.05				51.36		3.82		0.11		1.05

		METRIC UNITS		1		174.4		5689						1156		5.5		3.7		0.1		5.2		2.7

				2		174.4		2007						1529		1.6		1.4		0.1		4		1.5





ABIQUA CREEK

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Reach 1

Reach 2

Percent wetted area

Abiqua Creek: Habitat Distribution
2003



BUTTE CREEK

		STREAM		REACH		BASIN AREA (MI^2)		LENGTH (FT)		% AREA INSIDE CHANNELS		GRADIENT		LARGE BOULDERS #/100 FT.		LARGE WOOD (# / 100 FT. OF PRIMARY CHANNEL)		LARGE WOOD CU FT / 100 FT. OF PRIMARY CHANNEL		KEY WOOD PIECES (# / 100 FT. OF PRIMARY CHANNEL)		# of POOLS / 1000 FT. > 1M DEEP		# of COMPLEX POOLS / 1000 FT. > 1M DEEP				Dammed & BW Pools		Scour Pools		Glides		Riffles		Rapids		Cascades		Step/Falls		Dry

		Butte Creek		1		40.351311		0				1.2		0		3.16992		42.64		0.06096		4.20624		2.286		Reach 1		0.38		65.82		0		15.93		2.61		3.95		11.32		0

				2		40.351311		0				2		0		5.42544		110.864		0.3048		0		0		Reach 2		0		46.93		0		17.6		0		28.84		6.6		0

				3		40.351311		0				2.3		0		9.2964		150.88		0.12192		3.38328		1.12776		Reach 3		0.24		46.86		0		25.3		0		21.1		6.5		0

				4		40.351311		0				1.7		0		5.9436		111.52		0.18288		2.62128		1.524		Reach 4		0.77		39.6		4.91		19.12		22.42		7.69		3.24		2.26

				5		40.351311		0				2.1		0		12.89304		257.808		0.51816		1.31064		1.58496		Reach 5		2.9		25.86		3.87		25.08		12.56		7.97		5.71		16.05

				6		40.351311		0				0		0		0		0		0		0		0		Reach 6		0		0		0		0		0		0		0		0

				7		40.351311		0				2.3		0		13.28928		442.8		1.24968		1.03632		2.1336		Reach 7		1.09		24.89		1.16		23.1		28.04		7.94		7.68		6.1

				8		40.351311		0				2.1		0		5.9436		204.672		0.57912		1.28016		1.28016		Reach 8		0.27		26.81		0		28.2		16.51		7.67		3.61		16.92

				9		40.351311		0				6		0		8.0772		200.736		0.4572		2.65176		3.048		Reach 9		0.55		48.95		0		22.95		21.99		0		5.56		0

		METRIC UNITS		1		104.51		884								10.4		6.5		0.2		13.8		7.5

				2		104.51		382								17.8		16.9		1

				3		104.51		531								30.5		23		0.4		11.1		3.7

				4		104.51		1691								19.5		17		0.6		8.6		5

				5		104.51		3252								42.3		39.3		1.7		4.3		5.2

				6		104.51		1263

				7		104.51		3431								43.6		67.5		4.1		3.4		7

				8		104.51		3565								19.5		31.2		1.9		4.2		4.2

				9		104.51		793								26.5		30.6		1.5		8.7		10





BUTTE CREEK
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BUTTE CREEK (Trib A)

		STREAM		REACH		BASIN AREA (MI^2)		LENGTH (FT)		% AREA INSIDE CHANNELS		GRADIENT		LARGE BOULDERS #/100 FT.		LARGE WOOD (# / 100 FT. OF PRIMARY CHANNEL)		LARGE WOOD CU FT / 100 FT. OF PRIMARY CHANNEL		KEY WOOD PIECES (# / 100 FT. OF PRIMARY CHANNEL)		# of POOLS / 1000 FT. > 1M DEEP		# of COMPLEX POOLS / 1000 FT. > 1M DEEP				Dammed & BW Pools		Scour Pools		Glides		Riffles		Rapids		Cascades		Step/Falls		Dry

		Butte Trib. A		1		1.602315		0				3.1		0		1.55448		9.84		0		0		0		Reach 1		0.00		50.78		0		32.16		4.17		6.99		5.33		0

				2		1.602315		0				1.8		0		2.16408		32.144		0		0		2.19456		Reach 2		0.29		56.03		0		22.71		17.92		0		3.05		0

		METRIC UNITS		1		4.15		434								5.1		1.5		0		0		0

				2		4.15		962								7.1		4.9		0		0		7.2





BUTTE CREEK (Trib A)

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Reach 1

Reach 2

Percent wetted area

Butte Creek Tributary A: Habitat Distribution
2004



POWERS CREEK

		STREAM		REACH		BASIN AREA (MI^2)		LENGTH (FT)		% AREA INSIDE CHANNELS		GRADIENT		LARGE BOULDERS #/100 FT.		LARGE WOOD (# / 100 FT. OF PRIMARY CHANNEL)		LARGE WOOD CU FT / 100 FT. OF PRIMARY CHANNEL		KEY WOOD PIECES (# / 100 FT. OF PRIMARY CHANNEL)		# of POOLS / 1000 FT. > 1M DEEP		# of COMPLEX POOLS / 1000 FT. > 1M DEEP				Dammed & BW Pools		Scour Pools		Glides		Riffles		Rapids		Cascades		Step/Falls		Dry

		Powers		1		7.22007		0		1.8		1.2		75.5904		0.64008		4.592		0		0		0.54864		Reach 1		1.92		28.37		0		59.84		4.63		3.23		1.65		0.36

		METRIC UNITS		1		18.7		1136						248		2.1		0.7		0		0		1.8
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Powers Creek: Habitat Distribution
2003



SILVER CREEK (W. of Silverton)

		STREAM		REACH		BASIN AREA (MI^2)		LENGTH (FT)		% AREA INSIDE CHANNELS		GRADIENT		LARGE BOULDERS #/100 FT.		LARGE WOOD (# / 100 FT. OF PRIMARY CHANNEL)		LARGE WOOD CU FT / 100 FT. OF PRIMARY CHANNEL		KEY WOOD PIECES (# / 100 FT. OF PRIMARY CHANNEL)		# of POOLS / 1000 FT. > 1M DEEP		# of COMPLEX POOLS / 1000 FT. > 1M DEEP				Dammed & BW Pools		Scour Pools		Glides		Riffles		Rapids		Cascades		Step/Falls		Dry

		Silver, W		1		47.68335		0		3.5		0.8		55.4736		0.36576		9.84		0.06096		1.58496		0		Reach 1		2.26		67.76		0		25.25		1.04		0		1.12		2.57

		METRIC UNITS		1		123.5		1342						182		1.2		1.5		0.2		5.2		0





SILVER CREEK (W. of Silverton)
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SILVER CREEK (Reservoir)

		STREAM		REACH		BASIN AREA (MI^2)		LENGTH (FT)		% AREA INSIDE CHANNELS		GRADIENT		LARGE BOULDERS #/100 FT.		LARGE WOOD (# / 100 FT. OF PRIMARY CHANNEL)		LARGE WOOD CU FT / 100 FT. OF PRIMARY CHANNEL		KEY WOOD PIECES (# / 100 FT. OF PRIMARY CHANNEL)		# of POOLS / 1000 FT. > 1M DEEP		# of COMPLEX POOLS / 1000 FT. > 1M DEEP				Dammed & BW Pools		Scour Pools		Glides		Riffles		Rapids		Cascades		Step/Falls		Dry

				1		45.1737		0		6.1		1.1		55.4736		1.00584		21.648		0.06096		1.40208		0.97536		Reach 1		6.80		52.63		0		33.72		3.31		0.07		3.18		0.29

		METRIC UNITS		1		117		2855						182		3.3		3.3		0.2		4.6		3.2





SILVER CREEK (Reservoir)
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