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Preface

The research reported here was performed under the auspices of the U.S. Army Corps of Engineers
(USACE) Anadromous Fish Evaluation Program (study code EST-P-09-1). The study was funded by the
U.S. Army Corps of Engineers Portland District (CENWP) (Ref. No. W66QKZ00065578) under an
agreement with the U.S. Department of Energy for work by Pacific Northwest National Laboratory
(PNNL). Subcontractors to PNNL were the University of Washington and Mr. Earl Dawley
(National Marine Fisheries Service, retired). The U.S. Fish and Wildlife Service was funded separately
by the USACE to collaborate on this project. Mr. Blaine D. Ebberts and Ms. Cindy A. Studebaker were,
in turn, the CENWP’s technical leads for the study. PNNL’s project manager was Dr. Heida L.
Diefenderfer, who is also custodian of the data.

This report is the second annual report of a 4-year project (2009-2012) to develop gquantitative
methods for evaluating the effectiveness of salmon habitat restoration in the lower Columbia River and
estuary. In addition to the main body of the report, data summary appendices by particular authors
address specific topics of research under this project.

Report Citation:

Diefenderfer, H.L., G.E. Johnson, N.K. Sather, J.R. Skalski, E.M. Dawley, A.M. Coleman,
K.G. Ostrand, K.C. Hanson, D.L. Woodruff, E.E. Donley, Y. Ke, K.E. Buenau, A.J. Bryson, and
R.L. Townsend. 2011. Evaluation of Life History Diversity, Habitat Connectivity, and Survival Benefits
Associated with Habitat Restoration Actions in the Lower Columbia River and Estuary, Annual Report
2010. PNNL-20295, prepared for the U.S. Army Corps of Engineers, Portland District, Portland, Oregon,
by the Pacific Northwest National Laboratory, U.S. Fish and Wildlife Service, and University of
Washington, Richland, Washington

Recommended Citation for a Chapter or Appendix in the Report:

Diefenderfer, H.L., N.K. Sather, G.E. Johnson, J.R. Skalski, E.M. Dawley, K.G. Ostrand,
K.C. Hanson, B. Kennedy and B.D. Ebberts. 2011. “2010 Experimental Design and Field Work Plan.”
Appendix A, in Evaluation of Life History Diversity, Habitat Connectivity, and Survival Benefits
Associated with Habitat Restoration Actions in the Lower Columbia River and Estuary, Annual Report
2010, Diefenderfer, HL and 13 others. PNNL-20295, prepared for the U.S. Army Corps of Engineers,
Portland District, Portland, Oregon, by the Pacific Northwest National Laboratory, U.S. Fish and Wildlife
Service, and University of Washington, Richland, Washington.
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Executive Summary

This report describes the 2010 research conducted under the U.S. Army Corps of Engineers (USACE)
project EST-P-09-1, titled Evaluation of Life History Diversity, Habitat Connectivity, and Survival
Benefits Associated with Habitat Restoration Actions in the Lower Columbia River and Estuary, and
known as the “Salmon Benefits” study.

ES.1. Salmon Benefits Project Overview

The primary goal of the study is to establish scientific methods to quantify habitat restoration benefits
to listed salmon and trout in the lower Columbia River and estuary (LCRE) in three required areas:
habitat connectivity, early life history diversity, and survival (Figure ES.1). The general study approach
was to first evaluate the state of the science regarding the ability to quantify benefits to listed salmon and
trout from habitat restoration actions in the LCRE in the 2009 project year, and then, if feasible, in
subsequent project years to develop quantitative indices of habitat connectivity, early life history
diversity, and survival.

Figure ES.1. Interrelationships Among Habitat Connectivity, Life History Diversity, and Survival in the
Context of LCRE Ecosystem Restoration

Based on the 2009 literature review, the following definitions are used in this study. Habitat
connectivity is defined as a landscape descriptor concerning the ability of organisms to move among
habitat patches, including the spatial arrangement of habitats (structural connectivity) and how the
perception and behavior of salmon affect the potential for movement among habitats (functional
connectivity). Life history is defined as the combination of traits exhibited by an organism throughout its
life cycle, and for the purposes of this investigation, a life history strategy refers to the body size and
temporal patterns of estuarine usage exhibited by migrating juvenile salmon. Survival is defined as the
probability of fish remaining alive over a defined amount of space and/or time.

The objectives of the 4-year study are as follows: 1) develop and test a quantitative index of juvenile
salmon habitat connectivity in the LCRE incorporating structural, functional, and hydrologic components;
2) develop and test a quantitative index of the early life history diversity of juvenile salmon in the LCRE;
3) assess and, if feasible, develop and test a quantitative index of the survival benefits of tidal wetland
habitat restoration (hydrologic reconnection) in the LCRE; and 4) synthesize the results of investigations
into the indices for habitat connectivity, early life history diversity, and survival benefits.
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ES.2 2010 Methods

The geographic scope of the project includes the LCRE from Bonneville Dam to the mouth of the
river. However, in 2010, a substantial portion of the study effort was devoted to implementation of a field
study in the Cottonwood Island area of the lower Columbia River, near Longview. Elements of the field
study design addressed objectives 1-3, increasing our body of knowledge about and our ability to
effectively index habitat connectivity, life history diversity, and survival benefits. Three salmon habitat

strata were studied: main channel, off-channel, and wetland channel.

The project passive integrated transponder (PIT)-tagged and released 9,945 juvenile fall Chinook
salmon originating from the Kalama Falls Hatchery, the Kalama River screw trap, or from unknown
origins (captured in beach seines at Cottonwood Island). PIT-tag detection arrays were installed at
locations at and near Cottonwood Island in an effort to track movements of and habitat access by these
fish. All sampling methods and metrics are summarized in Table ES.1, with references to the specific
appendix of this report in which complete objectives, methods, and results of each portion of the field

study are presented.

Table ES.1. Salmon Benefits Project Multi-Metric Sampling at Cottonwood Island

o o o o
2 2 82 g9 @ 2 9 = S 9
o0 S &8 8§ 8§ 8 88 8 8 8 §
s 2> 2 > © 8B = 0= O >
Repot & & 5 £ 3 § & & o &
Metric/Method Category Appendix < =2 5 5 < o 0 2 0 2
Density, fork length/beach seine Salmon Presence B X X X X X X X
Tagged fish origin, residence PIT-Tag Detections | X X X X X X X
time/P1T-tag antenna arrays
Water level and temperature (HOBO Water Quality, Habitat X X X X X X X X X
U20 level logger) @ Capacity
Plasma protein and triglyceride, Salmon Physiology J X X X X
bioelectrical impedance analysis (Nutritional Condition)
RNA:DNA ratio Salmon Physiology J X X X X
(Growth Potential)
Plasma cortisol, whole-blood glucose ~ Salmon Physiology J X X X X
and lactate, plasma ions, osmolality (Stress Response)
Gill Na+,K+ -ATPase activity Salmon Physiology J X X X X
(Osmoregulatory
Capacity)
Phytoplankton abundance and Water Properties C X X X X
classification, chlorophyll_a (biological)
Total organic carbon (particulate, Water Properties C X X X X
dissolved), nutrients (NOs, NO,, NH,,  (organic matter and
TN, PO4, TP, SiO,) nutrients)
Temperature, salinity, DO; suspended ~ Water Properties Cc X X X X

sediments (total, organic, inorganic
fractions)

(physical)

(a) April-August; the complete data set will be downloaded when water levels permit.

DO = dissolved oxygen; NO; = nitrate; NO, = nitrite; NH, = ammonia; PO, = phosphate; SiO, = silicate; TN = total nitrogen; TP =

total phosphate.
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While most of the effort in the 2010 study year concerned field sampling and analysis, work on the
development of quantitative indices of habitat connectivity, life history diversity, and survival benefits
also continued. In accordance with the efficiency principle of the Salmon Benefits project, existing data
sets from other projects were used in development of the indices. Key results of the field research and
non-field work are summarized in the following paragraphs. (One-page summaries of the problem
statements, research objectives, and methods associated with these results may be found in Chapter 3.0 of
this report, and comprehensive presentations of each are available in the appendices.)

ES.3 2010 Research Results

Field Research Results:

Cottonwood Island Juvenile Salmon Densities. Unmarked Chinook salmon were the most abundant
salmon captured at Cottonwood Island from April to December 2010 (>67% total salmon catch). Over all
sampling months, mean density for juvenile salmon was greatest in the off-channel (~0.26 fish/m?),
followed by the wetland-channel (~0.18 fish/m?), and finally the main-channel (~0.07 fish/m?) habitat
stratum. Salmon density was highest in the wetland during April (~0.6 fish/m?), the off-channel during
May (~1.0 fish.m?), and the main channel during June (~0.1 fish/m?). There were few differences in the
mean size of unmarked Chinook salmon among habitat strata, except in December 2010 when mean fork
length in the wetland channel stratum (~42 mm) was noticeably less than that in the main- and off-
channel strata (~100 mm). Mean length of juvenile salmon steadily increased from ~40 mm in April to
~100 mm in October—December. Marked Chinook salmon were larger than unmarked Chinook salmon
within the three habitat strata on Cottonwood Island from April through July; notably, the length
difference decreased from ~100% to ~5% from April through July at the off-channel and main-channel
strata.

Northern Pikeminnow in the Vicinity of Cottonwood Island. Twenty-two northern pikeminnow
(Ptychocheilus oregonensis) were detected in the vicinity of wetland channels on or near Cottonwood
Island during the time of operation of PIT-tag detection arrays from May through December 2010.

All 22 fish were verified to have been captured, tagged, and subsequently released for the Northern
Pikeminnow Management Program, a multi-agency effort administered by the Pacific States

Marine Fisheries Commission." Northern pikeminnow had an average residence time of 9.9 days

(SE = 31.4 days). Most of the 22 fish were detected between May and June. This time period typically
corresponds to high abundances of salmonids within the LCRE, consistent with the beach seine data
collected at Cottonwood Island.

Organic Matter, Nutrient, and Plankton Associations for Wetland-Channel, Off-Channel, and Main-
Channel Habitat Types at Cottonwood Island. For the water properties measured (i.e., temperature,
organic and inorganic suspended sediments, total organic carbon [TOC], nutrients, chlorophyll_a,
phytoplankton abundance and diversity), results indicate statistically significant differences between
months (i.e., seasonal variability) for all habitat strata. However, there were no statistically significant
differences noted between sites or habitat strata, with the exception of the Kalama wetland-channel site
sampled in September, which exhibited eutrophic characteristics in the water column. The temporal
differences were driven largely by phytoplankton abundance, chlorophyll_a content, and nutrients.

! personal Communication, December 9, 2010, Erick Van Dyke, Oregon Department of Fish and Wildlife, 17330
SE Evelyn Street, Clackamas, Oregon, 97015; available URL: http://www.pikeminnow.org.

vii
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Chlorophyll_a and phytoplankton abundance were highest during May of each year, with a decrease in
September and an additional reduction in November at all habitat strata. Conversely, nutrient
concentrations were generally greater during September (nitrate and phosphate) and November (nitrate),
with lower concentrations during the months when phytoplankton abundance was highest. Suspended
sediments were composed primarily of the inorganic fraction, and were generally similar between habitat
strata and seasons. TOC samples were composed primarily of the dissolved fraction with some variability
between strata and season.

PIT-Tag Detections of Salmon and Trout in the Estuary. The single largest source of PIT-tag
detections at the study area came from run-of-the-river tagged fish. The PIT-tagged salmonids came from
a wide range of release locations including North Toutle River, Little White Salmon River, Deschutes
River, Nez Perce Tribal Hatchery, Clearwater River, Rapid River, Sawtooth and Imnaha traps, Lake
Wenatchee, Methow River, and Winthrop Hatchery. The results suggest a wide range of species and
stocks are associated with shallow-water habitats of the LCRE during their early life phases. The fact that
upriver juvenile salmon were in shallow, off-channel habitats of the LCRE implies that they could be
available to restored sites in these areas of the landscape. Recoveries of PIT-tagged hatchery and screw
trap fish in the Cottonwood Island vicinity wetland channels, purposefully tagged and released for our
study, were disappointing with only six fish detected throughout the summer and fall. Tagged hatchery
fish were released according to the Kalama Falls Hatchery management schedule, on June 28 and July 13,
2010. No data are available on the physiological condition (e.g., smoltification) of the released fish at the
time of release to support interpretations regarding their subsequent migration timing. Kalama Falls fish
are reared in relatively cold water and the June 28 through July 13 releases coincided with relatively high
water temperatures in the Columbia River. Water temperatures in the Cottonwood off-channel and
wetland-channel habitat strata during that time were >16 °C and >19 °C, respectively, at the time of beach
seining, which may explain why we detected few tagged salmonids during the period following the
Kalama Falls fish releases.

Physiological Correlates of Juvenile Chinook Salmon Habitat Use. Plasma-based (protein and
triglyceride concentrations) and composition-based (bioelectrical impedance analysis) indicators of
nutritional condition fluctuated both between habitat types and across the sampling period, suggesting a
correlative relationship between habitat use and fish condition and pointing to the usefulness of measures
of organismal condition for measuring habitat-based benefits associated with restoration activities.
Growth potential (RNA:DNA ratio) did not vary temporally or by habitat, and would not be a useful
variable for measuring habitat-based benefits associated with restoration activities. Measurements of the
primary (plasma cortisol) and secondary (whole-blood glucose and lactate, plasma ions and osmolality)
stress response were confounded by capture procedures as well as water temperature, and it is unlikely
that any measurement of chronic stress based on environmental conditions could be made dependent on
capture protocols. Measurement of reproductive hormones served little value in determining habitat-
specific differences because 11-keto testosterone (11-KT) concentrations were homogeneous between
habitat types, and no fish had elevated plasma 11-KT concentrations indicative of precocial maturation.
The gill Na+,K+ -ATPase (NKA) activity of fish indicated that all individuals were undergoing
smoltification and actively emigrating, but there were no differences between habitats, which constrained
the usefulness of this measurement for determining benefits of habitat use.

viii
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Development of Indices for Habitat Connectivity, Life History Diversity, and Survival Benefits:

Expansion of Passage Barrier Accounting for a Habitat Connectivity Index to the Estuary Scale. The
passage barrier accounting method is the simplest element of the suite of metrics composing the habitat
connectivity index proposed in the first year of this study. The method involves subtraction of passage
barriers that have been reduced or removed through restoration activities, from the set of previously
existing barriers (i.e., from the baseline set in place at the time of the 2000 Biological Opinion).
Expansion of the passage barrier accounting assessment to the reach and estuary scales was more difficult
than expected. Obtaining the required data was time-consuming and ultimately not wholly successful
because in some cases data needed for the accounting do not exist or cannot be found. Typically, cross-
sectional surveys are included in implementation and compliance monitoring requirements associated
with restoration activities; therefore, we expected that these data would be available. In fact, two
significant obstacles to obtaining the data were discovered during our 2010 effort. First, we found that no
single list of all on-the-ground completed restoration projects in the LCRE existed, and thus we needed to
create one for this task. Second, data on project-specific restoration activities, and particularly the
specifications of passage barrier changes that occurred, are not readily available and we learned from
implementers that to date, collection of these data has not always been funded. The project inventory we
compiled for dike breaches and other tidal reconnection restorations during the 2000-2010 time frame
based on available data is presented in Appendix D.

Improvement of Early Life History Diversity (ELHD) Indices for Juvenile Salmon in the LCRE.
After the creation of an innovative ELHD index on this project in 2009, it was necessary to refine the
preliminary analyses by incorporating multiple data sets and investigating the applicability of the index
under various spatial and temporal scenarios. The 2010 effort focused on the development and
investigation of ELHD indices to strengthen and advance the concept of an ELHD index as a high-level
monitoring indicator for juvenile salmon. Based on the size and timing of unmarked migrating Chinook
salmon, four size categories were designated for the purpose of calculating life history diversity indices:
<61 mm, 61-90 mm, 91-120 mm, and >120 mm. Our analyses found that ELHD indices were typically
higher for unmarked than marked Chinook salmon, e.g., 0.19 and 0.08, respectively, at Sandy River Delta
(SRD) 2008-2009. ELHD indices for the Cottonwood Island area generally were two to three times
higher than those for the SRD. At both the Cottonwood Island and SRD areas, ELHD indices for off-
channel habitats were higher than those for main-channel habitats, which were higher than wetland
channels. For approximately the same time of year, the ELHD for Jones Beach in 1978 (0.63) was
comparable to a main-channel site at Cottonwood Island in 2010 (0.71), and was twice that for an SRD
2009 site (0.29). A protocol for the collection of fish data to support ELHD calculations was drafted,
which covers study design, data collection, data processing, calculations and analysis, and caveats.
Detailed instructions are presented for data collection equipment, deployment, fish handling, catch
processing, subsampling, fin tissue for genetic stock identification, ancillary data, and field data sheets.

Retrospective Analysis to Support Development of the Survival Benefits Index. In 2009, it was
determined to be unknown whether upstream use of off-channel habitats by juvenile salmon during the
outmigration is related to subsequent use of off-channel habitats downstream in the LCRE. Therefore, we
undertook a retrospective analysis of 2008 Juvenile Salmon Acoustic Telemetry System (JSATS) studies
acoustic-telemetry data from multiple sites in the LCRE to evaluate the proclivity of juvenile salmon to
use off-channel migration routes. We found that the numbers and proportions of main-channel and off-
channel SRD fish were similar for detections at downstream main-channel and off-channel arrays. There
was no relationship between main-channel and off-channel distribution in the SRD and subsequent use of
main-channel or off-channel habitat downstream in the Cathlamet Bay and Grays Bay areas.
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ES.4 Management Implications

Tools that produce reliable and informative data to assess the effectiveness of restoration are essential
to stakeholders and funding agencies in the Columbia Estuary Ecosystem Restoration Program (CEERP).
Action-effectiveness data at scales from the site (project) to the entire estuary are required to measure the
effects the multi-million dollar restoration effort is having on juvenile salmon and the ecosystems they
use in the LCRE. The CEERP’s adaptive management process is fueled by action-effectiveness data that
are analyzed and evaluated to inform program strategy and action plans. On the Salmon Benefits project,
we are developing indices of habitat connectivity, early life history diversity, and survival at the site scale
for the most part. The intention, however, is that the index tools be applied estuary-wide, along with data
from other monitoring and research projects, to provide information to CEERP decision-makers.

Study Relevance to Existing Management Activities

This study is fulfilling the requirements of Reasonable and Prudent Alternative (RPA) subactions
58.2 and 59.3 in the 2008 Federal Columbia River Power System BiOp:

e Subaction 58.2 — “Develop an index and monitor and evaluate life history diversity of salmonid
populations at representative locations in the estuary.”

e Subaction 59.3 — “Develop an index of habitat connectivity and apply it to each of the eight reaches
of the study area.”

Our research also has application to the Expert Regional Technical Group (ERTG) for estuary habitat
restoration. The ERTG uses the best available field data on “optimal” salmon densities by habitat type in
its method to assign survival benefit units for prospective restoration projects. Based on our beach seine
data from Cottonwood Island, optimal fish densities would be ~1.0, 0.5, and 0.1 fish/m? for off-channel,
wetland-channel, and main-channel habitats, respectively. Over the long-term, the ERTG may examine
and contemplate new approaches for assigning survival benefit units to restoration projects. Such work
should be informed by the research we are conducting to develop indices for habitat connectivity, early
life history diversity, and survival.

Furthermore, our PIT-tag detection results indicate that, contrary to widespread prior understanding,
CEERRP restoration activities are relevant to upriver stocks. Through our PIT-tag detection results, we
noted the presence of upriver (above Bonneville Dam) Columbia River basin stocks in shallow-water
habitats off the main channel of the lower Columbia River. This suggests that they could use restored
sites in these areas of the landscape despite previously available information suggesting that these
migrants tend to move to the Pacific Ocean more quickly than their counterparts from downriver (below
Bonneville Dam). This finding generally points to the applicability of CEERP restoration activities to
upriver stocks, but further research is needed to determine the proportion of these fish that will use tidal
freshwater and estuarine habitats in the LCRE, the potential duration of use of these habitats, and the
effects of such habitat use on upriver salmon at individual and population levels.

Future Monitoring and Research

Our research is designed to complement and be integrated with other ongoing monitoring and
research studies in the LCRE. These studies, funded mostly by the USACE and Bonneville Power
Administration, include Multi-scale Action Effectiveness Research (PNNL/Oregon Department of Fish



Salmon Benefits Annual Report, 2010

and Wildlife/U.S. Fish and Wildlife Service [USFWS]/University of Washington [UW]), Tidal Fluvial
Research (National Marine Fisheries Service/UW), Julia Butler Hanson (USFWS), Ecosystem

Monitoring and Reference Sites (Lower Columbia River Estuary Partnership), and various project-
specific action-effectiveness studies. We will continue to coordinate and exchange information with these
researchers through the “monitoring and research coordination” meetings within the CEERP process and
in meetings for the Anadromous Fish Evaluation Program.

The methods we are developing to index habitat connectivity, early life history diversity, and survival
benefits of restoration actions are at different levels of maturity and have various strengths, weaknesses,
and areas for improvement. To summarize, indices for habitat connectivity and early life history diversity
are maturing and show promise to graduate for regional use in the next year or two. Indexing the survival
benefits of restoration is a more challenging endeavor, but near-term research is underway to continue
development of the conceptual base and utility of the survival benefits index.

Restoration of connectivity to quality, productive wetland habitats is hypothesized to promote
increased life history diversity and survival, and diverse life history patterns promote resilience to
environmental perturbations. Restoring reconnections to rearing and refuge habitats in the LCRE to
increase life history diversity and the probability that juvenile salmon survive and return as adults will
support the resiliency and sustainability of Columbia River basin salmon populations. To do this
biologically and cost-effectively, restoration managers need applied research such as indices of habitat
connectivity, early life history diversity, and survival. Therefore, the development of methods to measure
ecosystem restoration effectiveness in terms of habitat connectivity, life history diversity, and survival by
this study is germane.
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1.0 Introduction

Prepared by Heida Diefenderfer and Gary Johnson

This report describes the 2010 research conducted under the U.S. Army Corps of Engineers (USACE
or Corps) project EST-P-09-1, titled Evaluation of Life History Diversity, Habitat Connectivity, and
Survival Benefits Associated with Habitat Restoration Actions in the Lower Columbia River and Estuary.
The research in 2010 was conducted by the Pacific Northwest National Laboratory (PNNL), Marine
Science Laboratory and Hydrology Group in partnership with the University of Washington (UW),
School of Aquatic and Fishery Sciences, Columbia Basin Research; Earl Dawley (NOAA Fisheries,
retired); and the U.S. Fish and Wildlife Service (USFWS), Abernathy Fish Technology Center. This
research, referred to as the Salmon Benefits project (or study), was started in fiscal year 2009. The
primary goal of the study is to establish scientific methods to quantify habitat restoration benefits to listed
salmon and trout in the lower Columbia River and estuary (LCRE) in three required areas: habitat
connectivity, early life history diversity, and survival. The general study approach was to first evaluate
the state of the science regarding the ability to quantify benefits to listed salmon and trout from habitat
restoration actions in the LCRE in the 2009 project year, and then, if feasible, in subsequent project years
develop quantitative indices of habitat connectivity, early life history diversity, and survival.

1.1 Study Rationale

Restoration of connectivity to quality, productive wetland habitats is hypothesized to promote
increased life history diversity and survival (Bottom et al. 2005a; Williams 2006). This was concluded
for life history diversity based on studies of marsh restoration in the Salmon River estuary on the central
Oregon coast (Bottom et al. 2005b). Diverse life history patterns promote resilience to environmental
perturbations (Waples et al. 2009). On this basis, it is thought that restoring reconnections to rearing and
refuge habitats in the LCRE to increase life history diversity and the probability juvenile salmon survive
and return as adults will support the resiliency and sustainability of Columbia River basin salmon
populations. However, to accomplish this biologically and in a cost-effective manner, restoration
managers need applied research that is specific to the LCRE in the areas of habitat connectivity, early life
history diversity, and survival indices.

This study is fulfilling the following requirements of Reasonable and Prudent Alternative (RPA)
subactions 58.2 and 59.3 in the 2008 Federal Columbia River Power System (FCRPS) Biological Opinion
(BiOp) (NOAA Fisheries 2008):

e Subaction 58.2 — “Develop an index and monitor and evaluate life history diversity of salmonid
populations at representative locations in the estuary.”

e Subaction 59.3 — “Develop an index of habitat connectivity and apply it to each of the eight reaches
of the study area.”

Tools that produce reliable and informative data to assess the effectiveness of restoration are essential
to stakeholders and funding agencies in the Columbia Estuary Ecosystem Restoration Program (CEERP).
Action-effectiveness data at scales from the site (project) to the entire estuary are required to measure the
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effects the multi-million dollar restoration effort is having on juvenile salmon and the ecosystems they
use in the LCRE (Johnson et al. 2003, 2008). The CEERP’s adaptive management process is fueled by
action-effectiveness data that are analyzed and evaluated to inform program strategy and action plans
(Thom et al. 2011).

We are developing indices of habitat connectivity, early life history diversity, and survival at the site
scale for the most part. The intention, however, is that the index tools be applied estuary-wide, along with
data from other monitoring and research projects, to provide information to CEERP decision-makers.

Our research has application to the Expert Regional Technical Group (ERTG) for estuary habitat
restoration, which uses the best available field data on “optimal” salmon densities by habitat type in its
method to assign survival benefit units for prospective restoration projects (ERTG 2010). Over the long-
term, the ERTG may examine and contemplate new approaches to assign survival benefit units to
restoration projects. Such work should be informed by the research we are conducting to develop indices
for habitat connectivity, early life history diversity, and survival.

1.2 Study Objectives
The overall objectives of the 4-year study are as follows:
1. Develop and test a quantitative index of juvenile salmon habitat connectivity in the LCRE

incorporating structural, functional, and hydrologic components.

2. Develop and test a quantitative index of the early life history diversity of juvenile salmon in the
LCRE.

3. Assess and, if feasible, develop and test a quantitative index of the survival benefits of tidal wetland
habitat restoration (hydrologic reconnection) in the LCRE.

4. Synthesize the results of investigations into the indices for habitat connectivity, early life history
diversity, and survival benefits.

1.3 Background

1.3.1 Study Area

The geographic scope of the project includes the LCRE from Bonneville Dam to the mouth of the
river. The entrance propensity study design, developed to assess salmon usage of estuarine habitats
(Perry and Skalski 2008) and recommended for assessing survival benefits to outmigrating juvenile
salmonids in the 2009 Annual Report for this project (Diefenderfer et al. 2010a), was implemented in
2010 in the Cottonwood Island area of the lower Columbia River, near Longview (Figure 1.1).

1.2
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Figure 1.1. The Location of Cottonwood Island in the Lower Columbia River

The study area is in tidal freshwater habitat on the Washington side of the river. It was selected based
on its representativeness of a variety of habitat strata defined by environmental characteristics, structural
connectivity, and perceived functional connectivity, and its proximity to a source of fall Chinook salmon
that could be tagged to test the entrance propensity design. Three habitat strata were studied for the
effects of habitat connectivity, both structural and functional (water properties and physiological metrics)
on salmonid usage: main channel, off-channel, and wetland channel.

1.3.2  Definitions
Based on the 2009 literature review, the following definitions are used in this study:

Habitat connectivity. A landscape descriptor concerning the ability of organisms to move among habitat
patches, including the spatial arrangement of habitats (structural connectivity) and how the perception and
behavior of salmon affect the potential for movement among habitats (functional connectivity).

Life history. The combination of traits exhibited by an organism throughout its life cycle, and for the
purposes of this investigation, a life history strategy refers to the body size and temporal patterns of
estuarine usage exhibited by migrating juvenile salmon.

Survival. The probability of fish remaining alive over a defined amount of space and/or time.
Main-channel habitat. A habitat located along the main stem of the lower Columbia River and estuary.

Off-channel habitat. A habitat along channels that does not front directly on the main stem of the L, and
instead must be reached by passing behind other landforms such as islands.
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Wetland-channel habitat. A habitat along channels that are more confined than off-channel habitats and
occur within tidally influenced wetlands (swamps and marshes) of the lower Columbia River and estuary.

Entrance propensity. The proportion of smolts present in the near-field that enter a habitat of interest, in
this case off-channel tidally influenced wetlands.

Passage barrier accounting method. Subtraction of the number of passage barriers removed by
ecosystem restoration, from the number of passage barriers in the original year-2000 set.

1.3.3  Previous Project Activities and Findings

In January 2009, this study began with the principle that if acceptable methods for indexing habitat
connectivity, early life history diversity, or survival benefits existed in the literature, then we would apply
the methods to the particular scope of the problem in this region and the target species and age class. If
no such methods existed, we would examine the feasibility of the desired measurement or index and, if
possible, develop and test new quantitative methods and subject them to independent peer review.
Fundamentally, this project is guided by the need to develop and apply quantitative methods for statistical
analysis and spatial data processing to evaluate the three subject topics: habitat connectivity, early life
history diversity, and survival. The study began with a literature review to specifically define each of the
three subject areas. After the review of the state of the science, the study proceeded with an evaluation of
relevant existing methods, an assessment of the feasibility of indexing or otherwise measuring the three
subject topics, and pilot testing of existing or development of new methods where feasible.

Activities in 2009 included first, a literature review and development and pilot testing of a
preliminary index of habitat connectivity. This effort included modification of existing measurement
methods for two elements of structural connectivity: passage barrier assessment accounting and nearest-
neighbor distance. Second, a literature review and development and pilot testing of a preliminary index
of early life history diversity were completed. Binary, matrix-based mathematical methods to index early
life history diversity were developed and tested with existing lower Columbia River beach seine data.
The early life history diversity index includes three elements: All-Salmon-Length-Month, Species-
Month-Length-Habitat, and Stock-Month (for Chinook only). Third, we conducted a literature review
and adapted a near-field model statistical design capable of estimating intra-site survival and the
probability of site entry for near-shore fish. We completed a comprehensive assessment, summary, and
ranking of survival benefit measurement methods, including the strength of inference to salmon survival
benefits, potential for results to be confounded, technical feasibility, and cost.

In summary, in 2009, we found that while the measurement of habitat connectivity is a tractable
problem, indexing early life history diversity is more challenging, and there are numerous constraints on
our ability to measure or index survival benefits associated with habitat restoration in the LCRE, as
detailed in the 2009 Annual Report (Diefenderfer et al. 2010a). We recommended a pilot field study to
assess the habitat connectivity, life history diversity, and survival or other benefits for juvenile salmonids
associated with a habitat restoration action at a tidal wetland site in the lower Columbia River and estuary.
On this basis, in 2010, the pilot testing begun in 2009 continued with the addition of a field data
collection element, as described in the 2010 Experimental Design and Field Work Plan (Appendix A).
Cottonwood Island was selected as the study site, in part because at the time a restoration project was
being planned there, and it was thought that before and after data would strengthen the findings; however,
at present it appears that those plans have been cancelled. In addition, the Cottonwood Island site had
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been monitored by other Corps and Bonneville Power Administration (BPA) studies, thereby
strengthening the database contributing to our understanding of ecosystem structures and processes there.

1.4 2010 Project Objectives

Based on recommendations from the 2009 study (Diefenderfer et al. 2010a;
http://www.nwp.usace.army.mil/pm/e/finalreports.asp), the objectives of the 2010 study were as follows:

1. Develop methods and perform a pilot field and geographic information system (GIS) study to assess
the structural and functional habitat connectivity for juvenile salmon of key estuarine habitats
associated with habitat restoration actions in the LCRE.

2. Develop methods and perform a pilot field study to assess the early life history diversity of juvenile
salmon associated with habitat restoration actions in the LCRE.

3. Develop methods and perform a pilot field study to assess the survival or other benefits for juvenile
salmon associated with habitat restoration actions in the LCRE.

1.5 Management Applications

The U.S. Army Corps of Engineers Portland District (CENWP) is involved in ecosystem restoration
actions in the LCRE under multiple Water Resources Development Act (WRDA) authorities, and in
response to the 2008 BiOp on operation of the FCRPS (NOAA 2008). The region—i.e., USACE, BPA,
National Oceanic and Atmospheric Administration (NOAA) Fisheries, resource management agencies,
and the research community—uwill use action-effectiveness data from restoration projects to assess how
well the habitat actions are working. This approach is called for in the BiOp, the Northwest Power and
Conservation Council’s Fish and Wildlife Program, and recovery plans for salmonid populations listed
under the Endangered Species Act. Quantitative evaluation methods produced by the study will also
inform decisions under other the Corps’ WRDA ecosystem restoration authorities applicable to the
LCRE. The Action Agencies for the 2008 BiOp are the USACE, BPA, and the Bureau of Reclamation.
The Action Agencies submit Annual Progress Reports to NOAA Fisheries in September each year, except
2013 and 2016 when comprehensive evaluations of multi-year implementation activities are required.

The management applications of this project concern the evaluation of salmon habitat restoration
project effectiveness in the LCRE (RPA actions 58, 59, and 60), prioritization of new habitat restoration
projects and programs (RPA actions 36 and 37), and BiOp reporting, including the first comprehensive
reporting due in June 2013 (RPA actions 2 and 3).

1.6 Report Contents and Organization

The ensuing chapters of this report provide a brief synopsis of the methods from field data collection
and non-field research (Chapter 2.0). The findings from the appendices are summarized in a short format
in Chapter 3.0, Key Results. They are integrated and synthesized relative to management implications in
Chapter 4.0, which includes both discussion and recommendations. References for the literature cited in
the four chapters of the body of the report are then listed in Chapter 5.0. Each appendix contains a unigque
reference list for literature cited in the appendix. The abbreviated format of the main body of this report
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is intended to encourage increased readership, and enable readers to peruse particular appendices that may
be of interest depending on their backgrounds and purposes.

In 2010, we investigated uncertainties concerning each of the three indices falling under the purview
of this research: habitat connectivity, early life history diversity, and survival benefits. The diversity of
this research argued for independent presentation of each piece as a line of evidence in 10 separate
appendices, B through K. The rationale, methods, results, and implications of each of these investigations
are presented categorized by main topic—habitat connectivity, early life history diversity, and survival
benefits. Appendix A contains the 2010 Experimental Design and Field Work Plan developed and
finalized by the project team in April 2010 and implemented in April through December 2010. It
provides the basis for much of the data analyzed in the subsequent appendices:

o Appendix B — Cottonwood Island Beach Seine Data Collection Report

e Appendix C — Organic Matter, Nutrients, and Plankton Associations for Wetland, Off-Channel, and
Main-Channel Habitat Types

o Appendix D — Habitat Connectivity Index Progress Report
o Appendix E — Early Life History Diversity Indices for Juvenile Salmon in the LCRE
o Appendix F — Protocol for Early Life History Diversity Indices

o Appendix G — Retrospective Analysis of 2008 LCRE Acoustic-Telemetry Data to Evaluate the
Proclivity of Juvenile Salmon to Use Off-Channel Migration Routes

e Appendix H — Adult and Juvenile Salmonid Abundance and Migration Timing at Bonneville Dam:
Estimated Trends, 1980-2009

e Appendix | — Analysis of Estuary PIT-Tag Detections

o Appendix J — Physiological Correlates of Juvenile Chinook Salmon Habitat Use in the Lower
Columbia River Estuary

o Appendix K — Review of Estuarine Habitat Inclusion in Salmon Life History Modeling.

1.6
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2.0 2010 Methods Synopsis

Prepared by Heida Diefenderfer

The primary focus of Salmon Benefits project activities in 2010 was to design a field protocol and
perform a pilot field study to assess the survival or other benefits to juvenile salmonids, their early life
history diversity, and habitat connectivity associated with key estuarine habitats and habitat restoration
actions. Additional research involved continuing theoretical development and pilot testing of quantitative
indices of habitat connectivity and early life history diversity.

2.1 The Field Study

The field study was conducted at a long-term, intensively monitored area: Cottonwood Island at
Columbia rkm 113 near Longview, Washington, located approximately 6 km downstream of the
confluence with the Kalama River (Figure 2.1). The Cottonwood Island site, owned by four Washington
ports, is located immediately adjacent to privately owned Howard Island; the channel between the two
islands was filled in with emergency disposal of dredged material from the Cowlitz River after the
eruption of Mt. St. Helens and the filled channel is now owned by the Washington Department of Natural
Resources (personal communication, Steve Vigg, February 23, 2011, Washington Department of Fish and
Wildlife, 2108 SE Grand Blvd, Vancouver, WA 98661).

Figure 2.1. Cottonwood Island, Just Upstream (south) of the Confluence of the Cowlitz River and the
Columbia River near Longview, Washington

2.1
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With the extent of past and current sampling that has occurred on Cottonwood Island--and future
planned sampling—it may be referred to as an “intensively monitored site.” Habitat characteristics of the
wetland channel at Cottonwood Island were monitored by the Reference Sites project of the Lower
Columbia River Estuary Partnership (LCREP), funded by the BPA, in 2010 and 2011. Beach seining and
rapid habitat assessment were conducted at multiple sites on the island by the BPA project, Ecology of
Juvenile Salmon in Shallow Tidal Freshwater Habitats in the Lower Columbia; this project has continued
sampling the site into 2011. In addition, beach seining by the CENWP project, Contribution of Tidal
Fluvial Habitats in the Columbia River Estuary to the Recovery of Diverse Salmon Evolutionarily
Significant Units (EST-P-10-1), began in 2010, and seining and prey data collection by the BPA-funded
Ecosystem Monitoring project of the LCREP is expected to begin in 2011.

The Salmon Benefits project team efforts began in 2010 with production of the 2010 Experimental
Design and Field Work Plan (completed on March 11, 2010; see Appendix A). The PIT-tag statistical
design for survival benefits as reflected by entrance propensity, recommended by J.R. Skalski in the first
year of the study (Diefenderfer et al. 2010a), was developed and applied to the Cottonwood Island study
area, including fish captured at beach seining sites and fall Chinook salmon from the Kalama Falls
Hatchery and Kalama River screw trap. Monthly beach seining at Cottonwood Island began in April, and
six paired PIT-tag antenna arrays were deployed at Cottonwood Island in May. Tagged fish were
released both from the Kalama Falls Hatchery and in lesser numbers at Cottonwood Island sites to assess
entrance propensity (Table 2.1); the total number of tagged hatchery Chinook salmon released at the
hatchery was 8,990. Water properties sampling, described in Appendix C, began in May on a seasonal
basis and was coordinated with the beach seining activities when possible.

The configuration of Cottonwood Island offered three habitat strata: main channel (Figure 2.2), off-
channel (Figure 2.3), and wetland channel (Figure 2.4). The wetland channel, an emergent marsh on the
north side of the island, is a historical habitat that was present in the 1800s, but in terms of habitat
connectivity this habitat stratum yields the lowest degree of structural connectivity (e.g., distance between
habitat patches). The off-channel habitat is also on the north side of the island and is vegetated; it is one
step removed in connectedness from the main channel. The main channel is along the south side of the
island, barren of vegetation, and composed of recently deposited dredged material; this stratum maintains
the greatest degree of structural connectivity.

Table 2.1. PIT-Tagged Chinook Salmon Releases During the 2010 Salmon Benefits Study

Tag/Release Title Tagging Location(s) Release Location(s) Number of Fish/Date
la. First Hatchery Release Hatchery Hatchery 4,491 (6/28/2010)
1b. Second Hatchery Release  Hatchery Hatchery 4,499 (7/13/2010)
2. Dispersal Release Hatchery Cottonwood Is. Seine Sites 100 Hatchery

(7/2/10;7/6/10)

3. Direct Wetland Release Hatchery and Screw Cottonwood Is. Wetland 111 Hatchery & 49
(2:1 ratio) Trap Channel Screw Trap (6/30/10)
4. Kalama Screw Trap Screw Trap Hatchery (below screw trap) 401 (various)
5. Beach Seine Cottonwood Island Habitat strata (main channel, 291 Monthly Beach

off-channel, wetland channel)  Seine
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Figure 2.2. The Wetland-Channel Habitat Sampled at Cottonwood Island

Figure 2.3. The Off-Channel Habitat Sampled at Cottonwood Island

The field study plan (Appendix A) integrates multiple metrics measuring the habitat, fish density, and
fish condition (Figure 2.3). In addition, complete methods used in developing each type of fish and
habitat data are described in associated appendices: beach seine data collection (Appendix B), water

properties and plankton (Appendix C), analysis of PIT-tag detections (Appendix I), and physiology
(Appendix J).

2.3
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Figure 2.4. The Main-Channel Habitat Sampled at Cottonwood Island

2.2 Indices

The 2010 research concerned indexing habitat connectivity, early life history diversity, and survival
benefits. While pilot-scale testing of these indices for the most part is being conducted at the site scale,
all indices have the potential for future application at reach or estuary scales.

2.2.1  Habitat Connectivity

Habitat connectivity index research in 2010 focused on the passage barrier accounting method of
assessing changes in habitat connectivity produced by restoration actions in the LCRE (Appendix D).
The passage barrier accounting method represents a simple subtraction of the number of passage barriers
removed through restoration activities from the total set of passage barriers originally present. For
example, using this method we can measure change in passage barriers using four metrics: width of
restored passage, area of restored passage, area of habitat made available by the new passage, and percent
channel/floodplain habitat area increase. Incorporating the above four metrics into our analysis permitted
better resolution of potential change in structural and functional habitat connectivity conditions resulting
from ecosystem restoration actions.

The 2010 research expanded the initial 2009 pilot study of passage barriers, which we undertook
using readily available data from the Grays River complex (Diefenderfer et al. 2010a), to larger reach and
estuary scales in the LCRE. We focused on measurement of the set of passage barriers in existence in
2000 (the year of the original BiOp), and measurement of changes in them as a result of restoration
projects funded by the Action Agencies since then, at the estuary scale. While this method is a simplified
approach to measuring changes in habitat connectivity, its measurement remains intractable in some ways
because of the state of data available about the estuary, as described in Appendix B.
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Table 2.2. Salmon Benefits Project Multi-Metric Sampling at Cottonwood Island

o o o o
4 8 8 9 2 a9 a9 & 2
o0 S &8 88888 8RR K
= > 2 > D B o 3 O >
Repot & &® 5§ 5 3 § & & o &
Metric/Method Category Appendix < 2 5 3 <o 0z 0 =2
Density, fork length/beach seine  Salmon Presence B X X X X X X X
Tagged fish origin, residence PIT-Tag Detections | X X X X X X X
time/P1T-tag antenna arrays
Water level and temperature Water Quality, @) X X X X X X X X X
(HOBO U20 level logger) Habitat Capacity
Plasma protein and triglyceride, Salmon Physiology J X X X X
bioelectrical impedance analysis  (Nutritional
Condition)
RNA:DNA ratio Salmon Physiology J X X X X
(Growth Potential)
Plasma cortisol, whole-blood Salmon Physiology J X X X X
glucose and lactate, plasma ions,  (Stress Response)
osmolality
Gill Na+,K+ -ATPase activity Salmon Physiology J X X X X
(Osmoregulatory
Capacity)
Phytoplankton abundance and Water Properties C X X X X
classification, chlorophyll_a (biological)
Total organic carbon Water Properties C X X X X
(particulate, dissolved), nutrients  (organic matter and
(NO3, NO,, NHy4, TN, POy, TP, nutrients)
Si0,)
Temperature, salinity, DO; Water Properties C X X X X

suspended sediments (total,
organic, inorganic fractions)

(physical)

(@) The complete data set will be downloaded later in 2011, when water levels permit.

DO = dissolved oxygen; NO, = nitrate; NO, = nitrite; NH, = ammonia; PO, = phosphate; SiO, = silicate; TN = total
nitrogen; TP = total phosphorus.

2.2.2  Early Life History Diversity

Continuing research on development of an early life history diversity (ELHD) index for juvenile
salmon (Appendix E) involved additional review of the size classes and trials of the draft quantitative
indices developed during the first study year, 2009 (Diefenderfer et al. 2010a). The intent of the size
class reevaluation effort was to examine the existing literature to determine whether the previously
selected size classes accurately represent different life history strategies, or cohorts, of migrating fish in
the LCRE. The intent of further trials of the ELHD index was to test various spatial and temporal
scenarios to further examine the robustness, sensibility, and usefulness of the indices. For example, four
scenarios that incorporated differing elements of space and time are analyzed using the Chinook-Length-
Month Index. We also developed an ELHD index protocol to encourage standardized application of this
new method throughout the LCRE (Appendix F). The intent of the protocol is to recommend methods to
sample, process, and analyze data pertaining to juvenile salmonids that will facilitate calculation of the
ELHD indices.
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2.2.3 Survival Benefits

Following recommendations of Diefenderfer et al. (2010), we conducted three additional non-field
analyses during 2010 using existing data developed by other research projects and programs for cost-
efficiency. Using 2008 LCRE acoustic-telemetry data, we evaluated the proclivity of juvenile salmon to
use off-channel migration routes, a variant on the entrance propensity model tested in the field, to test the
hypothesis that a tendency to enter upper estuary habitats would be predictive of actual entry into lower
estuary habitats, to help inform development of methods to evaluate the survival benefits of restoration
(Appendix G). Using data from the Columbia River Data Access in Real Time (DART) website, we
estimated 1980-2009 trends in adult and juvenile salmonid abundance and migration timing at Bonneville
Dam. Finally, we conducted a literature review of the history of inclusion of estuarine habitat in salmon
life history modeling, to inform efforts to model effects of restoration of estuary habitats on salmon
populations (Appendix K).
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3.0 Key Results

The diversity of the research conducted to investigate habitat connectivity, early life history diversity,
and survival benefits guided the separate presentation of each line of evidence (detailed in Appendices B
through K of this report). The problem statement, research objectives, methods, key results, and
management implications associated with the appendices are summarized in the following sections for a
quick overview of the contents of this report. The multi-year study objectives (Section 1.2) to which each
research effort corresponds are also called out. Key results cover juvenile salmon densities, water
properties, passage barrier accounting for habitat connectivity, early life history diversity indices and
protocol development, analysis of acoustic-telemetry data relative to off-channel migration routes, PIT-
tag detections, and physiological correlates.

3.1 Cottonwood Island Juvenile Salmon Densities
Prepared by Nikki Sather

Problem Statement: Site-specific patterns associated with temporal and spatial densities of juvenile
salmon as defined by discrete habitat strata are poorly understood in tidal freshwater portions of the
LCRE. The Cottonwood Island site served as a location for developing methods to index habitat
connectivity, early life history diversity, and survival benefits of restoration. Specifically, we sought to
increase understanding of the patterns associated with the distribution of juvenile salmon within habitat
strata of different quality and distance from the main channel.

Multi-Year Study Objectives: 1,2, 3

Research Objectives: Characterize juvenile salmon species composition, length-frequency
distribution, density (#/m?), and temporal and spatial distributions at wetland-, off-channel, and main-
channel habitats of Cottonwood Island.

Methods: Beach seine in shallow-water habitats within three strata: main channel, off-channel, and
wetland channel monthly from April through December 2010. Methods were similar to those of Sather et
al. (2011).

Key Results:

e Unmarked Chinook salmon were the most abundant salmon captured at Cottonwood Island from
April to December 2010 (>67% total salmon catch).

o Over all sampling months, the mean density for juvenile salmon was greatest in the off-channel
(~0.26 fish/m?), followed by the wetland-channel (~0.18 fish/m?), and finally the main-channel
(~0.07 fish/m?) habitat stratum.

e Salmon density was highest in the wetland during April (~0.6 fish/m?), the off-channel during May
(~1.0 fish.m?), and the main channel during June (~0.1 fish/m?).

o There were few differences in the mean size of unmarked Chinook salmon among habitat strata,
except in December 2010 when mean fork length in the wetland channel (~42 mm) was noticeably
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less than that in main- and off-channel strata (~100 mm). Mean length of juvenile salmon steadily
increased from ~40 mm in April to ~100 mm in October—December.

o Marked Chinook salmon were larger than unmarked Chinook salmon within the three habitat strata
on Cottonwood Island from April through July; notably, the length difference decreased from ~100%
to ~5% from April through July at the off-channel and main-channel strata.

Management Implications and Recommendations: Data collected via direct capture techniques
such as beach seining provide key information about the spatial and temporal patterns associated with fish
communities in shallow-water habitats. In addition to providing general information about the size and
abundance of juvenile salmon, these data provide the foundation for several key elements of the Salmon
Benefits research program, including analysis of the ELHD index, inquiry into functional connectivity
relative to hydrology and specific water properties, and provision of samples for physiological analysis.
Given the useful application of beach seine data to multiple elements of the Salmon Benefits research
program, we recommend that beach seine techniques continue to be used, as needed, in subsequent
project years.

Reference: Appendix B.

3.2 Organic Matter, Nutrients, and Plankton Associations for
Wetland-Channel, Off-Channel, and Main-Channel Habitat Types
at Cottonwood Island

Prepared by Dana Woodruff

Problem Statement: A key component in determining diversity in food and habitat quality for
juvenile salmon is developing a better understanding of metrics associated with functional connectivity,
including those related to water properties that support the base of the food web (e.g., organic matter,
nutrients, plankton). In the LCRE, critical gaps remain in the understanding of food web structure and
function as they relate to juvenile salmonid growth, fitness, and survival (ISAB 2011).

Multi-Year Study Objectives: 1,3

Research Objective: Develop and refine collection methods, and collect preliminary data on
selected water properties that support the base of the food web (organic matter, suspended sediments,
nutrients, and plankton) in three habitat strata (main channel, off-channel, wetland channel).

Methods: Water properties were collected from the Cottonwood Island area at three habitat strata:
main channel, off-channel, and wetland channel. Samples were collected seasonally during May,
September, and November 2010, and May 2011. Sample analysis methods were similar to those of
Woodruff et al. (2011).

Key Results:

e Temporal Scale. Significant differences were observed between the four synoptic sampling events,
for most of the water-property metrics. This was particularly evident for temperature, chlorophyll_a
concentration, phytoplankton abundance, and selected nutrients, and represents the seasonal change in
primary production in the estuary.
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o Spatial Scale. No significant differences were observed in most of the water-property metrics
between the three habitat strata of Cottonwood Island (main channel, off-channel, wetland channel)
for any of the four synoptic sampling events (May, September, and November 2010; and May 2011).
The metrics analyzed included temperature, salinity, total suspended sediments, chlorophyll_a,
phytoplankton abundance, and nutrients; and particulate, dissolved and total organic carbon (TOC).

Management Implications and Recommendations: These data can be used to inform project
prioritization for restoration efforts in the LCRE. From a temporal perspective, the differences noted
between seasons have implications for the timing of peak primary production and its relationship to prey
resources and juvenile salmon growth and fitness, which remain to be elucidated through future research.
The similarity in results observed between habitat strata—in this case all strata were located around one
island in a single reach—illustrates the importance of spatial scale when considering the collection
location of water property data. That is, water appears to be well-mixed at this scale despite the presence
of different land cover types and plan-form channel morphometry in the three habitat strata; at larger
scales, gradients in water properties would be expected, (e.g. salinity, nutrients, organic matter quality)
and could be used to inform restoration effectiveness.

Reference: Appendix C.

3.3 Passage Barrier Accounting for a Habitat Connectivity Index
Prepared by Heida Diefenderfer

Problem Statement: Increasing the connectivity of wetland habitats available to juvenile salmon in
the LCRE is an objective of the habitat restoration program (Johnson et al. 2003). Measurement methods
are needed to assess the effectiveness of the program at achieving increased habitat connectivity.

Multi-Year Study Objective: 1

Research Objective: Conduct a “passage barrier accounting” assessment at the reach and ultimately
the estuary scale. In the 2009 first-year annual report of the Salmon Benefits study, we developed this
method and successfully pilot-tested it for a single tributary to the LCRE: the lower Grays River
floodplain, a tidal freshwater area.

Methods: The passage barrier accounting method is the simplest element of the suite of metrics
composing the habitat connectivity index proposed in the first year of this study (Diefenderfer et al.
2010a). The method involves subtraction of passage barriers that have been reduced or removed, through
restoration activities, from the set of previously existing barriers (i.e., from the baseline set in place at the
time of the 2000 BiOp). Trends in various metrics describing passage barriers were calculated during the
pilot test, including change in cross-sectional area of channels, change in top-width of dikes, and change
in available connected wetted habitat area in the channels and on the floodplain. Eventually, it is hoped
that availability of historical data will be sufficient to calculate the amount of change since an 1800s
historical baseline. For instance, it is expected that the 16.4% increase in habitat area from a year-2000
baseline shown by our pilot study of restoration actions at two sites at Grays River is only a small
percentage of the historically available wetted area. In 2010, we sought and compiled available data on
passage barriers at the estuary scale and passage barrier reduction for all restoration projects in the
estuary.
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Key Results: Expansion of the passage barrier accounting assessment to the reach and estuary scales
was more difficult than expected. Obtaining the required data was time-consuming and ultimately not
wholly successful because in some cases data needed for the accounting do not exist or cannot be found.
Typically, cross-sectional surveys are included in implementation and compliance monitoring
requirements associated with restoration activities; therefore, we expected that these data would be
available. In fact, several obstacles to obtaining the data were discovered during our 2010 effort. We
found that the record of projects implemented since the 2000 BiOp is structured based on funding. That
is, a “project” is a funding instance, not an on-the-ground activity. Thus, in our initial project inventory,
we found records of multiple projects associated with single restoration sites. For example, pre-
restoration assessments during which no restoration activities occurred were recorded as projects. After
reviewing materials from all major sponsors and implementers involved in the restoration program, we
found that no single list of all on-the-ground completed restoration projects in the LCRE existed. This
finding necessitated a substantial effort to interview project sponsors