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Stream restoration techniques in western Oregon and Washington include

physical habitat restoration and more recently the addition of salmon carcasses to

improve food availability for juvenile fish. Although both are common practices, few

studies have examined the effects of carcass placement and the interaction of nutrient

enrichment with physical habitat restoration in western Oregon. The purpose of this

research is to explore how restoration with salmon nutrient inputs and large woody

debris affect juvenile coho growth and salmon derived nutrient incorporation. We

studied growth and condition of juvenile coho salmon in three streams with four

experimental treatment reaches per stream 1) reference, 2) wood placement, 3) wood

placement + salmon carcass addition, and 4) salmon carcass addition Growth rates of

PIT tagged fish were greater in reaches that received salmon carcasses but with no

large woody debris during this low flow year. Restoration with large woody debris

increased the condition of juvenile coho prior to carcass additions, but results varied

among streams. Salmon derived nutrient incorporation was determined by measuring

&5N and &3C of juvenile coho salmon and aquatic macroinvertebrates. Results did

not show strong evidence of salmon derived nutrient incorporation at any level of the

food web. We also used the methods of Bilby et al. (2001), to measure ö'5N and 13C
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values of juvenile coho salmon in sixteen Oregon coastal streams with a range of

salmon spawner densities and large woody debris volume (m3 m2). Results indicated

that incorporation of salmon derived nutrients increase as natural spawned salmon

densities increased. Additionally we saw greater incorporation of salmon derived

nutrients from natural spawners than from placed carcasses indicating a difference in

their effects on ecosystem function. Our results highlight the need to understand

natural stream variability before designing carcass placement projects and emphasize

the need for continued research and monitoring of stream restoration projects in order

to contribute towards assessing the efficiency of these projects.
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Incorporation of Salmon Derived Nutrients into Oregon Coastal Streams and the
Role of Physical Habitat

CHAPTER 1. INTRODUCTION

Returns of Pacific salmon (Oncorhynchus spp.) continue to decline despite

current conservation and restoration measures (Lawson 1993, Gresh et al. 2000).

One recent restoration and management strategy has been the placement of salmon

carcasses in salmon bearing streams as a supplemental food source for aquatic and

terrestrial food webs. Salmon derived nutrients (SDN) are deposited in freshwater

systems when adult salmon return to spawn and die and are made available through

excretion of waste, deposition of eggs, and the chemical and physical breakdown of

carcasses during decomposition. This material has been shown to be used as a food

source by aquatic and terrestrial organisms, including juvenile salmonids (Bilby et

al. 1996, 1998, Cederholm etal. 2000, Wipfli et al. 1998, 2003).

Juvenile salmonid growth can be linked to the supply of SDN. In both field

and mesocosm studies in Washington and Alaska results have shown that adding

carcasses to streams increases both the condition (Bilby et al. 1998) and the growth

rates of juvenile salmoniods compared to those that did not have access to carcass

material (Lang 2003, Wipfli et al. 2003). Larger juveniles may have better over-

winter survival (Holtby 1988, Quinn and Peterson 1996), and also may have earlier

smolt migration and ocean survival (Thedinga and Koski 1984, Holtby et al. 1990,

Henderson and Cass 1991). Fisheries managers began supplementing declining

returns with inorganic fertilizers in the 1970's in British Columbia (Ashley and

Slaney 1997). Stream additions of salmon carcasses began in Washington in 1991

(Michael 2005) and were a common restoration tool in Oregon by 1997 (ODFW
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2001, Van Dyke and Baumgartner 2003). The goal of these programs is to stimulate

salmon production and restore stream productivity through increased availability of

SDN (Van Dyke and Baumgartner 2003, Galovich and Baumgartner 2005, Michael

2005). Research in Washington has found significant effects of salmon carcasses on

growth and condition of juvenile salmonids and other aquatic and terrestrial

organisms (Bilby et al. 1996, Bilby et al. 1998, Claeson 2005). However, there has

been minimal research and monitoring in Oregon to assess the success of nutrient

enrichment program goals.

In addition to food resources, physical habitat is important for salmon

production. Juvenile salmonids prefer pools with large wood during winter and

research has shown that access to this habitat increases their growth and survival

(McMahon and Hartman 1989, Nickelson et al. 1992, Solazzi et al. 2000). Stream

habitat restoration to improve aquatic habitat has been occurring in the United States

since the 1930's (Reeves et al. 1991), with restoration of habitat structure such as

large wood being the most common technique since the 1970's, prior to that wood

was removed from many stream systems (Kauffman et al. 1997, Roni and Quirm

200 1). Large woody debris (LWD) forms pools for rearing juvenile salmonids

(Bisson et al. 1987), increases over-winter survival (Peters et al. 1992, Cederholm et

al. 1997), and helps retain organic matter, including salmon carcasses, which is

processed into coarse and fine particulate matter for use within the stream ecosystem

(Bilby and Likens 1980, Bilby 1981). Coho salmon spawn in the Oregon Coast

Range in late fall, just as rainfall increases, and without the presence of physical



habitat structure, such as LWD, salmon carcasses and their corresponding SDN can

be flushed out of the system and become unavailable to aquatic and terrestrial food

webs.

As with all types of restoration projects, monitoring is important to review

and evaluate project objectives (Reeves et al. 1991). There has been very little

monitoring of the impacts of nutrient enrichment with salmon carcasses in Oregon,

with slightly more occurring in Washington State. Washington State's protocols

require some level of monitoring to occur with every nutrient enrichment project

(Michael 2005). Oregon does not require the same level of monitoring as

Washington, but recently began a large scale research project to evaluate the

effectiveness of high density carcass placement on salmonid growth and other

aquatic food web functions (Van Dyke and Baumgartner 2003, Galovich and

Baumgartner 2005). Research into the interaction between SDN and stream

restoration is important for understanding the net effects of stream restoration

projects and the relative importance of physical habitat and food resources in stream

reaches with poor physical habitat.

Stable isotope analysis is one method that has been used to quantify the

amount of salmon derived nitrogen and carbon that is being assimilated into juvenile

salmonids and aquatic and terrestrial food webs. Pacific salmon are enriched in the

heavier isotopes '5N and 13C from the marine environment. Bilby et al. (2001) used

isotope analysis of juvenile coho salmon muscle tissue to quantify the amount of

SDN that they incorporated in Washington streams. They found that the &5N in

3
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juvenile salmonids increased as the numbers of salmon carcasses per unit stream

area increased indicating that the salmonids were feeding on SDN. They also

discovered that increasing quantities of SDN were only incorporated to a certain

point, which they term a saturation level, above which the amount of SDN

incorporation began to decrease. This saturation level was found to be about 0.15 kg

m2 wet mass of carcass material for the oligotrophic streams in western Washington

(Bilby et al. 2001).

Research into the effects of SDN on aquatic food webs has primarily

occurred in the more oligotrophic systems of Washington and Alaska (Gende et al.

2002), and data from more nutrient rich streams of the Oregon Coast Range is

lacking. Many Oregon coastal streams are dominated by alder, which has been

shown to contribute significant amounts of nitrate to streams (Compton et al. 2003).

As a result many Oregon coastal streams have higher and more variable nitrogen

levels (Wigington et al. 1998), and have N:P ratios that indicate that they are P-

limited rather than N-limited (Gregory et al. 1987). This might lead to a different

relationship between juvenile coho salmon &5N values and carcass loading rates in

Oregon coastal streams than found in western Washington streams.

The purpose of this study is to explore how restoration of physical habitat via

placement of large woody debris and placement of salmon carcasses affect juvenile

coho salmon growth and SDN incorporation. Our research hypotheses are:

1) Incorporation of salmon carcass nitrogen and carbon in juvenile coho salmon
and invertebrates will be greater in stream reaches with physical habitat



restoration (i.e., wood placement) than in similar reaches without habitat
restoration.

Wood placement is important in retaining and making SDN available so we
expect juvenile coho salmon growth will increase in this order for study
reaches: reference, SDN, LWD, SND + LWD.

For Oregon coastal streams, the relationship between juvenile coho salmon
SDN incorporation and adult salmon returns is similar to that found by Bilby
etal. (2001).

Our study was accomplished in two parts. The salmon carcass addition experiment

consisted of four treatment reaches repeated in three streams: 1) reference, 2) large

woody debris, 3) large woody debris + salmon carcasses, and 4) salmon carcasses.

Juvenile coho salmon were PIT tagged and growth and t515N and '3C were

measured along the four stream reach treatments. In the carcass density study, we

used the methods of Bilby et al. (2001) in the more nutrient rich streams of the

Oregon Coast Range. We determined the volume of LWD, natural and placed

carcass densities in sixteen streams, and measured 15N and '3C values in juvenile

coho salmon muscle tissue. Both studies enabled us to examine the interaction of

salmon carcasses (natural and placed) and LWD volume on SDN assimilation by

juvenile coho salmon and aquatic macroinvertebrates.

Both Washington State and Oregon have similar nutrient enrichment

program goals: to increase SDN availability in order to increase food availability for

juvenile salmonids and increase adult spawner returns. However, the two states

have adopted different approaches to accomplish their goals. Oregon places

Chinook, coho, and steelhead carcasses at a maximum of 2500 lbs/mile in streams

5
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listed in the Memorandum of Agreement (MOA) between ODFW and DEQ

(Galovich and Baumgarter 2005). Washington Department of Fish and Wildlife

(WDFW) protocols allow for the placement of carcasses in streams with

escapements below 1.9 kg m2 and has developed species-specific loading rates for

coho, steelhead, Chinook, Sockeye, pink, and chum carcasses in order to mimic

naturally spawning densities (Michael 2005). We examined the variability in

Oregon's carcass loading rates and compared them to the loading rate recommended

by Bilby et al. (2001), 0.15 kg m2 wet mass. This was done to compare loading

rates between streams and to examine the percent of the loading rate recommended

by Bilby et al. (2001) that the streams are receiving and determine if streams are

possibly being over or under fertilized in relation to this proposed nutrient loading

rate.

Carcass availability for stream enrichment is too small to replenish nutrient

levels in all Oregon streams. Developing an understanding the interaction between

SDN and stream structure could help aid in prioritizing placement of the limited

number of hatchery carcasses available. With all previous nutrient enrichment

research occurring in Washington, Alaska, and California, Oregon fisheries biologist

would benefit from research into the effects of nutrient enrichment in Oregon. With

data on the effects of nutrient enrichment specific to Oregon fisheries biologist will

be able to develop carcass loading levels that are appropriate for Oregon streams.

We expect our results to demonstrate that areas with more coarse wood will show



greater benefit of SDN to juvenile coho salmon due to higher availability of planted

carcasses due to greater retention and better protection from winter storms.

7



CHAPTER 2. INTERACTIONS OF SALMON CARCASS ADDITION AND
WOOD PLACEMENT AS MEASURED BY JUVENILE COHO SALMON
GROWTH, CONDITION, AND ISOTOPE RATIOS

Introduction
The productivity of Pacific salmon (Oncorhynchus spp.) is dependent upon

ocean conditions (Finney et al. 2002) as well as freshwater habitat quality and

quantity (Joimson 1997). The numbers of spawners have decreased 60-80% (Gresh

et al. 2000) as a result of fluctuating ocean conditions (Finney et al. 2002), harvest

(Lawson et al. 2004), and habitat degradation (Lichatowich 1989, Lawson 1993). In

addition to failing returns, the size of returning salmon has also decreased, severely

reducing the biomass of salmon returning to PNW streams (Bigler et al. 1996, Gresh

et al. 2000). Pacific salmon accumulate 95% of their biomass in the marine

environment, consisting of approximately 3% nitrogen, and 0.3% phosphorus by

fresh weight (Larkin and Slaney 1997). These salmon derived nutrients (SDN) are

released upon return from the ocean through excretion of waste, deposition ofeggs,

and chemical and physical breakdown during decomposition of the carcasses. This

material is used as a food source by aquatic and terrestrial organisms, including

juvenile salmonids (Figure 1) (Bilby etal. 1996, 1998, Wipfli etal. 1998,

Cederholm et al. 2000).

Both field and mesocosm studies suggest that juvenile salmonid condition

(Bilby etal. 1998) and growth might be linked to the supply of SDN (Lang 2003,

Wipfli et al. 2003). Research by Wipfli et al. (2003) in Alaska demonstrated a 43-

8



63% increase in mass of age-O coho salmon, and increased mass has been linked

with
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Figure 1. Simplified nutrient and organic matter flows within a Pacific Northwest
watershed, and transfers to the ocean and estuary by salmonids. Solid lines indicate
transfers of organic material or organisms. Dotted lines indicate transport and
incorporation by primary producers of dissolved inorganic nutrients from the
landscape and from salmon. Hourglass symbols indicate controls associated with a
given flow (reproduced from Compton et at. in press).

over-winter survival (Holtby 1988, Quinn and Peterson 1996), and earlier smolt

migration and ocean survival (Thedinga and Koski 1984, Holtby et at. 1990,

Henderson and Cass 1991). Fisheries managers began supplementing declining

returns with salmon carcasses and inorganic fertilizers in the 1970's in British

Columbia (Ashley and Slaney 1997). In the PNW, nutrient enrichment with salmon

carcasses began in Washington in 1991 (Michael 2004) and was a common

9
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restoration tool in Oregon by 1997 (ODFW 2001, Van Dyke and Baumgartner

2003). The goal of these programs is to stimulate salmon production and restore

stream productivity through increased availability of SDN (Van Dyke and

Baumgartner 2003, Galovich and Baumgartner 2005, Michael 2005). However,

there has been minimal research and monitoring in Oregon to assess the success of

nutrient enrichment program goals.

In addition to food resources, physical habitat is important for salmon

production. Juvenile salmonids prefer pools with large wood during winter and

research has shown that access to this habitat increases their growth and survival

(McMahon and Hartman 1989, Nickelson et al. 1992, Solazzi et al. 2000). Stream

habitat restoration to improve aquatic habitat has been occurring in the United States

since the 1930's (Reeves et al. 1991), with restoration of habitat structures such as

large wood being the most common technique since the 1970's, prior to that wood

was removed from many stream systems (Kauffman et al. 1997, Roni and Quinn

2001). Large woody debris (LWD) forms poois for rearing juvenile salmonids

(Bisson et al. 1987), increases over-winter survival (Peters et al. 1992, Cederholm et

al. 1997), and helps retain organic matter, including salmon carcasses, which is

processed into coarse and fine particulate matter for use within the stream ecosystem

(Bilby and Likens 1980, Bilby 1981). Coho salmon spawn in the Oregon Coast

Range in late fall, just as rainfall increases, and without the presence of physical

habitat structure, such as LWD, salmon carcasses and their corresponding SDN can

be flushed out of the system and become unavailable to aquatic and terrestrial
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organisms. Research in to the role LWD plays in carcass retention found an

increasing relationship between stream LWD and the number of carcass retained in

the stream (Cederholm et al. 1985) and that the distance carcasses moved within

small streams was inversely related to the volume of LWD (Cederhoim et al. 1989).

Because of this relationship we expected to see greater carcass retention and as a

result greater juvenile coho salmon growth in Oregon coastal streams that have

received physical habitat restoration with LWD compared to streams that lack LWD.

In contrast to the extensive research done on the effects of LWD placement

on juvenile salmonid growth and salmon carcass retention, there has been limited

research concerning the effectiveness of salmon carcasses as a stream restoration

technique and no work on the interaction of SDN and LWD on juvenile salmonid

growth. Research in Washington and Alaska found significant effects of SDN on

growth (Lang 2003, Wipfli et al. 2003, 2004) and condition (Bilby et al. 1998) of

juvenile salmonids, but there has been little research in Oregon, particularly coastal

Oregon, where stream nutrient levels are relatively high (Compton et al. 2003).

Research into the interaction between SDN and stream restoration is important for

understanding the net effects of stream restoration projects and the relative

importance of physical habitat and food resources in stream reaches with poor

physical habitat.

The purpose of this study is to explore how restoration of physical habitat via

LWD and placement of salmon carcasses affect juvenile coho salmon growth and

SDN assimilation. Carcass availability for stream enrichment is too small to



replenish all streams to historical levels, and thus understanding the interaction

between SDN and stream structure could help aid in prioritizing placement. Our

research hypotheses are:

Incorporation of salmon carcass nitrogen and carbon in juvenile coho
salmon and invertebrates will be greater in stream reaches with physical
habitat restoration (i.e., wood placement) than in similar reaches without
habitat restoration.

Wood placement provides important over-winter habitat for juvenile
coho is important in retaining and making SDN available so we expect
juvenile coho salmon growth will increase in this order for study reaches:
reference, SDN, LWD, SND + LWD.

Our study was accomplished through the use of four treatment reaches repeated over

three streams: 1) reference, 2) large woody debris, 3) large woody debris + salmon

carcasses, and 4) salmon carcasses. Juvenile coho salmon were PIT tagged and

growth and ö'5N and 'C were measured along the four stream reach treatments.

Spawner density data, ö'3C and ö'5N, and LWD tallies enabled us to examine the

role LWD has on the utilization of salmon derived nitrogen and carbon by juvenile

coho salmon and select aquatic macroinvertebrates. We expected that areas with

more coarse wood will show greater benefit to juvenile coho salmon due to higher

availability of planted carcasses and better protection from winter storms.

Methods

Study Area

We experimentally manipulated three streams in the south central Oregon

Coast Range in the Coos and Coquille Basins (Figure 2). The climate of the Oregon

12



Coos Basin
1k Creek

Cociuille Basin

*Moon Creek
Steel Creek

Figure 2. Location of study sites in the Oregon Coast Range, south central Oregon
coast, U.S.A.

Historically, the Coos and Coquilie Rivers supported large returns of coho

salmon, which began to decline in the 1950's (Weitkamp et al. 1995). Historical

returns in the Coquille and Coos basins were around 310,000 and 150,000

individuals respectively and currently are around 13,310 and 43,301 (Jacobs et al.

2002, Lawson et al. 2004). Watershed size and vegetation information was

determined using data from the Coastal Landscape Analysis and Modeling Study

(CLAMS) data using the predictive vegetation mapping method of Ohmann and

Gregory (2002) (accessed 9/24/2001; http://www.fsl.orst.edu/c1ams.html).

13

Coast Range is marine-influenced with cool wet winters ranging from 4-8 °C and

mild, dry summers ranging 15-21°C (Weitkamp et al. 1995). Both basins are

dominated by marine sedimentary rocks (Walker and MacLeod 1991). Elk Creek,

within Elliott State Forest, is a sub-basin of the West Fork Millicoma River, and

drains 1683 hectares. Moon and Steel Creeks are located in the Coquille River basin

and drain 1315 and 1048 hectares respectively. There is active logging occurring

within all watersheds.
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The Coos and Coquille basins were chosen because of the availability of

large quantities of salmon carcasses for placement. We worked with the Charleston

ODFW and ODFW's Coastal Salmonid Inventory Project to select study streams

that were a) slated for salmon spawner surveys during the 2004-2005 spawner year

slated for salmon carcass placement during the 2004-2005 carcass placement year

LWD placement had been conducted since 1997. We chose streams that were

similar in size, had low percent alder (< 20%) to avoid high stream nitrogen

(Compton et al. 2003), and were accessible by road along the proposed study reach

(Table 1).

Table 1. General characteristics of three research streams.

Experimental Design

Streams were divided into four reaches that received one of the four

treatments (downstream to upstream), 1) Salmon carcasses 2) Existing large woody

debris + salmon carcasses, 3) Existing large woody debris, 4) Reference.

Experimental reaches were 150 m long (lOOm for reference) and at least 200 m apart

(Figure 3). 200 meters was chosen as the minimum distance between reaches in

order to minimize potential movement of fish between reaches and to minimize the

Basin Coquille Coquille Coos
Stream Moon Steel Elk
Stream Order 2 1 2
Drainage Area 1315 1048 1683
% Broadleaf
cover in 23 9 10

Watershed



Figure 3. Schematic of study design applied to three
streams. There was at least a 200m buffer in between
each reach to avoid fish movement between reaches.
Buffer between study reaches is indicated by hatch
marks.

15

downstream effects of carcasses placed in the LWD+SDN reach on the SDN reach

(Figure 3). LWD was located in the lower 50m of each 150 m LWD reach.

Carcasses for nutrient enrichment were acquired from Nobel Creek Hatchery in the

Coos Basin and from Bandon Hatchery in the Coquille Basin. Heads were removed

from all fish at the hatchery prior to placement in order for ODFW personnel

conducting spawner surveys to be able to distinguish between natural spawners and

hatchery carcasses. Fresh salmon carcasses, their heads, and some intact females

and loose eggs were placed at each site in an attempt to mimic natural spawning. A

combination of coho and Chinook salmon carcasses were placed at Elk and Steel

creeks. Only coho salmon carcasses were available and were placed in Moon Creek

approximately one month after placement of carcasses in Steel and Elk Creeks. The

biomass of carcasses added to each reach is shown in Table 2.



Table 2. Dates placed and carcass addition amounts for each treatment reach.

Carcasses were still visible in all placement reaches in January either in the

riparian area or in shallow water and pools. In March, three months after carcass

placement, carcasses were still visible and retained their shape, though their inner

body tissue was well decomposed, in both Steel and Moon Creeks LWD+SDN

reaches.

Stream Characterization

Physical habitat surveys were completed during August and September 2004

(Lazorchak et al. 1998). Water quality samples were collected once in September

prior to carcass addition and run at EPA's Willamette Research Station, Corvallis,

Oregon. Temperature loggers were placed in each of the twelve stream reaches in

September inside PVC piping which was attached to a brick and then both were

secured to the nearest tree with rope. Snorkel surveys were completed during late-

August and early September to determine juvenile coho salmon densities prior to
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Stream Reach Date
kg m2 carcass
material

Steel SDN 11/9/2004 0.55
SDN+LWD 11/9/2004 0.67

Elk SDN 11/2/2004 0.93
SDN+LWD 11/2/2004 0.89

Moon SDN 12/14/2004 0.09
SDN+LWD 12/14/2004 0.08
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carcass addition. Pools were snorkeled once and all numbers of all fish were

recorded. Habitat unit type, length, average width, and maximum depth were

recorded in order to calculate density per habitat unit.

Juvenile coho salmon growth and condition

Passive integrated transponder (PIT) tags were used identify individual

juvenile coho salmon (11.5mm tags by BioMark Inc, Boise, ID) for our growth

assessment. Tagging occurred in all streams during a ten day period from

September 7-17, 2004. Stream temperature was monitored to ensure it remained

below 17°C at all times to minimize stress to fish. All pools in each reach were

seined until no more fish were caught. All juvenile coho salmon captured were

anesthetized with MS-222 (tricaine methanesulfonate) and fork length and wet mass

(to 0.01 g) were collected, those 60 mm and greater were injected with PIT tags to

measure individual growth. 60 mm was chosen as the cut-off because of the

difficulty of safely injecting juvenile coho salmon smaller than that with PIT tags

(McCann et al. 1993). We attempted to PIT tag 200 juvenile coho salmon in each

reach. Fish were kept in large tubs and allowed to recover for at least 30 minutes

before release back to the poois where they were captured. Attempts to recapture

PIT tagged coho salmon were made two, three, and four months after carcass

placement, January, February, and March 2005.

Instantaneous growth was calculated for each recaptured juvenile coho

salmon. The equation used to determine instantaneous growth (G) was

G = (1nW - lnWo) )t (1)
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where W is the final weight (g) recorded at capture, and Wo is the initial weight (g)

recorded at marking, and )t is the growth period in days between marking and

recapture (Ricker 1979). Condition was calculated for each juvenile coho salmon

captured using the following equation (Weatherley 1972):

K=W/L3 * i05 (2)

Where W= the weight in grams and L is the length in mm.

Stable Isotopes

Juvenile coho salmon were destructively sampled for &3C and &5N

analysis to quantify the amount of SDN they assimilated. Samples were collected

during PIT tagging in September before carcass addition and in December 2004 and

in January and March 2005 when we sampled for PIT tagged juvenile coho salmon.

Samples represent one, two, and four months after carcass addition. Fish were

caught using seine nets or minnow traps baited with salmon eggs that were enclosed

in nylon bags (to avoid consumption of the eggs). Salmon eggs were acquired from

Willamette Hatchery. We collected three to five juvenile coho salmon from each

stream reach at each sampling period. Coho salmon were preserved in the field by

immersing for 15 seconds in liquid nitrogen and then stored on ice in until they

could be placed in a freezer, where they were kept frozen until preparation for

isotope analysis. Fish were filleted, skinned and rinsed to obtain muscle tissue for

analysis. The muscle tissue was freeze dried in a Labconco Free Zone 6L Freeze

Dry System for 3 days at -40°C.
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To assess SDN uptake by other members of the stream community crayfish

were collected during seining and stored in the same way as coho salmon and only

the crayfish tail was used in the isotope analysis. We sampled macroinvertebrates in

each reach by collecting samples per reach with a kick net and then combining them

into one sample per reach. Samples were kept in water until sorted and then frozen

at the lab. We sorted macroinvertebrates into four groups: collectors, grazers,

predators, and shredders (Adams and Vaughn 2003). We never collected enough

collectors or grazers for isotope analysis so only predators and shredders were used.

Shredders included Diptera: (Tipulida sp.) and Plecoptera: (Nemoura sp.), predators

included Plecoptera: (Calineuria sp.) and Odonata: (Octogomphus sp.). These

genera were chosen based on previous work that examined groups of

macroinvertebrates rather than species level identification (Bilby et al. 1996, Wipfli

et al. 1999). Whole samples were freeze dried in the same manner as crayfish.

Muscle tissue was collected from adult Chinook and coho salmon carcasses

that were placed in streams for nutrient enrichment. Adult carcass muscle tissue was

kept on ice until placed in a freezer and freeze dried in the same manner described

above. All samples were ground and weighed for '3C and &5N analysis then run on

a Finnigan MAT Delta Plus XL Isotope Ratio Mass Spectrometer in EPA's

Integrated Stable Isotope Research Facility (ISIRF), Corvallis, Oregon.

Statistical Analyses

We used a one-way analysis of covariance (SAS 9.0) to examine the effect of

restoration with LWD on the initial weight and condition of the juvenile coho



20

salmon. The main effect was presence or absence of LWD and volume per unit area

was used as a covariate.

Because of low recaptures of PIT tagged juvenile coho salmon we combined

all recaptured all fish after using one-way analysis of variance (SAS 9.0) to test for

differences in initial tagging weight, and differences in growth rates between

treatment reaches among streams. We tested for differences in specific growth of

recaptured PIT tagged juvenile coho salmon in response to treatments for Jan-Feb,

Sep-Feb, and Sep-Mar using one-way analysis of variance (SAS 9.0).

Repeated measures analysis of variance (SAS 9.0) was used to test for

treatment effects on weight and condition of all juvenile coho salmon caught

accounting for differences over time and between reaches. Main effects were

treatments, time and stream. Random effects were time nested within reach to

account for the repeated sampling of reach and the variability among fish.

Restricted maximum likelihood was used to estimate the parameters. No statistical

analysis was done on &5N or 6'3C of aquatic macroinvertebrates because of small

sample size.

Repeated measures analysis of covariance (SAS 9.0) was used to test for

treatment effects on juvenile coho salmon '5N or ö 13C values accounting for

differences over time and between reaches. Mean September &5N or &3C values

from juvenile coho salmon were used as a covariate. Main effects were treatments,

time and stream. Random effects were time nested within reach to account for the

repeated sampling of reach and the variability among fish. Restricted maximum
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likelihood was used to estimate the parameters. . No statistical analysis was done

on ö'5N or &3C of aquatic macroinvertebrates because of small sample size.

We used regression analysis (SAS 9.0) to determine if physical habitat

variables affected the results of condition or weight of all fish captured. We

regressed mean percent slope, mean percent canopy cover, LWD volume (m2 m3),

and mean wetted width against condition and weight of all juvenile coho salmon

captured. Additionally we performed post hoc power analyses to determine sample

sizes over a range of standard deviations to detect either a 1 % or 2% difference in

ö'5N and &3C values of juvenile coho salmon.

Results

Stream Reach Characteristics

Volume of LWD in experimental reaches demonstrated the difference in

physical habitat structure between reaches with restoration and those without. LWD

volume per unit area (m2 m3) in restored reaches ranged from 0.0 10 to 0.043 and

from 0.00 to 0.009 in un-restored reaches (Figure 4). We characterized stream

habitat by determining percent pools per reach (25-57%), the percentage of those

pools associated with LWD (0-88%), percent of the reach that was bedrock (10-

63%), and mean percent slope (0.2-4.6). The riparian zone was characterized by

determining percent mean canopy density (5 5-95) and percent riparian legacy trees

that were alder (18-68%) (Table 3).

Among all streams snorkel survey results showed a greater density of

juvenile coho salmon in pools formed by LWD than pools without in all streams.
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Density of juvenile coho salmon in September, prior to carcass placement, was 1.45

m2 (±0.29) in pools with LWD and 0.99 m2 (+0.16) in pools without LWD.
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Figure 4. LWD volume per unit area for each stream reach. There was no LWD in
Steel and Moon SDN and reference reaches.

Water chemistry samples were collected to determine nutrient levels prior to

carcass additions. Steel Creek has the highest average Total N mg U' (0.353

±0.070), and P .tg U' (19±3) concentrations, and specific conductivity jiS cm1

(74.92±1.13). N:P ratios vary from 16-77 across stream reaches. There is some

variability in stream chemistry among reaches within streams, but greater variability

across streams. This is especially true for phosphorus concentrations, where average

stream concentrations ranged from 3(±l) to 19(±3) (Table 4).



Table 3. Physical habitat characteristics of three study streams. Physical habitat
data was collected using EPA's EMAP physical habitat protocol. Stream
temperatures were collected from September 2004-August 2005. Temperature
loggers were missing from three reaches in August 2005.
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Moon

Ref LWD SON SDN+LWD
Mean Wetted Width 3.9 5.3 5.4 6.1
Mean Bankfull width 12.1 12.1 18.0 14.7
MeanSiope(%) 3.4 1.9 1.5 2.7
Bedrock(%) 39 42 38 55
Mean Canopy Density (%) 87 92 94 89
LWD (vi m3 m2) 0.000 0.030 0.000 0.043
(%) Pools in reach 31 25 57 52
Fastmovingwater(%) 47 61 37 47
Slow moving water (%) 53 39 63 53
Pools formed by LWD (%) 0 16 14 38
Mean Water Temp (range) °C 10.5 (5.6-13.2) No data 10.5 (5.5-14.1) 10.3 (0.7-18.0)

Steel

Ref LWD SDN SDN+LWD
Mean Wetted Width 4 3 5.1 3.4
Mean Bankfull width 9.4 9.1 16.2 13.3
MeanSlope(%) 4.6 1.4 1.5 2.1
Bedrock(%) 63 10 58 16
Mean Canopy Density (%) 79 69 82 85
LWD (vi m3 m2) 0.000 0.040 0.000 0.024
(%) Pools in reach 25 28 36 36
Fast moving water (%) 49 42 44 56
Slow moving water (%) 51 58 56 44
Pools formed by LWD (%) 0 32 0 88
Mean Water Temp (range) °C 10.2 (0.5-18.0) 10.0 (3.6-16.0) 10.4 (4.8-14.6) 10.0 (5.0-13.9)

Elk

Ref LWD SDN SDN+LWD
Mean Wetted Width 4.4 5.9 9 9.4
Mean Bankfull width 9.6 23.2 14.4 16.1
Mean Slope (%) 0.2 0.6 1.7 1.2
Bedrock(%) 31 11 62 52
Mean Canopy Density (%) 95 71 90 55
LWD(vlm3ni2) 0.00 0.010 0.009 0.031
(%) Pools in reach 44 50 30 36
Fast moving water (%) 26 46 48 31
Slow moving water (%) 74 54 52 69
Pools formed by LWD (%) 38 88 0 8
Mean Water Temp (range) °C No data No data 9.5 (0.5-17.9) 9.4 (3.5-13.7)
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PIT tagged Coho Salmon

We tried to PIT tag 200 juvenile coho salmon in each treatment reach,

however variability in densities between reaches and streams limited our PIT tags

number to below 200 in most reaches (72-238) (Table 5). Recapture rates of PIT

tagged juvenile coho salmon were very low, and rates were variable among reaches

and streams. Overall recapture percentage varied from 1-41% depending on the

reach. Additionally, 17% of our recaptured PIT tagged juvenile coho had moved

downstream one reach from their original tagging location. Those fish were

removed from the statistical analysis of PIT tagged recaptured fish because we could

not be certain how much time they had spent in each reach.

Table 4. Water chemistry of each stream reach. Samples were collected in
September 2004. Standard deviations are reported for stream and overall averages.

Specific
Conduct NH3-N PO4-P NO3-N Total N N:P ratio

Stream Reach (pS/cm) (mg/I) (p/L) (mgIL) (mgIL) (TN:SRP)
Elk Ref 46.20 0.008 2 0.111 0.158 73
Elk LWD 46.94 0.010 4 0.109 0.166 41
Elk SDN 45.41 0.007 3 0.131 0.208 78
Elk SDN+LWD 44.94 0.009 4 0.142 0.213 58
Average Elk 45.87+0.88 0.009±0.000 31 0.123+0.02 0.186±0.030 63±17
Moon Ref 59.02 0.010 9 0.060 0.135 16
Moon LWD 59.18 0.010 8 0.056 0.130 17
Moon SDN 59.62 0.011 7 0.042 0.129 19
Moon SDN+LWD 59.56 0.011 8 0.053 0.134 17
Average Moon 59.35±0.29 0.010±0.000 8±1 0.053±0.01 0.132±0.000 17±1
Steel Ref 73.43 0.010 22 0.318 0.424 20
Steel LWD 74.98 0.017 21 0.273 0.391 19
Steel SDN 76.17 0.009 14 0.200 0.265 19
Steel SDN+LWD 75.11 0.008 19 0.257 0.330 18
Average Steel 74.92±1.13 0.01 1±0.000 19±4 0.262+0.05 0.353+0.070 19±1

Overall Average 60.05±12.42 0.010±0.000 10±7 0.146±0.03 0.224±0.110 33±24



Table 5. Results of September PIT tagging and January, February, and March
recapture attempts. 15 PIT tagged juvenile coho salmon moved among the
experimental reaches September to March and were removed from the analysis.

Weight of all recaptured PIT tagged juvenile coho salmon was used to assess

response to treatments. Prior to treatment all PIT tagged non-mobile juvenile coho

salmon were combined for statistical analysis after finding no significant difference

(p=O.0663) in initial weight among all streams. We found no differences in specific

growth rates of recaptured juvenile coho salmon in the SDN (pr=O.3582),

SDN+LWD (pr=O.7612), and Reference (p=O.6586) reaches, there was not enough

data from each of the three streams to test for differences in the LWD reach (Table

6). In September, prior to treatment, PIT tagged recaptured juvenile coho salmon in

reaches receiving both SDN+LWD had the lightest mean mass (3.71 g) and the only

ones significantly different in weight from juvenile coho salmon in other reaches
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PIT
tagged
Fish Recaptured

Total Tagged
Fish
Recaptured

Sep Jan Feb Mar
Elk Ref 109 5 16 20 41

LWD 98 1 7 5 13
SDN 210 0 0 1 1

SDN+LWD 202 3 0 0 3

Moon Ref 154 1 2 1 4
LWD 203 0 1 1 2
SDN 264 0 2 5 7
SDN+LWD 238 4 6 2 12

Steel Ref 72 1 0 0 1

LWD 152 3 1 0 4
SDN 148 0 2 0 2
SDN+LWD 123 2 2 0 4

Total 1973 18 37 35 90



(p=0.O413). In January no PIT tagged juvenile coho salmon were recaptured from

any of the SDN reaches and there was no significant difference in the weights of the

recaptured PIT tagged juvenile coho salmon (p=O.4935). In February and March

recaptured PIT tagged juvenile coho salmon in the SDN reach were significantly

larger than in any of the other reaches with weights being 10.94 g (p<O.0001) and

13.62 g (p<O.0001) respectively (Figure 5).
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Month

Figure 5. Mean wet mass of recaptured PIT tagged juvenile coho salmon for each
month sampled. In both February and March PIT tagged juvenile coho salmon
located in the SDN reach were significantly larger than juvenile coho salmon in the
other reaches (p=<O.001). Bars represent ± 1 SD.

Recaptured PIT tagged fish were used to assess juvenile coho salmon growth

response to carcass additions and LWD restoration. PIT tagged juvenile coho

salmon were recaptured for growth analysis during three time periods, February -

March, September - February, and September - March. From September - February

growth was significantly greater for fish in the SDN reach than in other reaches 2.36

a) 4- I



All captured juvenile coho salmon

Length and weight measurements were collected on all juvenile coho

salmon captured to determine treatment effects. Analyses of all captured juvenile

coho salmon includes fish that might have moved between experimental reaches

during the course of project. We calculated Fulton's Condition Factor (K) for all

captured juvenile coho salmon and assessed effects of LWD on their weight and

condition prior to carcass addition. There was a significant effect of LWD prior to

carcass addition on weight and condition of all captured juvenile coho salmon in Elk

Creek, larger juvenile coho salmon (4.46 vs. 2.03 g; p<O.0001) and those with a

higher K value (1.14 vs. 1.10; p=0.0018) were from reaches with LWD (Figures 7A

27

g (p=O.0004) (Figure 6A). From February- March growth was greatest in the

SDN reach and significantly different than growth in the reference reach 2.73 g

(p=O.O 142). (Figure 6B). For the growth period Sep-Mar no fish were caught in the

SDN+LWD reach, but there was a significant difference in the growth between the

reference and the SDN reach, with the SDN reach having the greatest growth of all

reaches 2.44 g (p=O.O 166) (Figure 6C).

Table 6. P-values for comparison of growth rates between experimental reaches
among streams, there was not enough data to test for differences in the LWD reach.

Reach p-value
Ref 0.6586
SDN 0.3582
SDN+LWD 0.7612
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and 8A). There was no significant effect of LWD pretreatment (September) on the

weight of juvenile coho salmon in Moon Creek @=0.0919) and Steel Creek

(p=0.8656) (Figure 7B and 7C). In Steel Creek, condition was significantly better

in reaches with LWD placement than in non-LWD reaches (1.21 vs. 1.03; p<O.0001)

(Figure 8B). The effect of restoration with LWD was variable and depended on the

site for these three streams in the Oregon Coast Range.

Treatment effects of both LWD and SDN disappeared when all juvenile coho

salmon sampled (including fish that moved between reaches) were included in the

analysis (Figure 9). Regression of habitat variables (LWD volume (m3 m2), slope,

canopy cover, wetted width) against weight and condition of all juvenile coho

salmon sampled show no relationship (Table 7).

ö'3C and '5N fish, crayfish, and macroinvertebrates

The ö'3C and &5N of juvenile coho salmon, crayfish, and macroinvertebrates

were used to determine if SDN were assimilated among treatment reaches and over

time. We collected a minimum of three juvenile coho salmon from each stream

reach in September, December 2004 and January and March 2005 (Appendix A).

December samples represent samples taken one month after carcasses placement.

For graphing and data analysis purposes Moon Creek samples that were taken one

month after carcasses placement were actually collected the first week in January,

but were lumped with the December Steel and Elk samples. Adult Chinook and coho

salmon carcasses were collected at the time of carcass placement from carcasses

placed in each stream (Table 8).
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Figure 6. Growth (measured as change in wet mass/day) for recaptured PIT tagged juvenile
coho salmon grouped by growth periods. A. Feb-Mar, B. Sep-Feb, C. Sep-Mar. Different
letters indicate significant differences in growth (p<O.05).
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Figure 9. Mean wet mass of all captured juvenile coho salmon for each sampling
month. There was no significant effect of treatments with LWD (p0.5099), SDN
(p=0.6096), or SDN+LWD (p0.2394). Bars represent ± 1 SD.
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Figure 10. Mean condition of all captured juvenile coho salmon for each sampling
month. There was no significant effect of treatments with LWD (p=0.5235), SDN
(p=0.9639), or SDN+LWD (p=0.666l). Bars represent ± 1 SD
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Table 7. R values for regression analysis of weight and condition of all juvenile
coho salmon sampled on habitat variables.

Habitat Variable Condition R2 Weight R2
Slope (%) 0.000 0.023
Wetted width (m) 0.001 0.001
Canopy (%) 0.001 0.000
LWD vi (m3 m2) 0.000 0.290

Table 8. &5N and &3C values for adult Chinook and coho salmon carcasses placed
research streams. N = # of adult carcasses sampled.

&5N &3C 515N &3C
Basin Coho SD Coho SD N Chinook SD Chinook SD N
Coos 15.46 -17.75 1 15.25 0.45 -18.39 0.66 4
CoquilIe 15.63 0.24 -19.27 0.41 2 15.63 0.67 -18.08 0.55 2

Results of graphing ö'5N values of juvenile coho salmon against mass (g)

showed that in most instances juvenile coho salmon 15N values declines as they

increased in mass. Steel Creek showed a sharp decline in &5N values as juvenile

coho salmon increased in mass in all reaches (Figurel 1). All reaches in Moon Creek

except the SDN+LWD showed similar relationships to those in Steel Creek. Moon

SDN+LWD showed an almost linear relationship between the '5N values of

juvenile coho salmon and their mass (Figure 12). All experimental reaches in Elk

Creek showed minimal decline, and possibly an increase in 15N values of juvenile

coho salmon as they increased in mass (Figure 13).

Repeated measures analysis of &5N measurements of juvenile coho salmon

showed no significant effect of date or treatment on the &5N of juvenile coho

32
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salmon. &5N values were clustered in September and varied little between reaches

(p=0. 1804).
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Figure 11. Steel Creek wet mass (g) and ö'5N values of juvenile coho salmon
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Figure 13. Elk Creek wet mass (g) and '5N values of juvenile coho salmon sampled
for isotope analysis. Reference ( ), LWD (------), SDN (), SDN+LWD (----)

&5N values declined in January for all reaches; SDN treatment reaches tended to

decline less than reference and LWD reaches, though not statistically significant

(Figure 14). The downward trend in was reversed for all reaches except the

SDN+LWD in January. Repeated measures analysis of'3C values ofjuvenile coho

salmon showed a significant affect of SDN+LWD (p=O.0022), but not for LWD

(p=O.3521) or SDN (p=O.2854) (Figure 15). March samples were not included in

either analysis because it appeared that the juvenile coho salmon had already begun

to out-migrate, increasing our likelihood of sampling fish from upstream locations

None of the aquatic macroinvertebrates sampled showed evidence of SDN

assimilation overtime. Due to the limited number of crayfish collected during each

sample period all &5N and &3C values were averaged together for each reach in

each sampling month, and also showed very little variation over time or treatments

(Figures 16-18; Appendix B). Shredders and predators were not collected prior to

34
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carcass addition but samples collected in December 2004, January and March 2005

showed little separation between feeding groups and no evidence of SDN

assimilation (Figures 16-18; Appendix C).
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Figure 15. Mean 13C values for juvenile coho salmon across sampling periods. Data
collected in March was not used in statistical analysis because fish had already begun to
smolt. There was no significant effect of LWD (p=0.3521) or SDN (p=O.2854), there was
an effect of SDN+LWD (p=O.0022). Bars represent ± 1 SD.
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Month
Figure 14. Mean ö'5N values for juvenile coho salmon across sampling periods. Data
collected in March was not used in statistical analysis because fish in all streams had already
begun to smolt. There was no significant effect of LWD (p=O.8335), SDN (p=0.7842), or
SDN+LWD (p=O.9 142). Bars represent ± 1 SD.
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Figure 16. Mean 15N and '3C for juvenile coho salmon, Chinook and coho salmon
carcasses, and aquatic macroinvertebrates collected in Steel Creek. A. September, B.
December, C. January. Bars represent ± 1 SD.
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Post hoc power analyses to detect either a l%o or 2% difference in &5N and

&3c values of juvenile coho salmon showed a range of optimal sample sizes over

high and low standard deviations. Standard deviations for ö'5N values of juvenile

coho salmon ranged from 0.13-1.42 and sample sizes need to detect a 2%

differences ranged from 1 to 14. To detect a 1% differences over the same standard

deviations sample sizes ranged from 1 to 56 juvenile coho salmon. Standard

deviations for C values of juvenile coho salmon ranged from 0.19-0.86 and

sample sizes need to detect a 2% differences ranged from 1 to 4. To detect a l%o

differences over the same standard deviations sample sizes ranged from 1 to 15

juvenile coho salmon.

Discussion

Results of this study indicate that SDN increased juvenile coho salmon

growth in these three Oregon coastal streams but that SDN uptake was not seen in

the isotope ratios of fish or aquatic macroinvertebrates utilizing the same reach,

during the low rainfall winter of 2005.

Treatment effects on growth and condition

This study examined the influence of SDN on juvenile coho salmon growth,

condition, and SDN incorporation in reaches with and without LWD. It is the first

study of its kind in Oregon, where nutrient enrichment with salmon carcasses has

been occurring since the mid-1990's, and the first study in the PNW to measure the

interaction between wood placement and SDN utilization in a restored stream during

low flow conditions.
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The only restoration activity that significantly affected growth was salmon

carcass additions alone, suggesting that increased food availability was more

important than physical habitat for juvenile coho salmon growth in these three

streams, at least during this low rainfall winter. Studies in Washington and Alaska

also found increased growth of juvenile salmonid in response to carcass additions,

especially in streams where carcass material and eggs were not usually available

(Bilby et al. 1998, Lang 2003, Wipfli et al. 2003, 2004). However, a study

involving riparian canopy openings and carcass additions in northern California did

not find a significant impact of carcass additions, but instead found that increased

light and a resulting increase in primary production had a greater impact on fish

growth (Wilzbach et al. 2005). It is unclear at this point what causes one stream to

respond to carcass additions and another to have no response. The emerging picture

from the literature is that light, physical habitat and SDN availability can all

influence stream production. If so, then it might be equally important to focus on

restoring ecosystem functions, including food availability and production, in

addition to restoring physical habitat, if restoration objectives are larger out

migrating juvenile salmonids.

In contrast to our expectation of greater growth in SDN+LWD reaches,

significantly greater growth only occurred with carcass additions alone. The

mechanisms for the increased growth are uncertain and foraging efficiency and

carcass accessibility, not just availability, could have impacted the results. Increased

salmonid foraging efficiency (captures/strike) has been demonstrated in more open
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habitat due to increased light availability and greater field of vision (Wilzbach 1985,

Harvey 1998, Wilzbach etal. 2005). Research has also shown that juvenile

salmonid choose food availability over habitat during low flow periods (Giaimico

2000), which were present in our experimental reaches during the course of this

study. Pools in reaches with LWD were much less open than bedrock reaches, and

foraging efficiency could have been reduced due to dense cover and reduced light

penetration. Low flows during the winter of 2004 left carcasses in restoration

reaches buried in sediment in deep pools and possibly inaccessible, while carcasses

in bedrock reaches were exposed in shallow water and available for consumption as

they decomposed. Though carcasses were available in relatively equal quantities in

LWD and bedrock reaches, low rainfall caused differences in carcass accessibility.

This probably also affected foraging efficiency and caused carcass accessibility and

foraging efficiency to have a greater impact on growth than carcass availability. Our

study design also left the potential for cumulative effects ofcarcass additions in the

SDN reach because dissolved inorganic material as well as carcass material could

have drifted downstream from the SDN+LWD reach. However, research in

Washington demonstrated that the effects of carcasses additions decreased rapidly

downstream from where carcasses are added with little to no impact being detected

1 50m downstream (Claeson 2004). Our experimental reaches were at least 200m

apart and in addition this low rain fall winter most likely resulted in little movement

of carcass material between treatment reaches.
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Carcass decomposition rates, though not directly measured, appeared to be

slower than rates reported for previous studies. Placed carcasses were still intact and

showed little evidence of decomposition 8 weeks after placement. In deep pools in

LWD+SDN reaches carcass flesh and bones were still intact, though most of the

muscle tissue had decomposed, 12 weeks after carcass placement. Research in

northern California recorded decomposition of anchored and unanchored carcasses

within one month of placement (Wilzabach et al. 2005). Studies in Washington

have recorded complete decomposition of carcasses at 4 weeks (Bilby et al. 1998)

and 8 weeks (Claeson 2005). The slower rates of decomposition we recorded could

have impacted SDN availability and could have been a result of the low rainfall

winter.

Prior to carcass addition, restoration with LWD had a positive effect on early

fall condition of juvenile coho salmon in Elk and Steel Creeks, but none in Moon

Creek. Because LWD has been shown to increase the survival of juvenile coho

salmon we expected them to be in better condition prior to carcass additions in

reaches with physical habitat restoration (Tschaplinski and Hartman 1983, Sedell et

al. 1984, House and Boehne 1986, Quinn and Peterson 1996). All three restoration

projects were completed in the same year and all involve LWD, however, it appears

that the physical habitat restoration is having a greater impact on salmonid condition

in Elk and Steel Creeks. Physical habitat survey results showed that Moon Creek

had a greater amount of bedrock in restoration reaches than Elk and Steel Creeks,
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which could be a result of poorly functioning restoration which is not creating

important rearing habitat or retaining organic matter.

We did not see an effect of LWD addition on the over-winter growth of

juvenile coho salmon. This is consistent with the results of Harvey (1998) and Bell

(2001), who found no association between habitat types and over-winter growth for

juvenile coho salmon and cutthroat trout respectively. It is also likely that during

low flows physical habitat is not as important to growth as food accessibility

(Giannico 2000). Fall juvenile coho salmon densities were high in all experimental

reaches but were greatest in reaches with LWD. Roni and Quinn (2001)

demonstrated that juvenile coho salmon densities increase in response to LWD, but

that increased densities can also negatively affect growth. We did not determine

over-winter densities, but if high densities continued they could have negatively

impacted over-winter growth. However, we captured few juvenile coho salmon

during winter sampling, so density unlikely affected growth in LWD reaches.

Because our study was restricted to one sampling season, we are not sure if this year

was an abnormally high mortality year, or if the juvenile coho salmon moved to

other parts of the system to over-winter. The West Fork Smith River, a watershed

just north of the Coos and Coquille watersheds, had above average survival during

the 2004-200 5 winter, believed to be primarily a result of the low winter rainfall (Joe

Ebersole, pers. Comm., US EPA, Corvallis, Oregon), leaving us to assume that high

mortality was most likely not the cause of our low recapture rates. Our results did

show that 17% of PIT tagged juvenile coho salmon moved downstream from their
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original location, if 17% of our entire population moved it would be the most likely

cause of our low recapture rates.

Because of possible movement, and our low numbers of recaptures, juvenile

coho salmon density probably did not affect growth rates within our sampling

population. Our recapture rates ranged from 1-41% across all stream reaches. This

is more variable than other over-winter mark and recapture studies where recaptured

rates ranged from 16-30% of PIT tagged fish (Bell 2001, Brakensiek 2002, Wipfli et

al. 2003). One over-winter study done in Alaska did have similar recapture

variability to ours, with ranges from 1-76% (Lang 2003). Low recapture rates are

typical of many over-winter salmonid studies and our low number of recaptures did

not prohibit us from answering our research hypotheses.

In contrast to the measurable growth effect of salmon carcass additions, we

found no treatment effects on condition or weight of all juvenile coho salmon

captured. These results differ from other studies, where carcasses additions

increased condition and weight of juvenile salmonids (Eastman 1996, Bilby et al.

1998, Wipfli et al. 2003). We might not have been able to detect an effect because

of movement between reaches. If a large portion of our population moved between

reaches during our study then we might not have been sampling distinct populations

each month which would have lowered our ability to detect an effect of salmon

carcass additions.
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Incorporation of SDN as seen by '5N and ö'3C

We hypothesized that there would be greater SDN incorporation in reaches

with restoration and carcass additions than in reaches with carcasses additions alone.

Thus we expected to see increases in '5N and &3C values in juvenile coho salmon

and aquatic macroinvertbrates in reaches that received carcass additions. In contrast,

ö'5N of juvenile coho salmon decreased in all reaches from September to December,

instead of an increase if juvenile coho salmon were utilizing SDN. Other studies

found ö'5N values ofjuvenile coho salmon from 7.8 to 12.0 for sites without

carcasses, and 10.6 to 13.5 for sites with carcasses (Kline et al. 1990, Bilby et al.

1998, Chaloner et al. 2002). Our results for juvenile coho salmon in reaches without

carcass additions were similar and ranged from 5.87 to 8.53 for &5N. However,

juvenile coho salmon in sites with carcass additions were much lower than published

values, 6.64 to 8.59, further indicating that the juvenile coho salmon we sampled

were not incorporating much SDN.

There are many environmental and biological factors that could have affected

our isotope results, such as maternal effect, physiological turnover, other food

sources and movement. The downward trend in &5N values from September to

December could represent a continued loss of maternal SDN (Doucett et al. 1996);

however, results from Bilby et al. (1996) indicated that by fall any effect of juvenile

coho salmon's marine derived origins should be gone. Additionally, the turnover

rate to see SDN signature in juvenile coho salmon muscle tissue might be quite long,

up to 240 days (M.R. Church, pers. comm., US EPA, Corvallis, Oregon). If this is
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true then in order to see a response in muscle tissue there would need to be higher

rates of consumption or faster turnover. Terrestrial food sources, such as riparian

alder, can also affect the nitrogen signature of juvenile coho salmon. Many Oregon

coastal streams are dominated by alder, which as been shown to contribute

significant amounts of nitrate to streams (Compton et al. 2003). The nitrogen

signature of riparian alder litter is very low, around -l.2%o (Steve Perakis, pers.

comm., USGS, Corvallis, Oregon) and could have affected isotope values if large

amounts were added to streams in the fall. Riparian alder in our streams ranged

from 18-68%, which would have resulted in significant amounts of alder litter

entering the stream between our September and December samples, and could have

caused some of the decline in ö'5N values that we saw during that time period. In

addition to the availability of alder litter in all reaches, natural spawners occurred

fairly equally throughout the stream and as a result fish in all reaches had some

opportunity to feed on salmon carcass material, through carcass densities were

greater where carcasses were placed. We did not repeatedly sample the same

juvenile coho salmon each time for isotope analysis, and thus can not be entirely

sure that they did not move between reaches during the study. 17% of our PIT

tagged population moved downstream one reach from their original stream location.

If 17% of our entire sampling population moved downstream by one reach, then a

proportion of our isotope samples could be off by one reach. We were unable to

control for all environmental and biological variables, however, even with these
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factors, if the juvenile coho salmon we sampled were utilizing SDN we should have

detected an increase in &3C and &5N values.

Although '5N values of juvenile coho salmon did not show any evidence of

SDN assimilation, &C values of juvenile coho salmon in the SDN+LWD reach

indicate possible SDN assimilation by juvenile coho salmon. The SDN+LWD reach

was the only reach were &3C values of juvenile coho salmon were heavier in

December than in September, &C values in all other reaches became lighter after

carcass placement. These results could have also been a result of our study design.

Our results also showed a consistent pattern of &3C with location in stream.

Juvenile coho salmon sampled in the upper reaches had lighter signatures than

samples from the lower reaches. Mean juvenile coho salmon ö13C values in

September for the lower reaches (SDN and SDN+LWD) were -21 .6%o and -22.3%

respectively and -23.2% and -24.O% for the upper reaches (LWD and Ref)

respectively. Doucett et al. (1996) found that there was a strong downstream effect

on &3C of juvenile Atlantic salmon (Salmo salar), which they determined to be

changes in diet from mostly terrestrial vegetation in the headwaters to primarily

aquatic vegetation in the mid and low channel Mean juvenile Atlantic salmon ö'3C

values prior to carcass additions were -2O.7% and -25.5% in lower reaches and -

27.6% and -27.8% in the upper reaches (Doucett et al. 1996). The spread in &3C

values of juvenile Atlantic salmon between upper and lower stream reaches was

greater than that found in our data, however there was approximately 10km between

their upper and lower most sites (Doucett et al. 1996). Our lower and upper most
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sites were about 1 km apart (Figure 3). The fact that our experimental reaches were

not as spread out as Doucett etal. (1996) and we still saw the same pattern,

emphasizes their point that &3C of juvenile salmonids can be difficult to measure

because it is very reflective of food sources and location within the stream system

We expected to see increases in the &5N and &3C values for predators and

shredders in reaches with carcass additions. Samples were collected in December

2004, and January and March 2005. Samples were not collected prior to carcass

addition. Other studies found pre carcass addition values for shredders beginning at

0.3 for &5N and -27.9 for Pre carcass addition values for predators began at

6.4 for '5N and -30.3 for ö'3C (Bilby et al. 1996). The shredder and predator

values overlapped greatly in our study, probably due to overlapping food sources.

We did not find any studies of &3C and &5N values for crayfish, but we found very

little variability among our values and no direct or isotopic evidence that they were

feeding on salmon carcasses. Other studies have had difficulty in measuring salmon

derived carbon in aquatic macroinvertebrates even when they were observed feeding

on carcasses (Schuldt and Hershey 1995, Claeson 2005). This could mean that

salmon derived carbon is more difficult to measure because other food sources are

important, which vary by location within the watershed.

Management Implications

Salmon carcass additions increased growth only when added to reaches

without LWD restoration during this low rainfall year. These results show how

SDN can effect juvenile coho salmon growth when there are no storm events to
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move carcasses through the system, and that during low rainfall years food

availability is at least as important as over-winter habitat for growth.

There has been much discussion regarding the most beneficial quantity of

salmon carcasses to be added for nutrient enrichment, but less regarding when and

where carcasses should be placed. Bilby etal. (2001) suggested adding 0.15 kg m2

wet mass based on the results that showed no increase in SDN utilization by juvenile

salmonids above this level in Washington streams. Research in Alaska by Wipfli et

al. (2003) suggested adding 1.9 kg m2 wet mass based on results showing increased

SDN incorporation across a wide range of carcass densities (1.9-7.4 kg wet mass m

2), but saw increases in growth diminish above 1.9 kg m2 wet mass. We added

between 0.5-0.9 kg m2 wet mass to two streams and 0.09 kg m2 wet mass to the

third stream. We potentially did not add enough carcasses to the system to detect

changes in &5N and '3C in the aquatic organisms we sampled. If we had added

more carcasses to all streams we might have seen a greater effect, and might have

been able to detect SDN assimilation into the food web. We also saw that in a low

rainfall year carcasses did not move out of the system, and were more exposed and

accessible to consumers in shallow bedrock reaches. Research into the effects of

carcass additions over a range of winter flow conditions would provide information

on where and when to place carcasses to optimize SDN availability.

Fisheries managers in Oregon do not take into account background nutrient

levels in streams when deciding how many salmon carcasses to add. EPA has

proposed water quality standards of 10 tg L' for phosphorus and 0.12 mg U1 for
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nitrogen (U.S. EPA 2000). Water samples taken in Steel Creek prior to carcass

additions were above both proposed standards and all three research streams

exceeded the proposed standards for total nitrogen (Table 4). This emphasizes the

need to understand the baseline nutrient dynamics of systems before adding

additional nutrient sources and illustrates the potential conflict between water quality

and salmon restoration.

The results of this research highlight the need to understand differences in

stream systems before placing carcasses as well as seasonal variability that can

affect the availability of salmon carcasses as food sources. There are not enough

carcasses available for all potential projects in Oregon, as was evident from our

project. ODFW managers need to develop guidelines for when and where to place

the limited number of carcasses to meet the goals of the program: increased juvenile

salmonid size and increase adult returns (Van Dyke and Baumgartner 2003). Our

small sample size and limited geographic area restrict the scope of these findings to

similar streams in the Oregon Coast Range, and more specifically to low rainfall

years. However, these results do emphasize the need for continued research and

monitoring of stream restoration projects that will contribute towards assessing the

efficiency of these projects.



CHAPTER 3. SALMON DERIVED NUTRIENT INCORPORATION BY
JUVENILE COHO (ONCORHYNCHUS KISUTCH) ALONG A GRADIENT
OF SPAWNER DENSITIES IN OREGON COASTAL STREAMS

Introduction

Returns of Pacific salmon (Oncorhynchus spp.) continue to decline despite

current conservation and restoration measures (Lawson 1993, Gresh et al. 2000).

One recent restoration and management strategy has been the placement of salmon

carcasses in salmon bearing streams as a supplemental food source for aquatic and

terrestrial food webs. Juvenile salmonid growth and survival could be linked to

salmon derived nutrients (SDN) (Bilby et al. 1998, Lang 2003, Wipfli et al. 2003)

which are deposited in freshwater systems when adult salmon return to spawn and

die (Kline et al. 1990, Bilby et al. 1996). SDN is made available through excretion

of waste, deposition of eggs, and the chemical and physical breakdown of carcasses

during decomposition which then become a food source for aquatic and terrestrial

organisms, including juvenile salmonids (Figure 19) (Bilby et al. 1996, 1998,

Cederholm et al. 2000, Wipfli et al. 1998, 2003). Larger juveniles may have better

over-winter survival (Holtby 1988, Quinn and Peterson 1996), and also may have

earlier smolt migration and ocean survival (Thedinga and Koski 1984, Holtby et al.

1990, Henderson and Cass 1991).

Fisheries biologists have been working to increase adult spawner returns by

increasing size and over-winter survival of juvenile salmonids. Salmon carcasses

placement is one restoration method that has been used to address this goal.

Nutrient enrichment began on a small scale in Washington in 1991 and by 1997 was
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Baumgartner 2003, Galovich and Baumgartner 2005). Washington State's program

is managed through protocols developed by Washington Department of Fish and

Wildlife (WDFW) and its goal is to restore stream productivity to historic levels

through the use of salmon carcasses, salmon carcass analogs and delayed release

fertilizers (Michael 2005). Both programs rely heavily on volunteers to place

carcasses throughout the states (Figure 20).

As with all types of restoration projects, monitoring is important to review

and evaluate project objectives (Reeves et al. 1991). Washington requires some

level of monitoring to occur with every nutrient enrichment project (Michael 2005),

and in addition there have been much research in Washington to examine the impact

of SDN on various ecosystem levels (Bilby et al. 1996, 1998, 2001). Oregon does

not require this same level of monitoring, but recently began a research project to

evaluate the effectiveness of high density carcass placement on salmonid growth and

other aquatic food web functions (Van Dyke and Baumgartner 2003, Galovich and

Baumgartner 2005).

Figure 20. Examples of how salmon
carcasses are typically placed for
nutrient enrichment. A. Hood
Canal Salmon Enhancement Group
volunteers dump a tote of salmon
carcasses into a stream
(http://www.hcseg.com/).
B. A pile of salmon carcasses near
a bridge in Elliott State forest
(photo by Courtney Shaff).
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Stable isotope analysis is one method that has been used to determine the

amount of salmon derived nitrogen and carbon that is being incorporated into

juvenile salmonids and aquatic and terrestrial food webs. Pacific salmon are

enriched in the heavier isotopes '5N and '3C from the marine environment. These

values are measures of the relative amount of heavy ('5N and '3C) and light ('4N and

'2C) isotopes in a sample, the abundance of the heavier isotope is determined by

calculating the ratio of the heavy to light isotope and then comparing it to a known

standard ratio:

%o = ((RsamplelRstandard) 1 )* 1000.

where the of are per mu (%o) away from a standard and R is the ratio of heavy to

light isotope for the sample material or the standard (Peterson and Fry 1987). The

standard for carbon is a reference material that is calibrated to tomato leaves, and the

nitrogen standard is a reference material that is calibrated to pine needles. Higher

delta values indicate that there are higher proportions of the heavier isotope (15N or

13C) in the sample (Peterson and Fry 1987, Claeson 2005).

Bilby et al. (2001) used isotope analysis of juvenile coho salmon muscle

tissue to quantify the amount of SDN that they incorporated in Washington streams.

They found that the ö'5N in juvenile salmonids increased as the abundance of

salmon carcasses increased indicating that the juveniles were feeding on SDN. They

also discovered that increasing quantities of SDN only caused &5N to increase to a

certain point, which they term a saturation level. This saturation level was found to
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be about 0.15 kg m2 wet weight of carcass material for the oligotrophic streams in

western Washington (Bilby et al. 2001).

Research into the effects of SDN on aquatic food webs has primarily

occurred in the more oligotrophic systems of Washington and Alaska (Gende et al.

2002) however in the more nutrient rich streams of the Oregon Coast Range research

is lacking. Many Oregon coastal streams are dominated by alder, which as been

shown to contribute significant amounts of nitrate to streams (Compton et al. 2003).

As a result many Oregon coastal streams have higher and more variable nitrogen

levels (Wigington et al. 1998), and have N:P ratios that indicate that they are P-

limited rather than N-limited (Gregory et al. 1987). This might lead the relationship

between juvenile coho salmon SDN assimilation and carcass loading rates to be

different in Oregon coastal streams then found in Washington State streams. The

purpose of this research is to use the approach of Bilby et al. (2001) to measure SDN

incorporation in juvenile coho salmon in the more nutrient rich streams of the

Oregon Coast Range. In addition, we included the quantity of LWJJ as well as

densities of natural spawners and placed carcasses into the analysis.

Methods

Study Area

This study was conducted in the Coos and Coquille basins along the south

central Oregon coast (Figure 21). The Coos basin, which includes Elliott State

Forest, drains 155,559 hectares and empties into Coos Bay. The Coquille basin

drains 273,707 hectares and empties directly into the Pacific Ocean. The climate of
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the Oregon Coast Range is marine-influenced with cool wet winters ranging from 4-

8 °C and mild, dry summers ranging 15-21°C (Weitkamp et al. 1995). Geology is

dominated by marine sedimentary rocks (Walker and MacLeod 1991). Historically

both basins supported large returns of coho salmon which began to decline in the

1950's (Weitkamp etal. 1995). Historical returns in the Coquille and Coos basins

were around 310,000 and 150,000 respectively and cunently are around 13,310 and

43,301 respectively (Jacobs et al. 2002, Lawson et al. 2004).

çoquille Basin

Figure 21. Location of study sites in the Oregon coat range, south central Oregon
coast, U.S.A.

Sixteen streams were chosen from those listed on ODFW's 2004-2005 spawner

survey list (ODFW 2005), watershed size and vegetation information was

determined using Coastal Landscape Analysis and Modeling Study (CLAMS) data

using the predictive vegetation mapping method of Ohmann and Gregory (2002)

(accessed 9/24/2001; http :/Iwww. fsl. orst.edu/clams.html). Physical habitat surveys

were completed on eight streams during August and September 2004 using the

methods of Lazorchak et al. (1998). Habitat surveys were completed on the

remaining streams during July 2005. Spawners counts for all sixteen streams came



57

from ODFW 2004-2005 spawners reports based on maximum number of adult

coho/mi (ODFW 2005). Carcass availability (kg m2 wet mass) was calculated for

each stream reach to include naturally spawning coho salmon as well as Chinook

and coho salmon carcasses placed as part of nutrient enrichment projects. Data on

carcass placement came from ODFW's 2003-2004 carcass placement reports

(ODFW 2004). Number of carcasses placed, average wet mass of fish, and species

came from the Charleston ODFW office (per. comm.).

Isotope Analyses

Juvenile coho salmon, age 0+ cutthroat trout and adult coho and Chinook

salmon carcasses were collected for &3C and 15N analysis. Adult coho and

Chinook salmoon carcasses were sampled in each watershed from hatchery

carcasses placed for nutrient enrichment. Juvenile coho salmon were collected using

seine nets and minnow traps during February and March 2005. Stable isotope

values from five cutthroat trout above barriers to anadromy in one stream each in the

Coos and Coquille basins were used to represent background isotope levels for each

watershed (Bilby et al. 2001). Cutthroat trout were collected from the Coos basin in

February, when juvenile coho salmon were being collected; and the Coquille basin

in June, because we were not able to find cutthroat trout above a barrier to anadromy

until then. At least four fish were collected from each site and usually five. Fish

were preserved in the field by immersing for 15 seconds in liquid nitrogen and then

placing them in a labeled plastic bag. Samples were kept on ice until returning from

the field, and kept frozen until preparation for isotope analysis. Fish were prepared
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by removing them from the freezer, confirming species identification, taking length

and weight measurements and then removing the head with a scalpel. Fish were

then cut in half along the spine and the skin, internal organs, and as many bones as

possible were removed from the muscle tissue. The remaining muscle tissue was

rinsed then placed in a labeled scint vial which was kept in a freezer until freeze

dried. Adult Chinook and coho salmon muscle tissue samples were taken by cutting

muscle without skin from fish in the field and kept on ice until placed in a freezer.

All samples were freeze dried in a Labcono Free Zone 6L Freeze Dry System for 3

days at -40°C. Samples were then ground and weighed for &3C and &5N analysis.

Samples were run on a Finnigan MAT Delta Plus XL Isotope Ratio Mass

Spectrometer in EPA's Integrated Stable Isotope Research Facility (ISIRF),

Corvallis, Oregon.

Juvenile coho salmon SDN assimilation was calculated using the equation

developed by Bilby etal. (2001), the index of '5N enrichment:

'5N enrichment of parr = (5N parr-6'5N cutthroat)/( '5N carcass- &5N cutthroat). (3)

Bilby et al. (2001) developed this equation to provide measurable level of

enrichment of juvenile coho salmon with access to SDN relative to cutthroat trout of

the same age class and within the same watershed above barriers to anadromy.

Cutthroat trout have been shown to occupy and feed in similar habitat and on similar

food sources as juvenile coho salmon (Bustard and Narver 1975, Glova 1984) and as

a result can provide a representation of juvenile coho salmon &5N values if they did

not have access to any SDN. By subtracting the &5N of the cutthroat from the
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juvenile coho salmon and dividing that by the difference between the adult salmon

carcass and the cutthroat trout &5N the value represents a percentage of '5N in

juvenile coho salmon that takes into account cutthroat trout (the control) and adult

salmon (the food source) ö'5N values. A greater index of '5N enrichment represents

higher quantities of salmon derived nitrogen in the juvenile coho salmon muscle

tissue (Bilby et al. 2001).

Regressions were conducted using SAS (9.0). We examined the relationship

between the index of 15N enrichment and carcass availability, '5N and carcass

availability, LWD volume per unit area (m3 m2), mean percent canopy cover, mean

percent slope, and mean wetted width.

Results

Drainage areas for the sixteen streams varied from below 200 hectares to

almost 5,000 hectares (Table 9). Percent broadleaf cover for streams where juvenile

coho salmon were sampled ranged from 1.7-23.8% (Table 9) and was 20.5% and

6.7% for streams where cutthroat trout were sampled in the Coos and Coquille

basins respectively (Table 10). Physical habitat between streams varied greatly as

measured by percent poois (0 to 50%), LWD volume per unit area (m3 m2) (0 to

0.118), mean percent slope (0.5 to 4.8), and mean wetted width (1.7 to 8.5m) (Table

10). Wetted width was used to calculate the kg m2 wet mass of carcass material for

natural spawners or the combination of natural spawners and placed carcasses and

ranged from 0.000 to 0.730 (Table 11). Number of natural spawners per mile ranged

from 0 to 256 (ODFW 2005).



Table 9. Physical habitat characteristics of all streams. LWD volume of large
woody debris per unit area.

0.6 20 95 0.000 10 1.7
2.4 9 95 0.027 28 5.3
1.0 50 76 0.021 50 3.3
0.7 5 91 0.067 47 22.0
0.5 30 87 0.000 20 7.7
2.5 9 90 0.099 31 9.3
4.1 41 93 0.062 29 9.7
0.7 3 91 0.066 38 20.5
4.8 1 88 0.004 23 21.6
0.6 11 71 0.010 50 7.9
4.5 41 95 0.006 27 5.1
1.4 3 86 0.071 48 14.2
0.8 6 96 0.001 0 15.3
0.5 9 95 0.118 29 14.3
2.1 16 85 0.024 36 10.3
1.9 42 92 0.030 25 23.8

Drainage Mean
Area Wetted

Basin Stream hectares Width
Coos NFkBotto
Coos Tioga
Coos Bottom
Coos Marlow
Coos Glenn
Coos Fish
Coos Otter
Coos Palouse
Coos Y
Coos Elk
Coos Kelly
Coquille Alder
Coquille Elk
Coquille Middle
Coquille Steel
Coquille Moon

Mean
Bankfull
width m Sb

LWD (vi

m3 m2
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Pool Broadleaf
% Cover %

LWD volume was not related to '5N juvenile coho salmon. Volume ranged form

0.00 to 0.118 m3 m2 (Table 9) and showed no relationship with &5N in juvenile

salmonids, at high or low carcass densities (p=0.6949) (Figure 19). It is possible

that during this low rainfall winter, presence or absence of LWD did not play a role

in carcass availability. There were few storm events to move carcasses out of the

system so they tended to remain in streams longer, regardless of the presence of

large wood that would help retain carcasses during large storm events. Other habitat

variables were also regressed against '5N values of juvenile coho salmon and there

was no relationship (Table 12).

Table 10. Percent broadleaf cover for streams above barriers to anadromy.

% Broadleaf
Basin Stream Cover
Coos Palouse 20.5
CoqulUe Vaughns 6.7

1519 7.0 9

3781 2.6 8

4608 5.2 15
1644 4.4 12

4205 8.3 14

591 5.1 10
176 2.2 5

979 3.8 10
149 4.5 4
788 5.9 23
170 1.7 5

996 3.4 14
3939 7.3 10
4904 8.5 13

1048 3.4 13

1613 5.3 12

Mean
Canopy

Mean Bedrock Density



Table 11. Total carcass availability (kg m2 wet weight of carcass material) for
sixteen study streams.

TotaJ Carcass
Carcasses Coho

Juvenile coho salmon and cutthroat trout &5N and weights varied little

within streams but did vary between streams and basins. Juvenile coho salmon

weights ranged from 2.35 to 10.13 g and cutthroat trout ranged from 11.21 to 37.99

g. Mean juvenile coho salmon &5N values ranged from 5.59%o to lO.45%o (Table

13). Mean '5N for cutthroat trout from the Coos basin was 4.37% and 6.10% for

the Coquille basin, an almost 2% difference between the basins (Table 14). There

also was very little variability in the values for the adult salmon carcasses (Table

15).
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Basin Stream Placed (kg m2) 2004 (kg m2)

spawners Availability (kg
m2)

Coquille Steel 0.665 0.065 0.730
Coquille Alder 0.109 0.105 0.214
Coquille Elk 0.000 0.012 0.012
Coquille Middle 0.000 0.053 0.053
Coquille Moon 0.000 0.035 0.035
Coos Marlow 0.076 0.045 0.121
Coos Glenn 0.066 0.043 0.108
Coos N FK Bottom 0.000 0.018 0.018
Coos Tioga 0.000 0.050 0.050
Coos Bottom 0.000 0.001 0.001
Coos Fish 0.000 0.007 0.007
Coos Otter 0.000 0.015 0.015
Coos Palouse 0.000 0.147 0.147
Coos Y 0.000 0.007 0.007
Coos Elk 0.000 0.007 0.007
Coos Kelly 0.000 0.000 0.000
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Figure 22. Volume of LWD per unit area and &5N of juvenile coho salmon from
sixteen study streams in the Coos and Coquille Basins. There was no relationship
between volume of LWD and ö15N of juvenile coho salmon (p=O.6949).

Table 12. R2 values for regression analysis of 6'5N on habitat variables.
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Table 13. '5N and index of '5N enrichment of juvenile coho salmon. SD = ±1
standard deviation, N = # of juvenile coho salmon sampled.

Index of 15N
Basin Stream coho 515N SD N enrichment
Coquille Steel 7.929 0.77 4 0.192
Coqullle Alder 8.291 0.31 5 0.230
Coquille Elk 6.906 0.49 5 0.085
Coqu ille Middle 7.543 1.00 5 0.152
Coquille Moon 7.878 0.12 4 0.187
Coos Marlow 8.035 0.45 5 0.335
Coos Glenn 8.400 0.55 5 0.369
Coos N FK Bottom 7.936 0.52 5 0.326
Coos Tioga 8.849 0.97 5 0.410
Coos Bottom 8.652 0.25 5 0.392
Coos Fish 6.637 0.15 5 0.207
Coos Otter 6.804 0.63 5 0.223
Coos Palouse 10.453 1.26 4 0.557
Coos Y 7.283 0.19 4 0.267
Coos Elk 6.874 0.27 5 0.229
Coos Kelly 5.586 0.31 4 0.111



Table 14. &3C and '5N for cutthroat trout sampled above barriers to anadromy in
the Coos and Coquille Basins. SD = ±1 standard deviation, N = # of Age 0+
cutthroat trout sampled.

615N Cutthroat
Basin Stream Trout SD N

Coquille Vaughn 6.10 0.24 5
Coos Palouse 4.37 0.60 5

Table 15. &3C and &5N of adult hatchery carcasses placed for nutrient enrichment in
the Coos and Coquille Basins. SD = ±1 standard deviation, N = # of carcasses
sampled.

&5N ö13C ö15N &3C
Basin Coho SD Coho SD N Chinook SD Chinook SD N

Coos 15.46 -17.75 1 15.25 0.45 -18.39 0.66 4
CoquilIe 15.63 0.24 -19.27 0.41 2 15.63 0.67 -18.08 0.55 2

We used &5N of juvenile coho salmon as well as the index of '5N enrichment

to examine the relationship between carcass availability and SDN for our data. We

decided to use both because of our concern that the cutthroat trout from above

barriers to anadromy in large watersheds might not be a good representation of

juvenile coho salmon unexposed to SDN. Our watersheds were large (Coos

155,559 hectares, Coquille = 273,707 hectares) and streams where we collected

juvenile coho salmon were far from the stream were trout were collected in the same

watershed. Another reason that the cutthroat trout might not have been adequate

controls for our study was that we had a lot of difficulty finding barriers in these

sedimentary rock areas. Cutthroat trout from the Coquille basin were not collected

until June, four months after the collection of all juvenile coho salmon and trout
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from the Coos basin. There could have been different food sources available at this

time, which might have affected our ability to use them as a control for the juvenile

coho salmon in the Coquille basin. There's also a big difference in background

levels (2%o), suggesting that other factors can have a significant influence juvenile

fish '5N in the absence of SDN.

We found no relationship between '5N and carcass availability for all our

data combined (p=O.3383). Carcass availability in Steel Creek was more than three

times as much as the next closest stream. With the removal of Steel Creek from the

analysis there was a significant relationship between &5N of juvenile coho salmon

and carcass availability (p=O.0084). Carcass availability in Steel Creek is similar to

other small Oregon coastal streams that received carcass additions in 2005 and have

natural spawners (OWDF per. comm.) and so we believe that retaining the outlier in

the data analysis best represents the entire spectrum of carcass availabilities for

Oregon coastal streams.

Our data included streams with both natural and placed carcasses so we

graphed separately streams with only natural spawners and those with natural

spawners and placed carcasses. We found that there was an increasing relationship

between natural spawner areal mass and &5N ofjuvenile coho salmon (p=0.002l),

but not between placed carcasses and '5N of juvenile coho salmon (p0.3060)

(Figure 23).
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Figure 23. Juvenile coho salmon &5N and carcass availability for 16 streams in the
Coos and Coquille basins of Oregon differentiated between streams with only
natural spawners and streams with natural spawners as well as placed carcasses.
There was not a significant relationship in streams with placed carcasses (R20.48).

Discussion

Comparison of our results withprevious work

Previous field research using stable isotope analysis in Washington has

shown that there is a limitation to the amount of SDN that the juvenile coho salmon

assimilate (Bilby et al. 2001). Above that point the full dietary needs of the fish are

met, they have reached their saturation point at which no further carcass material is

consumed (Figure 24) (Bilby et al. 2001). Research in artificial channels and natural

streams in Alaska found that growth increased across a broad range of carcasses

loading densities (Wipfli et al. 2003), well above the saturation point (0.15 kg m2)

proposed by Bilby et al. (2001) for Washington streams. Our data did not show a

relationship between the index of '5N enrichment and carcass availability (Figure
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Figure 24. Data from Bilby etal. (2001) carcass availability (kg m2) and index of
15N enrichment for 26 streams in Western Washington and from our 16 streams in
the Oregon Coast Range. The line represents the relationship between Bilby et al.
(2001) data and the index of '5N enrichment. We did not find a significant
relationship between the index of '5N enrichment and carcass availability for our
streams (p=0.2420; R2=0.1O).
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24) nor that there was a limitation to the amount of carcass material the juvenile

coho salmon could utilize (Figure 23). We found increased SDN assimilation across

all loading levels, which supports the work of Wipfli et al. (2003) in Alaska, that

juvenile salmonids utilize carcass material across a range of loading levels. Our

results, and those of Bilby etal. (2001) and Wipfli etal. (2003) all support the

conclusions that regional factors influence the nutrient needs of systems, and that

without pre-carcass placement information for a system it is difficult to determine

optimal carcass loading levels.

Cutthroat trout from above barriers to anadromy proved to be a poor

reference for coho salmon unexposed to SDN in our study. We believe that this lack
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relationship was due to sites above barriers not simply being upstream a few meters

from where were juvenile coho salmon were sampled. Cutthroat trout samples

collected above barriers to anadromy by Bilby et al. (2001) showed a 4%o range in

15N values between the 26 western Washington watersheds. Our data showed

approximately 2%o difference between the two adjacent watersheds we sampled.

The sixteen streams we sampled were spread out throughout these watersheds and

there is a possibility that there could have been similar variability in background

&5N signatures between our smaller watersheds as seen by Bilby et al. (2001).

Because of the possibility of variability in background &5N values within Coos and

Coquille watersheds we decide that 15 values for juvenile coho salmon better

described SDN utilization in our research streams than the index of '5N enrichment

used by Bilby et al. (2001).

In contrast to other research we saw very little isotopic difference between

streams with high spawner densities compared with low spawner densities, using

0.10 kg m2 wet mass as the separator (Bilby etal. 2001). Five streams had carcass

availability above 0.10 kg m2 wet mass and those streams had a mean &5N of

8.62% while streams below 0.10 kg m2 wet mass had a mean '5N of 7.36%. For

streams in Washington Bilby et al. (2001) had a similar mean for sites below 0.10 kg

m2 wet mass, 7.86%, but for sites with spawner densities above 0.10 kg m2 wet

mass their mean was 10.33%, almost 2%o more than our sites. For artificial

channels in Alaska Chaloner et al. (2002) found mean &5N values for juvenile coho

salmon to be 8.5%o with no carcasses added and 10.8% for channels with 1.84 kg m
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2ofpi salmon carcasses. Similar to Bilby et al. (2001) Chaloner et al. (2002) saw

distinct separation in &5N of juvenile coho salmon with assess to SDN and those

without. Research done by Bilby etal. (2001) used only streams with natural

spawners, and research done by Chaloner et al. (2002) was done in artificial

channels; our study included natural streams with both natural and placed carcasses,

which could function differently in aquatic ecosystems.

Functional Differences between Natural vs. Placed Carcasses?

To examine possible differences in SDN incorporation between natural and

placed carcasses we graphed carcass availability with natural spawners and placed

carcasses separately against &5N (Figure 23). Of the sixteen streams used in this

study, four received placed carcasses as a part of ODFW's nutrient enrichment

program. All carcass addition streams but only one stream with natural spawners

had carcass densities greater than 0.10 kg m2 wet mass, the density that Bilby et al.

(2001) used to differentiate between high and low spawning densities. These

differences in how natural spawners and human-placed carcasses enter the system

appear be significant enough to have differing results on aquatic food webs. Our

data suggest that as densities of natural spawners increase SDN are being utilized by

juvenile salmonids, but that increasing carcass availability with placed carcasses

does not continue to increase SDN assimilation by juvenile coho salmon.

There are differences between natural and placed carcasses that would affect

their incorporation into food webs. Carcasses for nutrient enrichment are usually

placed all at once often creating large piles of carcasses in one place, usually around
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bridges (Figure 20). These carcasses are often part of a broodstock program and

thus largely are already spawned and do not contribute the egg mass that natural

spawners add to aquatic systems. Natural spawners enter streams in seasonal and

predictable runs, deposit eggs that are an energy rich food sources, and distribute

themselves throughout watersheds (Groot and Margolis 1991). This predictability

and natural distribution has been documented to support a variety of ecosystem

functions including eagle distribution (Stalmaster and Gessmen 1984), timing of

mink reproduction (Ben-David et al. 1997), and uptake by terrestrial vegetation

through the distribution of carcasses during flood events (Ben-David etal. 1998).

This possible difference in SDN assimilation between natural and placed carcasses is

an area of nutrient enrichment research that needs further investigation, because

there are limited numbers of carcasses available for nutrient enrichment and it might

mean more carcasses need to be added than previously thought based on the data

from natural spawners.

Carcass Loading Rates

Both Washington and Oregon have similar nutrient enrichment program

goals, to increase SDN availability in order to increase food availability for juvenile

salmonids and increase adult spawner returns, however both states have adopted

different approaches to accomplish their goals (Van Dyke and Baumgartner 2003,

Galovich and Baumgartner 2005, Michael 2005). Washington places carcasses into

streams with natural returns less than 1.9 kg m2 wet mass, what is believed to be the

amount needed to sustain minimum nutrient needs of aquatic systems with juvenile
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salmonids (Wipfii et al. 2003, Michael 2005). This number was determined from

work done by Wipfli et al. (2003) which showed increased juvenile coho salmon

growth across all carcass availability densities (1.9-7.4 kg m2 wet mass), but showed

diminished increases above 1.9 kg m2 wet mass. Oregon does not determine the

quantity of carcasses placed based on natural stream spawners but instead all streams

listed on ODFW's permit with DEQ can receive up to 2,500 lbs of carcasses

material per stream mile over the course of the project (Van Dyke and Baumgartner

2003, Galovich and Baumgartner 2005). These two different approaches to nutrient

enrichment underscore the need for greater understanding on how SDN affect

aquatic systems and the need for clear and concise carcass addition guidelines.

Most research explores the impact of carcass additions on a kg wet m2 mass

basis, however Oregon places carcasses based on lbs/miles, which makes it difficult

to compare loading rates with other projects. Placing carcasses on a kg m2 wet

mass basis requires pre placement investigation of stream wetted widths; this

information is not needed when placing carcasses on a lbs/mile basis. Stream wetted

widths vary greatly among streams receiving salmon carcasses, 1.52 to 16.46 m

(Appendix D), and with that variability in stream size there is also variability in

physical and biological features of streams (Vannote et al. 1980). By adding

carcasses per mile of stream instead of kg m2 wet mass, the state of Oregon is not

taking into account those changing stream features. Adding too many carcasses to

small streams can potentially overload an ecosystem, while adding to few carcasses

to larger streams could have no impact at all. When carcasses are added taking into
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account stream area fisheries managers are able to be more specific in their loading

rates, and better able to gauge impacts to aquatic food webs

We explored the range of carcass placement densities in kg m2 wet mass

that ODFW was placing in nutrient enrichment streams in order to compare that

number to the loading rate recommended by Bilby et al. (2001). This was

accomplished by collecting data from ODFW 2003-2004 carcass placement year and

calculating carcass inputs in kg m2 wet mass for 37 of the 88 streams that received

carcasses. Carcass inputs ranged from 0.004 to 0.2 13 kg m2 wet mass and were

calculated by using wetted width obtained from historic spawner surveys, average

carcass wet weight, number of carcasses placed, and distance over which they were

placed (Appendix D) (ODFW 2004). These values demonstrate the huge variability

of carcass material being placed in Oregon streams, 12% of these 33 streams are

receiving carcasses at the loading level suggested by Bilby et al. (2001) (Figure 25).

Carcasses that are placed must come from the same watershed that they are being

placed in, this is done to limit the possible transfer of fish pathogens between basins

(NWIFC and WDFW 1998, ODFW 2003). This can limit the number available for

placement within watersheds with smaller hatchery programs. However, within

watersheds there could be an increased effort to place the limited available carcasses

in higher quantities in fewer streams, adding more intact females and eggs, and

trying to achieve fertilization levels that will have a beneficial impact on juvenile

coho salmon growth and stream primary production.
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Figure 25. Histogram of carcasses placed though Oregon's nutrient program during
2003-2004. The solid vertical line represents the loading level suggested by Bilby et
al. (2001), of 0.15 kg wet mass m2.

Conclusions

For small streams in the Coos and Coquille watersheds in Oregon we didn't

find a strong relationship between carcass availability and ö15N of juvenile coho

salmon. However, it appears that there is a difference in how SDN are assimilated

from natural spawners and placed salmon carcasses. Attempting to more closely

mimic natural spawning runs through greater dispersal over space and perhaps time

might help increases SDN utilization by juvenile salmonids. In order to maximize

r
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the benefits from carcass placement and most efficiently use the limited available

carcasses, fisheries managers should take into account natural spawner returns,

stream physical characteristics, and background nutrient levels when choosing sites

for nutrient enrichment. Additionally salmon eggs might be needed as a food

source in these streams more than the salmon carcasses themselves. Changing the

methods of carcass placement would increase the time as well as monetary costs of

these projects, but might offer additional benefits to juvenile salmonids.



CHAPTER 4. CONCLUSIONS

This study examined the influence of salmon derived nutrients (SDN) on

juvenile coho salmon growth, condition, and SDN utilization in reaches with and

without large woody debris (LWD) and measured SDN incorporation across a range

of natural spawners and placed carcass densities. It is the first study of its kind in

Oregon, where nutrient enrichment with salmon carcasses has been occurring since

the mid-1990's, and the first study to measure the interaction between LWD and

SDN utilization. The results indicate that SDN increased juvenile coho salmon

growth in these three Oregon coastal streams; but these results may be influenced by

this low flow year. We were not able to detect SDN incorporation at any level of the

food web using stable isotopes. We were able to detect increased SDN utilization by

juvenile coho salmon as the density of natural spawners increased over a range of

natural spawners and placed carcass densities. It is unclear at this point what causes

one stream to respond to carcass additions and another to have no response. The

emerging picture from the literature is that light, physical habitat and SDN

availability can all influence stream production. If so, then it might be equally

important to focus on restoring ecosystem functions including food availability and

production in addition to restoring physical habitat, if restoration objectives are

larger out migrating juvenile salmonid.

Nutrient enrichment with salmon carcasses is becoming a common

restoration technique. However, our results suggest that there might be measurable
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differences in how natural spawners and artificially placed carcasses affect aquatic

food webs. Our data show that as densities of natural spawners increase SDN are

being incorporated by juvenile salmonids, but that increasing carcass availability

with placed carcasses does not continue to increase SDN utilization by juvenile coho

salmon. There are differences between natural and placed carcasses that would

affect their incorporation into food webs such as (1) Human placement verses

natural distribution, (2) Timing, and (3) Natural spawning activities. This possible

difference in SDN incorporation between natural and placed carcasses is an area of

nutrient enrichment research that needs further investigation as the number of

carcass addition projects increase across the PNW.

Prior to carcass addition restoration with LWD had a positive effect on early

fall condition of juvenile coho salmon in Elk and Steel Creeks, but none in Moon

Creek. Because LWD has been shown to increase the survival of juvenile coho

salmon we expected them to be in better condition prior to carcass additions in

reaches with physical habitat restoration (Tschaplinski and Hartman 1983, Sedell et

al. 1984, House and Boehne 1986, Quinn and Peterson 1996). All three restoration

projects were completed in the same year and all involve LWD, however, it appears

that the physical habitat restoration is having a greater impact on salmonid condition

in Elk and Steel Creeks. Physical habitat survey results showed that Moon Creek

had a greater amount of bedrock in restoration reaches than Elk and Steel Creeks,

which could be a result of poorly functioning restoration which is not creating

important rearing habitat or retaining organic matter.
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Both Washington State and Oregon have similar nutrient enrichment

program goals, to increase SDN availability in order to increase food availability for

juvenile salmonids and increase adult spawner returns, however both states have

adopted different approaches to accomplish their goals (Van Dyke and Baumgartner

2003, Galovich and Baumgartner 2005, Michael 2005). These two different

approaches to nutrient enrichment underscore the need for greater understanding on

how SDN affect aquatic systems and the need for clear and concise carcass addition

guidelines. Our research also demonstrates a potential conflict between proposed

EPA Water Quality standards and nutrient enrichment. Water chemistry results in

all three experimental streams exceeded the proposed standards for total nitrogen.

These results emphasize the need to understand the baseline nutrient dynamics of

systems before adding additional nutrient sources and the need be more specific in

carcass loading rates to gauge impacts on aquatic food webs.

Future research directions should include examination the effects of carcass

additions over a range of winter flow conditions and loading rates. In addition there

needs to be a broader study of the differences between the effects of natural

spawners verses placed salmon carcasses over a wider range of natural spawners and

placed carcass densities, and over a broader range of watersheds. Nutrient

enrichment in Oregon would benefit from developing guidelines on carcass loading

rates that take into account background stream nutrient levels, natural spawner

density, and stream area, in order to maximize the benefits from carcass placement

and most efficiently use the limited available carcasses to meet program goals. Our
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small sample size and limited geographic area restrict the scope of these findings;

however, these results do emphasize the need for continued research and monitoring

of stream restoration projects that will contribute towards assessing the efficiency of

these projects.
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Appendix A. Juvenile coho salmon 15N and &3C for each stream reach and
sampling month. Only September-January were used for data analysis because
many juvenile coho salmon had already begun to smolt in March.

Appendix B. Crayfish &5N and 613C for each sampling month. Samples from all
streams were combined since so few samples were collected. SD = ±1 standard
deviation, N # of crayfish sampled.

Stream Reach
615N
Coho

Sep

&3C
Coho N

615N

Coho

Dec

&3C
Coho N

8'5N
Coh
o

Jan

&3C
Coho N

515N

Coho

Mar

&3C
Coho N

Elk Ref 6.66 -25.14 4 6.81 -25.45 4 6.98 .25.16 5 6.83 -25.65 5

Elk LWD 6.87 -25.22 3 6.45 -25.71 5 6.72 -25.87 5 6.85 -25.88 5

Elk SDN 7.22 -19.62 5 8.22 -21.69 5 7.92 -22.26 5 7.68 -22.40 5

Elk SDN+LWD 6.64 -21.53 3 7.22 -20.68 5 7.58 -22.96 4 7.54 -21.92 5
no no no

Steel Ref 6.12 -22.37 3 5.87 -23.69 3 data data 0 data
no

no data 0

Steel LWD 7.64 -21.76 5 6.96 -22.79 4 8.47 -23.28 3 data no data 0

Steel SDN 8.60 -22.38 6 7.37 -23.18 5 7.88 -23.27 2 7.89
no

-23.64 3

Steel SDN+LWD 7.93 -22.07' 5 8.22 -22.54 5 7.61 -23.17 4 data
no

no data 0

Moon Ref 8.28 -23.96 6 7.08 -25.16 4 8.53 -24.11 4 data no data 0

Moon LWD 7.88 -23.36 5 7.16 -24.84 5 7.88 -24.51 4 8.31 -24.01 3

Moon SDN 8.59 -23.06 4 7.28 -24.25 4 7.90 -24.58 5 7.36 -24.79 4

Moon SDN+LWD 7.45 -23.86 4 7.17 -24.41 3 7.39 -24.49 5 7.69 -24.59 4

Reach Month &5N SD &3C SD N
Ref Sep 3.41 1.49902 -23.91 2.401165 2
LWD Sep 3.50 0.436493 -25.44 0.957286 4
SDN Sep 2.87 0.667501 -22.38 0.602905 2
SDN+LWD Sep 3.21 0.319122 -22.51 0.275283 3
Ref Dec 3.76 0.071313 -25.55 0.058211 2
LWD Dec 3.62 0.7351 62 -24.62 2.0043 3
LWD Jan 3.43 -25.43 1

SDN Jan 3.51 0.234236 -23.70 0.324964 2
SDN+LWD Jan 3.21 0.639809 -22.80 1.272336 6
Ref Mar 4.26 0.069792 -25.97 0.301394 4
LWD Mar 4.11 0.279686 -26.16 0.540571 2
SDN Mar 3.50 1.006449 -22.90 0.63598 4
SDN+LWD Mar 3.49 0.389836 -22.83 0.535662 4
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Appendix C. Isotope values for shredders & predators collected December, January, March.
Stream Reach Month Type &5N &3C
Elk Ref Dec Predator 4.2 -28.65
Elk Ref Dec Shredder 4.61 -26.63
Elk LWD Dec Predator 4.24 -29.48
Elk LWD Dec Shredder 4.26 -28.59
Elk SDN+LWD Dec Predator 3.34 -22.22
Elk SDN+LWD Dec Shredder 4.51 -22.20
Elk LWD Jan Predator 4.39 -30.41
Elk LWD Jan Shredder 3.61 -29.66
Elk SDN+LWD Jan Grazer 3.24 -25.93
Elk SDN+LWD Jan Predator 4.13 -23.76
Elk SDN+LWD Jan Shredder 3.32 -26.23
Elk Ref Mar Predator 4.14 -28.70
Elk Ref Mar Shredder 5.29 -28.64
Elk LWD Mar Predator 3.56 -29.38
Elk SDN Mar Predator 3.31 -24.88
Elk SDN+LWD Mar Predator 3.74 -23.29
Moon SDN Dec Predator 4.94 -25.97
Moon SDN Dec Shredder 3.18 -28.11
Moon Ref Jan Predator 4.13 -27.99
Moon LWD Jan Predator 4.45 -27.13
Moon SDN Jan Predator 2.09 -26.91
Moon SDN Jan Shredder 3.74 -28.82
Moon SDN+LWD Jan Predator 3.55 -27.78
Moon SDN+LWD Jan Shredder 9.27 -22.33
Moon Ref Mar Predator 5.19 -26.71
Moon LWD Mar Predator 4.59 -30.04
Moon SDN Mar Predator 4.70 -25.96
Moon SDN Mar Shredder 6.06 -24.14
Moon SDN+LWD Mar Predator 3.70 -26.41
Steel Ref Dec Predator 2.05 -24.92
Steel Ref Dec Shredder 3.26 -24.68
Steel LWD Dec Predator 2.63 -24.79
Steel SDN Dec Predator 3.21 -25.73
Steel SDN+LWD Dec Predator 2.25 -25.35
Steel SDN+LWD Dec Shredder 2.47 -25.91
Steel Ref Jan Predator 3.82 -27.03
Steel Ref Jan Shredder 3.21 -26.25
Steel LWD Jan Grazer 1.65 -27.44
Steel LWD Jan Predator 2.45 -25.79
Steel SDN Jan Predator 3.50 -26.54
Steel SDN Jan Shredder 3.82 -25.05
Steel SDN+LWD Jan Predator 3.13 -25.52
Steel LWD Mar Predator 3.27 -24.53
Steel SDN Mar Predator 4.03 -25.20
Steel SDN+LWD Mar Predator 2.78 -25.57



Stream
Little Lobster
Honey grove
Seeley
Maitby
Loowit
Lewis and Clark
Glenn
Cougar
Elk Coos
WF Millicoma
Marlow
Willanch
Tioga
Moon
Ferry
Alder
Steel
N FK Kilchis
S FK Kilchis
Bergsvik
Little Joe
W Humbug
Hamilton
Cook
Farmer
E Beaver
Elk
Slick Rock
Sulphur
Bear
Bentilla
Gravel
Long Prairie
Simmons
Jordan
Cedar
Wolf

Wetted Total
Watershed Width m lbs/mi

Alsea 4.57
Alsea 2.74
Alsea 4.27
Alsea 3.35

Columbia 6.10
Columbia 6.10

Coos 8.30
Coos 6.83
Coos 5.90
Coos 3.66
Coos 4.39
Coos 3.38
Coos 2.60

Coquille 5.30
Coquille 4.57
Coquille 3.36
Coquille 3.40
Kilchas 15.24
Kilchas 16.46

Necanicum 8.53
Necanicum 1.52
Nehalem 3.96
Nehalem 7.62
Nehalem 2.50
Nestucca 4.33
Nestucca 12.04
Nestucca 8.53
Salmon 6.10
Salmon 3.66
Salmon 4.27
Siletz 3.66
Siletz 7.92
Siletz 3.96

Tillamook 5.79
Wilson 10.36
Wilson 9.75
Yaquina 3.96

kgwet %of
mass m2 Saturation
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Appendix D. Carcass placement data for 37 streams that received carcasses as a part
of ODFW's nutrient enrichment program during 2003-2004 placement year (ODFW
2004). Proposed saturation is 0.15 kg wet mass m2 (Bilby et al. 2001).

72 0.004 3%
82 0.008 6%

237 0.016 10%
192 0.016 11%
420 0.019 13%

1702 0.079 52%
1955 0.066 44%
2304 0.095 63%
2234 0.107 71%
1772 0.137 91%
2351 0.151 101%
2046 0.170 114%
1965 0.213 142%
644 0.034 23%
632 0.039 26%

1349 0.113 75%
1951 0.162 108%
393 0.007 5%

1002 0.017 11%
276 0.009 6%
640 0.118 79%
119 0.008 6%
376 0.014 9%

1270 0.143 95%
108 0.007 5%
374 0.009 6%

1953 0.065 43%
650 0.030 20%
688 0.053 35%

1596 0.105 70%
47 0.004 2%

319 0.011 8%
185 0.013 9%
720 0.035 23%
620 0.017 11%

1109 0.032 21%
372 0.026 18%




