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Abbreviation Definition

ADF&G Alaska Department of Fish and Game
AEA Alaska Energy Authority

ARIS Adaptive Resolution Imaging Sonar
ATS Advanced Telemetry Systems, Inc.
cfs cubic feet per second

CIRWG Cook Inlet Region Working Group
cm centimeter

CPUE catch per unit effort

DIDSON Dual Frequency Identification Sonar
FERC Federal Energy Regulatory Commission
FL fork length

ft feet

ft/s feet per second

GIS geographic information system
GPS global positioning system

HSC Habitat Suitability Criteria

ILP Integrated Licensing Process
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ISR Initial Study Report

km kilometer
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m Meter

mi mile

m/s meters per second

METF mid-eye to fork

MHW mean high water

MHz Megahertz

0z ounce

PRM Project River Mile

Project Susitna-Watana Hydroelectric Project
RPM revolutions per minute
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Abbreviation Definition
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EXECUTIVE SUMMARY

Salmon Escapement Study 9.7

Purpose

The primary goal of the study is to characterize the distribution, abundance,
habitat use, and migratory behavior of all species of adult anadromous salmon
across mainstem river habitats and select tributaries above the Three Rivers
Confluence. A second goal of this study is to estimate the distribution,
abundance, and migratory behavior of adult Chinook salmon throughout the
entire Susitna River drainage, and the coho salmon distribution and abundance
in the Susitna River above the confluence of the Yentna River.

Status

This multi-year study initiated in 2012, was carried out by ADF&G and
AEA’s contractors. Field work in the second study year was completed in
November 2013, and the data collected during 2013 has been summarized in
this report. Field work is scheduled to continue in the next year of study.

Study
Components

This study is comprised of eight major study objectives:

1) Capture, radio-tag, and track adults of five species of Pacific salmon in the
Middle and Upper Susitna River in proportion to their species-specific
abundance. Capture and tag Chinook, coho, and pink salmon in the Lower
Susitna River.

2) Characterize the migration behavior and spawning locations of radio-
tagged salmon in the Lower, Middle, and Upper Susitna River.

3) Characterize adult salmon migration behavior and timing within and above
Devils Canyon.

4) If shown to be an effective sampling method, and where feasible, use
sonar to aid in documenting salmon spawning locations in turbid water.

5) Compare historical and current data on run timing, distribution, relative
abundance, and specific locations of spawning and holding salmon.

6) Generate counts of adult Chinook salmon spawning in the Susitna River
and its tributaries to estimate the proportions of fish with tags for
populations in the watershed.

7) Collect tissue samples to support the Fish Genetic Baseline Study (ISR
Study 9.14).

8) Estimate the system-wide Chinook salmon escapement to the entire
Susitna River, the coho salmon escapement to the Susitna River above the
confluence with the Yentna River, and the distribution of Chinook, coho,
and pink salmon among tributaries of the Susitna River (upstream of
Yentna River confluence).

2013 Variances

AEA implemented the methods as described in the Study Plan with the
exception of the following variances. The significance of these variances is
discussed within the ISR.
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Salmon Escapement Study 9.7

1)

2)

3)

4)

Significant variances in 2013 included:

Due to CIRWG land access limitations, AEA did not operate a fishwheel
in Devils Canyon to supplement the Middle River fishing effort for
Chinook salmon (see Section 4.1.8.1). Instead, AEA increased the tagging
goal (from 400 to 560) and fishing effort at the Curry fishwheels. (RSP
Section 9.7.4.1).

AEA operated a floating picket weir and underwater video system on the
Indian River in 2013 to sample adult salmon for mark rates and size
distributions (to test capture probabilities at the tag and recovery locations;
see Section 4.1.8.3). The Study Plan (RSP Section 9.7.4.1.5) indicated
these samples would be collected on selected spawning grounds.

Due to CIRWG land access limitations, five of the fixed-station receiver
sites listed in the Study Plan (RSP Section 9.7.4.2.1) were not installed in
2013. Because of this, AEA added six new fixed-station receiver sites (see
Section 4.2.4). In addition, to compensate for the absence of fixed stations
within Devils Canyon (RSP Section 9.7.4.3), helicopter surveys for tagged
fish were flown through Devils Canyon daily starting in late June, and
twice daily during the period of Chinook salmon passage (see Section
4.3.5).

Due to high stream discharges, it was not safe or feasible to operate weirs
as recapture sites on Willow and Lake creeks, or the Talachulitna and
Middle Fork Chulitna rivers. Instead of Willow Creek, Montana Creek
was selected as a weir site in 2013; and sonar was operated on the
Talachulitna and Middle Fork Chulitna rivers. (RSP Section 9.7.4.8; see
Section 4.8.1 for more detail).

Steps to As explained in the cover letter to this draft ISR, AEA’s plan for completing
Complete the this study will be included in the final ISR filed with FERC on June 3, 2014.

Study

Highlighted Key findings of the 2013 study were:

Results and 1)
Achievements

The catch of adult salmon in fishwheels was strong, which enabled
tagging goals to be met or exceeded. AEA tagged 603 Chinook salmon
(536 large, 67 small) in the Middle Susitna River, and ADF&G tagged 698
large Chinook salmon in the Lower Susitna River and 692 large Chinook
salmon in the Yentna River.

2)

Chinook salmon continue to be the only salmon species tracked upstream
of the three passage impediments within Devils Canyon. In 2013, only
three radio-tagged Chinook salmon passed Devils Canyon, all of which
were tagged in the Middle River.

3)

None of the 698 Chinook salmon radio-tagged and released in the Lower
River were tracked into the Upper River. However, three of these fish
were tracked moving in Devils Canyon upstream of Impediment 2 but they
never moved upstream of the third impediment.
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4)

This study documented the timing and flows that occurred when fish were
moving through and upstream of Devils Canyon. The first successful
Chinook salmon passage past Impediment 1 occurred on June 30 when
flows exceeded 28,000 cfs at the Tsusena Creek Gage. No other fish
passed until July 11-17, when flows declined to between 14,383 and
16,876 cfs at the Tsusena Creek Gage. There was a period with no fish
passage from July 18-22 (in which flows exceeded 17,000 cfs at the
Tsusena Creek Gage), and then the final passage event occurred on July 24
with flows of 16,884 cfs at the Tsusena Creek Gage. Flows at the Tsusena
Creek Gage ranged from 14,383 cfs (July 13) to 18,848 cfs (July 30) when
the three Chinook salmon past Impediment 3.

5)

Of the 621 Chinook salmon radio-tagged in the Lower River in 2013 that
were tracked to spawning destination, 617 (99 percent) were tracked to
tributaries (mainly the Deshka, Talkeetna, Chulitna, or Yentna rivers), and
4 (1 percent) went to destinations in the mainstem Susitna River. Of the
500 coho salmon tagged in the Lower River that were classified by
destination, 478 (96 percent) went to tributaries (mainly the Yentna,
Deshka, Talkeetna, or Chulitna rivers) and 22 (4 percent) went to
destinations in the mainstem Susitna River. Of the 116 pink salmon tagged
in the Lower River that were classified by destination, 98 (84 percent)
went to tributaries (mainly the Deshka or Yentna rivers, or Montana or
Willow creeks) and 18 (16 percent) went to mainstem Susitna River
destinations.

6)

Of the 449 large Chinook salmon radio-tagged in the Middle River in
2013 that were tracked to a spawning destination, 422 (94 percent) were
tracked moving into Middle River tributaries (mainly Portage Creek or
Indian River) and 27 (6 percent) went to destinations in the mainstem
Susitna River. Of the 45 small Chinook salmon tagged in the Middle River
that were classified by destination, 42 (93 percent) went to tributaries
(mainly Indian River or Portage Creek), and 3 (7 percent) went to
destinations in the mainstem Susitna River. Of the 164 chum salmon
radio-tagged in the Lower River that were classified by destination, 147
(90 percent) went to tributaries (mainly Portage Creek, or Indian or
Talkeetna rivers) and 17 (10 percent) went to destinations in the mainstem
Susitna River. Of the 173 coho salmon classified by destination, 154 (89
percent) went to tributaries (mainly Talkeetna, Chulitna, or Indian rivers)
and 19 (11 percent) went to mainstem Susitna River destinations. Of the
166 pink salmon radio-tagged in the Middle River that were classified by
destination, 151 (91 percent) went to tributaries (primarily Indian or
Talkeetna rivers, and Portage, Fourth of July, or Lane creeks), and 15 (9
percent) went to destinations in the mainstem Susitna River. Of the 92
sockeye salmon classified by destination, 44 (48 percent) went to
tributaries (mainly Chulitna, Talkeetna, or Indian rivers, or Portage Creek)
and 48 (52 percent) went to destinations in the mainstem Susitna River.
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7)

A weir and underwater video system were operated successfully on the
lower Indian River from June 26 to August 20. The number of fish moving
upstream past the weir included 1,405 Chinook (6.3 percent were tagged),
12,906 chum, 525 coho, 37,181 pink, and 127 sockeye salmon adults.

8)

Based on the 411 coho salmon radio-tagged in the Lower River that
appeared to spawn above the tagging site, and 22,906 fish inspected for
tags at the Deshka River and Montana Creek weirs, the estimated
escapement of coho salmon to the Susitna River above the Yentna River
confluence was 130,026 (SE = 24,342). Of these, an estimated 29,215 (SE
= 5,386) spawned in the Deshka River drainage, 13,372 (SE = 2,277)
spawned in the Talkeetna River drainage, 11,038 (SE = 1,837) spawned in
east side tributaries below the Talkeetna River, 31,204 (SE = 6,604)
spawned in west side tributaries or in or near the mainstem between the
Chulitna and Deshka rivers, 36,844 (SE = 6,726) spawned in the Chulitna
River drainage, and 8,313 (SE = 1,566) spawned in tributaries or in or near
the mainstem between the Chulitna River and Devils Canyon.

9)

Based on 568 Chinook salmon radio-tagged in the Lower River that
appeared to spawn above the tagging site, and an estimated 19,952
Chinook salmon measuring 50 cm METF or greater inspected for tags at
the Deshka River and Montana Creek weirs, the estimated escapement of
Chinook salmon to the Susitna River above the Yentna River confluence
was 89,463 (SE = 9,523). Of these, an estimated 18,469 (SE = 1,573)
spawned in the Deshka River drainage, 24,408 (SE = 3,008) spawned in
the Talkeetna River drainage, 16,867 (SE = 1,873) spawned in east side
tributaries below the Talkeetna River, 2,432 (SE = 259) spawned in west
side tributaries or in or near the mainstem between the Chulitna and
Deshka rivers, 19,607 (SE = 2,161) spawned in the Chulitna River
drainage, and 7,680 (SE = 898) spawned in tributaries or in or near the
mainstem between the Chulitna River and Devils Canyon.
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1. INTRODUCTION

On December 14, 2012, Alaska Energy Authority (AEA) filed its Revised Study Plan (RSP) with
the Federal Energy Regulatory Commission (FERC or Commission) for the Susitna-Watana
Hydroelectric Project, FERC Project No. 14241, which included 58 individual study plans (AEA
2012). Included within the RSP was the Salmon Escapement Study, Section 9.7. RSP Section
9.7 focuses on characterizing the current distribution, abundance, habitat use, and migratory
behavior of all species of adult anadromous salmon (Oncorhynchus spp.) across mainstem river
habitats and select tributaries above the Three Rivers Confluence (i.e., confluence of the Susitna,
Chulitna, and Talkeetna rivers).

On February 1, 2013, FERC staff issued its study determination (February 1 Study Plan
Determination [SPD]) for 44 of the 58 studies, approving 31 studies as filed and 13 with
modifications. RSP Section 9.7 was one of the 13 approved with modifications. In its February
1 SPD, FERC recommended the following:

We recommend the study be modified to require AEA to extend the operation of its Curry Station
fishwheels at RM 120 through the entire month of September.

We recommend the study be modified to require AEA to include in the initial study report an
evaluation, based on site-specific data obtained during the 2013 study season, of the feasibility
of putting in a weir or sonar counting station at or near the dam site during the 2014 study
season to provide an accurate count of any resident or anadromous fish that are successfully
able to migrate upstream through Devils Canyon into the project area.

On April 26, 2013, the Commission issued a determination requiring no additional changes to
this study. AEA adopted the modifications outlined in FERC’s February 1 SPD as part of the
approved study plan.

Following the first study season, FERC’s regulations for the Integrated Licensing Process (ILP)
require AEA to “prepare and file with the Commission an initial study report describing its
overall progress in implementing the study plan and schedule and the data collected, including an
explanation of any variance from the study plan and schedule.” (18 CFR 5.15(c)(1)) This Initial
Study Report on Salmon Escapement has been prepared in accordance with FERC’s ILP
regulations and details AEA’s status in implementing the study, as set forth in the FERC-
approved RSP and as modified by FERC’s February 1 SPD (collectively referred to herein as the
“Study Plan”).

2. STUDY OBJECTIVES

The study objectives were established in RSP Section 9.7.1.2, and include:

1) Capture, radio-tag, and track adults of five species of Pacific salmon in the Middle
and Upper Susitna River in proportion to their species-specific abundance. Capture
and tag Chinook, coho, and pink O. gorbuscha salmon in the Lower Susitna River.
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2) Characterize the migration behavior and spawning locations of radio-tagged salmon
in the Lower, Middle, and Upper Susitna River.

3) Characterize adult salmon migration behavior and timing within and above Devils
Canyon.

4) If shown to be an effective sampling method, and where feasible, use sonar to aid in
documenting salmon spawning locations in turbid water in 2013 and 2014.

5) Compare historical and current data on run timing, distribution, relative abundance,
and specific locations of spawning and holding salmon.

6) Generate counts of adult Chinook salmon spawning in the Susitna River and its
tributaries to estimate the proportions of fish with tags for populations in the
watershed.

7) Collect tissue samples to support the Fish Genetic Baseline Study (Study 9.14).

8) Estimate the system-wide Chinook salmon escapement to the entire Susitna River, the
coho salmon escapement to the Susitna River above the confluence with the Yentna
River, and the distribution of Chinook, coho, and pink salmon among tributaries of
the Susitna River (upstream of Yentna River confluence) in 2013 and 2014.

3. STUDY AREA

As established by RSP Section 9.7.3, the study area encompasses the Susitna River from Cook
Inlet upstream to the Oshetna River, or as far upstream as Chinook salmon are detected (Figure
3-1), with an emphasis on wherever salmon spawn in mainstem habitats of the Susitna River.
The mainstem Susitna River was divided into three segments: the Lower River (Project River
Mile [PRM] 33-102.4), Middle River (PRM 102.4-187.1), and Upper River (PRM 187.1—
261.3). RSP section 9.7.3 used Historical River Miles (RM) which are: Lower River (RM 30—
98), Middle River (RM 98-184), and Upper River (RM 184-260). Devils Canyon extends from
approximately PRM 153.4 to PRM 166.1 (RM 150 to 163, respectively). Within Devils Canyon,
the channel constricts and increases in vertical gradient to form three potential fish passage
impediments (referred to as Impediments 1, 2, and 3) that may block or delay fish passage (see
Section 3.2 in AEA [2013] for more detail on the impediments).

4. METHODS

Descriptions of the study methods are organized below by objective. This is a multi-year study
initiated in 2012. The methods below refer to research conducted in 2013 and planned for a next
year of study.
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4.1. Objective 1: Capture, radio-tag, and track adults of five species
of Pacific salmon in the Middle and Upper Susitna River in
proportion to their abundance. Capture and tag Chinook, coho,
and pink salmon in the Lower Susitna and Yentna rivers.

AEA implemented the methods with respect to Objective 1 as described in the Study Plan with
the exception of variances explained below (Section 4.1.8). Tasks to address Objective 1 were
listed in RSP Section 9.7.4.1.

41.1. Fish Capture

In the Lower River, two fishwheels and gillnets were used to capture adult salmon for tagging in
2013. The fishwheels were operated at locations that were fished in 2010-2012 (Figure 3-1).
One fishwheel operated on the west bank of the Lower River at PRM 33.4 for 1,061 hours from
June 3 to August 31, and the second fishwheel operated on the east bank at PRM 34.2 for 1,050
hours from June 3 to August 31 (Figure A-1). From June 3 to July 2, gillnets were fished in the
vicinity of the fishwheels for a total of 39.6 hours (Figure A-2). The gillnets were 5.5 inch (in;
stretch) or 7.5 in mesh, multi-strand web, 50-150 feet (ft) long, and 60 meshes deep. Seventeen
percent of the effort was with 7.5-in mesh and 83 percent with 5.5-in mesh.

In addition, two fishwheels and gillnets were used on the lower Yentna River, and in the same
locations as had been operated for three decades (Figures 3-1). One fishwheel operated on the
south bank of the Yentna River (river mile 6) for 167 hours June 3-30, and the second fishwheel
operated on the north bank of the Yentna River (RM 6) for 166 hours June 2-29 (Figure A-3).
There was effort for both fishwheels every day in 2013, and both fishwheels achieved the
targeted effort (12 hours/day) on nearly every day. From June 3 to 22, gillnets (5.5 and 7.5-in
mesh) were fished in the vicinity of the fishwheels for a total of 74.1 hours (effort was split
equally between mesh sizes; Figure A-4).

In the Middle River, three fishwheels and a beach seine were used to capture adult salmon for
tagging in 2013. Two of the fishwheels were operated at the same two locations used in 1981—
1985 and in 2012 (sites 1 and 2; Figures 3-1 and 4.1-1). From June 9 to September 17, one
fishwheel operated for 1,167 hours (48.5 percent of the time it was in place) on the west bank of
the Susitna River at Site 1 (PRM 124.1; Figure A-5). Excluding the days it did not operate, daily
fishing effort at Site 1 averaged 13.6 hours (range: 5.1-24 hours). The targeted amount of daily
fishing effort at Site 1 varied by period: 18 hours from June 9 to 27 and July 4 to 22; 24 hours
from June 28 to July 3; 10—12 hours from July 23 to August 22; and 9 hours from August 23 to
September 17. The Site 1 fishwheel did not operate during high water and heavy debris loads
(August 22-23), or during low-water periods (July 18-22, August 9—11, August 18, and after
September 17).

From June 13 to September 16, the second fishwheel operated for 1,150 hours (50.4 percent of
the time it was in place) on the east bank of the river at Site 2 (PRM 123.0; Figure A-5). Daily
fishing effort averaged 12.5 hours (range: 4.5—18.4 hours). Targeted daily fishing effort varied at
Site 2: 18 hours from June 13 to 27 and July 4 to 16; 13—14 hours from June 28 to July 3; 12
hours from July 17 to August 21; and 9 hours from August 24 to September 16. The Site 2
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fishwheel did not operate during high water and heavy debris loads (July 19, July 22, and
August 22-23).

A third fishwheel was operated from July 17 to September 30 (550 hours of effort; 30.6 percent
of the time it was in place) at a new site in 2013 (Site 3), which was located on the west bank of
the Susitna River at PRM 126.0 (Figure A-5). Daily fishing effort averaged 10.2 hours (range:
2.2—-12.5 hours). Targeted daily fishing effort varied at Site 3: 12 hours from July 18 to August 4
and August 8 to 20; 8 hours from August 5 to 7; and 9—10 hours from August 28 to September
30. The Site 3 fishwheel was not operational during high water (August 22-26, August 30-31,
and September 2—16).

On September 25, two sets were made using a beach seine (80 ft long, 7 ft deep, 0.75-in mesh) at
the mouth of Fourth of July Creek targeting adult coho salmon for radio-tagging.

The Middle River fishwheels consisted of aluminum pontoons, three baskets, and two partially
submerged live tanks for holding fish in river water. A tower and winch assembly were used to
adjust the height of the baskets and ensure that the baskets were fishing within 20 centimeters
(cm; 7.9 in) of the river bottom. Net leads were installed between fishwheels and the adjacent
riverbank to direct fish away from the bank and into the path of the fishwheel baskets.
Fishwheels were operated 8—24 hours per day. A two-person crew staffed the fishwheels during
operations; when the crew was absent from the fishwheel for more than one hour, the fishwheel
baskets were raised from the water and stopped. Fishwheels operated in the Lower River were
of similar construction, operated in a similar manner, and were staffed at all times during
operation (Yanusz et al. 2011).

4.1.2. Radio-tagging

Pulse-coded, extended-range tags by Advanced Telemetry Systems, Inc., (ATS;
www.atstrack.com) were applied to a subset of salmon captured in the Lower and Middle rivers.
There were 100 unique codes on each available frequency. Model F1835B transmitters were
used for pink salmon (16 grams [g; 0.6 ounces (0z)], 30 cm [11.8 in] antenna, 96-day battery
life); Model F1840B tags for chum, coho, and sockeye salmon (22 g [0.8 o0z], 30 cm [11.8 in]
antenna, 127-day battery life); and Model F1845B tags for Chinook salmon (26 g [0.9 oz], 41 cm
[16.1 in] antenna, 162-day battery life). All transmitters were equipped with a mortality sensor
that changed the signal pattern to an “inactive” mode for the remainder of the season once the tag
became stationary for 24 hours. All of the radio tags were labeled with return contact
information. Each tag was tested immediately prior to deployment to ensure it was functioning
properly upon release.

In the Lower River, only uninjured Chinook salmon with mid-eye to fork (METF) length of 50
cm (19.7 in) or greater (herein referred to as ‘large’), and coho and pink salmon with METF
length of 40 cm (15.7 in) or greater, were radio-tagged. Unless otherwise noted, all subsequent
references to adult salmon sizes refer to METF lengths. All fish to be tagged were placed in a
water-filled cooler. No anesthesia was used in order to minimize handling time and tagging
effects. Radio tags were inserted through the fish’s mouth into the stomach, using a piece of
PVC tubing ('/3-in diameter and 18 in long), with the tag antenna left to protrude from the
mouth. All radio-tagged salmon were measured to determine METF length (to the nearest
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centimeter), and Chinook and coho salmon only were tissue sampled (axillary process) for
genetic baselines (see Section 4.7).

In the Middle River, only uninjured adult fish that met or exceeded a specific length threshold
were radio-tagged, including: large Chinook measuring 50 cm (19.7 in) or greater in length;
Chinook measuring 3049 cm (11.8-19.3 in) in length (herein referred to as ‘small’); and chum,
coho, pink, and sockeye salmon measuring 40 cm (15.7 in) or greater in length. All fish to be
tagged were placed in a water-filled, foam-lined, V-shaped trough. To minimize handling time
(i.e., achieve less than 2 minutes per fish) and tagging-related effects on fish behavior, anesthetic
was not used. Radio tags were inserted orally into the stomach of the fish using a piece of PVC
tubing ('/3-in diameter and 18 in long) with the tag antenna left to protrude from the mouth. All
radio-tagged salmon were measured to determine METF length (to the nearest centimeter) and
sexed based on external morphological characteristics (coloration, body and fin shape, jaw
morphology). All radio-tagged Chinook salmon (small and large) captured at the Middle River
fishwheels were marked with a blue spaghetti tag to assess tag loss, evaluate the effects of
spaghetti-tagging on post-handling behavior and final spawning destination, and provide an
external mark for anglers to recognize fish that had a radio tag. Half of the radio-tagged
Chinook, coho, and sockeye salmon were sampled for scales (to age), and all radio-tagged
salmon were tissue sampled (axillary process) for genetic baselines (see Section 4.7). To
minimize any effects from fish holding, salmon were typically tagged immediately upon capture.
All fish were released immediately after tagging. All fish captured were inspected for radio and
spaghetti tags.

4.1.3. Spaghetti-tagging

In the Middle River, spaghetti-tagging was used to augment the ability to test assumptions about
the representativeness of fish captured in the fishwheels. The fishwheels captured more fish of
some species than were needed for radio-tagging alone, and additional marking of these fish
provided more information to test assumptions about how representative the captured fish were
of the population of fish passing fishwheel sites than the radio tags alone. A portion of these
additional fish captured were spaghetti-tagged, and this portion varied among species according
to availability of fish above radio-tagging goals and the opportunities available for examining
fish subsequent to the tagging event.

Based on 2012 fishwheel catches at Curry, it was anticipated that a large number of chum
salmon, a limited number of Chinook and sockeye salmon, and few to no coho salmon above
those needed to meet daily radio-tagging goals would be available for spaghetti-tagging in 2013.
It was also expected that an insufficient number of pink salmon could be spaghetti-tagged in
order to develop defensible mark-rate estimates since it was an “off-peak” year. Unexpectedly, a
large number of chum, coho, and pink salmon were available for spaghetti-tagging, so tags were
implanted and fish were released.

4.1.4. Daily Tagging Goals

Recent (2012) and historical (1981-1985) fishwheel catches, effectiveness, and salmon run
timing guided tag application rates over the season. For the Lower River, the study team met or
came close to the majority of the species-specific, 2013 tagging goals. For Chinook salmon the
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goal was to radio-tag 300 fish per fishwheel; numbers tagged were 385 salmon from the west
bank fishwheel, and 195 from the east bank fishwheel (Table A-1; Figure A-6). The goal for
gillnetting was 100 Chinook salmon, and 118 salmon were actually radio-tagged. For coho
salmon at the Lower River site, the goal was to radio-tag 300 fish per fishwheel; actually tagged
numbers were 343 coho salmon from the west bank fishwheel, and 253 from the east bank
fishwheel (Table A-1; Figure A-6). The difference was the result of re-apportioning radio tags
inseason according to catches. The number of pink salmon tagged was similar to the tagging
goal of 100 fish per fishwheel, with 99 radio-tagged from the west bank fishwheel, and 98 from
the east bank fishwheel (Table A-1; Figure A-6).

The tagging goals for the Yentna River fishwheels were not met in 2013; however, the goal for
tagging fish captured by gillnet was exceeded, so overall goal of tagging 700 Chinook salmon
was almost met. The goal for radio-tagging Chinook salmon was 300 fish per fishwheel; instead,
145 fish were radio-tagged in the north bank fishwheel, and 278 in the east bank fishwheel
(Table A-2; Figure A-7). The goal for gillnetting was 100 fish, while 267 fish were actually
radio-tagged. Consistently low catches in both fishwheels, especially the north bank fishwheel,
led to re-apportioning the radio tags in-season.

In the Middle River, the revised goal of this study was to radio-tag 560 large Chinook salmon
(from an initial goal of 400) and, as outlined in the Study Plan, 200 each of chum, coho, pink,
and sockeye salmon. As was done in 2012, the early season radio-tagging rates of fish captured
in the fishwheels were developed prior to the season, and were based on average historical run
timing and expected daily fishwheel catches at Curry. These initial radio-tagging rates were
adjusted in-season using run-timing information from the fishwheels in the Lower River, and the
ratio of current year’s daily catch at Curry to the expected daily fishwheel catch based on
historical data. All species-specific goals were met with the exception of sockeye salmon.

Final 2013 radio-tagging numbers in the Middle River were 603 Chinook (536 large, 67 small),
201 chum, 242 coho, 200 pink, and 139 sockeye salmon (Table A-3; Figure A-8).

4.1.5. Numbers and Size of Marked and Unmarked Fish at Selected Locations
4.1.5.1. Lower River and Yentna River

The primary goal of radio-tagging Chinook salmon in the Lower River and Yentna River was to
estimate their system-wide abundance. This goal and tests of underlying assumptions are
addressed under Objective 8 in Section 4.8.

4.1.5.2.  Middle River

To test if Chinook, chum, pink, and sockeye salmon passing the fishwheels were equally
vulnerable to being captured and radio-tagged, fish were examined in a tributary stream (i.e.,
Indian River) to develop two primary metrics: estimates of the proportion of fish tagged (mark
rate), and the size distributions of tagged and untagged fish.

From June 26 to August 20, 2013, a picket weir was operated on the lower Indian River,
approximately 1.6 river miles from the confluence with the Susitna River (Figure 3-1), to free-
pass upstream and downstream moving adult fish past underwater video cameras. The weir was
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located far enough upstream to minimize the number of fish milling at the weir, yet far enough
downstream to ensure the majority of fish returning to the river would be available to count
passing through the video chute.

The underwater video system at the weir was operated 24 hours a day, and collected 1,300 hours
of video footage from June 26 to August 20 (Figure B-1). Two high-water events occurred
during the operational period of the weir. During the first high-water event from July 19 (9:31
P.M.) to July 20 (3:26 P.M.), the video-recording equipment was temporarily removed from the
chute for approximately 18 hours. The second high-water event occurred August 19-25; and on
August 20 (12:00 p.M.) all video-recording equipment was permanently removed and weir
operations ended for the season. Of the video imagery collected, 981 hours (75.5 percent) was
reviewed in full (including all video obtained during the Chinook salmon run) and 319 hours
(24.5 percent) was sub-sampled (15 minutes per hour; Figure B-1). Full review (24 hours/day)
of video imagery for each hour was performed June 26 through August 1. From August 2 to 20,
full review was performed from 0:00-1:00 A.M. and 8:00 P.M. to midnight, at a minimum, for
each calendar day. For sub-sampled periods, species-specific counts were expanded (i.e.,
multiplied by four) to estimate the total count for each hour. For each salmon that passed
through the chute, crews recorded the date/time, species, direction of travel (upstream,
downstream), sex, fork length (FL; in cm), and whether a radio or spaghetti tag was observed.
All fork lengths were converted to mid-eye to fork lengths using species-specific regression
equations derived at Curry in 2012 (see Table 3 in AEA [2013]). The net upstream count of all
salmon (by species) was estimated, and counts were made of all other fish species at the weir.

Net passage of fish at the weir, by species, was determined by subtracting the total number of
downstream-moving fish (tagged and untagged) from the total number of upstream-moving fish.
A positive number indicated a net upstream movement of fish and a negative number indicated a
net downstream movement of fish. Accounting for the direction of fish movement reduced the
potential for bias when individuals moved back and forth through the video chute, in some cases
repeatedly; as all five salmon species (as well as other fish species) milled in the vicinity of the
weir. Species-specific mark rates were estimated by dividing the net numbers of marked fish
estimated to have passed the weir by the total number of fish counted through the chute on the
video imagery. The numbers of passing chum, coho, and pink salmon that were spaghetti-tagged
in the Middle River were estimated from fish inspected for tags on the video imagery. The
numbers of passing fish that were radio-tagged in the Middle River were estimated from
detections at a fixed-station receiver site located at the weir, and from aerial telemetry surveys.
Radio-tagged chum, coho, pink, and sockeye salmon did not receive a spaghetti tag at the Middle
River fishwheels, so video imagery was not a reliable method for identifying radio-tagged fish
(radio-tag antennas were difficult to see protruding from the mouth).

Aerial spawner surveys were also used to count live and dead fish. Combined with fixed-station
and aerial telemetry data, these provided a second set of counts of marked and unmarked fish in
Indian River.

4.1.6. Examining Handling-Induced Changes in Behavior

An assumption of this study is that the behavior of radio-tagged fish was not materially affected
by the capture and handling process. By materially affected, AEA means that the capture and
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tagging did not affect the final spawning destination of a fish and/or its migration behavior once
it had recovered from the tagging event and resumed its migration. If (and when) sufficient
genetic structure can be found among stocks of various species in the Susitna River, genetics
could offer a reasonably good test of whether handling may have influenced the final destination
of tagged fish. Until then, this assumption cannot be tested directly, but there are several indirect
ways to assess the potential for handling effect.

As stated in RSP Section 9.7.4.1.6, potential handling affects were evaluated based on the
survival and travel time of tagged fish, tag mark rates at spawning location, and the post-release
migratory behavior of tagged fish recaptured in fishwheels.

Note that a potential handling effect will not pose an analysis issue if the effect is binomial in
nature, i.e., simply a significant “on” or “oft” with any individual fish. The study design allowed
for some fish dropping back and not resuming their upstream migration, by removing these fish
from the experiment and subsequent analyses. The potential handling effects would be of issue
if the effects were more subtle and went undetected but materially affected fish behavior.

41.7. Assessing Any Stock- and Size-selective Capture

Fish were randomly selected from the fishwheels for tagging. To assess whether these fish were
representative of all fish in the river, several assumptions were tested. The assumption of equal
probability of capture across fish from all spawning destinations was tested indirectly by
examining several sources of information. If there were unequal probabilities of capture among
spawning stocks, it would be caused by, and manifest itself, in multiple ways. These issues were
addressed for fish tagged at the Lower and Middle River sites.

4.1.7.1. Lower River

The assumption that radio-tagged salmon represent the population of salmon passing the tagging
site was evaluated for Chinook and coho salmon tagged at the Lower River site in the framework
of the mark-recapture experimental design. Heterogeneity in probability of capture was
investigated by fish size (length MEF), spatially and temporally using mark-recapture diagnostic
tests described by Seber (1982). These diagnostic tests, along with model selection procedures
based on test results to minimize bias in estimates of abundance and distribution of spawners, are
described more explicitly in Cleary et al. (2013). These tests have not yet been performed for
Chinook salmon radio-tagged in the Yentna River because length and date of passage data from
the Talachulitna River ARIS sonar site were not available in time to be included in this ISR.

The evaluations of the assumption of equal probability of capture and radio-tagging for all
Chinook or coho salmon passing the lower mainstem tagging site are based on characteristics of
all fish counted passing the Montana Creek and Deshka River weirs and of all marked fish
“recaptured” at these weirs. Independent tests are performed for data from each weir site to
evaluate equal probability of capture by size and temporally, while spatial tests require the data
from both weirs.
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4.1.7.1.1.  Equal Probability of Capture by Size

Equal probability of capture by size was evaluated using the Kolmogorov-Smirnov (KS) two-
sample test. This test determines if the distribution of lengths from all fish passing a weir site are
similar to recaptured (radio-tagged) fish passing the weir site. Under the null hypothesis, the
probability that a fish is radio-tagged is independent of the size of the fish, and the cumulative
distribution function of the lengths of all fish passing a weir site are expected to be similar to the
function of all recaptured fish passing that weir site. A significant test statistic from the KS test
provides evidence for rejecting the null hypothesis in favor of the alternative that the probability
that a fish was tagged was related to fish size.

4.1.7.1.2.  Equal Probability of Capture Over Time

Equal probability of capture over time was evaluated using contingency table analysis with the
x2 test for independence. For a weir site, the observations of numbers of fish passing the weir by
day and number of recaptures passing the weir by day are divided into 2 to 6 pairs of cells by
time period with approximately uniform sample sizes in each pair of cells. For each pair of cells,
one contains the number of recaptured fish and the second contains the number of unmarked fish
accounted for in the time period. Under the null hypothesis that the probability that a fish is
radio-tagged is independent of when it passed the tagging site, it is expected that the marked-
unmarked ratios of fish observed at each weir site are independent of time. This analysis
determines if the ratio of marked-unmarked fish observed at each weir site is independent of
time. A significant test statistic from the x2 test provides evidence for rejecting the null
hypothesis in favor of the alternative that the probability that a fish was tagged was related to
when it passed the tagging site.

4.1.7.1.3.  Spatial Variation in Probability of Capture

Spatial variation in probability of capture was also evaluated using contingency table analysis,
using a 2x2 table containing the numbers of marked and unmarked fish observed at each of the 2
weir sites. This analysis determines if the marked-unmarked ratios of fish observed at each weir
site are similar. If they are similar then the probability of tagging is independent of which
tagging site (east or west bank (fishwheels) or midstream (gillnet sites) it passes. Under the null
hypothesis that the probability that a fish is radio-tagged is independent of whether it passes the
tagging site near the east or west banks (fishwheel sites) or nearer midstream (gillnet sites), it is
expected that the marked-unmarked ratios of fish observed at each weir site are similar. A
significant test statistic from the x2 test provides evidence for rejecting the null hypothesis in
favor of the alternative that the probability that a fish was tagged was related where or possibly
when it passed the mainstem Susitna tagging site. Evaluation of a significant test statistic for this
test requires consideration of both temporal and geographic variation in probability of capture, as
a significant statistic could be a function of travel times from the tagging site to the weir site, as
well as bank orientation of the salmon at the tagging site.
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4.1.7.2. Middle River
4.1.7.2.1. Fishwheel effectiveness across time

The main assumption of this study component is that the radio tags were deployed at the
fishwheels in proportion to abundance for each species. To help evaluate this assumption at the
Middle River fishwheels, the relative effectiveness of one Middle River fishwheel (at Site 1) was
determined, from a ratio of the number of fish caught to the number of fish observed. Fish were
observed with an Adaptive Resolution Imaging Sonar (ARIS) system operated in close proximity
to the fishwheel across multiple time periods and river discharges. ARIS was also used to
qualitatively assess fish approach behavior at the fishwheel relative to discharge and fish
abundance. From June 7 to September 30, one ARIS unit operated 24 hours per day on the right
bank of the Susitna River. The unit was located immediately downstream of the Site 1 fishwheel
(Figure 4.1-1; Figure A-9). Daily review effort for Unit 1 varied over the season, and ranged
from 24 hours per day (June 7-26), every second day (June 27 to July 12, and September 1-30),
to no review effort (July 13 to August 29). A second ARIS unit was installed to sample fish
migrating farther offshore. Unit 2 was operated from September 12 to 30, with 100 percent
review effort (Figure A-9). The sonar sampling area was 0.67—10.7 meters (m; 2.2-35.1 ft) for
Unit 1, and 9.2-24.9 m (30.2-81.7 ft) for Unit 2, which provided a 1.5 m (4.9 ft) overlap in
coverage between the units.

The catch-per-unit-effort (CPUE; fish per fishwheel hour) for each fishwheel over time and
across a range of discharges was also evaluated.

4.1.7.2.2.  Differences among stocks

To assess whether fish from a particular spawning area were right or left bank-oriented with
respect to the capture site, the proportion of fish migrating into specific areas was compared to
the collection bank. One concern was that mainstem fish could be more vulnerable to the
fishwheels because they linger or mill upstream and downstream of capture sites. Recaptures of
radio-tagged fish at the tagging site fishwheels provided a good test of whether milling fish were
exposed to greater capture rates. In addition to quantitative and qualitative assessment of
subsequent behavior of these recaptured fish, the final destinations (mainstem/tributary) of
recaptured fish were compared to other tagged fish to determine whether fish that spawned in the
mainstem were recaptured at a higher rate.

Size-related selectivity was tested using (KS) two-sample tests. For each species, comparisons
included the cumulative length-frequency distributions of (1) radio-tagged and spaghetti-tagged
fish and those fish randomly sampled at the Indian River weir; (2) radio-tagged and spaghetti-
tagged fish and all other fish sampled for length at the Middle River fishwheels; and (3) radio-
tagged and spaghetti-tagged fish captured in individual fishwheels.

4.1.8. Variances
4.1.8.1.  Fish Capture

RSP Section 9.7.4.1 indicated that, if feasible, AEA would operate a fishwheel in Devils Canyon
below the impediments from late June through late July in 2013 to supplement the Middle River
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fishing effort for Chinook salmon. The purpose of this recommendation was to explore whether
it was possible to increase the sample size of radio-tagged Chinook salmon moving into and
above Devils Canyon. However, land-access limitations precluded siting a fishwheel in Devils
Canyon in 2013. Once it was determined that land access would not be available, AEA
developed an alternative to increase the numbers of tagged fish in Devils Canyon, subject to the
availability of additional tags from the tag vendor. Specifically, AEA increased the tag goal
from 400 to 560 fish, and increased daily fishing effort at the fishwheels located near Curry
(from a maximum of 12 hours/day to as high as 24 hours/day). This variance did not affect
achieving study Objective 1.

RSP Section 9.7.4.1 indicated that two fishwheels would be used at Curry, in a similar fashion to
what was done in 2012. AEA began the season with two fishwheels at the same sites as in 2012,
and in July deployed a third fishwheel. This was needed due to changes in the river channel that
occurred following the 2012 field season which made water velocities slower at the right bank
fishwheel site (PRM 124); considerable effort was required to keep this fishwheel operating
effectively, particularly during low water. A new third site was found (Site 3, right bank, PRM
126) that was more effective at lower discharges. Fishing began at Site 3 on July 17. This
variance increased the likelihood of achieving Objective 1. AEA plans to operate a third
fishwheel for the next year of study.

4.1.8.2. Radio-tagging

RSP Section 9.7.4.1.2 indicated that only large Chinook salmon would be radio-tagged in 2013.
However, 536 large and 67 small Chinook salmon were radio-tagged. By late June, it became
apparent that small Chinook salmon comprised a substantial portion of the total Chinook salmon
catch in 2013, and the revised radio tag target for large Chinook salmon (560) might not be met.
Given that small Chinook salmon behavior could help characterize spawning locations, it was
deemed worthwhile to apply some tags to this segment of the population. Subsequently, all
available large Chinook salmon were tagged while a sub-sample of small fish were tagged. All
subsequent analyses stratified results by these two size groups, and therefore this did not bias
results. This variance did not affect achieving study Objective 1. AEA plans to radio-tag small
Chinook salmon again in the next year of study to ensure that all sizes are represented.

4.1.8.3. Assessing Any Stock- and Size-selective Capture

RSP Section 9.7.4.1.5 indicated that Chinook, sockeye, and chum salmon would be examined on
selected spawning grounds to test whether fish were equally vulnerable to being captured and
radio-tagged. However, results from spawning ground surveys in 2012 indicated that it was
going to be difficult to achieve useful sample sizes from surveying spawning grounds on foot
and from the water. Therefore, AEA determined that a floating picket weir and underwater
video system on the lower Indian River would be a more effective means of examining a large
number of fish in 2013. The same two metrics (i.e., mark rate and size distribution of
tagged/untagged fish) were developed from fish counts at the weir that would have been
developed from spawning ground surveys. In addition, the weir allowed development of these
metrics for pink salmon. This variance increased the likelihood of AEA achieving study
Objective 1. AEA plans to operate the Indian River weir again in the next year of study.
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In RSP Section 9.7.4.1.6, AEA indicated that the upstream movements of tagged fish that were
subjected to different holding densities and times in the fishwheels would be compared.
However, crews continuously monitored the fishwheels while they were operated and tagged
individual fish soon after they were captured. This resulted in brief holding times, generally less
than 25 minutes, and consistently low densities of fish in holding tanks. Due to the similarity of
holding conditions for all tagged fish, a comparison of post-release survival and migration
behavior was determined to be unnecessary in 2013. This variance did not affect achieving study
Objective 1. AEA plans to use the same approach for the next year of study.

RSP Section 9.7.4.1.7 indicated that the sex and age composition of radio-tagged fish would be
used to assess fishwheel selectivity in 2013. Early on in the 2013 field season, it became clear
that correctly identifying fish sex, based on external morphological characteristics, would be
difficult at the Middle River fishwheels; therefore, these comparisons were not attempted.
Results of scale analyses to determine fish ages were not available at the time this report was
prepared. In light of the fact that size selectivity was tested in 2013, and that fish were randomly
selected for tagging, this variance should not affect achieving study Objective 1. AEA plans to
use the same approach for the next year of study.

4.2. Objective 2: Determine the migration behavior and spawning
locations of radio-tagged fish in the Lower, Middle, and Upper
Susitna River

AEA implemented the methods with respect to Objective 2 as described in the Study Plan with
the exception of variances explained below (Section 4.2.4). Tasks to address Objective 2 were
listed in RSP Section 9.7.4.2.

Three groups of radio-tagged fish were tracked: (1) adult Chinook, coho, chum, pink, and
sockeye salmon radio-tagged at the Middle River fishwheels (PRM 123-126); (2) Chinook,
coho, and pink salmon radio-tagged in the Lower River (PRM 33-34); and (3) Chinook salmon
radio-tagged in the lower Yentna River (Figure 3-1). The three study components and data
analyses were tightly coordinated. All mobile (aerial, boat, and foot) and fixed-station receiver
data were analyzed together, and analysis products were characterized in a consistent manner.

The primary function of the telemetry component was to track these tagged fish spatially and
temporally with a combination of fixed and mobile receivers. Time/date stamped, coded radio
signals from tags implanted in fish were recorded by fixed-station or mobile positioning. All
telemetry gear (tags and receivers) was provided by ATS.

The types of behavior characterized included the following:

Arrival and departure timing at specific locations/positions

Direction of travel

Residence time at specific locations/positions

Travel time between locations/positions

Identification of migratory, holding, and spawning time and locations/positions
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e Movement patterns in and between habitats in relation to water conditions (e.g.,
discharge, temperature, and turbidity)

These data, in conjunction with habitat descriptions, allowed characterization of migratory
behavior and final destinations for salmon in mainstem habitats (main channel, slough, side
channel, and tributary deltas) and tributaries. In addition, observed spawning locations were
characterized at a microhabitat level (e.g., depth, velocity, and substrate). Spawning or final
locations of tagged fish were used to determine the number and proportion of the tagged fish of
each species using mainstem habitats.

4.21. Fixed-station Monitoring

Stand-alone operating telemetry arrays were deployed at strategic locations in the Lower,
Middle, and Upper River to provide migration checkpoints, develop spawning ground
inventories, and monitor the fates of individual tagged fish. Additional methods pertaining to the
set-up and operation of fixed-station receiver sites were provided in RSP Section 9.7.4.2.1.

Figure 3-1 shows the locations of the fixed stations in the Lower, Middle, and Upper River.
Twelve fixed-station receiver sites operated in the Lower River in 2013, and 11 fixed-station
receiver sites were operated in the Middle and Upper rivers (Tables C-1 to C-3). Locations of
the fixed stations in the Middle and Upper rivers are listed below. The fixed stations at Lane
Creek and the Upper Indian River were operated with two receivers (Table C-1).

Whiskers Creek (PRM 105.1)

Lane Creek area (PRM 116.7)

Middle River Gateway (PRM 130.1)
Fourth of July Creek (PRM 134.3)
Indian River confluence (PRM 142.0)
Indian River Weir (RM 1.6 on the Indian River)
Powerline (PRM 145.7)

Devils Island (PRM 166.9)

Deadman Creek (PRM 191.2)

10 Kosina Creek confluence (PRM 209.2)
11. Oshetna River (PRM 235.1)

© 0 NGk W

The Lower River fixed stations were chosen to represent significant tributaries that were known
to contain Chinook salmon. The Middle and Upper river sites were chosen to both provide
geographic separation of the Middle River area to describe migration and spawning behaviors,
and monitor at the appropriate resolution through the Upper River to quantify passage through
Devils Canyon. See Section 4.3 for additional details about the telemetric monitoring in Devils
Canyon (Objective 3).
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4.2.2. Aerial Telemetry Surveys

Aerial telemetry surveys of the mainstem Susitna were conducted from the mouth of the Yentna
River (PRM 31.4) to PRM 307. Surveys were conducted by helicopter to allow relatively
accurate positioning of tagged fish and to locate spawning areas, all with respect to mainstem
habitat typing completed by Habitat Mapping, Study 9.9. The 2013 surveys began on June 22
and ended in late October (see Table C-4 for a summary of the surveys conducted). Survey
timing was adjusted depending on the observed fishwheel catches in the Lower and Middle
River. Surveys were scheduled to cover each section of the river (Lower, Middle, and Upper)
each week. Once adult salmon were observed entering Devils Canyon, the Susitna River and its
tributaries from Portage Creek to Devils Island were flown daily. Daily flights continued until
upstream movement in Devils Canyon had stopped. During the peak chum and sockeye salmon
migration and spawning periods in the Middle River, the stretch from the mouth of the Chulitna
River to Devils Island was surveyed twice per week to monitor the movements of salmon into
spawning locations.

Helicopter surveys were conducted at lower elevations and at slower speeds than possible with
fixed-wing aircraft, and therefore allowed more time for signal acquisition, higher spatial
resolution, and fish habitat observations. The spatial resolution of helicopter surveys was
approximately 300 m (1,000 ft). Higher precision was achievable in reaches where conditions
were most favorable and observers could determine whether the fish was in off-channel or
mainstem habitat. Geographic coordinates were recorded for each signal detected using an
integrated communication link between the telemetry receiver and a global positioning system
(GPS) unit. The position of the fish was determined by the position of the aircraft at the time of
the highest signal power. Range testing of the mobile aerial setup was conducted in the Middle
River to confirm detection ranges for typical flying heights, and receiver gains, as well as to
work with the helicopter pilot to refine the methods for achieving highest spatial resolution.

The mainstem aerial telemetry surveys covered over 200 river miles (Yentna River mouth to the
Oshetna River and occasionally beyond), and multiples of that total when side channels and
braids of the Lower River were included. To allocate survey effort efficiently and to the highest
priority needs, resolution was a function of fish behavior. The highest priority and highest
resolution needs were for fish that appeared to be holding or spawning. For migrating fish,
resolution to the nearest 500 m (1,640 ft) of river was generally sufficient. Frequent surveys
enabled high-resolution and time-intensive tracking effort to identify the exact locations of
spawning and holding fish. During salmon spawning periods, the crew used a laptop computer
with a Geographic Information System (GIS) based map containing the locations of each fish
during the previous survey. Locations where fish were repeatedly observed were further
investigated to ensure an accurate position for the fish and look for visual evidence of spawning
activity.

When aggregations of two or more tagged fish were found “stationary” (i.e., within 2 kilometers
[km; 1.2 miles (mi)] on one or more surveys) or when visual observations of spawning fish were
made from the helicopter-, ground-, or boat-based surveys, spawning locations were more
intensely tracked to achieve relatively high-resolution geographic positions. This protocol was
particularly important for ensuring coverage of any suspected Lower River habitats with the
appropriate level of spatial resolution.
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The habitat type (mainstem, side channel, or slough) and relative water turbidity was classified
for each tag detected (time stamp, frequency, code, and power level). If other fish were seen in
the area of the tag position, their relative abundance was noted to provide context for the tag
observation.

Tag identification and GPS coordinates were archived and systematically processed after each
survey. A data-handling script was used to extract unique tag records with the highest power
level from the receiver files generated during the survey. These records were imported into a
custom database software application (Telemetry Manager) and incorporated into a GIS-based
mapping database. Geographically and temporally stratified data for radio-tagged fish were
provided to the habitat sampling team (Study 9.9) and Instream Flow Study (Study 8.5) to inform
their field sampling efforts.

In 2013, fixed-wing surveys of tributary systems of the Susitna and Yenta rivers were conducted
by ADF&G, from approximately PRM 23 to Devils Canyon and in the upper Chulitna River, at
7-10 day intervals from June 24 through September. These surveys provided fish locations to
the nearest river mile and helped to characterize the fates of fish tagged in the Lower and Middle
River. Although these surveys provided less precise spatial resolution of fish locations (and
habitat use) than the helicopter surveys, they more effectively covered the large lineal distances
of the Susitna River tributaries where higher spatial resolution was not required. All tag
frequencies for Chinook salmon released in the Lower and Middle River were scanned during
surveys from June 24 to August 12. Tag frequencies for all coho salmon released were scanned
during fixed-wing surveys on August 4 and later. Tag frequencies for chum, pink, and sockeye
salmon released in the Middle River were not scanned during the fixed-wing surveys.

4.2.2.1.  Lower River Surveys

Helicopter surveys of the Lower River covered mainstem areas from the mouth of the Yentna
River (PRM 31.4) to the confluence of the Chulitna River (PRM 102.4). This reach was highly
braided with side channels and sloughs, so complete coverage required considerable effort and
in-flight route tracking.

4.2.2.2. Middle River Surveys

Helicopter surveys of the Middle River covered mainstem areas from the confluence of the
Chulitna River (PRM 102.4) through Devils Canyon to the proposed Watana Dam site (PRM
187.1); this reach required approximately one day to complete. The river between Devils Island
(PRM 166.9) and the proposed Watana Dam site was usually flown during surveys of the Upper
River.

4.2.2.3. Upper River Surveys

Helicopter telemetry surveys of the Upper River generally were triggered by detection of fish
moving above the Devil Creek fixed station. Upper River telemetry surveys covered the
mainstem areas from the proposed Watana Dam site (PRM 187.1) to the Oshetna River (PRM
235.1). This reach included approximately 48 relatively confined river miles. This survey
required approximately one survey day; less when done in conjunction with Middle River
surveys (i.e., when less conveyance time was involved). Radio-tagged fish above Devils Canyon
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were located at a spatial resolution in habitat types similar to the Middle and Lower river
surveys.

4.2.3. Boat and Ground Surveys

In support of Study 8.5 (RSP Section 8.5.4.5.1.1), telemetry surveys were also conducted by boat
and on foot to obtain the most accurate and highest resolution positions of holding and spawning
fish. Boat surveys were limited to the Susitna River mainstem. The resolution of these positions
was within 5-10 m (1632 ft) in turbid water and 2—-3 m (6.5-10 ft) in clear water. A hand-held
three-element Yagi antenna and judicious use of the signal gain control on the ATS receiver
enabled radio-tagged fish to be located and GPS coordinates were recorded for each fish. These
surveys were conducted opportunistically from July through September.

4.2.4. Variances

Five of the fixed stations listed in RSP Section 9.7.4.2.1 were not used in 2013. CIRWG land
access limitations precluded siting three of these stations (Portage, Cheechako, Chinook creeks);
and the remaining two stations (Slough 11 and Slough 21) were sited elsewhere in the Middle
River, where a larger number of tags would be detected (relative to the 2012 study). New fixed
stations in 2013 (i.e., sites not used in 2012) that were not listed in RSP Section 9.7.4.2.1
included Whiskers Creek (PRM 105.1), Fourth of July Creek (PRM 134.3), Indian River Weir
(RM 1.6 on the Indian River), and Powerline (PRM 145.7) in the Middle River; and Deadman
Creek (PRM 191.2) and Oshetna River (PRM 235.1) in the Upper River.

To address the lack of fixed stations at Portage, Cheechako, and Chinook creeks, AEA installed
the Powerline station at PRM 145.7. This station was on the mainstem Susitna and provided
monitoring to characterize the movement of fish into the area between Portage Creek and Devils
Canyon. This provided an inventory of all tags in that area for aerial and boat-based surveys.
The study team also flew aerial telemetry surveys daily, and at times twice daily, to monitor fish
passage through Devils Canyon (Table C-4). In the end, these frequent aerial surveys provided
more detailed information on geographic movements and holding periods below impediments
than would have been provided by the previously proposed three fixed stations alone. Devils
Canyon spans approximately 11 river miles (PRM 153.7-164.8). Fixed stations provide
information only when the fish is near the station, whereas daily aerial telemetry surveys were
able to locate tagged fish and characterize fine-scale movements within Devils Canyon and
adjacent tributaries. The fixed station at Devil Island (PRM 166.9) was able to monitor for any
tagged fish that may have moved above the third impediment; therefore, there was no gap in the
study team’s understanding of the daily positions of tagged fish while in Devils Canyon. As a
result, these variances enhanced AEA’s ability to achieve study Objective 2.

4.3. Objective 3: Characterize adult salmon migration behavior and
timing within and above Devils Canyon

AEA implemented the methods with respect to Objective 3 as described in the Study Plan with
the exception of variances explained below (Section 4.3.5). Tasks to address Objective 3 were
listed in RSP Section 9.7.4.3.
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4.3.1. Fixed-station Monitoring

A combination of aerial telemetry surveys and fixed stations above and below (e.g., Powerline
Station) Devils Canyon was used to determine the migration timing and behavior of radio-tagged
salmon that passed into the Upper River (Figure 3-1). Fixed stations were deployed at locations
where they had the highest probability of detecting radio-tagged salmon (within permitted areas).
The fixed stations deployed at the confluences with Kosina Creek and Oshetna River provided
additional information that was used to assess the detection efficiencies for all mainstem fixed
stations downstream from these sites. The data from these fixed stations was also used to guide
the aerial and ground-based survey efforts needed to identify spawning areas in the Upper River.

4.3.2. Aerial Telemetry Surveys

The mobile-telemetry survey data aided in confirming the presence of radio-tagged fish, and
locating any tagged fish not detected at downstream fixed-station sites. These additional
detections were combined with the aerial-survey data to estimate detection efficiencies for each
fixed station. The timing and proportion of all tagged salmon that passed Devils Canyon was
calculated and compared to the remaining tagged population, and their final spawning locations
were identified.

4.3.3. Aerial Spawner Surveys

Aerial visual-observation surveys to determine the distribution and relative abundance of adult
salmon were conducted in the Susitna River and its tributaries within and above Devils Canyon,
upstream to and including the Oshetna River. A total of five aerial spawner survey events were
conducted at approximate weekly intervals from July 19 through August 16, 2013 (Table 4.3-1).
The survey extent covered major tributaries and clear water areas of the Susitna River from
Cheechako Creek to the Oshetna River. A total of 19 streams were surveyed during each of the
five events; 13 tributaries to the Susitna River and six secondary tributaries (Table 4.3-1).
Additionally, two lake systems in the Tsisi Creek drainage were surveyed during August
specifically to look for spawning sockeye salmon. All streams were surveyed from their
confluence up to 3,000 feet in elevation, or to a predetermined barrier to anadromous fish
passage, or to the stream’s headwater origin, whichever came first (Figure 4.3-1).

Survey confidence was estimated independently for each stream during each survey event by
ranking three variables that may have affected the observers’ ability to see fish: (1) sun glare on
the water; (2) clarity of the water (i.e., turbidity, not white water created by rapids); and (3)
overhanging vegetation. Variables were ranked from zero to four, where four indicated optimal
survey conditions and zero indicated poor survey conditions.

Quality-control measures included employing two observers on all surveys, with one observer
remaining consistent throughout the study. Observers communicated fish sightings to each other
and when necessary, the flight was slowed or halted until both observers had confirmed the
number of fish present. The helicopter pilot was consistent for survey events two through five.
Observer efficiency was evaluated with a one-time paired independent aerial spawner survey,
during the peak of Chinook salmon spawning in Indian River, through comparison with
concurrent weir counts.
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43.4. Assess the Feasibility of Using Sonar to Enumerate Salmon and
Resident Fish at the Proposed Dam Site

The FERC SPD recommended that AEA evaluate the feasibility of putting in a weir or operating
a sonar counting station at or near the dam site in the next year of study to count fish migrating
through Devils Canyon. Prior to the 2013 field season, operation of a weir near the dam site was
determined to be not feasible (see Appendix G for further details). However, AEA assessed the
feasibility of placing a sonar counting station at or near the dam site. This effort involved sonar
surveys at three potential sites between PRM 184 and PRM 188. The feasibility study is
provided in Appendix G.

4.3.5. Variances

Lack of permission to access CIRWG land precluded siting fixed stations within Devils Canyon
as described in RSP Section 9.7.4.3. To compensate for the absence of fixed stations within
Devils Canyon and to ensure that the study objectives were achieved, helicopter surveys for
tagged fish were flown through Devils Canyon daily starting in late June, and twice daily during
the period of Chinook salmon passage (Table C-4). Daily surveys were attempted in and
upstream of Devils Canyon and as long as there were fish above the first impediment. Section
4.2.4 provides additional information on the benefits of these additional aerial telemetry surveys.
This variance did not affect achieving study Objective 3.

4.4. Objective 4: Use available technology to document salmon
spawning locations in turbid water

AEA implemented the methods with respect to Objective 4 as described in the Study Plan with
the exception of variances explained below (Section 4.4.3). In 2013, ARIS was used to examine
the feasibility of sampling turbid water to quantify spawning activity in mainstem habitats of the
Susitna River.

From July 24 to 31, 2013, 15 potential Chinook salmon spawning sites were visited (Table 4.4-1)
and eight were surveyed using ARIS. Salmon were observed at seven sites, however, spawning
activity (nest-guarding behavior) by Chinook salmon was only observed at one site (Indian River
Delta). At many sites, the presence of chum salmon made identification of Chinook salmon in
the sonar image difficult. Several potential spawning sites could not be accessed via boat and
other sites had physical characteristics not suitable for salmon spawning (e.g., high water
velocity, thalwag of the river, or rapids).

On July 31 and August 12, two potential spawning sites for chum salmon were sampled using
ARIS (Table 4.4-2). Chum salmon were observed at both sites, but spawning was only
confirmed at one site. Confirmation of spawning, observed with ARIS, included nest-guarding
behavior and visible redds.

Additional site-specific information was collected and subsequently relayed to the Fish and
Aquatics Instream Flow Study (Study 8.5) team (Tables D-1 to D-6).

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 18 February 2014 Draft



INITIAL STUDY REPORT SALMON ESCAPEMENT STUDY (9.7)

441. Sonar Equipment and Methods

The sonar system consisted of the ARIS unit, X2 rotator assembly, data transmission cable,
laptop computer loaded with ARISScope data-acquisition software, and portable external hard
drives. The system was powered with a 2,000 watt (W) Honda generator.

Data were acquired using an ARIS unit attached to a dual-axis rotator. The ARIS and rotator
assembly were deployed from a winch-operated pole-mount secured to the gunwale of a jet boat.
The rotator assembly allowed for panning and tilting of the ARIS; and depth was controlled by
using the winch to raise and lower the assembly.

Potential spawning locations were identified from 2012 and 2013 detections of radio-tagged
salmon. At each site, the ARIS was lowered from the side of the boat to approximately 10 cm
(3.9 in) above the substrate along the edge of the river. The boat was slowly walked along the
bank with the ARIS oriented approximately perpendicular to the riverbank. Survey lengths
varied depending on river conditions and the presence of potential spawning habitat. Only
habitats with features known to support salmonid spawning (as defined by Groot and Margolis
1991; Quinn 2005) were surveyed. Sites were excluded if:

e The location was in the thalweg of the mainstem Susitna River, with no structure
providing relief from the river flow.

e The location was an area of high velocity with no holding areas (i.e., greater than 1.5
meters per second [m/s; 4.9 feet per second (ft/s)]).

e The location consisted of shallow water with high velocity.
e The location was in the middle of a rapid or area with high velocity.
e The location had unsuitable substrate (i.e., mud, silt; e.g., Gateway Slough).

Data were initially collected using 10-20 m (33-66 ft) sample windows. The sonar unit was
tilted down to allow the sample beams to spread along the substrate throughout as much of the
sample range as possible. In reaches with a non-uniform slope or that had obstructions present,
the ARIS depth and tilt angle was adjusted as necessary to maximize coverage of the substrate.

When fish were located and spawning behavior activities were suspected, the boat was stopped
and up to 30 minutes of data were collected. Adjustments of the pan and tilt angles were made
as required to maintain visual observation of individual fish.

44.2. Sonar Data Analysis and Reporting

Data were collected using a frame rate of eight frames per second in consecutive 10-minute files.
Data were ported directly to external hard drives, and backed up and archived to additional hard
drives after each survey. Locational data were collected during each survey using a hand-held
GPS unit time-synchronized with the ARIS system to allow for geo-referencing locations of
observed spawning activities.
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Data processing involved playing back the streaming data files using ARISFish software. Files
were reviewed to note the following for each survey:

e Presence or absence of redds. If redds were identified, the length and width of each redd
was estimated using the software’s sizing tool. The number of detected redds per square
meter was estimated.

e Presence or absence of adult salmon. When adult salmon-sized fish were detected, total
lengths of individual fish was estimated using the software’s sizing tool. The number of
adult salmon per cubic meter was estimated.

e Presence or absence of spawning behavior activities. Behavior of individual fish was
reviewed and observations of spawning activities (redd digging or covering, redd
guarding, paired fish, aggressive territorial behaviors, egg laying, milt expulsion,
quivering) were noted.

4.4.3. Variances

RSP Section 9.7.4.4.2 indicated that side-scan sonar and Dual Frequency Identification Sonar
(DIDSON) would be used for this component of the study; however, an ARIS sonar unit was
used in 2013. Although 2012 side-scan images showed features of the river bathymetry and a
variety of substrate types, no obvious salmon redds were observed and the utility of this method
to identify features not observable with a DIDSON or ARIS sonar was minor at best. Thus, no
side-scan sonar was deployed in 2013. ARIS is a second generation (after DIDSON) imaging
sonar (www.soundmetrics.com) and the main improvement over DIDSON is its flexibility in
setting the sampling window parameters. The size and start range of the sample window can
also be customized to fit optimal sample volume configurations. This provided additional
resolution and characterization of substrate features. ARIS provided all the capabilities of
DIDSON and side-scan sonar for confirming salmon spawning in turbid water. Thus, the
variance of using ARIS in 2013 instead of DIDSON and side-scan sonar did not affect achieving
study objective 4. AEA plans to use ARIS again in the next year of study.

4.5. Objective 5: Compare historical and current data on run timing,
distribution, relative abundance, and specific locations of
spawning and holding salmon

AEA implemented the methods with respect to Objective 5 as described in the Study Plan with
no variances. A comparison was made of this study’s results from 2012 and 2013 to the
historical results that characterized the relative abundance; locations of spawning and holding
salmon; and use of mainstem, side channel, slough, and tributary habitat types by adult salmon.

Research conducted in the early 1980s provided annual abundance estimates (1983 to 1985)
relevant to at least four fishwheel sites along the Susitna River. These abundance estimates were
apportioned to mainstem, sloughs, and tributaries. One weakness of the 1980s studies was that
they relied heavily on visual observations of fish and abandoned late-season redds, and therefore,
may have underestimated the use and relative importance of mainstem habitats, many of which
occur in turbid water during a substantial portion of the spawning period. Another concern was
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that data collected approximately 30 years ago may not characterize the current habitat use by
salmon in the mainstem Susitna River.

This study addressed both of these concerns by deploying a similarly scaled study of the
spawning runs to the Susitna River in 2012 and 2013, and by using radio telemetry and sonar
technology not available in the 1980s. Both methods provide a more rigorous characterization of
the use of mainstem habitats than methods used in the 1980s. To the extent spawning
distribution and habitat use in the current study are similar to earlier studies, the current study
greatly increased the sample size and confidence in the conclusions from studies in both periods.
Therefore, the explicit comparison and contrast of the distribution and habitat use of salmon in
the Lower, Middle, and Upper river habitats of the Susitna River is valuable.

451. Variances

No variances from the methods described in the Study Plan occurred during the 2013 study
season.

4.6. Objective 6: Generate counts of adult Chinook salmon
spawning in the Susitna River and its tributaries

AEA implemented the methods with respect to Objective 6 as described in the Study Plan with
the exception of variances explained below (Section 4.6.1). This objective was addressed by
operating weirs on tributaries (see Objective 8) and conducting aerial spawner surveys in Indian
River (see Objective 3) in 2013. The purpose of this work was to establish survey-area mark
rates (proportion of fish tagged in different areas), that would support inferences about the
representativeness of tagging across spawning stocks. In addition, mark rates from these areas
were used to estimate the abundance of salmon passing the tagging sites, and the abundance of
Chinook salmon passing upstream of Devils Canyon.

Assumptions were made and tested regarding the representativeness of tagging and proportion of
the run detected visually and by telemetry. All aerial spawner survey data was stratified as
‘above’ or ‘below’ the Indian River weir. A combination of aerial- and weir-based counts were
used. Weirs were placed on the Indian River and in selected Lower River tributaries (see
Objective 8). Aerial telemetry surveys by helicopter were conducted in July and August 2013
(Table C-4). Protocols developed based on 2012 experience, were implemented in 2013 to
survey the Portage Creek and Indian River tributaries of the Middle River.

Aerial telemetry survey data were used to establish estimates of minimum and likely numbers of
fish based on a range of observer efficiencies. The estimates were used to establish ranges of
possible species-specific mark rates in 2013. Multiple aerial telemetry surveys were flown
bracketing the peak timing of spawning. Survey aircraft were equipped with telemetry receivers
and GPS to identify positions of radio-tagged fish, and visual observations were used to
document the presence of Pacific salmon. The aerial spawner surveys did not provide a direct
estimate of the total salmon abundance in tributaries. Instead, they provided a minimum count
and then helped to establish minimum and likely tributary-specific mark rates, as was done for
Portage Creek and Indian River tributaries in 2012.
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4.6.1. Variances

Results from the 2012 escapement study indicated that it would be unlikely to obtain sufficient
numbers of fish through spawning ground surveys to address both the original objectives of RSP
Section 9.7.4.6 (mark rates), and the additional goal of estimating the numbers of fish above
Devils Canyon that was established during the FERC Study Dispute process. Therefore, a
decision was made to replace spawning ground surveys with operation of a weir and an
underwater video system on the Indian River to enumerate tagged and untagged fish, and
establish mark rates (see Section 5.6.2). This variance provided more rigorous data and did not
affect achieving study objective 6.

4.7. Objective 7: Collect tissue samples to support the Fish
Genetics Study

AEA implemented the methods with respect to Objective 7 as described in the Study Plan with
no variances. The task for this objective was to collect genetic samples from adult anadromous
salmon in conjunction with addressing Objectives 1 and 2. Tissue samples were taken from all
radio-tagged salmon and from all untagged spawning fish that were sampled during spawning
ground surveys. Sample collections were coordinated with the Genetic Baseline Study team (see
ISR Study 9.14).

Similar to 2012, this study identified the locations of spawning fish and whenever feasible,
collected tissue for use with genetics studies by AEA.

4.7.1. Variances

No variances from the methods described in the Study Plan occurred during the 2013 study
season.

4.8. Objective 8: Estimate the system-wide Chinook and coho
salmon escapement to the Susitna River above Yentna River
and the distribution of those fish among tributaries of the
Susitna River

AEA implemented the methods with respect to Objective 8 as described in the Study Plan with
the exception of variances explained below (Section 4.8.1). A commonly applied two-event,
capture-recapture experiment was used to estimate the annual abundance of Chinook salmon in
the entire Susitna River drainage, and the coho salmon abundance in the Susitna River, above the
Yentna River confluence. In the Susitna River, the capture event was provided by fishwheels
operated throughout the seasonal salmon migration. Radio tags were applied to fish as close to
proportional of the migrating salmon as possible. Later in the salmon migration, to establish the
proportion of each species that had a tag (also known as the species-specific and stock-specific
mark rate), recaptures were collected from tributary and mainstem weir and sonar sites. Using
relatively simple algebra and making some testable assumptions, a species-specific estimate of
total abundance passing the tagging site was estimated; more specifically, the abundance and in-
river escapement at the fishwheels sites on the Susitna (Chinook and coho salmon) and the
Yentna (Chinook salmon) rivers. Length, sex, and genetics information from the tagged and
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untagged fish was used to assess the validity of most assumptions. Behavior of radio-tagged fish
following tagging also provided information for evaluating two critical assumptions: knowing
how many tagged fish have “entered” the experiment, and whether their behavior compromised
the experiment.

Two fishwheels and drift gillnets were operated on the Lower River from June 3 to August 31,
2013, to capture fish for marking with radio tags (Table A-1; Figures A-1, A-2, and A-6). Two
fishwheels and drift gillnets were operated on the Yentna River (river mile 6) from June 2 to 30
to capture fish for marking with radio tags (Table A-2; Figures A-3, A-4, and A-7). Lengths of
tagged and untagged fish, and a tissue sample from tagged fish (for genetics sampling), were
collected at each site.

Weirs or sonar on tributaries were used to recapture tagged fish and estimate the proportion of
each species’ run that had a tag. At the weir recapture sites, Chinook salmon were counted
visually and tagged fish were detected by a fixed-station receiver adjacent to the weir (Table
C-2). Fish length was sampled at each site for testing assumptions of the mark-recapture
experiment. At the sonar sites, the total number of fish passing was counted by examining the
recorded sonar files post season, and tagged fish were detected by a fixed-station receiver
adjacent to each sonar site (Table C-2). Fish length samples were attempted by seining or hook-
and-line capture.

In the Susitna River drainage above the Yentna River confluence, a weir was operated on the
Deshka River from June 9 to September 3, 2013, and on Montana Creek from June 17 to
September 2, 2013. Sonar was operated on the Middle Fork Chulitna River from June 20 to
August 5, 2013. In the Yentna River drainage, sonar was operated on the Talachulitna River
from June 11 to July 31, 2013.

Finally, fish tagged in the Lower River that were collected at the Curry fishwheels were
examined for mark rates. The size characteristics of the tagged and untagged fish at Curry were
used along with weir-based information to estimate escapement and for testing assumptions of
the mark-recapture experiment each year.

A two-event, capture-recapture experiment was also used to estimate the abundance of coho
salmon in the Susitna River upstream of the confluence with the Yentna River. Only two
fishwheels were used on the Lower River (PRM 33-34) to capture coho salmon for marking with
radio tags, from July 6 to August 31, 2013 (Table A-1; Figures A-1, A-2, and A-6). Coho
salmon were counted and inspected for tags at the weirs on the Deshka River and Montana
Creek, as described above. In addition, the Middle Fork Chulitna River was evaluated as a
possible site using the 2012 coho salmon telemetry analyses; but, the relative size of the 2012
coho salmon return indicated too few tags were likely to be recovered to justify using the Middle
Fork Chulitna River as a recapture site in 2013.

4.8.1. Variances

Montana Creek was selected as a weir site instead of Willow Creek in 2013. Montana Creek had
a more uniform channel configuration and lower water velocity than Willow Creek. The two
creeks were located near each other, had similar discharge and watershed characteristics, and had
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similar Chinook and coho salmon run sizes. This variance did not affect achieving study
Objective 8.

A weir was not operated on the Middle Fork Chulitna River in 2013. In June, the stream
discharge was too high for weir installation; instead, the sonar unit designated for Lake Creek
was reassigned to the Middle Fork Chulitna River in order to obtain the counts necessary for the
abundance experiment. River discharges remained too high to install the weir at a later date.
This variance may provide sufficient data to meet the abundance and distribution objectives for
the Susitna River above the Yentna River, and may not affect achieving the Susitna abundance
estimate component of study Objective 8.

No weir or sonar operations occurred at Lake Creek in 2013. In June, the stream discharge
remained too high for weir installation and was hazardous for boat operation. Also, direct access
to a site suitable for either a weir or sonar operation was not possible. This variance will affect
achieving the Yentna component of study Objective 8 as an abundance estimate will not be
determined.

A weir was not operated on the Talachulitna River in 2013. In June, the stream discharge was
too high for weir installation; instead, a sonar unit was employed in order to obtain the counts
necessary for the abundance experiment. Discharges remained too high to install the weir at a
later date. No sampling at Lake Creek leaves only the Talachulitna River as a sampling site on
the Yentna River. One site is not adequate for testing of the assumptions of the capture-
recapture abundance experiment for Chinook salmon in the Yentna River. This variance will
affect achieving the Yentna component of study Objective 8 as an abundance estimate will not
be determined.

Although not part of the Study Plan, a picket weir was operated on the Indian River through its
entire Chinook salmon run (Section 4.1.5.2) and size-specific mark rates pertaining to Lower
River tagged fish were obtained. This variance will improve the likelihood of achieving the
Middle River component of study Objective 8 (see Section 4.1.8.3 for details).

5. RESULTS

Data developed in support of the ISR is available for download at
http://gis.suhydro.org/reports/ist/9/9.7 and include the files ISR 9 7 ESCAPE LGL 2013

Fishwheel Catch Tag Dataset QC3-sub20131216.xIsx, ISR 9 7 ESCAPE LGL 2013 Curry
Sonar ARIS Dataset QC3-sub20131218.xlsx, ISR 9 7 ESCAPE LGL 2013 Indian River Weir
Passage Dataset QC3-sub20131218.xlsx, and ISR 9 7 ESCAPE SuWa LGL ESCAPE

TelemMgr Export Flat Tables QC3 DR 20131213.

5.1. Objective 1: Capture, radio-tag, and track adults of five species
of Pacific Salmon in the Middle and Upper Susitna River in
proportion to their abundance. Capture and tag Chinook, coho,
and pink salmon in the Lower Susitna and Yentna rivers.

Detailed summaries of fish capture and tagging are provided in Appendix A.
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5.1.1.  Fish Capture
5.1.1.1. Lower River

A total of 2,063 Chinook (1,232 large, 831 small), 3,512 chum, 3,277 coho, 33,995 pink, and 624
sockeye salmon were captured in the mainstem of the Lower River (Table A-5). The peak of
Chinook salmon catch was on June 12 (204), whereas peak catches for pink and coho salmon
were over a month later on July 20 (4,551) and August 3 (186), respectively. Catch-per-unit-
effort for pink salmon peaked at 201 fish per hour (west bank), whereas CPUE for Chinook and
coho salmon peaked at 10.6 (west bank) and 9.1 (west bank) fish per hour, respectively (Figure
A-10). Chinook salmon catches were substantially higher in the west bank fishwheel during the
peak of the run, coho salmon catches were consistently slightly higher in the west bank
fishwheel, whereas pink salmon catches were relatively balanced along each bank.

51.1.2. Yentna River

Of the 2,295 adult Chinook salmon (1,201 large, 1,094 small) captured in the lower Yentna
River, the majority (87 percent) were captured in fishwheels, and the remaining 13 percent in
gillnets (Table A-6). Daily catch peaked at 259 fish on June 17. The magnitude and timing of
the peak CPUE for Chinook salmon was very similar for the north and south bank fishwheels
(Figure A-11). Chinook salmon captured in the Lower River and Yentna River were similarly
sized (Table A-7).

5.1.1.3.  Middle River

In the Middle River, 616 large Chinook, 336 small Chinook, 3,417 chum, 1,734 coho, 15,695
pink, and 276 sockeye salmon were captured, including recaptures (Table A-8). The majority of
Chinook and coho salmon were captured at Site 1, whereas the most sockeye salmon were
captured at Site 2, and the most chum and pink salmon were captured at Site 3. Peak catches
were earliest for Chinook salmon (July 1; 52 fish), followed by sockeye (August 1; 9 fish), chum
and pink (August 3; 259 and 1,422 fish, respectively), and coho salmon (August 17; 139 fish).
CPUE was highest for pink salmon (90.1 fish/hour; Site 3), followed by chum (11.3 fish/hour;
Site 3), coho (9.7 fish/hour; Site 1), large Chinook (2.2 fish/hour; Site 1), and sockeye salmon
(0.7 fish/hour; Site 3; Figure A-12). The mean length of large Chinook salmon captured in the
Middle River (69.6 cm [27.4 in]; Table A-4) was greater than the mean length of large Chinook
salmon captured in the Lower River and Yentna River (Table A-7). From largest to smallest,
mean lengths for chum, coho, sockeye, and pink salmon captured in the Middle River were 59.0
cm, 51.1 cm, 44.8 cm, and 41.6 cm [23.2 in, 20.1 in, 17.6 in, and 16.4 in], respectively (Table
A-4). Six other fish species were captured and released at the Middle River fishwheels,
including 104 round whitefish Prosopium cylindraceum, 59 rainbow trout O. mykiss, 54 Arctic
grayling Thymallus arcticus, 20 humpback whitefish Coregonus pidschian, 20 longnose sucker
Catostomus catostomus, 14 Dolly Varden Salvelinus malma, and 2 burbot Lota lota (Table A-4).
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5.1.2. Radio-tagging
5.1.2.1. Lower River

In the Lower River fishwheels, 580 large Chinook, 596 coho, and 197 pink salmon were radio-
tagged (Table A-1; Figure A-6). These tagged fish represent 31 percent of the Chinook, 18
percent of the coho, and 0.6 percent of the pink salmon in the total fishwheel catch. Between the
two fishwheels in the Lower River, 66 percent of the radio tags were deployed in the west bank
fishwheel. In the Lower River gillnetting, 118 large Chinook were radio-tagged, which was 71
percent of the gillnet catch. Daily radio-tag deployment in the Lower River peaked at 128 for
Chinook salmon on June 9, 36 for coho salmon on July 16, and 17 for pink salmon on July 24
and 25, 2013.

5.1.2.2. Yentna River

In the Yentna River fishwheels, 425 large Chinook salmon were radio-tagged (Table A-2; Figure
A-7), which was 21 percent of the total fishwheel catch. In the gillnetting, 267 Chinook salmon
were marked with radio tags, which was 86 percent of the gillnet catch. Between the two
fishwheels in the Yentna River, 66 percent of the radio tags were deployed in the south bank
fishwheel. Radio-tag deployment for Chinook salmon at the Yentna River peaked at 79 tags on
June 14, 2013.

5.1.2.3. Middle River

In the Middle River, radio tags were applied to 536 large Chinook, 67 small Chinook, 201 chum,
242 coho, 200 pink, and 139 sockeye salmon (Table A-3; Figure A-8). Of the untagged, healthy
adult salmon captured at the Middle River fishwheels, radio tags were applied to 89.9 percent of
large Chinook, 20.2 percent of small Chinook, 6.0 percent of chum, 13.7 percent of coho, 1.3
percent of pink, and 80.3 percent of sockeye salmon. The daily number of radio tags applied
peaked at 50 for large Chinook, 7 for small Chinook, 20 for chum, 26 for coho, 25 for pink, and
8 for sockeye salmon (Figure A-8). Radio tags were deployed in proportion to catch for Chinook
and sockeye salmon in 2013 (Figure A-13). In contrast, relative to fishwheel catches in the
1980s, 2012, and 2013, the early components of the 2013 chum, coho, and pink salmon runs
were likely over-tagged, and the later components of these runs were under-tagged.

5.1.3. Spaghetti-tagging

In the Middle River, spaghetti tags were applied as the primary mark to 1,959 chum, 962 coho,
and 9,105 pink salmon (Table A-3; Figure A-14). The daily number of spaghetti tags deployed
peaked at 139 for chum, 105 for coho, and 919 for pink salmon. Incidentally, seven Chinook (5
large, 2 small) and six sockeye salmon were also spaghetti-tagged.

A number of previously radio- and spaghetti-tagged salmon were recaptured at the Middle River
fishwheels, including 20 large Chinook, 4 small Chinook, 82 chum, 37 coho, 460 pink, and 3
sockeye salmon. Of these, four Chinook and two coho salmon were radio-tagged fish released at
the Lower River fishwheels.
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5.1.4. Numbers and Size of Marked and Unmarked Fish at Selected Locations
5.1.4.1. Deshka River Weir

An estimated 18,003 Chinook salmon measuring 50 cm MEF or greater passed the Deshka River
weir during June 9 to September 2, 2013, out of a total count of 18,531 Chinook salmon of all
sizes. One hundred forty eight, or 0.82 percent, were radio-tagged fish (Table B-1) which were
assumed to have spawned above the weir. The cumulative length-frequency distribution for
Chinook salmon sampled at the Deshka River weir was significantly different than that for radio-
tagged fish passing the weir (D = 0.243, p < 0.001), providing strong evidence of size biased
sampling during the marking event. The cumulative length-frequency distribution for Chinook
salmon sampled at the Deshka River weir was also significantly different than that for all radio-
tagged fish above the tagging site (D = 0.245, p < 0.001) with the mean length of radio-tagged
Chinook salmon (68.6cm) being smaller than that of Chinook salmon measuring 50 cm or
greater that passed the Deshka River weir (73.4 cm; Table B-2).

A total of 22,141 coho salmon were counted during July 10 to September 3, 2013, all of which
were estimated to be 40 cm MEF or greater. Sixty seven, or 0.30 percent, were radio-tagged
fish (Table B-1) which passed the weir when counting was being conducted and later assumed to
have spawned above the weir. The cumulative length-frequency distribution for coho salmon
sampled at the Deshka River weir was significantly different than that for radio-tagged fish
passing the weir (D = 0.439, p < 0.001), providing strong evidence of size biased sampling
during the marking event. The cumulative length-frequency distribution for coho salmon
sampled at the Deshka River weir was also significantly different than that for all radio-tagged
fish above the tagging site (D = 0.410, p < 0.001) with the mean length of radio-tagged coho
salmon (50.3 cm) smaller than coho salmon that passed the Deshka River weir (55.4 cm; Table
B-2).

5.1.4.2. Montana Creek Weir

An estimated 1,949 Chinook salmon measuring 50 cm or greater passed the Montana Creek weir
during July 8 to August 20 and August 26-27, 2013, out of a total count of 2,015 Chinook
salmon of all sizes. Eleven, or 0.56 percent, were radio-tagged fish (Table B-3) which were
assumed to have spawned above the weir. The cumulative length-frequency distribution for
Chinook salmon sampled at the Montana Creek weir was not significantly different than that for
radio-tagged fish passing the weir (D = 0.233, p = 0.663). The cumulative length-frequency
distribution for Chinook salmon sampled at the Montana Creek weir was significantly different
than that for all radio-tagged fish above the tagging site (D = 0.136, p = 0.006), with the mean
length of radio-tagged Chinook salmon (68.6 cm) slightly larger than Chinook salmon measuring
50 cm or greater that passed the Deshka River weir (67.2 cm; Table B-2).

A total of 765 coho salmon were counted during July 31 to August 20 and August 26 to
September 3, 2013, all of which were estimated to be 40 cm or greater. Seven, or 0.92 percent,
were radio-tagged fish (Table B-3) which passed the weir when counting was being conducted
and later assumed to have spawned above the weir. The cumulative length-frequency
distribution for coho salmon sampled at the Montana Creek weir was significantly different than
that for radio-tagged fish passing the weir (D = 0.657, p = 0.005), providing strong evidence of
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size biased sampling during the marking event. The cumulative length-frequency distribution for
coho salmon sampled at the Montana Creek weir was also significantly different than that for all
radio-tagged fish above the tagging site (D = 0.263, p < 0.001) with the mean length of radio-
tagged coho salmon (50.3 cm) smaller than coho salmon that passed the Deshka River weir (53.2
cm; Table B-2).

5.1.4.3. Middle Fork Chulitna River Sonar

This data is currently under analysis.
5.1.4.4.  Talachulitna River Sonar

This data is currently under analysis.
5.1.4.5.  Indian River Weir

Net passage of Chinook salmon inspected for tags was 1,405 fish, including 1,137 large fish, 294
small fish, and minus 26 fish with an unknown length category (Table 5.1-2; Table B-4; Figure
B-2). An additional net passage of 34 Chinook salmon were not inspected for tags, including 31
large fish and 3 fish with an unknown length category. Chinook salmon were counted at the weir
from June 27 to August 19, and net passage peaked at 192 fish on July 10. Of the Chinook
salmon inspected for tags, with a known length category, 72 (6.3 percent) were large fish and 13
(4.4 percent) were small fish with radio tags applied in the Middle River.

Net passage of chum salmon inspected for tags was 12,906 fish, including 12,847 fish measuring
40 cm (15.7 in) or greater in length, one fish measuring less than 40 cm (15.7 in) in length, and
58 fish with an unknown length category (Table B-4; Figure B-2). An additional net passage of
6 fish were not inspected for tags, including four fish measuring 40 cm (15.7 in) or greater in
length and two fish with an unknown length category. Chum salmon were counted at the weir
from June 27 to August 20, and net passage peaked at 884 fish on July 30. Of the 12,847 chum
salmon measuring 40 cm (15.7 in) or greater in length that were inspected, 542 (4.2 percent)
were tagged, which included 51 (0.4 percent) radio tags, and 491 (3.8 percent) spaghetti tags.

Net passage of coho salmon inspected for tags was 525 fish, including 514 fish measuring 40 cm
(15.7 in) or greater in length, 12 fish measuring less than 40 cm (15.7 in) in length, and minus
one fish with an unknown length category (Table B-4; Figure B-2). An additional net passage of
20 fish measuring 40 cm (15.7 in) or greater in length were not inspected for tags. Coho salmon
were counted at the weir from July 20 to August 20, and net passage peaked at 300 fish on
August 19. Of the 514 coho salmon measuring 40 cm (15.7 in) or greater in length that were
inspected, 53 (10.3 percent) were tagged, which included 17 (3.3 percent) radio tags and 36 (7.0
percent) spaghetti tags.

Net passage of pink salmon inspected for tags was 37,181 fish (Table B-4; Figure B-2). An
additional net passage of 66 fish were not fully inspected for tags. Pink salmon were counted at
the weir from July 20 to August 20, and net passage peaked at 4,292 fish on August 10. Of the
pink salmon inspected, 2,010 (5.4 percent) were tagged, including 35 (0.1 percent) radio tags and
1,975 (5.3 percent) spaghetti tags.
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Net passage of sockeye salmon inspected for tags was 127 fish, including 120 fish measuring 40
cm (15.7 in) or greater in length, six fish measuring less than 40 cm (15.7 in) in length, and one
fish with an unknown length category (Table B-4; Figure B-2). Sockeye salmon were counted at
the weir from July 20 to August 18, and net passage peaked at 16 fish on August 17. Of the
sockeye salmon measuring 40 cm (15.7 in) or greater in length that were inspected for tags, three
(2.5 percent) were radio-tagged.

Other fish species counted at the weir included: rainbow trout (587 up, 274 down), Arctic
grayling (93 up, 19 down), round whitefish (71 up, 24 down), humpback whitefish (22 up, 1
down), longnose sucker (8 up, 0 down), and Dolly Varden (12 up, 10 down; Figure B-3). A
small number of juvenile salmon and sculpin species were also observed passing through the
chute.

The mean length of tagged Chinook salmon (68.0 cm [26.7 in]) measured from video imagery at
the Indian River weir was slightly smaller than the mean length of untagged fish (69.8 cm [27.5
in]; Table B-2). However, cumulative length-frequency distributions for marked, inspected, and
recaptured Chinook salmon were statistically similar, which indicates no evidence of size-
selective radio-tagging for large Chinook salmon at the Middle River fishwheels or at the weir
(Figure A-15). These results suggest radio tags were randomly applied to fish in the Middle
River regardless of size.

Cumulative length-frequency distributions for fish radio-tagged in the Middle River and those
inspected at the weir were similar for small Chinook (Dyax = 0.10, P = 0.69), coho (Dax = 0.11,
P =0.11), pink (Dpax = 0.09, P = 0.14), and sockeye salmon (Dp,x = 0.17, P = 0.09; Figure A-
15). In contrast, the cumulative length-frequency distributions of chum salmon radio-tagged in
the Middle River and those inspected at the weir were significantly different (Dpax = 0.13, P =
0.01); although the mean lengths of tagged (59.7 cm [23.5 in]) and inspected (60.4 cm [23.8 in])
fish differed only slightly. Nonetheless, for small Chinook, chum, coho, pink, and sockeye
salmon, too few radio-tagged fish (n < 4) were recaptured at the weir to make additional
comparisons and test for size selectivity.

There was evidence to suggest size-selective spaghetti-tagging occurred at the Middle River
fishwheels for chum salmon, but not for pink salmon (Figure A-16). The mean length of chum
salmon spaghetti-tagged at the Middle River fishwheels (59.0 cm [23.2 in]) was slightly smaller
than the mean length of fish inspected at the weir (60.4 cm [23.8 in]). Spaghetti-tagged coho
salmon released in the Middle River, and those fish inspected at the weir, had similar length
distributions (Dmax = 0.06, P = 0.66); however, too few spaghetti-tagged coho salmon (n = 14)
were recaptured at the weir for further statistical comparisons.

5.1.5. Examining Handling-Induced Changes in Behavior

Of the 536 large Chinook salmon that were radio-tagged and release