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Abstract

Since 1967, the McNeil River State Game Sanctuary (MRSGS) has been managed

by the Alaska Department of Fish and Game to “provide permanent protection for brown
bears”. Up to 144 bears have been identified in a summer at MRSGS, and 72 bears at
once have been observed in the vicinity of McNeil Falls. In this study, 155 chum salmon
were radio tagged as they entered McNeil River and monitored daily. In 2005 and 2006
bears killed 48% of pre-spawning tagged chum salmon and consumed 99% of all tagged
chums below McNeil Falls where most of the run occurs. A retrospective analysis of 31
years of run data using a new stream life, and a correction for observer efficiency,
revealed that the current escapement goal of 13,750-25,750 actually represents 34,375-
64,375 chum salmon. Considering the large removal of pre-spawning chum salmon, I
recommend an additional 23,000 chum salmon be added to the escapement goal.
Additionally, an annual escapement of 4,000-6,000 chum salmon above McNeil Falls
should be set as an objective. These recommendations should encourage increased chum
salmon returns, providing both food for McNeil bears, as well as benefiting the

commercial fishery with increased harvest opportunities.
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General Introduction

McNeil River State Game Sanctuary (MRSGS) was created by the Alaska State
Legislature in 1967 to “provide permanent protection for brown bears (Ursus arctos) and
other fish and wildlife populations and their habitats, so that these resources may be
preserved for scientific, aesthetic, and educational purposes™ (Alaska Department of Fish
and Game 1996). When compatible with this objective other human uses such as bear
viewing, commercial fishing and temporary safe anchorage are permitted (Alaska
Department of Fish and Game 1996).

Chum salmon (Oncorhynchus keta) provide the principal food source for the
extraordinarily high number of brown bears that aggregate annually at McNeil River
Falls and few places in the world provide such a dramatic example of how direct the
relationship between bears (Ursus spp.) and pacific salmon (Oncorhynchus spp.) can be.
As many as 144 individual bears have been identified at MRSGS during a single year,
and up to 72 bears have been in view at one time in the vicinity of McNeil Falls (Meehan
2003).

Bear numbers have been in decline, however, over the past 9 years. Since 1988
chum salmon returns to McNeil River have been relatively poor. Despite annual closures
to commercial fishing for the past 14 years, the current escapement goal (the number of
salmon that enter a river) of 13,750-25,750 chum salmon has been met only sporadically
over this time. In contrast, chum salmon returns to nearby streams in the surrounding

commercial fishing districts have been strong for the past 7 seasons (Hammarstrom and
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Dickson 2007), suggesting poor ocean survival is not the cause for the recent low returns
to McNeil River.

Assurance of a predictable and continuous food resource is an important
ecological factor in maintaining consistent bear use of an area (Aumiller and Matt 1994).
Salmon are relatively high in energy compared to alternative foods (Welch et al. 1997;
Rode et al. 2001), and the nutritional importance of salmon to bears has been well
documented (Hilderbrand et al. 1999a, 1999b; Ben-David et al. 2004; Gende and Quinn
2004; Hilderbrand et al. 2004). Brown bears with access to salmon achieve heavier body
weights, produce larger litters, and are found in higher population densities than bears
without access to salmon (Hilderbrand et al. 1999a, 1999b). Conversely, in bears without
access to high quality food resources, such as salmon, both the age at first reproduction,
and the interval between litters are increased (Bunnell and Tait 1981; Rogers 1987,
Stringham 1990a, 1990b).

The availability of high quality food resources such as salmon has also been
shown to be an important factor in successful denning (McCarthy 1989; Farley and
Robbins 1995; Barboza et al. 1998) and can impact the timing of den emergence
(Kitchinksi 1972; Schoen et al. 1987; Van Daele et al. 1993). On the Kenai Peninsula,
Alaska, salmon have been shown to be the single most important resource to female
brown bears as they prepare to meet the demands of both hibernation and cub production
(Hilderbrand et al. 1999a).

Establishing appropriate escapement goals for individual salmon stocks comprises

the foundation of sustainable salmon fisheries management (Knudsen et al. 2003). It is




important to have accurate and precise estimates of escapement in order to assess the
health of salmon stocks (Lady and Skalski 1998; Manske and Schwarz 2000), set
appropriate escapement goals (Bue et al. 1998), and manage salmon fisheries over the
long term (Perrin and Irvine 1990; Bue et al. 1998).

Presently, annual escapement indices for McNeil River chum salmon are derived
using the area-under-the-curve (AUC) method (Neilson and Geen 1981; Hill 1997; Bue et
al. 1998; Hilborn et al. 1999). This method involves conducting periodic aerial surveys
to count adult fish. The total fish days for the spawning season are then calculated and
divided by the average number of days a live fish resides in the survey area. This trait,
known as stream life, then accounts for repeat sightings of the same fish on consecutive
surveys. Therefore, stream life is a key parameter in the AUC model, and, along with
observer efficiency, it can have a tremendous effect on the accuracy of escapement
indices (Bue et al. 1998).

While consideration of ecosystem needs is becoming increasingly recognized in
the literature as an important factor in establishing sustainable escapement goals for
salmon stocks (Cederholm et al. 2000; Knudsen et al. 2003; Michael 2003; Hilderbrand
et al. 2004), it is difficult to find examples where this recommendation has been put into
practice. Knudsen et al. (2000) argued that a shift in management is needed from a
philosophy of managing individual parts to management of entire systems.

Fish stocks can not be managed successfully without taking into consideration the
context of the watersheds they inhabit (Williams 2000). When the conservation of

healthy ecosystems is the management objective, an allowance of salmon for wildlife
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should be considered (Hilderbrand et al. 2004). In this thesis I argue that effective
management of the McNeil River chum salmon fishery should include the following
considerations. First, brown bears represent a major source of mortality for pre-spawning
chum salmon at MRSGS. Therefore, the escapement goal for McNeil River should
explicitly incorporate this mortality, and a spawning escapement goal (the number of
salmon that enter a river and spawn) should be established. Secondly, a minimum
escapement of chum salmon above McNeil Falls is necessary to fully utilize available

spawning habitat, and to encourage high stream-wide production of chum salmon.
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Chapter 1. Stream life of chum salmon and a retrospective analysis of escapement at

McNeil River, Alaska'

1.1 Abstract

[t is important to have accurate and precise estimates of escapement in order to
assess the health of salmon stocks (Oncorhynchus spp.), determine spawning escapement,
set appropriate escapement goals, and manage salmon fisheries over the long term. The
area-under-the-curve (AUC) method is a common technique used to estimate escapement
from periodic aerial surveys when more precise methods (e.g., weir or sonar) are not
economically or logistically feasible. AUC calculations can provide accurate estimates of
escapement; however, they are highly sensitive to errors in estimates of both stream life
and observer efficiency. We used a new technique, radio telemetry, to determine the
stream life of chum salmon (Oncorhynchus keta) at McNeil River, a high density brown
bear (Ursus arctos) area in Alaska. Over two seasons 155 chum salmon were tagged and
tracked from the time they entered McNeil River, until they died, or left the river. The
average stream life for McNeil River chum salmon was 13.8 d, a 21% reduction from the
old estimate of 17.5 d previously used in the AUC model. A retrospective analysis of 31

years of run data using the new estimate of stream life and an observer efficiency

' Peirce, J.M., E.O. Otis, M.S. Wipfli and E.H. Follmann. 2007. Stream life of chum
salmon and a retrospective analysis of escapement at McNeil River, Alaska. Prepared for

submission in Transactions of the American Fisheries Society.
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correction factor suggest that escapements at McNeil River have been underestimated by
nearly 250%. These analyses indicate that the current escapement goal of 13,750-25,750
actually represents 34,375-64,375 chum salmon and provide important insight into the

magnitude of pre-spawning mortality caused by bears.

1.2 Introduction

The term escapement has been used loosely in fisheries management. English et
al. (1992) defined it as the number of mature salmon (Oncorhynchus spp.) that escape
marine fisheries and enter a freshwater system. Lady and Skalski (1998) defined
escapement as the number of salmon that return to a river and spawn. This is an
important distinction, and is appropriate in situations where in-river mortality of salmon
is high. While both definitions are important, the use of the term escapement is often
meant to imply the number of successful spawners. However, as this is not always clear
we will use the term escapement when referring to the total number of salmon which
enter a river, and spawning escapement when referring to the total number of salmon
which enter a river and successfully spawn.

Establishing appropriate escapement goals for individual salmon stocks comprises
the foundation of sustainable salmon fisheries management (Knudsen et al. 2003) and
requires an understanding of spawning escapement. It is important to have accurate and
precise estimates of escapement in order to assess the health of salmon stocks (Lady and

Skalski 1998; Manske and Schwarz 2000), determine spawning escapement, set
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appropriate escapement goals (Bue et al. 1998; Jones et al. 1998), and manage salmon
fisheries over the long term (Perrin and Irvine 1990; Bue et al. 1998).

The most reliable estimates of escapement are derived from mark-recapture
programs, counts at fish-ways and weirs (Neilson and Geen 1981) or using sonar.
However, because of the large number of streams in Alaska, especially in remote areas, it
is neither economically nor logistically feasible to count fish using these methods for
every stream. Therefore, other techniques must be employed, and the abundance of
salmon in many streams in Alaska is estimated using aerial counts (Bevan 1961; Neilson
and Geen 1981).

During these aerial surveys salmon are enumerated on several occasions to obtain
a series of counts (Su et al. 2001). Each count then represents an estimate of how many
salmon were in a stream at the time of the survey and not the escapement for the entire
season (Su et al. 2001). This is because some fish will have died before the survey,
others will not yet have entered (Su et al. 2001), and still others may have been counted
multiple times. Thus, a method must be used to convert these counts into escapement
estimates (Su et al. 2001).

Gangmark and Fulton (1952) proposed a method to estimate total escapement
based on multiple counts. They multiplied the total number of sockeye salmon
(Oncorhynchus nerka) counted by the number of days in the spawning season and then
divided this by the life expectancy in the stream of spawning sockeye salmon (Gangmark

and Fulton 1952).
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Neilson and Geen (1981) greatly improved upon this method and report plotting a
curve of the number of salmon counted by date. The area under this curve was then
integrated to arrive at total fish days. This number would be equal to total escapement if
all salmon lived for one day. However, salmon live for more than one day, and Neilson
and Geen (1981) divided total fish days by a life expectancy value. Neilson and Geen
(1981) also demonstrated that life expectancy decreases with arrival date and early-run
fish tend to live longer than late-run fish. Therefore, they attempted to further improve
upon Gangmark and Fulton’s (1952) methodologies by using two life expectancy values
when calculating their escapement estimates.

Area-under-the-curve (AUC) estimates of escapement, as this method has become
known, are well documented (Pirtle 1977; Ames 1984; English et al. 1992; Irvine et al.
1993; Hill 1997; Bue et al. 1998; Hilborn et al. 1999; Parken et al. 2003). Using the
AUC method, the numbers of observable salmon in streams are counted during periodic
aerial surveys to arrive at total fish days (English et al. 1992). The escapement curve
typically starts at zero fish on day zero and ends at zero fish at some time later (English et
al. 1992). The total escapement is then estimated by dividing cumulative fish days by the
estimated mean number of days that an individual fish is thought to spend in the survey
area (stream life) and a correction factor for observer efficiency (how many fish did the
observer under- or over-count) (Bue et al. 1998; Hilborn et al. 1999).

The term “stream life” has been used in a variety of ways in the literature and
with various definitions. Labels have included residence time, survey life, stream life,

breeding life, turn-overtime and average lifespan (Perrin and Irvine 1990). Perrin and
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Irvine (1990) preferred the term survey life because it had broad spatial limits and could
apply to survey areas as small as a redd, or as large as an entire stream and then be
termed stream life (how long an individual salmon was alive in the entire river after
entering fresh water).

Most of the variations in the use of these terms refers to differences in survey
designs, or are simply different names for the same approach (Perrin and Irvine 1990).
The differences in definitions are not trivial, however. Therefore, it is important to define
the survey area and select the appropriate measure of survey life (English et al. 1992). As
we were able to survey the entire drainage, we will use the term stream life for this study
and define it as the average number of days salmon were alive in McNeil River.
Additionally, to avoid confusion we will use the term stream life when speaking
generally of other research from this point forward.

Aerial surveys provide only an index of escapement when there is a lack of
supporting data such as accurate estimates of stream life and observer efficiency (Otis
and Hasbrouck 2004). Indices of escapement are therefore a measurement on a numeric
scale that provides information only about the relative level of the escapement (Otis and
Hasbrouck 2004). These measurements provide a ranking of escapement magnitude
across years but in and of themselves provide no information on the total number of fish
in the escapement (Otis and Hasbrouck 2004).

AUC models provide estimates of escapement from year to year, but can be
highly biased based on observer efficiency, stream life and the number and periodicity of

aerial surveys (Neilson and Geen 1981; Perrin and Irvine 1990; Hill 1997; Bue et al.
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1998). Factors that can affect observer efficiency include water clarity, turbulence and
depth, surveyor experience (English et al. 1992), riparian cover and light conditions.
Factors that may affect stream life include water temperature, discharge, run timing,
distance to spawning grounds, intra- and inter-specific competition at high spawner
densities (Ames 1984; Perrin and Irvine 1990; English et al. 1992) and in-river mortality
from predators such as bears (Ursus spp.). Factors that can affect periodicity of aerial
surveys include weather constraints, aircraft availability and budgets for survey flights.
Hill (1997) found the precision of AUC estimates decreased as the interval between
flights increased due to the inability of limited surveys to capture the true shape of the
escapement curve.

Bue et al. (1998) also investigated biases in the AUC model. They found that a
correction factor for observer efficiency provided the single greatest improvement in
AUC escapement estimates when compared to known weir counts. When observer
efficiency was combined with a stream-specific stream life, AUC estimates were within
10% of known weir counts in Prince William Sound, Alaska (Bue et al. 1998). Irvine et
al. (1993) also noted the importance of observer efficiency corrections in AUC
calculations when fish were counted visually.

Stream life is important because it adjusts aerial surveys to account for fish that
were counted in the previous survey and those that had died since the last survey
(Thomas and Jones 1984). Stream life is often extrapolated across streams because of a
lack of resources to conduct stream-specific estimates (Perrin and Irvine 1990). Studies

have shown, however, that stream life can vary considerably not only among streams, but
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also within an individual stream from year to year (Thomas and Jones 1984; Bocking et
al. 1988; Perrin and Irving 1990; Irving et al. 1993).

Values in the literature for stream life of chum salmon (Oncorhynchus keta) are
highly stream-specific. Thomas and Jones (1984) reported an average stream life of 20.8
d for chum salmon in Traitors River in southeast Alaska with a range of 10-33 d. At
Katlin Creek in southeast Alaska, chums had a stream life of 20.5 d (Thomas and Jones
1984). On two short creeks in southeast Alaska, Gende (2002) found chum salmon
stream life averaged 10.1 d with a range of 8-21 d. Perrin and Irvine (1990) conducted a
thorough review of other studies and estimated the average stream life for chums to be
11.9 d, but recommended stream life be determined on stream-specific basis.

McNeil River State Game Sanctuary (MRSGS) was created by the Alaska State
Legislature in 1967 to “provide permanent protection for brown bears (Ursus arctos) and
other fish and wildlife populations and their habitats, so that these resources may be
preserved for scientific, aesthetic, and educational purposes™ (Alaska Department of Fish
and Game 1996). When compatible with this objective, other human uses, such as bear
viewing, fishing, and temporary safe anchorage are permitted (Alaska Department of Fish
and Game 1996). Chum salmon provide the principal food source for the extraordinarily
high number of brown bears that aggregate annually at McNeil River Falls, and few
places in the world provide such a dramatic example of how direct the relationship
between bears and salmon can be. As many as 144 individual bears have been identified
at MRSGS during a single year and up to 72 bears have been in view at one time in the

vicinity of the falls in July (Meehan 2003).
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Brown bear numbers at MRSGS have been in decline, however, over the past 9
years. Chum salmon returns to McNeil River have been relatively poor, and despite
annual closures to commercial fishing, the current escapement goal of 13,750 — 25,750
chum salmon has been met only 6 times in the last 18 years (Hammarstrom and Dickson
2007). In contrast, chum salmon returns to nearby streams in the surrounding
commercial fishing districts have been strong for the past 7 seasons (Hammarstrom and
Dickson 2007), suggesting poor ocean survival is not the cause for the recent low returns
to McNeil River.

Presently, annual escapement for McNeil River chum salmon is indexed using the
AUC model, but with no correction for observer efficiency. Additionally, a generic 17.5
d stream life factor is currently being used for McNeil River, as well as all Lower Cook
Inlet chum salmon systems. This stream life was thought to have been derived from
studies of pink salmon (Oncorhynchus gorbuscha) conducted on Kodiak Island in the
1960’s (A. S. Davis, Alaska Department of Fish and Game retired, personal
communication). However, the true source of this stream life estimate is somewhat of an
enigma. No matter what the source of this estimate of stream life, McNeil River
represents a relatively unique situation with far higher in-river predation than other area
streams. Therefore, in an attempt to better understand escapement at McNeil River we
investigated the stream life for chum salmon there. In this paper we present a new
technique for estimating stream life using radio telemetry. Finally, we retrospectively
analyzed 31 years of escapement data using a new stream life value as well as an

observer efficiency correction factor.
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1.3 Study Site

MRSGS is located along the shores of Kamishak Bay on the Alaska Peninsula,
approximately 340 km southwest of Anchorage and 160 km west of Homer (Figure 1.1).
MRSGS encompasses both the McNeil River and Mikfik Creek drainages and is
approximately 51,800 ha. Immediately to the north of MRSGS is the McNeil River State
Game Refuge. To the south and west are Katmai National Park and Preserve, and to the
east is the Kamishak Special Use Area.

Kamishak Bay is characterized by extreme tidal fluctuations ranging from +7 to -
1.5 m in height. McNeil Lagoon is formed by a long spit which nearly separates it from
McNeil Cove and the larger Kamishak Bay (Figure 1.2). A channel approximately 50 m
wide enters the lagoon from the cove, and all salmon enter the system through this
narrow point. McNeil River and Mikfik Creek both drain into the lagoon, which is
flooded at high tide and channeled mud flats at low tide. The McNeil River run is
primarily chum salmon and occurs in late June to early August, while the earlier Mikfik
Creek run in June is composed almost entirely of sockeye salmon.

McNeil River is a fourth order stream which originates from two main branches.
One branch is glacially-fed and the other lake-fed. From the confluence of these two
branches, downstream to the lagoon, the river is 20.7 km long. The distance from the
headwaters of the glacially-fed branch to the lagoon is 36.6 km. The distance from the
outlet of McNeil Lake to the lagoon is 25.5 km. Discharge data are limited, but typical

June flows are between 27-36 m’ per second. There is high quality chum salmon
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spawning habitat available below the confluence of the two branches, in the lower 20 km
of the river. However, virtually all of the chum salmon and bear activity occurs below
the falls in the lowest 1.6 km of McNeil River and around the lagoon itself. A short
series of steep rapids (McNeil Falls) impedes the upstream migration of chum salmon
and during the peak of the run in July both chums and bears are concentrated in this area.
The majority of the chum salmon do not successfully ascend the falls and instead drop
into the lower river and tidally influenced areas to spawn. At this time in early August

bear activity switches downstream to follow the movements of the spawning chums.

1.4 Methods

Chum salmon were captured, radio tagged and monitored from late June through
mid August in 2005 and 2006. Advanced Telemetry Systems (ATS) Model #F1845
esophageal radio transmitters with mortality signals on frequencies between 150 and 153
MHz were used to tag 155 fish. Chum salmon were captured using rod and reel at the
end of the spit and tagged as soon as they entered McNeil Lagoon. In order to ensure
chum salmon were marked at the beginning of their stream life, only fresh chums were
tagged, as determined by the presence of sea lice and minimal fresh water marking.

After a chum salmon was captured, it was briefly held in a rubber mesh landing
net that was submerged in water for the duration of the handling. One person held the
fish by the caudal peduncle and under the pectoral fins and rolled the fish onto its right
side. A second person recorded length and sex and removed four scales from the left side

for aging. If the chum salmon was determined to be fresh, a radio tag was inserted using
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a hollow 30 cm long piece of PVC tubing, with a 7 mm diameter (Eiler 1995). Each fish
remained submerged during the entire handling process. No anesthesia was used, and
after tagging all fish were immediately released into calm water (Eiler 1995). Capture
times were approximately three minutes from the time of hooking until landing.
Handling time, including tag insertion, lasted an additional three minutes on average.
These procedures were reviewed and approved by the University of Alaska Fairbanks
Institutional Animal Care and Use Committee (IACUC Assurance 05-40).

Salmon at different stages of the run have been shown to have different stream
lives, with early-run fish living longer than late-run fish (Ames 1984; Thomas and Jones
1984; Perrin and Irvine 1990; McPhee and Quinn 1998). Therefore, an attempt was made
to tag fish in proportion to historic run timing. Capture efforts were divided into five, 1-
week periods, beginning 24 June and ending 28 July, with a tagging goal established for
each week that was based on historic run timing (Table 1.1). Tags recovered in a
serviceable condition from dead fish were redeployed as soon as possible to increase
sample size. Each week equal numbers of males and females were tagged.

Radio-tagged fish were monitored via two remote data logger stations, daily
manual ground tracking, and twice weekly (weather dependent) aerial tracking flights
using ATS Model R4500 receivers.

Remote data logger stations were used to monitor for mortality signals 24 h every
day. One was positioned at the end of the spit and the other 200 m upstream of McNeil
Falls. Both data logger stations were constructed as follows. A 3.1 m high aluminum

pole was attached to a custom-welded, water-proof and bear-resistant aluminum box
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measuring 0.6 x 0.5 x 0.3 m in size. Two, 4-element yagi antennas were attached to the
pole with antenna #1 positioned in a downstream orientation and placed 1.7 m above the
ground. Antenna #2 was oriented upstream and attached 3 m above the ground. Yarn
was tied to the yagi elements to prevent bald eagles (Haliaeetus leucocephalus) from
landing on them and causing damage.

Each aluminum box housed two absorbed glass mat (AGM) 12-volt batteries, an
ATS Model R4500 receiver, associated wire connections and a solar charging regulator.
Two solar panels (BP Model 275LLL, with 75W, 17V, 14.5 A, and 36 cells) were used to
recharge the 12-volt batteries at each station. Finally, a 2-strand polywire electric fence
(5 m x 4 m) was placed around each station to deter bears. The fences were electrified
using 4-volt, solar charged units for power (Shock Inc. Model SS-440).

During daily ground tracking a 3-element folding yagi antenna and ATS Model
R4500 receiver were used to locate all dead fish with transmitters below the falls. The
transmitters were then recovered as soon as possible.

Aerial tracking flights were used to locate all chum salmon that successfully
ascended the falls, and monitor them to determine live-dead status. Tracking flights were
also used to help locate missing transmitters which were not detected in the survey area
(McNeil River and Lagoon).

An individual chum salmon had to remain active (i.e. no mortality signal) for 24 h
post tagging to be used in the analysis of stream life. The stream life for each individual
fish that met this criterion was then determined by measuring the interval in hours

between tagging and time of mortality, or when it permanently left the survey area. Time
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of mortality or permanent departure from the survey area was determined using all
available telemetry data. For chum salmon above the falls, the time of mortality was
interpolated as half way between the last flight in which an individual was alive and the
first flight in which the fish was determined to be dead. Stream life data points were then
averaged for all fish above or below the falls by year. An overall stream life for each
year was determined by weighting the above and below falls stream life values based on
aerial survey cumulative counts for each stream reach. A straight average was then taken
between the two years to determine the overall stream life for McNeil River.

Escapement indices (E ) from 1976-2006 were retrospectively analyzed using
aerial survey data from those years, our new stream life value, and an observer efficiency
correction factor of 0.47. The observer efficiency correction factor was derived using
known weir counts of salmon, compared to the counts of aerial surveyors (E. Otis, Alaska
Department of Fish and Game, unpublished data). These same surveyors currently
enumerate chum salmon at McNeil River. All AUC calculations followed Bue et al.

(1998) methodologies as follows,
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where t; was the survey date and C; was the number of salmon observed on the it survey.

When chum salmon were present on the first survey the parameter A prior to the first

survey was estimated as,

A =

first

cs
2

When chum salmon were visible on the last survey A, was estimated as,

last

A/axl = _2—

1.5 Results

All chum salmon were tagged fresh. In 2005 chums remained permanently in the
survey area on average 7.1 h after tagging. In 2006 chum salmon remained permanently
in the survey area 5 h after tagging. This strongly indicates that once chums enter
McNeil Lagoon they remain in the system and do not move in and out for several days,
which would have biased our estimates of stream life.

In 2005, 70 adult chum salmon were fitted with esophageal radio transmitters. Of
those 70, 43 were active (i.e. no mortality signal) for more than 24 h and were used in the
stream life analysis. Only three fish, or 7% of chums tagged, migrated above McNeil
Falls in 2005. The stream life for these three fish ranged from 11.7-22.4 d and averaged
18.1 d (SE=3.25). The average stream life for fish that remained below the falls was 10.7

d (n=40, SE=0.63). Based on aerial survey cumulative counts by stream reach, 90% of
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the run remained below the falls and the overall weighted stream life in 2005 was 11.5 d
(n=43).

In 2006, 85 adult chum salmon were radio tagged. Of those, 62 lived for more
than 24 h and were used in the stream life analysis. A greater percentage of tagged fish
(n=17, 27%) ascended the falls in 2006, and the stream life for these fish was 25.7 d
(SE=1.40). The average stream life for fish below the falls (n=45) was 14.4 d (SE=1.09).
Based on aerial survey cumulative survey counts by stream reach, 85% of the run
remained below the falls, and the weighted average stream life for the entire river in 2006
was 16.1 d (n=62).

Over both seasons a total of 155 chum salmon were fitted with radio transmitters.
Of these only one salmon carcass was recovered before it had been consumed by bears or
by harbor seals (Phoca vitulina). Seven tags went completely missing in 2005 and four
in 2006. In 2005, 52 tags with no associated carcass were recovered, and 11 others were
located but not recovered. In 2006, 49 tags with no associated carcass were recovered,
and 32 others were located but not recovered. Tags which were located but not recovered
were either in deep parts of the river, in areas where it was not safe to retrieve them, in
areas where we would have displaced bears, or were too far above the falls to reach on
foot.

The mean stream life for chum salmon above the falls for both years was 21.9 d
(n=20). Below the falls, mean stream life was 12.6 d (n=85). Overall stream life for the
two seasons was 13.8 d (n=105). We found no significant relationship between date of

stream entrance and stream life for fish below the falls (2005, n=40, R?=0.02, p=0.43;
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2006, n=45, R*=0.00, p=0.84) or above the falls (2005, n=3, R*=0.27, p=0.65; 2006,
n=17, R*=0.00, p=0.98).

From 1976-2006, aerial survey counts were generally stratified by stream reach,
and counts above the falls were recorded separately from counts below the falls.
Therefore, we were able to retrospectively analyze above the falls escapements for 27 out
of the 31 years of data available. Using a 21.9 d stream life and an observer efficiency
correction factor of 0.47 over that period, escapement above the falls varied greatly,
ranging from 117-10,931 chum salmon. Below the falls, escapement was retrospectively
analyzed for all 31 years. Using a 12.6 d stream life, and an observer efficiency
correction factor of 0.47, estimates of escapements below the falls ranged from a low of
5,034 to a high of 127,881 chum salmon. Stream-wide escapement estimates were also
retrospectively calculated for all 31 years using an average stream life of 13.8 d and an
observer efficiency correction factor of 0.47. Stream-wide escapement varied from
13,188-143,935 adult chum salmon. Using the old estimate of stream life (17.5 d) and no
observer efficiency correction (as was previously being done) stream-wide estimates of
escapement ranged from 5,269-54,219 chum salmon. These old values are approximately
39% of the new values implying that historic escapement has been underestimated by a
factor of nearly 2.5 (Figure 1.3). Most of this difference is attributable to the use of the

observer efficiency correction factor which nearly doubled all estimates of escapement.
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1.6 Discussion

Radio telemetry provides a method of studying fish ecology, but the results are
meaningless if the tags cause abnormal behavior (Gray and Haynes 1979). Therefore,
radio tagging studies assume tags are retained for the duration of the study and that
tagged individuals represent the population being studied (Ramstad and Woody 2003).

Transmitters may affect swimming performance and thus upstream migration
rates (Thorstad et al. 2000). Gray and Haynes (1979) tested esophageal and external tags
to look for differences in swimming performance in chinook salmon (Oncorhynchus
tshawytscha). They found that while upstream movements were slightly faster with the
esophageal tags, there was no significant difference between the two tag types (Gray and
Haynes 1979). Thorstad et al. (2000) investigated swimming performance in Atlantic
salmon (Salmo salar) using an untagged control group compared to fish tagged with
dummy small and large external transmitters and dummy implants. When they placed
fish in an artificial swim chamber, they found no significant difference in endurance
among the groups. However in later work, Thorstad et al. (2001) cautioned that external
tags may be prone to fouling which could significantly increase drag. In addition to
concerns over swimming performance however, we were also concerned with the visual
cue that an external transmitter may have presented to bears.

Esophageal radio transmitters require less handling time than external radio
transmitters, but, they are also susceptible to loss through regurgitation (Ramstad and
Woody 2003). However, salmon have been shown to have high retention rates of up to

98% (Ramstad and Woody 2003; J. H. Eiler, National Marine Fisheries Service, personal
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communication), and there is low associated tagging mortality with esophageal
transmitters (Ramstad and Woody 2003). Because of these factors, esophageal tags are
preferred in studies of adult salmonids (Eiler 1990; Burger et al. 1995; Ramstad and
Woody 2003), and we feel confident our choice of esophageal transmitters minimized
potential biases in our stream life estimates.

In general, capture and handling of fish has been shown to cause stress and alter
behavior and migration (Bendock and Alexandersdottir; 1993; Bernard et al. 1999;
Makinen et al. 2000). Additionally, studies have indicated if a salmon is going to
regurgitate a transmitter it is likely to do so shortly after capture (Ramstad and Woody
2003; J. H. Eiler, National Marine Fisheries Service, personal communication). To avoid
these biases many researchers do not include a fish in their data analysis unless it passes a
data logger some distance upstream (J. H. Eiler, National Marine Fisheries Service,
personal communication). However, this was not an option at McNeil River where most
spawning occurs within 1.5 km of the ocean. Therefore, to avoid biasing our estimates of
stream life, due to potentially increased vulnerability to predation from handling, as well
as regurgitation of transmitters, a chum salmon had to remain active for 24 h post tagging
to be used in our analysis.

The importance of stream life in AUC calculations is well recognized in the
literature (English et al. 1992; Irvine et al. 1993; Hill 1997; Bue et al. 1998; Lady and
Skalski 1998; Hilborn et al. 1999; Manske and Schwarz 2000; Parken et al. 2003), and a
variety of techniques have been employed to estimate stream life. Neilson and Geen

(1981) identified individual females visually based on redd position and distinctive
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markings. From these observations they estimated stream life on the spawning grounds.
Eggers (1984) tried to address AUC biases by comparing the ratio of live to dead fish to
estimate a correction factor for stream life.

Another common technique for estimating stream life has been to tag salmon with
external visual tags, and then conduct regular foot surveys to recover tagged fish as they
die (Ames 1984; Thomas and Jones 1984; Dangel and Jones 1988; Fukushima and
Smoker 1997). However, this technique is not practical in many places where stream
length or long upstream migrations would prevent tag recovery. At McNeil River, chum
salmon moved into many inaccessible areas and migrated as far as 19.5 km upstream.
Additionally, bears in the lower river ate almost every available fish, even post-spawning
(Chapter 2). If only visual tags had been used, detection of dead fish would have been
marginal at best and this technique would not have worked well at McNeil River or in
other systems with high predation.

Stream life has also been estimated using mark-recapture models (Lady and
Skalski 1998; Manske and Schwarz 2000). Using this technique fish are captured at
distinct occasions and then recaptured until no more tagged fish are observed. Again this
technique would not work well in rivers where salmon migrate any significant distance
upstream because the recapture work required would be logistically unfeasible. In
addition, in areas where bears are removing a large percentage of the salmon, such as at
McNeil River, data would be highly biased because the probability of recapture would

not be the same as the probability of capture.
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Shardlow (2004) used time-lapse video equipment to determine stream life of
sockeye salmon on their redds. However, this required a relatively small shallow area,
conducive to video detection. In general most of the methods described above are
restricted to small, shallow, short streams with limited removal of fish by predators. As
this is not the case in many coastal streams, telemetry equipment then becomes a viable
option to determine time of mortality and thus stream life.

The results of our retrospective analysis indicate current escapement indices for
McNeil River are under representing actual escapement by approximately 250%. By
refining the estimated stream life value and applying an observer efficiency correction
factor in the AUC model, we have moved from an index closer to an actual estimate of
escapement. Therefore, the current escapement goal of 13,750-25,750 should be
recalculated and revised using our new estimates of historic escapement. Applying the
same method used to derive the current escapement goal of 13,750-25,750 (Bue and
Hasbrouck 1991) resulted in a new revised escapement goal of 30,000-64,000 chum
salmon. It should be clearly pointed out here that this is not an increase in the suggested
escapement goal, but only a more accurate reflection of the actual size of the chum
salmon run in McNeil River. This new framework is important because it allows for a
more complete analysis of the magnitude of bear predation at McNeil River and thus
allows us to estimate an appropriate spawning escapement goal (Chapter 2).

Various techniques have been used to estimate stream life in order to improve

escapement estimates using visual surveys. The methods presented in this paper
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demonstrate an effective technique for obtaining accurate estimates of stream life in large

rivers with poor accessibility, and high removal of salmon by predators such as bears.

1.7 Acknowledgements

This project would not have been possible without the considerable financial and
logistical support provided by the ADF&G, Divisions of Wildlife Conservation and
Commercial Fisheries. Additional financial support was provided by the GKW
Foundation, the National Park Service’s National Nétural Landmark Program, the
Wyoming Chapter of the Wildlife Society, the Alaska Trappers Association, and the
Clarence J. Rhode Scholarship. M. Adkison provided valuable editing suggestions. The
staff at MRSGS were essential in data collection and their support of this project. Thank
you to L. Aumiller, T. Griffin, P. Hessing and D. Hill. Important administrative and
managerial support came from J. Meehan, J. Hechtel, G. Hilderbrand, R. Seavoy and R.
Nowlin at ADF&G Division of Wildlife Conservation. L. Hammarstrom and M. Dickson
as well as others in the Homer ADF&G Office conducted many aerial surveys without
which this work would not have been possible. Finally, I would like to thank my wife
and primary field assistant at MRSGS, K. Peirce for her invaluable help and support with

this project.




29

1.8 References

Alaska Department of Fish and Game. 1996. McNeil River State Game Refuge and
State Game Sanctuary management plan. Division of Wildlife Conservation, Anchorage,
Alaska.

Ames, J. 1984. Puget Sound chum salmon escapement estimates using spawner curve
methodology. Canadian Technical Report of Fisheries and Aquatic Sciences 1326:133-
148.

Bendock, T., and M. Alexandersdottir. 1993. Hooking mortality of chinook salmon
released in the Kenai River, Alaska. North American Journal of Fisheries Management
13:540-549.

Bernard, D.R., J.J. Hasbrouck, and S.J. Fleischman. 1999. Handling-induced delay and
downstream movement of adult chinook salmon in rivers. Fisheries Research 44:37-46.

Beven, D.E. 1961. Variability in aerial counts of spawning salmon. Journal of the
Fisheries Research Board of Canada 18:337-348.

Bocking, R.C., J.R. Irving, K.K. English, and M. Labelle. 1988. Evaluation of random
and indexing sampling designs for estimating coho salmon (Oncorhynchus kisutch)
escapement to three Vancouver Island streams. Canadian Technical Report of Fisheries
and Aquatic Sciences 1639:95 p.

Bue, B.G., and J.J Hasbrouck. 1991. Escapement goal review of salmon stocks of upper
Cook Inlet. Report to the Board of Fisheries, Anchorage, Alaska.

Bue, B.G., SM. Fried, S. Sharr, D.G. Sharp, J.A. Wilcock, and H.J. Geiger. 1998.
Estimating salmon escapement using area-under-the-curve, aerial observer efficiency,
and stream-life estimates: the Prince William Sound pink salmon example. North Pacific
Anadromous Fish Commission Bulletin 1:240-250.

Burger, C.V., J.E. Finn, and L. Holland-Bartels. 1995. Pattern of shoreline spawning by
sockeye salmon in a glacially turbid lake: evidence for subpopulation differentiation.
Transactions of the American Fisheries Society 124:1-15.

Dangel, J.R., and J.D. Jones. 1988. Southeast Alaska pink salmon total escapement and
stream life studies, 1987. Alaska Department of Fish and Game, Regional Information
Report Number 1J88-24, Juneau, Alaska.

Eggers, D.M. 1984. Stream life of spawning pink salmon and the method of escapement
enumeration by aerial survey. Alaska Department of Fish and Game, Division of
Commercial Fisheries, Juneau, Alaska.




30

Eiler, J.JH. 1990. Radio transmitters used to study salmon in glacial rivers. American
Fisheries Society Symposium 7:364-369.

Eiler, J.H. 1995. A remote satellite-linked tracking system for studying pacific salmon
with radio telemetry. Transactions of the American Fisheries Society 124:184-193.

English, K.K., R.C. Bocking, and J.R. Irvine. 1992. A robust procedure for estimating
salmon escapement based on the area under the curve method. Canadian Journal of
Fisheries and Aquatic Sciences 49:1982-1989.

Fukushima, M., and W.W. Smoker. 1997. Determinants of stream life, spawning
efficiency, and spawning habitat in pink salmon in the Auke Lake system, Alaska.
Canadian Journal of Fisheries and Aquatic Sciences 54:96-104.

Gangmark, H.A., and L.A. Fulton. 1952. Status of Columbia River blueback salmon
runs, 1951. United States Fish and Wildlife Service Special Scientific Report Fisheries.

Gende, S.M. 2002. Foraging behavior of bears at salmon streams: intake, choice, and the
role of salmon life history. Doctoral dissertation. University of Washington, Seattle,
Washington.

Gray, R. H., and J.M. Haynes. 1979. Spawning migration of adult Chinook salmon
(Oncorhynchus tshawytscha) carrying external and internal radio transmitters. Journal of
the Fisheries Research Board of Canada 36:1060-1064.

Hammarstrom, L.F., and M.S. Dickson. 2007. 2006 Lower Cook Inlet annual finfish
management report. Alaska Department of Fish and Game, Division of Commercial
Fisheries, Regional Information Report No. 2A04-01, Anchorage, Alaska.

Hilborn, R., B.G. Bue, and S. Sharr. 1999. Estimating spawning escapement from
periodic counts: a comparison of methods. Canadian Journal of Fisheries and Aquatic
Sciences 56:888-896.

Hill, R.A. 1997. Optimizing aerial count frequency for the area-under-the-curve method
of estimating escapement. North American Journal of Fisheries Management 17:461-
466.

Irvine, J.R., J.LF.T. Morris, and L.M. Cobb. 1993. Area-under-the-curve salmon
escapement estimation manual. Canadian Technical Report of Fisheries and Aquatic
Sciences 1932:84 p.




31

Jones, E.L., T.J. Quinn, and B.W. Van Alen. 1998. Observer accuracy and precision in
aerial and foot survey counts of pink salmon in a Southeastern Alaska stream. North
American Journal of Fisheries Management 18:832-846.

Knudsen, E.E., E:-W. Symmes, and F.J. Margraf. 2003. Searching for a life history
approach to salmon escapement management. American Fisheries Society Symposium
34:261-276.

Lady, J.M., and J.R. Skalski. 1998. Estimators of stream residence time of pacific
salmon (Oncorhynchus spp.) based on release-recapture data. Canadian Journal of
Fisheries and Aquatic Sciences 55:2580-2587.

Makinen, T.S., E. Niemela, K. Moen, and R. Lindstrom. 2000. Behaviour of gill-net and
rod-captured Atlantic salmon (Salmo salar) during upstream migration and following
radio tagging. Fisheries Research 45:117-127.

Manske, M., and C.J. Schwarz. 2000. Estimates of stream residence time and
escapement based on capture-recapture data. Canadian Journal of Fisheries and Aquatic
Sciences 57:214-246.

McPhee, M.V, and T.P. Quinn. 1998. Factors affecting the duration of nest defense and
reproductive lifespan of female sockeye salmon, Oncorhynchus nerka. Environmental
Biology of Fishes 51:369-375.

Meehan, J. 2003. Status of brown bears and other natural resources in the McNeil River
State Game Sanctuary and Refuge, Annual Report to the Alaska State Legislature.
Alaska Department of Fish and Game, Division of Wildlife Conservation, Anchorage,
Alaska.

Neilson, J.D., and G.H. Geen. 1981. Enumeration of spawning salmon from spawner
residence time and aerial counts. Transactions of the American Fisheries Society
110:554-556.

Otis, E.O., and J.J. Hasbrouck. 2004. Escapement goals for salmon stocks in Lower
Cook Inlet, Alaska. Alaska Department of Fish and Game, Special Publication No. 04-
14, Anchorage, Alaska.

Parken, C.K., R.E. Bailey, and J.R. Irvine. 2003. Incorporating uncertainty into area-
under-the-curve and peak count salmon escapement estimation. North American Journal
of Fisheries Management 23:78-90.

Perrin, C.J., and J.R. Irvine. 1990. A review of survey life estimates as they apply to the
area-under-the-curve method for estimating the spawning escapement of pacific salmon.
Canadian Technical Report of Fisheries and Aquatic Sciences 1733:49 p.




32

Pirtle, P.B. 1977. Historical pink and chum salmon estimated spawning escapement
from Prince William Sound, Alaska streams 1960-1975. Alaska Department of Fish and
Game, Technical Data Report Number 35, Juneau, Alaska.

Ramstad, K.M., and C.A. Woody. 2003. Radio tag retention and tag-related mortality
among adult sockeye salmon. North American Journal of Fisheries Management 23:978-
982.

Shardlow, T. 2004. Using time-lapsed video to estimate survey life for area-under-the-
curve methods of escapement estimation. North American Journal of Fisheries
Management 24:1413-1420.

Su, S., M.D. Adkison, and B.W. Van Allen. 2001. A hierarchical Bayesian model for
estimating historical salmon escapement and escapement timing. Canadian Journal of
Fisheries and Aquatic Sciences 58:1648-1662.

Thomas, G.J., and J.D. Jones. 1984. Southeastern Alaska pink salmon (Oncorhynchus
gorbuscha) stream life stud<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>