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Dedication

We dedicate this book to Georg Wilhelm Steller (1709-1746), Alaska’s first
scientist. Steller first described the anadromous life cycle of North Pacific salmon
and identified sockeye salmon by its present scientific name nerka, a term originally
used by the Koryak people of Kamchatka (Steller, 2003).
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Introduction

Karluk River sockeye salmon—a wonder of the natural world.

One of Alaska’s most famous runs of sockeye salmon,
Oncorhynchus nerka, returns each year to spawn in the
pristine waters of the Karluk River drainage on Kodiak
Island. The sheer magnitude and long duration of the
run are remarkable. Within recorded history, this run
has, in peak years, exceeded 4,000,000 fish, a wondrous
spectacle of nature. Thisabundance is particularly strik-
ing since, physically, the Karluk River is relatively small
when compared with other notable salmon-stream sys-
tems of Alaska and the Pacific Coast. Such vibrant pro-
fusion has riveted human attention for as long as people
have occupied Kodiak Island, an interest most often
centered on the high value of these salmon as human
food, for both direct subsistence and commercial profit.
This species also has been intensely scrutinized by sci-
entists for well over a century, with the goal of under-
standing all features of its life history and biology that
help to sustain healthy runs. Likewise, attention has
been focused on these sockeye salmon for aesthetic and
spiritual reasons, to appreciate the untold intricacies
and innate diversity of life that so superbly thrives in the
beautiful Karluk River ecosystem.

Kodiak Island, often labeled as Alaska’s “Emerald
Isle” for the bright verdant plant life that flows across its
mountains each summer, is located in the Gulf of
Alaska about 50 km southeast of the

past 1,500,000 years as immense glaciers advanced and
retreated across the landscape (Karlstrom et al., 1969).

During the last cycle, glaciers that had covered
most of the island withdrew some 10,000 years ago, and
life once again spread across the terrain and into its
lakes and rivers. On southwest Kodiak Island, eleven
fish species invaded Karluk Lake and River, seven of
these being salmon, steelhead, and Dolly Varden that
spend part of their life cycle in freshwater and part in
the ocean (Table 1-1). The Karluk ecosystem, with suit-
able spawning sites and a large nursery lake, was ideal
for sockeye salmon to flourish and, as a result, several
million adult fish returned to spawn each year. This ap-
parent limitless bounty of sockeye salmon was a central
reason for Karluk’s widespread fame.

Humans first arrived on Kodiak Island over 7,000
years ago and have resided along the Karluk River for at
least the past 5,000 years. Archaeological surveys docu-
ment the many sites of human habitation that existed
along the river and lake. Besides the permanent resi-
dents, additional people moved to Karluk each sum-
mer from nearby winter camps to access its rich salmon
resources (Knecht and Jordan, 1985; Knecht, 1995). In
particular, the indigenous Alutiiq people and their an-
cestors have maintained a village for millennia near the

Alaska mainland and across Shelikof
Strait (Fig. 1-1). Being the largest is-

land of the Kodiak Archipelago, it is
positioned near the active junction

of the Pacific and North American
tectonic plates, a geologic location
with considerable consequences
(earthquakes, tsunamis, and volca-
nic ash falls) for humans and other
life. Formed and buffeted by massive
tectonic and glacial forces, Kodiak
Island has experienced several cycles

of complete elimination and reinva-
sion of its flora and fauna over the

Table 1-1
Fishes of Karluk Lake and River, Kodiak Island, Alaska.
Level of
Scientific name Common name abundance Life cycle
1. Cottus aleuticus Coastrange sculpin Common R!
2. Gasterosteus aculeatus Threespine stickleback Abundant R
3. Pungitius pungitius Ninespine stickleback Few R
4. Oncorhynchus gorbuscha Pink salmon Abundant A?
5. Oncorhynchus keta Chum salmon Few A
6. Oncorhynchus kisutch Coho salmon Common A
7. Oncorhynchus mykiss Steelhead/Rainbow trout Common AR
8. Oncorhynchus nerka Sockeye salmon Abundant A
9. Oncorhynchus tshawytscha Chinook salmon Common A
10. Salvelinus alpinus Arctic charr Common R
I'1. Salvelinus malma Dolly Varden Abundant AR
'R = Resident in freshwater.
2A = Anadromous.
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river’s mouth, a strategic location for garnering food
from the river, intertidal zone, and open ocean.

Although the early Karluk inhabitants heavily re-
lied on the nearby marine resources in Shelikof Strait,
they also settled beside the river and lake because
abundant runs of sockeye salmon provided them with a
dependable, nutrient-rich, food source. Fittingly, the
name “Karluk” is derived from the Alutiiq word
“iqalluk,” a term used for fish. Fresh salmon could be
caught in the river for at least half of the year, and by
drying and storing these fish, sufficient provisions
could be easily secured for later use in winter and early
spring when adult salmon were absent. It appears that
these early subsistence harvests of sockeye salmon were
easily supplied by the profuse annual runs, even though
early human populations in the Karluk vicinity may
have approached 1,000 (Lisiansky, 1814). And yet, hu-
man reliance on Karluk’s salmon undoubtedly varied
over the millennia as long-term climatic changes af-
fected the productive capacity of marine and freshwa-
ter food sources (Knecht, 1995; Finney et al., 2002).

During the period when Russia controlled Kodiak
Island (1784-1867) and Alaska’s fur trade in sea otters,
Enhydra lutris, sockeye salmon from the Karluk River
were regularly harvested, dried orsalted, and distributed
to sea otter hunters and support personnel at Karluk and
other locations along Alaska’s coast. The fur traders and
officials of the Russian-American Company clearly rec-
ognized the value of these salmon resources and used
Karluk as a vital provisioning base for their overall com-
mercial ventures in Alaska for more than 8o years. Be-
cause these food supplies supported a much larger pop-
ulation than just the local residents of Karluk Village,
sockeye salmon harvests may have been somewhat
larger during the Russian era. Reportedly, several hun-
dred thousand salmon were dried each year at Karluk in
the early 1800s. These fish were easily procured by plac-
ing wood and rock barricades (known by the Russian
term “zapors”) in the river to block and concentrate the
upstream migration (Pierce, 1978; Tikhmenev, 1978).

The first U.S. salmon cannery in southwestern
Alaska was built on Karluk Spit at the mouth of the
Karluk River in 1882, and it operated without competi-
tion for the next five years. The river’s enormous runs of
sockeye salmon, still strong despite the previous era of
Russian harvests, easily supplied the entire cannery de-
mand of 58,800 fish in 1882. But harvests continued to
increase each year and reached 1,004,500 fish in 1887.
The cannery’s case pack production was shipped south
3,200 kilometers (2,000 miles) each year to San Fran-
cisco for sale and distribution.

Following the commercial success of this single
cannery during 1882-87, five additional canneries were
built on or near Karluk Spit in the next few years, and at
least five other canneries that took salmon from the Kar-
luk River were built at further locations around Kodiak
and Afognak Island (see salmon canning labels in Photo
Supplement that begins on page 19). Consequently, un-
der intense competition between the canneries, annual
harvests of Karluk River sockeye salmon quickly reached
several million. In fact, their total case pack during the
early years of the fishery made up a major proportion of
that produced from all of Alaska. In 1893, most of Kar-
luk’s canneries were consolidated into the newly incor-
porated Alaska Packers Association (APA), with head-
quartersin San Francisco. The APA became the dominant
cannery at Karluk for many decades.

Karluk Spit salmon canneries and Karluk River (right), 1897.
(Frederic M. Chamberlain or Harry C. Fassett, from Moser,
1899)

Beach seining for sockeye salmon at Karluk Spit, June 1906.
(John N. Cobb, University of Washington Libraries, Special
Collections, Cobb 2390)
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As a result of these commercial enterprises, Kar-
luk’s bountiful sockeye salmon runs soon became
widely known to many cannery personnel, fishermen,
fishery inspectors, governmental officials, fishery biol-
ogists, visitors, and residents of Alaska and the Pacific
Coast. Typically, written accounts of Karluk prior to
1900 marveled at its outstanding salmon runs. For ex-
ample, Marshall McDonald, U.S. Commissioner of Fish
and Fisheries, boasted in 1894 that “the Karluk River,
on Kadiak Island, is probably the most wonderful
salmon river in the world.”

Despite the glowing reports about Karluk’s salmon
resources, the peak cannery production of 1888-94 was
followed by 9o years of declining harvests and increas-
ing debates over the cause of this reduction (Figs. 1-2
and 1-3). Governmental officials and fishery biologists
sought to reverse this negative trend by imposing vari-
ous regulations on the fishery and striving to under-
stand the biological factors that controlled sockeye
salmon abundance. Accordingly, a long-term program
of biological research on sockeye salmon began in 1921
with the installation of a weir on the Karluk River to
count the number of fish that reached the spawning
grounds at Karluk Lake and to gather basic data on
their age, length, weight, and sex.

As these fishery statistics were collected and ana-
lyzed, biologists began to advance different theories to
explain what had caused the decline in the runs. Over
the years, the number of theories grew and many promi-
nent biologists became involved in this scientific contro-
versy. The progression of the debate was followed not
only by those directly involved in defending a particular
theory, but also by the worldwide fisheries community
that knew about Karluk’s previous prolific runs, their
subsequent decline, and the ongoing research. Thus, for
most of the 1900s, the sockeye salmon runs at Karluk
also were famous because of their long-term decline, at-
tempts to explain the decline, and the biological research
devoted to understanding this species.

While there has never been a formal end to the
debate over the causes of the long-term decline, con-
tinuing research led many of the proposed theories to
be set aside as implausible. Overfishing was most often
viewed as the culprit at Karluk, but discussions contin-
ued about just how the commercial harvests had af-
fected different biological mechanisms and led to pro-
gressively fewer returning salmon.

When Karluk’s sockeye abundance greatly re-
bounded beginning in the mid 1980s, with runs often
exceeding 1,500,000 fish, the emphasis of fisheries re-
search shifted away from trying to explain the long-

term decline, to understanding and perpetuating the
growing success. Yet, with the intrinsic complexity of
the interacting physical and biological factors at Kar-
luk, it was not always obvious how much of any ob-
served change in salmon abundance came from human
management and how much came from uncontrolled,
and partially unknown, environmental factors. That s,
was human management solely responsible for revers-
ing the long-term decline or did a particularly benefi-
cial set of natural environmental conditions increase
the salmon runs?

After two decades of highly successful sockeye
salmon runs at Karluk (1985-2007), management of
this fishery is on a solid scientific foundation, though it
is also known that salmon populations respond to
large-scale, long-term, environmental conditions in
the North Pacific Ocean that are largely beyond human
control (Finney et al., 2002; Clark et al., 2006; Martin-
son et al., 2008, 20093, b). Thus, many important
topics remain to be studied for sockeye salmon. Fortu-
nately, individuals and institutions still have an intense
desire to better understand this salmon species and
continue to pursue the worthy goal of ensuring abun-
dant and sustainable runs to the Karluk River.

Karluk Lake and River

Karluk Lake, located on southwestern Kodiak Island
and the largest lake on the island (lat. 57°22" N; long.
154°02" W; Fig. 1-4), was formed many thousands of
years ago by glacial scour and moraine deposits in a
northwest trending valley flanked by rugged moun-
tains that rise to elevations of 750-9oo m. Having three
internal lake basins and a surface elevation of 12 m,
Karluk Lake is 19.6 km in length and 3.1 km in width at
its maximum. Lake waters are clear, cold, and oligotro-
phic; summer surface temperatures seldom exceed 15°C
and ice covers the lake in winter. The region has a mar-
itime climate, with mild temperatures, moderate pre-
cipitation of 172 cm per year, and frequent cloudy skies.
The lake and surrounding landscape are pristine wil-
derness. Terrestrial vegetation, still in a long-term suc-
cession after the last glaciers receded, is a luxuriant
covering of grasses, sedges, herbs, shrubs (alder, wil-
low, birch, elderberry), and cottonwood trees. Unlike
northeastern Kodiak Island, conifer forests are absent
in the Karluk area.

More than 15 small creeks and two larger rivers
flow into Karluk Lake (Fig. 1-5). The small creeks, im-
portant spawning habitats for sockeye salmon, descend
steep mountain slopes and often have waterfalls and
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8

tumbling cascades that restrict spawning salmon to the
creeks’ lower reaches. In contrast, the two rivers, both
with small lakes (Thumb and O’Malley), originate in
large tributary valleys, have lower gradients, and pro-
vide large spawning areas.

The Karluk River originates at the outlet of Karluk
Lake and flows northward and westward 40 km to the
ocean at Shelikof Strait. After leaving the lake, the river
winds 22 km through a broad valley before turning west
through mountainous terrain. Physically, it has a width
of 20-160 m and a depth typically less than 1 m. River flow
varies seasonally with snowmelt and rainfall runoff—the
river’s mean discharge is only 12 m3/sec. The upper 2—4
km of the river is an important spawning area for fall-run
sockeye salmon. No barriers to salmon migration exist in
the river, except during very dry years when mid summer
flows are low; rarely, fish movements are restricted by
river ice-cover in early spring. The river enters Karluk

Karluk Lake, showing Island Point (left near), Camp Island
(larger island), and Gull Island (smaller island), 1940. (Allan
C. DeLacy, from Catherine J. DeLacy, Seattle, WA)

Karluk Lake, with Camp Island in the distance (right center),
ca. 1958. (Robert F. Raleigh, Saint George, UT)
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Lagoon, a shallow estuary, 5 km upstream from the river’s
mouth and ocean at Shelikof Strait. Karluk Spit, a 1 km
narrow strand beach that rises just a few meters above sea
level, separates Karluk Lagoon from the ocean.

For many years Karluk Lake and the upper river
were under federal ownership and located within the
Kodiak National Wildlife Refuge, which was estab-
lished in 1941 to protect the island’s abundant popula-
tion of brown bears, Ursus arctos middendorffi. Follow-
ing the Alaska Native Land Claims Settlement Act of
1971, ownership of the Karluk River and northern half
of Karluk Lake was transferred to the region’s Native
groups (the Koniag Corporation).

Eight salmonid species occur in the Karluk ecosys-
tem, including sockeye, pink, coho, Chinook, and chum
salmon, steelhead and rainbow trout, Dolly Varden,
and Arctic charr (Table 1-1). In addition, threespine
stickleback, ninespine stickleback, and coastrange
sculpin are present. Though Karluk is renowned for its
sockeye salmon, there are also abundant runs of pink

Canyon Creek, a salmon spawning tributary at the south end
of Karluk Lake, 1948. (Richard F. Shuman, Auke Bay Labora-
tory, Auke Bay, AK)
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North end of Karluk Lake and upper Karluk
River, May 1954. (Clark S. Thompson, Shelton,
WA)

Lower Karluk River near Alaska Department
of Fish and Game salmon counting weir, 1996.
(Richard Lee Bottorff, South Lake Tahoe, CA)

Upper Karluk Lagoon, 1996. (Richard Lee Bot-
torff, South Lake Tahoe, CA)

9
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Karluk River and Karluk Spit salmon canner-
ies, 4 May 1901. (W. C. Fitchie, William J. Aspe
Collection, Anchorage Museum, Gift of Mary
Rolston, B1990.13.4)

Shelikof Strait (left), Karluk Spit salmon can-
neries (center), and Karluk River (right), June
1906. (John N. Cobb, University of Washington
Libraries, Special Collections, Cobb 2388)

Karluk Lagoon (left), Karluk Spit (center),
Karluk Head (upper right), and Shelikof Strait
(right), ca. 1953. (Rev. Norman L. Smith, from
Timothy L. Smith, Fontana, CA)
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Karluk Lagoon (center), Karluk Spit, and
Shelikof Strait (left), ca. 1952. (Charles E.
Walker, Sechelt, BC)

Karluk Spit and Karluk Lagoon. 1964. (U.S. Fish
and Wildlife Service, National Digital Library)

Shelikof Strait (left), Karluk Spit (center), and
Karluk Lagoon (right), 1990. (Jet Lowe, Library
of Congress, Historic American Buildings
Survey, AK, 12-KARLU, 1-1)
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salmon during even-numbered years, when several mil-
lion of them can return to the river. The Karluk River
has good runs of coho salmon, Chinook salmon, and
steelhead, each of these typically numbering from a few
thousand to several tens of thousands of fish annually.
Interestingly, only a few hundred chum salmon return
to the Karluk River each year, in contrast to major runs
that enter the nearby, lake-free Sturgeon River.

Sockeye Salmon

The anadromous life cycle of Karluk’s sockeye salmon
takes place in two aquatic habitats—the marine waters
of the North Pacific Ocean and the fresh waters of
Karluk Lake. Each year, mature adults return from the
ocean to spawn in their natal fresh waters in and around
Karluk Lake. To reach the lake, the salmon ascend 40
km of the Karluk River from the ocean, this upstream
migration taking from one to several weeks. Eggs de-
posited in spawning gravels over-winter there and
hatch into young sockeye (known as alevins while they
still have an egg yolk sac). In the early spring and sum-

Adult sockeye salmon in ocean colors, Karluk
Spit beach, 1956. (John Q. Hines, Mt. Shasta,
CA)

Male sockeye salmon in spawning colors, Kar-
luk River weir, 1970. (Benson Drucker, Reston,
VA)
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mer, these young fish (now known as fry, 24-30 mm
long) emerge from the gravel and migrate to Karluk
Lake, first feeding for a few months in the shallow shore
zone (the littoral) before moving further offshore into
the open-water limnetic zone. After rearing in Karluk
Lake for two to three years, the juvenile sockeye (now
called smolts, 100-150 mm long) make their spring mi-
gration to the ocean, where they feed and grow for an-
other two to three years before returning to the Karluk
River as mature adults. During their ocean life in the
Gulf of Alaska and Bering Sea, Karluk’s sockeye migrate
thousands of kilometers from their natal river. At ma-
turity, Karluk’s sockeye salmon measure about 500-600
mm in length and weigh about 2—3 kg. Typically, the
most abundant age group of sockeye salmon adults at
Karluk is labeled as 5, (or 2.2 in another aging system),
meaning that their total age is 5 years between egg de-
position and adult spawning, with 3 of these years spent
in freshwater as an egg and juvenile before the smolts
migrate to the ocean. For the 5, sockeye salmon, juve-
niles rear for two years in Karluk Lake and two years in
the ocean before returning to the river as mature adults




(the Appendix describes the many different life cycles
of Karluk’s sockeye salmon). Age groups 6, (2.3) and 6,
(3.2) are also common, and in some years these catego-
ries are abundant or dominant components of the run.
The colors of adult sockeye salmon change from bright
silver-blue in the ocean to vivid red and green when
spawning in freshwater. Sockeye salmon adults die
within a few weeks of spawning.

Compared with other species of Pacific salmon
that occur in Alaska, sockeye salmon possess several
unique characteristics. First, sockeye salmon almost in-
variably return to spawn in river systems that have an
upstream lake, the juveniles rearing in this lacustrine
habitat for several years before returning to the ocean.
Second, the annual return of adult sockeye to a river
system is composed of over 20 different combinations
of freshwater and ocean ages. That is, juvenile sockeye
can spend anywhere from zero to four years feeding in
their nursery lake, followed by zero to five years in the
ocean before returning to spawn in their natal freshwa-
ters. Thus, compared with other salmon species, the
life cycle of sockeye salmon is rather complex. A third
unique characteristic is that sockeye salmon have dis-
tinctive morphological, physiological, and behavioral
adaptations in their life cycle and feeding habits. Both
juvenile and adult sockeye salmon have long, fine gill
rakers along the inner edge of their gill arches that let
them capture small planktonic foods in the limnetic or
pelagic waters of the lake or ocean. Hence, sockeye
salmon feed at a somewhat lower trophic level than
other salmon species. Sockeye salmon also differ from
other salmon species in their schooling behavior. It
took biologists many years to fully understand the
uniqueness of sockeye salmon.

Karluk’s sockeye salmon possess another extraor-
dinary biological feature—the ability to modify the
productivity of their freshwater nursery lake and the
growth and survival of their young. Although this ca-
pacity is not yet fully understood, juvenile sockeye ben-
efit via the food chain from nutrients released into the
lake when adult salmon die and their bodies decom-
pose. This nutrient interaction between adults and ju-
veniles provides an important insight into at least one
controlling mechanism of sockeye salmon in freshwa-
ter. Further, this ability to transform the environment
of their nursery lake strongly suggests that sockeye
salmon are keystone species in the Karluk ecosystem,
directly and indirectly influencing a wide range of the
region’s fauna and flora.

Although Karluk is renowned for its many sockeye
salmon, another remarkable aspect of these runs is

their long seasonal duration. Adult sockeye first enter
the Karluk River in late May and continue throughout
most of the summer and early autumn. Two peaks of
abundance occur, one in June and a second in early
August or September. Typically, the runs decline by late
September, but they can extend into October, and more
rarely, into November. Sustained large runs of sockeye
salmon in August-September are uncommon in other
river systems of Kodiak Island and southwestern Alaska.
The extended run duration at Karluk was an attractive
biological feature for the commercial fishery and can-
neries to exploit.

Purpose

The main purpose of this book is to review the more
than 100 years of fisheries research on Karluk River
sockeye salmon. We have summarized and integrated
the large mass of research data that has been collected
on many complex, dynamic, and interrelated biologi-
cal topics. This research history is interesting and re-
vealing because it spans the years when knowledge
about sockeye salmon grew from near complete igno-
rance about its life history and biology in 1880, to a
relatively detailed understanding in 2010. Scientific
facts about salmon accumulated rather slowly before
1900, but discoveries quickened after the foundations
and techniques of the new discipline of fishery biology
developed.

Over the past century, a long succession of biolo-
gists have studied many aspects of Karluk’s sockeye
salmon and published their findings in scientific jour-
nals or agency reports. Yet, many significant results
have remained unpublished and unknown to other re-
searchers. This deficiency has obscured a more com-
plete biological understanding of sockeye salmon and
caused later biologists to unknowingly repeat previous
studies. Thus, in this comprehensive review of sockeye
salmon research at Karluk, we have tried to clearly
present what has been done and where the original
data exists for both published and unpublished stud-
ies. While this review demonstrated that substantial
knowledge now exists about sockeye salmon, it also re-
vealed that important biological questions remain.

Throughout this review we used the term “Karluk”
as an abbreviated way to designate the whole Karluk
River and Lake ecosystem. When greater specificity was
needed we used the following geographic terms, pro-
ceeding upstream from the ocean—Karluk Spit, Karluk
Village, Karluk Lagoon, Karluk River, Karluk Portage,
and Karluk Lake (Fig. 1-4).
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A central theme of this research history is the sci-
entific controversy that arose about the fundamental
cause(s) of the long-term decline and subsequent re-
cent recovery of sockeye salmon abundance at Karluk.
Many well-known fishery biologists of the 1900s dis-
cussed and promoted at least 12 different theories to
explain these population trends: 1) overfishing of the
entire run, 2) reduced lake fertility, 3) asynchrony of
plankton blooms and fry emergence, 4) overfishing of
productive midseason subpopulations, 5) environmen-
tal changes, 6) reduced reproductive capacity, 7) charr
predation on juvenile sockeye, 8) brown bear predation
on adult sockeye, 9) counting weir impediments to
salmon migrations, 10) competition between juvenile
sockeye and sticklebacks, 11) operation of the Karluk
Lagoon hatchery in 1896-1916, and 12) interaction be-
tween ocean climate and lake fertility.

As fisheries research continued at Karluk over
many decades, certain theories gained prominence for
a time, only to be replaced by other ideas as new data
were analyzed. Some theories that initially were widely
accepted fell into disfavor, but later regained promi-
nence. Because the search for the correct theory has
been such a prominent part of Karluk’s fisheries his-
tory, much of this book is organized around these theo-
ries, with different aspects of the scientific debate be-
ing reviewed in separate chapters.

It should be clearly stated, however, that biologists
still do not fully understand the controlling factors of
Karluk’s sockeye salmon abundance, and it is likely that
additional theories and explanations will be proposed
in the future. The difficulty of settling on a theory is a
result of the inherent complexity of sockeye salmon
and its environment—this includes marine and fresh-
water life stages, ocean climate regimes, marine and
lake water temperatures, upwelling areas, nutrients,
primary production, plankton, variable foods, compet-
ing species, multiple predators, diseases, parasites,
long migrations, multiple age classes, size variations,
and subpopulations. And beyond the numerous natu-
ral factors, there is the impact of commercial harvests.
Predicting the outcome of such a diverse and complex
system requires a large dose of humility. For that rea-
son, we do not disparage any of the proposed theories
to explain the abundance of Karluk River sockeye
salmon. All were originally formulated after due con-
sideration of then available facts and with the notable
goal of sustaining this salmon resource.

An important goal of this project was to prepare a
useful historical and biological resource for biologists,
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fishery managers, historians, fishermen, naturalists,
and Alaskan enthusiasts that summarizes the many
years of research on Karluk River sockeye salmon. Be-
sides the many people and organizations directly in-
volved in sockeye salmon research and management in
Alaska, we sense that the Karluk River system engen-
ders keen interest from biologists worldwide because
of the early prolific runs, long-term decline and recent
rebound, and many years of research.

Thus, we have attempted to provide a comprehen-
sive review of past sockeye salmon research at Karluk,
access to the full range of research literature, a descrip-
tion of a fascinating period of Alaska’s history, and sug-
gestions for future research. Our goals will be partially
realized if past studies at Karluk can be readily identi-
fied and future research can avoid unnecessary dupli-
cation. Of course, we hope this book will ultimately
lead to an even greater understanding of Karluk’s sock-
eye salmon and to the perpetuation of abundant and
healthy runs of this adaptable and resilient salmon in a
magnificent river-lake ecosystem of Alaska.

Report Organization

This research history is divided into 11 chapters that
summarize and discuss many important topics of sock-
eye salmon research at Karluk. First, we chronologi-
cally review the research efforts and discoveries of
nearly 20 biologists who studied Karluk’s sockeye
salmon during the go years between 1880 and 1970
(Chapter 2). Fisheries research during this era was con-
ducted by a series of naturalists, biologists, and ichthy-
ologists of the U.S. Government, primarily from its U.S.
Fish Commission (USFC), Bureau of Fisheries (USBF),
Fish and Wildlife Service (FWS), and Bureau of Com-
mercial Fisheries (BCF). Additional research was con-
ducted during the latter part of this era by biologists
from other organizations, including the Fisheries Re-
search Institute (FRI) of the University of Washington,
Seattle; the Alaska Department of Fisheries (ADF) be-
fore statehood; and the Alaska Department of Fish and
Game (ADFQG) after statehood.

Second, we review the history of the Karluk River
counting weir, from its first operation in 1921 to current
times (Chapter 3). This fisheries research tool has pro-
vided a wealth of basic data on sockeye salmon escape-
ments (the number of fish that escape the fishery and
reach the spawning grounds), migration timing, and
run composition, as well as similar facts for other sal-
monid species that inhabit the system. The weir history



is interesting because of its various operational prob-
lems, the long-term debate over its proper location, its
changing uses, and the insights it provided into the dy-
namism of the Karluk River ecosystem.

Third, we summarize the life history of Karluk’s
sockeye salmon (Chapter 4). Compared with the little
that was known about this species in 1880, a substantial
amount has been learned over the decades. Neverthe-
less, some important details of its life history still re-
main unclear and continue to be topics for future study.

Following these initial chapters that summarize
information across many fishery subjects, the next six
chapters (Chapters 5-10) provide detailed reviews of
specific topics, controversies, and questions that have
persisted about sockeye salmon throughout most of
Karluk’s research history: 1) the existence of subpopu-
lations, 2) the seasonal run distribution, 3) the impor-
tance of limnological knowledge and lake fertilization,
4) the interaction of sticklebacks and juvenile sockeye,
5) the effect of charr predation, and 6) the effect of bear
predation. To summarize and conclude the central
theme of this book, the final chapter (Chapter 11) briefly
reviews the different theories that have been proposed
to explain the historic decline and recent recovery of
sockeye salmon runs at Karluk. In all chapters, we trace
the origin and historical development of thought about
each major topic and conclude with a statement of the
current understanding.

Supporting this historical review of sockeye salmon
research at Karluk are two major supplements: 1) an ap-
pendix of long-term fisheries data and biological re-
sources, and 2) a comprehensive bibliography (pub-
lished as a companion volume). The appendix includes
the daily weir counts of sockeye salmon from 1921 to
2010, plus a gazetteer, glossary, timeline, summary of
management reports, scale resources, life cycle and age
composition graphs, and summary of biotic resources.
The bibliography includes both published and unpub-
lished references on Karluk’s sockeye salmon, in addi-
tion to many citations on the region’s fauna, flora, his-
tory, and physical environment. Most references have
been annotated to quickly reveal their contents. We have
tried to include all Karluk references up to 2010.

Throughout this book, we have included many
historical images of the research gear, weir, personnel,
facilities, scenery, fauna, and flora. We believe the his-
torical photographs give clear insights into the many
years of field studies and reveal what for many biolo-
gists was a stimulating research experience and an ex-
citing Alaskan adventure.

This history of sockeye salmon research at Karluk
complements, but has little overlap with, previous his-
tories of the salmon canneries of Kodiak Island and the
salmon hatcheries of Alaska by Patricia Roppel (1982,
1986). Since Roppel has admirably discussed these two
subjects, we have not repeated her work, except to oc-
casionally add specific information about Karluk.

Sources of Information

This research history is based upon many primary and
secondary sources of published and unpublished in-
formation. Without a doubt, the number of pertinent
references that we discovered far exceeded our initial
expectations. We focused our literature search on the
biology of Karluk’s sockeye salmon, but we also gath-
ered literature on other species of its fauna and flora,
the physical environment, and the fishery. Published
references included those in peer-reviewed journals
and fishery agency reports, while unpublished docu-
ments were found in various libraries, archives, and
personal collections. Within the time constraints of
this project, we believe that a major portion of Karluk’s
fisheries literature was examined, especially for the
pre-statehood period of Alaska. Although the Bare
Lake study of the 1950s was an offshoot of the Karluk
research program, we did not thoroughly examine this
literature. The results of our literature search are pre-
sented in the Karluk Sockeye Salmon Bibliography.

To supplement our literature search, we directly
interviewed many active and retired biologists, all of
whom conveyed valuable insights into the Karluk eco-
system and the past and current research programs.
They discussed technical facts about sockeye salmon
and recalled biological studies from as far back as the
1930s. Overwhelmingly, these biologists were highly
enthusiastic about the Karluk ecosystem and their own
research experiences there. Further, many biologists
supplied us with personal photographs taken during
their years of field work at Karluk; these images added
considerable detail about past field studies, facilities,
and personnel.

As the Karluk references were gathered, we chron-
ologically organized the published and unpublished in-
formation into a large computer database that included
about 9o biological, fisheries, historical, and other top-
ics. Most subjects dealt with some aspect of sockeye
salmon biology, but some computer files summarized
data on the physical, historical, archeological, and other
biological properties of Karluk. Besides sockeye salmon,
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the database included information on a broad spectrum
of the flora and fauna—all fish species, aquatic inverte-
brates, parasites, birds, mammals, and plants. Though
not all of these topics were included in our subsequent
review, this database provided a broad foundation for
the discussion of Karluk’s sockeye salmon.

As we reviewed the past research and interacted
with many biologists, one fact became exceedingly
clear—the dynamic nature of the Karluk lake-river eco-
system. Its sockeye salmon, plus many other of its fish
and wildlife species, undergo large seasonal changes in
abundance and distribution. For its fishes, each life
stage is often associated with a major migration among
different habitats, either between freshwater and the
ocean or within the lake and its tributaries. Likewise,
the aquatic habitats experience large seasonal varia-
tions in their physical and chemical properties. We em-
phasize the dynamic nature of the Karluk ecosystem
because it adds an important overriding qualification
to most research programs. That is, only by collecting
samples over a wide range of places and times can the
full complexity of many biological phenomena be un-
derstood. Sometimes in the past, research conclusions
have been incorrectly extrapolated from a few mea-
surements of location and season. Because of the in-
herent dynamism that defines the Karluk system, we
have attempted in this history to clearly specify the
times and places when discussing biological topics
about sockeye salmon.

Wonderful Karluk

We close this introduction with a group of historical
comments about the original productivity and unique-
ness of the sockeye salmon runs in the Karluk River.
Visitors to Karluk between the 1880s and the early
1900s marveled at these bountiful runs, a magnificent
cornucopia of silver fish that arrived from the sea and
flowed upriver with tenacious force for months on end.
Documents from this period, and somewhat later, of-
ten included glowing reports about the “wonder of the
Karluk sockeye salmon runs.” The following quotations
demonstrate the special attraction that this remarkable
salmon species and Karluk ecosystem have had for
many people:

[Speaking of Karluk’s salmon, 1880] Looking down
into the water, it would seem that a lead-pencil could
not be passed down between the densely crowded fish;
a bidarka cannot be paddled over them when the
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salmon are thick. Red salmon are abundant every year
at Karluk. [Bean, 1887: 96]

[1889] The run is confined chiefly to the smaller
streams, such as the Karluk, in which they crowd in
numbers absolutely incredible to one who is not an eye
witness, and actually force each other out of the water
in their eager struggles to reach the sources of the rivers
and deposit their spawn. [Bean, 1891: 168]

[1889] The number of salmon actually caught in Kar-
luk Bay, near the river mouth and in the lower portion
of the river, is so large as to make a true statement con-
cerning them seem incredible. In 1888 the canneries
put up over 200,000 cases, averaging about 13 red
salmon to the case, or more than 2,500,000 fish. In 1889
the number of fish put up was still larger, reaching
probably 250,000 cases, containing more than
3,000,000 salmon. [Bean, 1891: 182]

[1890] The Karluk river became known to the Rus-
sians as the most prolific salmon stream at an early
date, and they utilized it as a depot for supplying their
numerous hunting parties with dry fish as early as 1793.
Ever since that time that wonderful little river has been
made to yield its annual quota for the subsistence of
Alaskan people. [Porter, 1893: 79]

[1890] You see, the best fishing of all was right there
at Karluk at the seining grounds. I thought I'd seen fish
down on the Columbia and in at the mouth of the Fra-
ser River, but I never seen fish anywhere to equal them
runs at Karluk. We'd bring in twenty-five to thirty
thousand big salmon in a haul. [McKeown, 1960: 42]

[1895] It is unusual for more than one establishment
to be found on any salmon stream, but at Karluk . . .
there are five canneries, and the salmon seem inex-
haustible. The river at its mouth, and for a long dis-
tance out into the salt water . . . seems to be fairly
swarming with these fish. They fill the water to such
extent as to almost dam it up, and those below, in their
eagerness to ascend the river, crowd those on top
so that their fins and part of their body are exposed to
view. The first season I beheld the sight I though an
appropriate name would be the “River of Life”. [Bruce,

1895: 40]

[1897] In 1896 several hauls on Karluk Spit yielded
75,000 salmon to the haul. Hauls of from 25,000 to
30,000 fish are not unusual during the height of the
run. It is said that some years ago 100,000 salmon were
taken at a single haul on the spit. . . . The waters sur-
rounding the outlet to Karluk Lagoon are probably the
most remarkable in salmon production in Alaska, not
only in point of numbers, but in the length of the runs.
[Moser, 1899: 145-146]

[1903] The four greatest of red salmon streams are the
Fraser River, Karluk River, Nushegak River and Kvichak
River, all large streams flowing through lakes. In



proportion to the amount of water, probably no stream
in the world normally carries more salmon than the
Karluk River. [Jordan, 1903: 171]

[Speaking of Karluk, 1909] When the salmon runs
began there were so many fish that they almost pushed
each other out of the water. When we went out in row-
boats it sounded like someone beating a tattoo on the
bottom of the boat, we had to pole because the fish
were so thick you couldn’t get the oars down to row.
[Taylor 1964: 36]

[At the Karluk River, 21 July 1916] This was the first
time I had seen the river above the hatchery. It is easy
to understand why the Karluk River has been such a
wonderful salmon stream. As a breeding ground for
salmon, it so far surpasses anything that I have seen in
Alaska as to be entirely in a class by itself. Conditions,
as observed by me in a very limited time and over a
small area as compared with the whole, are perfect and
ideal in every respect. [Ball 1916]

[Speaking of Karluk, 1931] Although other species are
taken in the fishery the remarkable red-salmon runs are
of predominant importance. Both the river and the lake
are relatively small, yet the abundance of red salmon is
so great as to indicate that conditions are particularly
favorable for this species. No other stream of similar size
is known to produce such large runs, and there are only
a few larger streams, such as the Fraser and the Kvichak
Rivers, that have been more productive. . . . The history
of this district is particularly interesting, and marks the
rise and fall of one of the world’s greatest red-salmon
fisheries. [Rich and Ball 1931: 664-665]

[Speaking of Karluk, 1932] This watershed, for it size,
has been one of the greatest producers of red-salmon
in the world. [Barnaby 1932: 1]
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[Speaking of Karluk, 1958] That night I lay in the for-
ward bunk listening to the gurgle of the mighty Karluk
as it bubbled against the port planks. I wondered if
people appreciated what this great river had meant to
them in the past as they casually reached for a can of
red salmon on a grocery shelf in New York or Austin.
Karluk, the river of giants, where bloody wars were
once fought over the right to fish for the fresh-run
horde as they piled in from the Shelikoff Straits by the
thousands, only to die in the spawning beds of Karluk
Lake where their decaying bodies produced the plank-
ton so vital as food for the fingerlings. . . . But these
great salmon runs into the Karluk River are a thing of
the past and only a trickle remains. For years commer-
cial fishermen exploited the big fish, and protective
laws were passed too late. [Woodworth 1958: 105]

[Speaking of Karluk, 1971-1972] Karluk Lake is the
largest lake . . . on Kodiak Island and historically sup-
ported a sockeye run of greater magnitude, in relation
to lake size, then any other sockeye producing system
in the world. [Blackett 1973: 70]

As these statements confirm, most visitors to Kar-
luk, whether professional biologists, officials, laborers,
sportsmen, or tourists, soon grasped the exceptional
nature of this river-lake ecosystem and its abundant
sockeye salmon runs. Indeed, a near reverence for these
fish and the wild setting soon permeates those who
visit or study the Karluk system, the admiration flowing
from diverse sources—from seeing the bold natural
landscape, clear waters, and persistent salmon masses;
from understanding the extended evolutionary history
that adapted these salmon to flourish in this river sys-
tem; from appreciating the long human prehistory and

Bidarka on Karluk River (near), Karluk Spit
cannery buildings, and steamers Bertha and
Haytien Republic in Shelikof Strait (far), 1889.
(Tarleton H. Bean, National Oceanic and Atmo-
spheric Administration Photo Library, fish7460,
from National Archives, Washington, DC)
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varied fisheries history that unfolded on these now
quiet shores; from knowing the 100-year succession of
biologists who worked to unlock the secrets of sockeye
salmon; and from experiencing a powerful connection
with untamed nature. Nowadays, such sentiments
come from people of many backgrounds, interests, and
origins, the enthusiasm being particularly ardent from
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worldwide visitors that travel long distances to sport
fish for Karluk’s salmon, steelhead, and charr and to
experience a unique adventure in an intact Alaska wil-
derness. Clearly, whether viewed from the perspectives
of modern ecological principles and sensibilities or of
Alaskan history, the sockeye salmon runs at Karluk are
a remarkable phenomenon.



Photo Supplement

This supplement to Chapter 1 presents a photo collection of salmon can labels, wooden crates, and a cannery com-
pany logo. These items were used by historic salmon canneries that harvested and canned Karluk River sockeye

salmon.

Selected Salmon can label, put up
by Karluk Packing Co., Karluk,
Kodiak Island, Alaska. (Ralph
and Terry Kovel, The Label Made
Me Buy It, Crown Publishers, NY,

1998)

GO\
\ &ﬁ" OFFICE
310 SANSOME
Selected Salmon can, put up by Karluk Pack- . SA) ”-I-i NCISC
- | b

ing Co., Karluk, Kodiak Island, Alaska. (Karen
Hofstad Collection, Petersburg, AK)
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RED
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Karluk Packing Co. sockeye salmon crate,
Horse Shoe Brand, Alaska Packers Association,
San Francisco. (National Park Service, San
Francisco Maritime National Historical Park,
San Francisco, CA, SAFR 19302)

Horse Shoe Brand salmon can label, Karluk red
salmon, Alaska Packers Association, San Fran-
cisco. (Courtesy of the Pratt Museum, Homer,
AK, 2004 [label image], and Captain Richard C.
Sturgill, Drayton Harbor Maritime and Alaska
Packers Association Museum, Blaine, WA
[APA trademark])

Canoe Brand salmon can label, packed by
Alaska Improvement Co., Karluk, Alaska.
(Ralph and Terry Kovel, The Label Made Me
Buy It, Crown Publishers, NY, 1998)

El Modelo Brand salmon can label, spring
catch Alaska salmon, packed by Alaska Im-
provement Co., Karluk, Alaska. (Lantern Press,
Seattle, WA)
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Canoe Brand salmon can label, Alaska red
salmon, packed by Alaska Packers Associa-
tion, Karluk, Kodiak Island, Alaska. (Warren E.
“Nick” Nickell, Vancouver, WA [label image],
and Captain Richard C. Sturgill, Drayton Har-
bor Maritime and Alaska Packers Association
Museum, Blaine, WA [APA trademark])

: MINING ©.

ALASHA

Kodiak Brand salmon can label, packed by
Aleutian Islands Fishing & Mining Co., Kodiak
Island, Alaska. (Lantern Press, Seattle, WA)

Kodiak Brand salmon can, Alaska red

.

salmon, packed at Karluk, Alaska Pack- R —— e p —=
ers Association, San Francisco, succes- “‘SKA__Dﬁ(Efc(EBg:A_b | v AIASN'\".
sors to Aleutian Island Fishing & Mining W ISUANDS FISHN ' NALEUTIAN K¢
Co. (Karen Hofstad Collection, Peters- ~NCISCO. ‘_“‘. SAN FRA =
burg, AK) )
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Alaska Packers Association headquarters
plaque and logo, San Francisco. (National Park
Service, San Francisco Maritime National His-
torical Park, San Francisco, CA, SAFR 20963
[plaque image], and Captain Richard C.
Sturgill, Drayton Harbor Maritime and Alaska
Packers Association Museum, Blaine, WA
[APA trademark])

Coleman Flag Brand salmon crate, Alaska red
salmon, packed at Kodiak Island, Alaska, by
Alaska Packers Association. (Alaska State Mu-
seum, Juneau, AK, ASM 2005-20-1)

n
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§

Cape Karluk Brand salmon can, Hume’s Karluk Brand salmon can, Alaska red salmon, Hume Packing Co.,
Alaska red salmon. (Alaska State Mu- at Karluk, Alaska. (Alaska State Museum, Juneau, AK, ASM 2002-13-1 [can
seum, Juneau, AK, ASM 91-45-2) image], and Captain Richard C. Sturgill, Drayton Harbor Maritime and

Alaska Packers Association Museum, Blaine, WA [APA trademark])

Hume’s Karluk Brand salmon crate, Alaska red salmon, packed by Alaska
Packers Association. (Captain Richard C. Sturgill, Drayton Harbor Mari-
time and Alaska Packers Association Museum, Blaine, WA)

o
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ﬁPA\KNC CC

ALASKA PACKERS ASSOCIATION. SAN FRANCISCO

~ALASKA PAcCKE

Rocky Point Brand salmon can label, spring
pack Alaska salmon, packed by Hume Pack-
ing Co, at Karluk, Alaska. (Warren E. “Nick”
Nickell, Vancouver, WA)

Hume’s Karluk Brand salmon can label, red
salmon, Alaska Packers Association, San Fran-
cisco. (Richard Lee Bottorff, South Lake Ta-
hoe, CA [label image], and Captain Richard C.
Sturgill, Drayton Harbor Maritime and Alaska
Packers Association Museum, Blaine, WA
[APA trademark])

Aurora Borealis Brand salmon can label, Alaska
red salmon, Arctic Packing Co., Karluk, Alaska
Packers Association, San Francisco. (Lantern
Press, Seattle, WA [label image], and Captain
Richard C. Sturgill, Drayton Harbor Maritime
and Alaska Packers Association Museum,
Blaine, WA [APA trademark])

Russian American Brand salmon can label,
Alaska red salmon, put up by the Russian
American Packing Co., Karluk, Alaska Pack-
ers Association, San Francisco. (Lantern Press,
Seattle, WA [label image], and Captain Rich-
ard C. Sturgill, Drayton Harbor Maritime and
Alaska Packers Association Museum, Blaine,
WA [APA trademark])
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Gold Medal Brand salmon can label, fresh red
Alaska salmon, Kodiak Packing Co., packed by
Alaska Packers Association, Karluk, Alaska.
(Lantern Press, Seattle, WA [label image], and
Captain Richard C. Sturgill, Drayton Harbor
Maritime and Alaska Packers Association Mu- e <AV n-=t - ; ALASEA PACKERS AS

seum, Blaine, WA [APA trademark]) R SANFRANCISCOL

Seward Brand salmon can, Alaska red salmon, packed
at Karluk, Alaska Packers Association, San Francisco.
(Karen Hofstad Collection, Petersburg, AK)

Seward Brand salmon crate, Alaska red salmon,
packed at Karluk by Alaska Packers Association.
(Maine Maritime Museum, Bath, ME [crate image]
and Captain Richard C. Sturgill, Drayton Harbor
Maritime and Alaska Packers Association Museum,
Blaine, WA [APA trademark])

2
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PACIFIC PACKING & NAVIGATION CO. .

NEW YORK — SAN FRANCISCO - SEATTLE

J{UMEBRO’S & HUMES

FRESH ALASKA

KARLUKSALMO

packeDar UYAK BAY . ALASKA ar
HUME BROS & HUME, :

SALMON PACKERS

-PEERLESS BRAND:

HUME BRO'S & HUMES
FRESH ALASKA

LUK,
Shimon

Ai_ASKA RED.

Cruiser Brand salmon can, Alaska salmon, packed at Kar-
luk, Alaska Packers Association, San Francisco. (Karen Hof-
stad Collection, Petersburg, AK [can image], and Captain
Richard C. Sturgill, Drayton Harbor Maritime and Alaska
Packers Association Museum, Blaine, WA [APA trademark])

Pioneer Fishery salmon can label, Karluk red
salmon, Hume Bro’s & Hume’s, Pacific Pack-
ing & Navigation Co., New York, San Francisco,
Seattle. (Karen Hofstad Collection, Petersburg,
AK)

Peerless Brand salmon can label, Karluk red
salmon, packed by Hume Brothers and Hume,
Uyak Bay, Alaska. (Warren E. “Nick” Nickell,
Vancouver, WA)

Little Commodore Brand salmon can label,
Karluk red salmon, packed by Hume Broth-
ers and Hume, Uyak Bay, Alaska. (Warren E.
“Nick” Nickell, Vancouver, WA)
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HUME BRO'S & HUMES DT

FRESH ALASKA

Primer Brand salmon can label, Karluk red
salmon, packed by Hume Brothers and Hume

Uyak Bay, AK. (Warren E. “Nick” Nickell, Van-
couver, WA)

KARLUK

ALASKA RED.

HUME BROS &HUME

SALMON PACKERS

Karluk Primer Brand salmon can label, Alaska
red salmon, Hume Bro’s & Hume’s, packed by
Northwestern Fisheries Co., Seattle. (Warren
E. “Nick” Nickell, Vancouver, WA)
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NORTHWESTERN FISHERIES CD.
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CHAPTER 2

Karluk Sockeye Salmon Research History

Nature does not reveal all her secrets at once . . .
Of one of them this age will catch a glimpse,
of another, the age that will come after.—L. A. Seneca, AD 64

When the United States purchased Alaska from Russia
in 1867, little had been written about any Karluk River
salmon, especially concerning details of life history.
Even the most basic biological facts remained myster-
ies to the scientific community. Yet, because Karluk
River salmon had been important subsistence resources
for the indigenous Alutiiq people of Kodiak Island for
many thousand years, these early inhabitants must
have accumulated considerable knowledge about the
river and its different fish species.

Many Alutiiq were attracted to the Karluk River
because of the abundant salmon runs that returned
at predictable times each year. These fish were annu-
ally harvested, dried, and stored as a vital food source,
rich in energy and nutrients, which sustained the
early inhabitants for many months. Since their sur-
vival was directly linked to these salmon, the Alutiiq
closely observed the kinds, abundance, and timing of
fish migrations that entered the river each year. This
accumulated wisdom was passed to succeeding gen-
erations by oral and cultural traditions.

Karluk River salmon also were important food re-
sources for the Russian fur traders during 1784-1867. At
least rudimentary knowledge about the fish species
present and timing of the runs was needed to harvest
the salmon, but little of this information was formally
documented. Fragmentary insights about Karluk River
salmon can be found in official reports of the Russian-
American Company, but, in general, these only tallied
the number of fish dried as food for local use or by sea
otter hunting crews. Almost nothing was written about
the salmon’s biology. Often these early reports were
based on brief visits to Karluk by company officials or
from conversations with the employees who actually
caught and dried the salmon. Naturalists aboard sev-
eral Russian voyages of exploration and official visitors
to Kodiak Island during 1784-1867 often mentioned the
region’s abundant fishery resources, but they seldom
wrote specifically about Karluk’s salmon.

Several individuals and companies commercially
harvested and salted or dried salmon at the Karluk
River during 1867-81 and sold their products in Kodiak
Island and west coast markets. These initial commer-
cial ventures, though of limited scale and success, re-
quired some knowledge about Karluk’s salmon, but
again little biological information was ever published.

The first commercial cannery began operations on
Karluk Spit in 1882, initiating many decades of large
harvests of its sockeye salmon. The huge runs and long
harvest season made this an attractive resource to
exploit, and the number of canneries that took fish
from the Karluk River rapidly expanded. Sockeye
salmon were harvested with beach seines that were
made longer each year and more capable of catching
many thousands of fish in a single haul. Soon, the
federal government grew concerned that the ever-
increasing harvests threatened the salmon’s long-
term survival. Consequently, early during this fishery,
the federal government began to study these sockeye
salmon to understand the biological processes sustain-
ing abundant and healthy runs, though the inherent
complexity of this species and its environment was not
fathomed for many years. Most biological investiga-
tions of Karluk River sockeye salmon since 1882 have
been focused on the long-term goal of assuring sus-
tainable and healthy runs.

In this chapter, we trace the development of bio-
logical knowledge about Karluk River sockeye salmon
from 1880, when essentially nothing was known about
its life history, to 1970, when much was known.! Our
chronological discussion is organized around the many
biologists who successively studied sockeye salmon at
Karluk (Table 2-1; Fig. 2-1). We ended the research his-
tory in 1970 because in that year the U.S. government

' The U.S. Senate hearing testimony of 1912 gives particularly
revealing and detailed insights into the deficiencies of knowl-
edge about sockeye salmon at Karluk and other locations in
Alaska and the Pacific Coast (U.S. Senate, 1912).
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Table 2-1
Historical outline of fisheries research in the Karluk River basin, 1880—1970.

U.S. Fish Commission
Tarleton H. Bean (1880, 1889)
* Descriptions of sockeye salmon runs and harvests in 1880, prior to any cannery operations.
* Descriptions of sockeye salmon runs and harvests in 1889, after eight years of cannery operations.
» Reconnaissance survey of the Karluk Lake spawning grounds (1889).
* Observations of sockeye salmon and other fishes in Karluk Lake and River.
Cloudsley L. Rutter (1896-97, 1903)
 Sockeye salmon egg and fry culture at Karluk River Hatchery (1896-97).
* Reconnaissance survey of Karluk Lake spawning grounds.
» Observations of sockeye salmon life history at Karluk Lake and River.
* Travel time of adult sockeye salmon from Karluk Lagoon to Karluk Lake.
* Dolly Varden food habits.
* Adult and juvenile sockeye salmon food habits in the ocean.
* Adult ripening period in Karluk Lake before spawning.
* Migratory behavior of adult and juvenile sockeye salmon.
¢ Detailed count of sockeye salmon spawning in Moraine Creek.
» Abundance and kinds of wounds received in the ocean by sockeye salmon adults.
U.S. Bureau of Fisheries
Charles H. Gilbert (1919-27)
* Reconnaissance of Karluk Lake spawning grounds (1919, 1921-22).
* Karluk River weir established in 1921.
* Escapement and total run of sockeye salmon.
« Seasonal distribution of sockeye salmon run.
* Freshwater and ocean ages of sockeye salmon determined by reading scales.
* Seasonal changes in age composition of the adult sockeye salmon run.
« Stock-recruitment relationship for sockeye salmon.
Willis H. Rich (1922, 1926-32)
 Sockeye salmon smolt-to-adult ocean survival and total outmigation numbers (1926-30).
* Smolt age and lengths of sockeye salmon.
* Karluk Lake bathymetric map (1926).
* Limnological sampling at Karluk Lake (1926-30).
* Influence of salmon carcass nutrients on Karluk Lake productivity.
 Spawning surveys of sockeye salmon in Karluk Lake and tributaries (1922, 1926-30).
* Tagging sockeye salmon to determine ocean migration routes along west coast of Kodiak Island (1927).
J.Thomas Barnaby (1930-38)
* Sockeye salmon smolt-to-adult ocean survival, by recovery of marked fish (1930-36).
* Smolt age and lengths of sockeye salmon.
* Relation between sockeye salmon growth and scale size.
* Limnological studies of Karluk Lake.
* Dolly Varden and Arctic charr food habits (1935-36).
* Dolly Varden and Arctic charr migrations, by tagging (1937-38).
 Spawning surveys of sockeye salmon in Karluk Lake and tributaries.
Allan C. Delacy (1937-42)
¢ Dolly Varden and Arctic charr food habits (1939—41).
* Dolly Varden and Arctic charr migrations, by tagging (1937-42).
* Dolly Varden and Arctic charr taxonomy and life history (1939-41).
* Sockeye salmon subpopulation measurements (1939-42).
* Fecundity of sockeye salmon (1938—41).
* Limnological studies of Karluk Lake.
* Food habits of mergansers (1942).
William M. Morton (1939-42)
* Discovery that two species of charr were present in Karluk Lake—Dolly Varden and Arctic charr (1939).
* Morphological and meristic differences between Dolly Varden and Arctic charr (1939-41).
¢ Dolly Varden and Arctic charr food habits (1939—-41).
* Dolly Varden and Arctic charr parasites (1939—41).
* Parasitological studies of many Karluk fishes, birds, and mammals.
U.S. Fish and Wildlife Service
Richard F. Shuman (1943-49)
* Fecundity of Karluk River sockeye salmon (1943).
* Travel time of adult sockeye salmon from Karluk Lagoon to Karluk Lake, by tagging (1945—46).
* Lake residence time and migration of adult sockeye salmon from Karluk River weir to spawning habitat, by tagging (1946—48).
* Bear predation on adult sockeye salmon in two Karluk Lake tributaries (Moraine and Halfway Creeks) (1947—48).
* Analysis of sockeye salmon escapements and returns, and factors causing decline of runs (1945-51).
* Limnological studies of Karluk Lake and preparation for lake fertilization (1947—49).
» Operation of weir at the Karluk River Portage (1943—44). Moved weir to Karluk Lake outlet (1945).
* Attempt to build permanent two-way weir on the Karluk River (1949).
* Spawning surveys of sockeye salmon in Karluk Lake and tributaries (1943—49).
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Table 2-1 (cont.)
Historical outline of fisheries research in the Karluk River basin, 1880—1970.

Philip R. Nelson (1946-56)
* Travel time of adult sockeye salmon from Karluk Lagoon to Karluk Lake, by tagging (1946, 1953).
* Migration of adult sockeye salmon from Karluk River weir to spawning locations, by tagging (1946—48).
* Bear predation on adult sockeye salmon in two Karluk Lake tributaries (Moraine and Halfway Creeks) (1947—48).
¢ Limnological studies of Karluk Lake (1947-56).
* Limnological and fertilization studies of Bare Lake (1949-56).
« Stickleback life history in Karluk and Bare Lakes (with John T. Greenbank) (1948-56).
» Sockeye salmon egg studies — seeding density, mortality,and development (1947-54).
* Survival and spawning of gill-net marked sockeye salmon (with Carl E.Abegglen) (1953).
* Spawning surveys of sockeye salmon in Karluk Lake and tributaries (1946-56).
George A. Rounsefell (1951-58)
* Review and analysis of past FWS field research results and publication of paper on the decline of Karluk River sockeye salmon runs
(1958).
U.S. Bureau of Commerecial Fisheries
John B. Owen (1957-59)
Review of Karluk River sockeye salmon research and discussion of the factors affecting production, emphasizing subpopulations and
differences in spawning time and location (with CharlesY. Conkle and Robert F. Raleigh) (1962).
Determination of spawning habitat types and seasonal use by sockeye adults.
Diurnal spawning behavior of sockeye salmon in Karluk Lake tributary streams.
Survival time of adult sockeye salmon in Karluk Lake tributary streams.
Spawning pen studies of adult sockeye salmon.
Sculpin life history study (with John T. Greenbank).
Dolly Varden food habits study (with John T. Greenbank).
Physical characteristics of Karluk Lake spawning habitats (substrates and gradients).
Egg survival studies.
Limnological studies of Karluk Lake and tributary streams.
Operation of counting tower on Karluk River (1958-59).
Robert F. Raleigh (195661, 1965-66)
* Fertilization studies of Bare Lake (1956).
* Post-fertilization studies of zooplankton (1957), limnology, and sockeye and other fish populations (1957-61).
* Tributary homing of adult sockeye salmon in Karluk Lake, including tenacity of stream preference and effect of conditioning
(1959-61).
* Determination of innate migration direction (upstream or downstream) in emergent sockeye salmon fry from the Karluk River and
Karluk Lake tributaries (1958, 1965-66).
* Review of Karluk River sockeye salmon research and report on factors affecting production, emphasizing subpopulations and distinct
differences in spawning time and location (with John B. Owen and CharlesY. Conkle) (1962, 1969).
* Total outmigration of sockeye salmon smolts determined (1961).
* Subpopulation differences of adult sockeye salmon in different spawning habitats was examined (1959-61).
» Spawning surveys of sockeye salmon in Karluk Lake and tributaries.
Richard Gard (1962-66)
* Travel time of adult sockeye salmon from Karluk River Portage to Karluk Lake (1963).
* Bear predation on adult sockeye salmon in a Karluk Lake tributary (Grassy Point Creek) (1964—65).
* Detailed spawning study and survival of sockeye salmon of Grassy Point Creek.
* Total freshwater and marine survival of Karluk River sockeye salmon.
* Subpopulation determination of sockeye salmon in Karluk Lake and its tributaries (1962-66).
* Relationships between fecundity and sockeye female size in many Karluk spawning habitats.
* Total outmigration of sockeye salmon smolts determined (1962—66).
* Merganser food habits at Karluk Lake (1965).
 Spawning surveys of sockeye salmon in Karluk Lake and tributaries.
Benson Drucker (1961-70)
* Coho salmon life history in the Karluk River system (1956, 1961-68).
* Detailed spawning study and survival of sockeye salmon of Grassy Point Creek.
* Subpopulation determination of sockeye salmon in Karluk Lake and its tributaries.
* Juvenile sockeye salmon age, size, abundance, and distribution in Karluk Lake (1961-63).
* Migratory behavior of sockeye salmon fry and smolts in Karluk Lake and River.
* Bear predation on adult sockeye salmon in two Karluk Lake tributaries (Grassy Point and Halfway Creeks) (1966—68).
* Total outmigration of sockeye salmon smolts determined (1961-69).
» Spawning surveys of sockeye salmon in Karluk Lake and tributaries.
Fisheries Research Institute, University of Washington
William FEThompson (1948-58)
* Research emphasized that many independent subpopulations were present in the sockeye salmon run (1950).
* Reported that the midseason sockeye salmon at the Karluk River were depleted by the commercial fishery, causing the bimodal
seasonal distribution of the run (1950).
» Claimed that counting weir may harm sockeye adults and fry by restricting their free movements.
» Changes proposed in the management of Karluk River sockeye salmon.
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Table 2-1 (cont.)
Historical outline of fisheries research in the Karluk River basin, 1880—1970.

Donald E. Bevan (1948-58)

subpopulations (1948-58).

Limnological sampling of Karluk Lake (1951-54).
Karluk River discharge rating curve (1954).
Karluk Lake weather data (1950-54).

Charles E.Walker (1950-55)

* Juvenile sockeye salmon studies in Karluk Lake, River; and tributary streams (1950-55).
* Smolt age, size, run timing, and index of abundance in Karluk River (1954).

* Limnological sampling of Karluk Lake.

* Explored Karluk River for a counting tower location to replace the weir (1955).
» Spawning surveys of sockeye salmon in Karluk Lake and tributaries (1950—1955).

Richard Van Cleve

* Past research results reviewed and paper published on the decline of the Karluk sockeye salmon runs (with Donald E. Bevan).

Ocean migrations of sockeye salmon along west coast of Kodiak Island determined by tagging study.
Length-frequency data of adult sockeye salmon collected from the fishery and spawning grounds to show the existence of

Spawning surveys of sockeye salmon in Karluk Lake and tributaries (1948-55).
Spawning surveys of pink salmon of the Karluk River (1950-83).

Historical data gathered on sockeye salmon catches and cannery case packs.
Karluk River explored for a counting tower location to replace the weir (1955).
Reviewed past research results and published paper on decline of Karluk sockeye salmon runs (with Richard Van Cleve).

Year

Research topic 1880 1890 1900 1910 1920

1930

1940 1950 1960 1970

Karluk Lake visit l - ! e l[ | B ! B
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Adult travel time e B o
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Juvenile habitat S S S S
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Dolly Varden control
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Bear predation

Steelhead egg takes
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Figure 2-1.

stopped its long-term research on Karluk’s sockeye
salmon, while the State of Alaska increasingly assumed
research and management responsibilities for these
fishery resources (Clark et al., 2006). This distinct
change in governmental responsibilities gave a conve-
nient endpoint for our historical discussion, though
sockeye salmon studies at Karluk have continued to the
present, and the recent era of biological research has
produced numerous significant results, many being
described in later chapters.

CT1apter 2

Summary of fisheries research at Karluk Lake and River, 1880-1970.

Tarleton H. Bean

1880

U.S. government involvement in Alaskan salmon re-
search began in 1880 when the U.S. Census Bureau and
the U.S. Commission of Fish and Fisheries (USFC) made
plans to examine the fishery resources of its poorly
known territories, which then included Alaska (Dunn,
1996; Pietsch and Dunn, 1997). Spencer Fullerton Baird,
Commissioner of Fish and Fisheries, sent Tarleton
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Tarleton Hoffman Bean (1846-1916). (Smithsonian Institu-
tion Archives, Record Unit 7177, George P. Merrill Collection,
Negative #96-4529)

Hoffman Bean to Alaska in the summer of 1880 to inves-
tigate its fish and fisheries, and to collect biological
specimens for the U.S. National Museum. Bean, then
curator in the Division of Fishes and editor of the Pro-
ceedings of the U.S. National Museum, Washington,
DC, was well qualified for the assignment. Although he
earned an M.D. degree in 1876 from Columbian College,
his real passion was the scientific study of fishes, and
this was the career he pursued for his entire life.> He had
first joined the Division of Fishes as an assistant ichthy-
ologist in 1877.

Bean departed San Francisco on 13 May 1880 aboard
the U.S. Coast Survey schooner Yukon, commanded by
William Healey Dall, and for the next six months (May-
October) traveled along the Alaska coast, exploring as far
north as the Arctic Ocean.3 On the outward voyage, they
briefly stopped at Kodiak on 9-14 July and collected fishes
in the immediate vicinity. Apparently Bean did not visit

2 Columbian College in Washington, DC is now known as
George Washington University.

3 Bean published part of his 1880 journal (1 August-
17 September) that described the northernmost extent of the
Yukon voyage to Alaska and Siberia (Bean, 1902). During the
1880 voyage, Bean collected 77 species of birds, 84 species of
fish, and 110 species of lichen, some of them new to science.

the Karluk River in 1880, but he learned of the river and its
salmon resources and fishery by talking with several Ko-
diak residents: William J. Fisher, a U.S. Coast Survey tidal
observer; Benjamin G. McIntyre, an agent of the Alaska
Commercial Company; and two men involved in salting
and drying Karluk River salmon, Captain H. R. Bowen of
the Western Fur and Trading Company and Charles
Hirsch of the Smith and Hirsch Company.

From the 1880 interviews at Kodiak and later cor-
respondence, Bean learned that five species of Pacific
salmon and Dolly Varden returned to the Karluk River
each year. In 1880 Russian names were still used for these
fishes, including “krasnoi riba” (sockeye salmon), “keez-
itch” (coho salmon), “chowichee” (Chinook salmon),
“gorbuscha” (pink salmon), “hoikoh” (chum salmon),
and “sumgah” (Dolly Varden). Bean learned that the
Karluk River had a lagoon near the ocean and was fed by
a large lake, reportedly 27 km upstream. Since two com-
panies then salted and dried salmon at the river’s mouth,
he obtained data on their annual harvests, number of
employees, and facilities used in the fishery (Bean, 1887).
Sockeye salmon, caught in a 46 m beach seine, were the
main species being harvested and salted, though other
salmon species were being dried. Bean clearly described
the bimodal seasonal pattern of Karluk’s sockeye salmon
runs, with the pink salmon run being interposed be-
tween the two sockeye peaks. The pink salmon run of
1880 was so large that he claimed it blocked other salmon
species from entering the river. Once Bean learned that
large salmon runs returned each year to the Karluk River,
he realized this location had important fishery potential
and stated that “there is perhaps no better place in
Alaska for the establishment of a great salmon fishery”
(Bean, 1887).

U.S. Coast and Geodetic Survey schooner Yukon. (National
Oceanic and Atmospheric Administration Photo Library,
NOAA Central Library, thebo372)
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Typical of naturalists from that period, Bean re-
turned to Washington, DC, from Alaska with many
specimens of plants, birds, and fishes for the U.S. Na-
tional Museum collection. These travels and collections
formed the basis for his later publications in the Pro-
ceedings of the U.S. National Museum and the popular
magazine Forest and Stream (Bean, 1882, 1887, 1889).

In August 1881, Lucien M. Turner of the U.S. Army
Signal Service briefly stopped at Karluk and observed its
fishes, birds, and commercial fishing activities (Turner,
1886). Two companies then harvested its sockeye salmon
and Dolly Varden, packing these fish into barrels with
salt for eventual sale in San Francisco markets; over
3,000 barrels were prepared that year. He reported that
30-50 sharks (apparently, the spiny dogfish, Squalus
acanthias) had gathered at the Karluk River mouth in
mid-July to prey on the returning salmon and that village
residents harpooned some of these large predatory
fishes, which were prized for their liver oil.

1889

Bean’s prediction of Karluk’s great fishery potential was
soon realized, starting in 1882 when Oliver Smith and
Charles Hirsch built the first cannery on Karluk Spit.
The cannery, eventually named the Karluk Packing
Company, operated without competition for six years
(1882-87), each year increasing its harvest and case
pack production of sockeye salmon. Other entrepre-
neurs soon noticed the success of this commercial ven-
ture, and new canneries that took salmon from the
Karluk River were built, four in 1888 and three more in
1889 (Fig. 2-2). Annual harvests of sockeye salmon rap-
idly grew from 1,000,000 fish in 1887, to more than
2,500,000 fish in 1888, and over 3,000,000 fish in 1889.
To capture the 1888 salmon run, a wire fence was in-
stalled across the lower Karluk River, forming a com-
plete barrier to upstream migration and concentrating
the fish for easy capture.

News of the migration barrier and huge salmon
harvests at Karluk soon reached federal authorities in
Washington, DC. In January 1889 Marshall McDonald,
U.S. Fish Commissioner, expressed concern about the
sustainability of Alaska’s salmon if river barricades
were allowed and harvests increased even more. He
presented his information about Alaska’s fisheries to
Poindexter Dunn, Chairman, House Committee on
Fisheries, soth Congress, and urgently recommended
legislation to protect these fishery resources:

[Karluk River salmon fisheries, 28 January 1889] This

past season parties on the Karluk River, on Kodiak Is-
land, conceived the idea of putting up a tight dam,

?mPter 2

merely using stakes and wire netting, intending no
doubt to take what fish they required and allow the re-
mainder to pass up to the lake, but no less than four
other canneries started for the same place; conse-
quently, to supply all, the river was closed from in May
to October, the fish surging back and forward with the
tide. The result was one company packed over 100,000
cases of salmon, and all the rest filled all their cans and
made a perfect success. No care was taken of the sur-
plus fish, and tens of thousands rotted on the banks.. . .
I beg to suggest to your honorable committee that
prompt measures are necessary upon the part of the
Government to place the salmon fisheries of the Alas-
kan region under such conditions as will insure their
permanence. To prevent the ascent of the salmon to
their spawning grounds will certainly result in a few
years in the destruction of this valuable fishery. The
erection of dams or barricades across the rivers, and
the use of fixed contrivances for the capture of salmon
in the rivers should be prohibited by law, under suf-
ficient penalties actively and stringently enforced.
(McDonald, 1889)

Congress responded on 2 March 1889, outlawing the
use of river barriers to block salmon migrations and
giving the Commissioner authority to investigate the
conditions of Alaska’s salmon and the methods used in
the fisheries (Bean, 1891). Information gained from any
inquiries would then be used to enact additional fisher-
ies regulations.

McDonald sent Bean to Alaska in the summer of
1889 to begin the salmon investigations. At that time,
Bean served several professional roles in Washington,
DG, including ichthyologist for the USFC, editor of re-
ports and bulletins for the commission, and curator in
the Division of Fishes, U.S. National Museum. After his
previous trip to Alaska, he had earned his M.S. degree
at Indiana University in 1883 while studying under Da-
vid Starr Jordan (Jennings, 1997). Bean was selected for
the Alaska studies because of his familiarity with the
region gained in 1880 and for his fisheries expertise.
McDonald instructed him to start the investigations on
Kodiak Island and, if time permitted, to examine the
salmon fisheries at Afognak Island, Bristol Bay, and
Cook Inlet (Bean, 1891).

Bean departed Washington, DC, in mid-June and
proceeded to Karluk with his assistant Robert E. Lewis,
surveyor Franklin Booth, and fish culturist Livingston
Stone. They reached Karluk on 2 August, well into the
field season and after early-run sockeye had already as-
cended the river. They established headquarters in the
Karluk Spit office of the Karluk Packing Company, and
the cannery owners assisted their inquiry by providing
them transportation, supplies, and shelter. Because of
the limited time and poor transportation to other can-
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neries in the region, Bean focused his entire effort in
1889 on Karluk’s salmon and fisheries, feeling justified
in this decision because the Karluk River then supplied
about half of Alaska’s total salmon harvest. He stayed at
Karluk for one month, departing 7 September for the
return voyage to San Francisco. Despite this rather brief
inquiry, he wrote the first detailed and published de-
scription of the Karluk River system, its salmon re-
sources, and the fishery operations (Bean, 1891). His
study marked the beginning of a long and concentrated
effort to understand the biology of Karluk River sock-
eye salmon.

From his 1889 visit to Karluk, Bean described the
region’s physical geography, rugged coastline along She-
likof Strait, Karluk Anchorage, Karluk Spit, and Karluk
Lagoon. He gathered data on tides, water temperatures,
shoreline substrates, and regional vegetation. His map
of Karluk Lagoon and Spit showed the locations of five
canneries, old and new Karluk Village, and the newly
constructed Russian Orthodox Church. Although a de-
tailed Russian drawing of Karluk Lagoon already existed
in 18674, and cruder versions had been present for sev-
eral decades, Bean’s was the first widely published map.

Likewise, he provided the first detailed map of
Karluk Lake and the upper Karluk River between the
Portage and lake, showing the location of many salmon
spawning streams and lake beaches, tributary lakes,
shoreline substrates, Portage barabara (native dwell-
ing), and upper river zapor (weir-like salmon barrier).

4 Davidson, George. 1867. Plan reki Karluka = River Karluk,
west coast Kodiak. Unpubl. map. Located at Bancroft Library
(G4372.K3 1867 P5 Case XD), University of California, Berke-
ley, CA.

alpter 2

Karluk Spit salmon canneries (center), ocean
beach seining (left), and Karluk River and
Lagoon (right), 1889. (Tarleton H. Bean, from
Bean, 1891)

Considering his brief visit, these maps were reasonably
accurate, being made with surveying instruments (the-
odolite transit, steel measuring tape, and aneroid ba-
rometer). Supplementing the descriptions and maps,
Bean took many photographs of the Karluk Spit, River,
and Lake, these first views of the region becoming im-
portant historical records. He had prepared for this
task by being specially instructed in the new photo-
graphic methods at the U.S. National Museum in 1888
or early 1889 (Smithsonian Institution, 1891).

Karluk Spit, the narrow 1 km long bar at the mouth
of the Karluk River, was the center of commercial salmon
fishing and cannery operations in 1889. Here, Bean
found that sockeye salmon were the most abundant and
valuable commercial fish packed by the canneries, with
about 13 sockeye needed for each case of canned salmon
(one case = 48 1-lb. [0.45 kg] cans); whole sockeye
salmon weighed about 3.2-3.6 kg each. For this early
fishery, he described the harvest methods of beach seine
crews and the steps needed to process and can the
salmon, in addition to recording data on seine size and
location, numbers and types of vessels, values of can-
ning facilities, and employee nationality and wages.
Beach seines had increased in length from 46 m in 1880
to 270-460 m in 1889, capturing vast numbers of sockeye
salmon. Because of the keen competition for salmon in
1889, fishermen had shifted some beach seine sites from
Karluk Lagoon and River to the ocean side of Karluk
Spit. On the lower river, Bean saw the remains of the wire
fence that had blocked the upstream salmon migration
in 1888 and early 1889, but he was unconcerned that this
illegal barrier might be reinstalled after his departure
because competing canneries closely watched their ri-
vals for unlawful fishing. Yet it alarmed him that nonstop
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Native semi-subterranean dwelling (barabara)
and dried sockeye salmon (ukali), Karluk,
1889. (Tarleton H. Bean, National Oceanic and
Atmospheric Administration Photo Library,
fish7461, from National Archives, Washington,
DCQ)

Beach seining in the ocean for sockeye salmon,
Karluk Spit, 1889. (Tarleton H. Bean, from
Bean, 1891)

Beach seine crew, Karluk, 1889. (Tarleton H.
Bean, National Oceanic and Atmospheric Ad-
ministration Photo Library, fish7459, from Na-
tional Archives, Washington, DC)
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seining at the river’s mouth would, in effect, bar salmon
from entering the river and reaching the spawning
grounds. He believed that the large and rapidly increas-
ing harvests of sockeye salmon were unsustainable, and
he warned that these runs would soon decline.

While at Karluk Spit, Bean observed the migratory
behavior of sockeye salmon and interviewed experi-
enced cannery personnel about the salmon runs. Little
was then known about the ocean life of any Pacific
salmon, and there was no appreciation that these fish
had traveled long distances from the Gulf of Alaska be-
fore they arrived at the Karluk River. Instead, most peo-
ple thought that the salmon traveled only short distances
from local ocean sources. Bean saw that the bull kelp,
Nereocystis luetkeana, off Karluk Spit served as a salmon
refuge from the seines, and he watched the sockeye enter
the river on flood tides, only to re-enter saltwater on ebb
tides. Small sockeye (jacks or grilse), usually males, were
infrequently seen in the migrating schools. Bean photo-
graphed a salmon shark, Lamna ditropis, that was caught
in a beach seine and added this species to a growing list
of salmon predators. He learned from cannery workers
about the seasonal run timing of Karluk’s other salmon
species (Chinook, coho, pink, and chum), steelhead, and
Dolly Varden, and that many young salmon descended
the river each spring. From his own experience, and that
of others, Bean rightly concluded that sockeye only as-
cended rivers draining from a lake. He reported that the
size of sockeye salmon adults varied by season and loca-
tion, though it is unclear if this was a general comment
for all of Alaska or for only the Karluk run. If the latter,
his early statement hints at the presence of subpopula-
tions in Karluk’s sockeye salmon.

Bean was the first biologist to visit and describe
the sockeye salmon’s spawning grounds at Karluk Lake.

alpter 2

After watching masses of sockeye being caught in the
beach seines at Karluk Spit, he was eager to see first-
hand the productive source of these huge salmon runs
at Karluk Lake:

After we had seen the fishing gangs of the canneries
landing their tens of thousands of red salmon almost
daily, and one particularly favorable Sunday running the
catch up to about 150,000, we were all the more anxious
to see the spawning grounds of these struggling myri-
ads. The river would be considered a rather small creek
at home, yet it yielded as many red salmon this summer
as all the other streams of Alaska combined. It was evi-
dent that some explanation of the annual occurrence of
such immense shoals of fish would be found in the lake
out of which the Karluk starts on its devious course, and
we determined to reach Karluk Lake if possible.

Bean visited Karluk Lake on 15-22 August, along with
his assistant Lewis, surveyor Booth, and fish culturist
Stone. Proceeding upstream from Karluk Spit was im-
practicable because the river was too low and a hike
along its banks was too difficult. Consequently, they
traveled 54 km by ocean on a cannery vessel to the head
of Larsen Bay, hiked 4 km on the trail to the Karluk
River, and then proceeded 14 km upriver to the lake,
arriving there on 17 August. Bean hired seven native
guides from Karluk to assist the field party. For the next
4-5 days, they traveled around Karluk Lake in two
3-hatch bidarkas, observing sockeye salmon at spawn-
ing sites in the lake’s small tributaries and scattered
along the shore zone. Bean and Stone expected the
spawning grounds to teem with adult sockeye, but few
live fish were seen, causing them to infer that the com-
mercial fishery had already taken most of the present
run in the lower river. They also examined Karluk Lake
as a possible hatchery site, but felt it was too inaccessi-
ble and, if used, would need a road from Larsen Bay.

Salmon shark captured in a beach seine, Karluk
Spit, 1889. (Tarleton H. Bean, from Bean, 1891)



During their August travels around Karluk Lake,
numerous sockeye carcasses littered the spawning
grounds, indicating that many adult salmon had reached
the lake in June and July. These observations—abundant
sockeye spawners in June-July, followed by mid-August
scarcity—were particularly significant since they indi-
cated that a bimodal run distribution existed in 1889,
with a slack period between the spring and fall peaks.
The many carcasses provided Bean with dramatic evi-
dence that all sockeye salmon died after spawning, a fact
not yet fully accepted by fish biologists. Though he did
not link the salmon carcasses to the lake’s productivity,
he was the first biologist to see these abundant remains
and the organically-modified shoreline sediments.

Bean’s observations at Karluk Lake included a wide
variety of the region’s flora and fauna besides sockeye
salmon. While traveling up the Karluk River, he noted
abundant aquatic plants growing in slower reaches. He
found that juvenile salmon (40 mm length) were abun-
dant in the lake’s littoral and assumed that they had
been produced by the previous year’s spawning. Being a
keen observer, he noted small parasites in and on the
salmon and Dolly Varden. Salmon predators drew his at-
tention, especially the sculpins and Dolly Varden, which
ate many salmon eggs. He saw many sticklebacks in the
lake and believed they also ate salmon eggs. Upon shoot-
ing several terns and gulls at the lake, he found that they
had eaten young salmon. Bears were seen feeding on
adult salmon and Dolly Varden (Bean, 1894):

The enemies of the salmon are numerous. Small fish
called sculpins, or miller’s thumbs, swarm in the nests
and eat large quantities of the eggs. Trout devour great
numbers of eggs and young salmon. Gulls, terns, loons,
and other birds gorge themselves with the tender fry.
When the young approach the sea they must run a
cruel gauntlet of flounders, sculpins, and trout; and in
the ocean a larger and greedier horde confronts them.
There the adults are attacked by sharks, seals, and sea
lions. Before they have fairly entered the rivers huge
nets are hauling them to the shore almost every minute
of the day, during six days in a week. When they reach
their spawning-grounds, bears are waiting to snatch
them from the water and devour them alive. The
salmon, it appears, would have been better off had it

never been born in fresh-water, where its dangers are
cumulative and deadly.

During the brief visit to Karluk Lake, Bean circumnavi-
gated the entire lake and spent at least one night in the
Camp Island barabara before proceeding down river on
21-22 August. Soon after returning to Karluk Spit, the 1889
field party departed on their return voyage south. Bean re-
turned to Washington, DC, with specimens of Karluk’s
fishes, plants, and birds for the U.S. National Museum.

Viewed by present day standards of fisheries re-
search, Bean’s 1889 investigations at Karluk would be
classed as a reconnaissance survey. He did not conduct
detailed studies of sockeye salmon biology or life history,
but he did make many natural history observations of
sockeye and other fish species. Bean was the first biolo-
gist to visit and describe the sockeye’s spawning grounds
at Karluk Lake, and his biological observations continue
to be relevant and of interest. He provided a unique view
of the sockeye salmon runs as they existed in the early
fishery, possibly before they were greatly modified by
many more years of large harvests. Yet, it is prescient
that Bean, the first biologist to study Karluk’s sockeye
salmon, predicted their coming decline in abundance.
While many of his observations would now be consid-
ered to be well-known facts, he was the first biologist to
investigate and publish them. At the time, these field
observations gave new scientific information about
Karluk’s sockeye salmon. We are indebted to Bean for
providing a clear and detailed view of conditions at the
Karluk Spit canneries and Karluk Lake spawning grounds
in 1889.

Cloudsley L. Rutter

1896-97

In the years following Bean’s 1889 investigation, spe-
cial agents of the U.S. Treasury Department made
brief summer visits to Karluk’s salmon canneries to
collect statistics on the sockeye harvests and fishery

Cloudsley Louis Rutter (1867-1903). (G. S. Myers/A. E. Leviton
Portrait File in the Natural Sciences, Archives, California
Academy of Sciences, San Francisco, CA)
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Karluk Lagoon (left), Karluk Spit canneries
(center), ocean (right), viewed from east hill,
Karluk, 1897. (Harry C. Fassett papers, Box 4
Book II, California Academy of Sciences Ar-
chives, San Francisco, CA)

Fish bins full of salmon at Hume Cannery, Kar-
luk Spit, 1897. (Harry C. Fassett papers, Box 4
Book II, California Academy of Sciences Ar-
chives, San Francisco, CA)

Beach seining for sockeye salmon, Karluk Spit,
3 August 1897. U.S.S. Albatross anchored off-
shore. (Harry C. Fassett papers, Box 4 Book II,
California Academy of Sciences Archives, San
Francisco, CA)



Beach seining in the ocean for sockeye salmon,
Karluk Spit, 1901. Photograph entitled “An
80,000 haul, Karluk, 1901” (Alaska State Li- :
brary, Wickersham State Historical Sites Pho- xpmLuK Fo0
tograph Collection, P277-008-065)

Karluk village and River (near), Karluk Spit
buildings (center), Shelikof Strait and ships
(far), 27 September 1900. Photograph entitled
“Ship Indiana leaving Karluk.” (W. C. Fitchie,
William J. Aspe Collection, Anchorage Mu-
seum, Gift of Mary Rolston, B1990.13.5)

Alaska Improvement Co. dock and can-
nery on west bank of Karluk River, Karluk,
1900-01. Karluk River at entry to ocean.
(W. C. Fitchie, William J. Aspe Collection,
Anchorage Museum, Gift of Mary Rolston,

B1990.13.6)
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operations. Apparently, the first such inspection oc-
curred in 1892 (Pracht, 1898). Though these special
agents only visited Karluk for 1-2 days each year, they
tried to enforce the fisheries regulations, received com-
plaints from rival cannery superintendents, and ob-
served the canning and fishing activities. Since their
enforcement areas in Alaska were extremely large and
travel between canneries was difficult, these agents had
no time for biological studies of salmon. Thus, little bio-
logical information was gained about Karluk’s sockeye
salmon and the spawning grounds during this period.

George R. Tingle (1897), U.S. Inspector of Salmon
Fisheries, visited Karluk Lake on 15 August 1896 and
found it “well stocked with red salmon.” He noted the
presence of the new APA hatchery on Karluk Lagoon, a
modern facility of fish culture intended to boost sock-
eye salmon runs by incubating thousands of eggs and
releasing fry back to the river. James A. Richardson was
the hatchery’s superintendent.

One employee at the Karluk Lagoon hatchery in
1896-97 was the young zoologist, Cloudsley Louis Rut-
ter, who had just taken his Bachelor and Master of Arts
degrees in zoology (1896) while studying under Charles
Henry Gilbert at Stanford University, then renowned
for its ichthyology and fisheries biology faculty (Brit-
tan, 1997; Dunn, 1997).5 In addition to his fish culture
work at the hatchery, Rutter pursued wider scientific
interests by collecting fishes, birds, mammals, and
plants in the Karluk area; these specimens were eventu-
ally added to the Stanford University Museum (later
transferred to the California Academy of Sciences),
University of California Museum of Vertebrate Zool-
ogy, and U.S. National Museum (Seale, 1898; Grinnell,
1901; McGregor, 1901; Friedmann, 1935b; see also the
Appendix). He collected and published information on
the tide-pool fishes of Karluk (Rutter, 1899); this paper
also contained data on two freshwater fishes, the coas-

5 1) Fisheries historian Mark R. Jennings, Davis, CA, personal
commun. with Richard L. Bottorff, 1996.

2) One record of fish specimens in the U.S. National Museum
(Gymnelus—USNM o00126717) indicates that Rutter visited
Karluk in July 1894 and collected these fishes aboard the
Grampus. Yet, the information on this museum record is dif-
ficult to interpret. We believe that the USFC schooner Gram-
pus was primarily used along the east coast of North America
and never sailed to Alaska. Possibly, these fish specimens
were collected by another biologist and USFC vessel and mis-
labeled (or incorrectly dated). A second possibility is that
Rutter was aboard the Pacific Steam Whaling Company
steamer Grampus, which did operate in Alaskan waters dur-
ing this period. The Pacific Steam Whaling Company did not
have a salmon cannery near Karluk until 1897 (at Uyak).

?mPter 2

trange sculpin, Cottus aleuticus, and threespine stick-
leback, Gasterosteus aculeatus. Beyond his work at the
hatchery, there is little indication that Rutter did bio-
logical studies of Karluk’s sockeye salmon in 1896-97,
though he did travel to Karluk Lake and the upper river
and saw the decayed salmon carcasses along the shore-
lines (Rutter, 1903a). Nevertheless, his fish culture work
and time at Karluk prepared him for his later studies of
its sockeye salmon.

1903
Between 1897 and 1902, special agents of the U.S. Trea-
sury Department annually visited Karluk’s canneries
and hatchery to report on the salmon fisheries. Also in
1897 and 1900, Jefferson F. Moser, U.S. Navy Com-
mander of the steamer Albatross, and several assistants
visited Karluk to collect information on the salmon
fisheries for the U.S. Fish Commission (Moser, 1899,
1902). On both visits, they focused on the commercial
fishing and cannery operations at Karluk Spit (facili-
ties, seine lengths and catches, case packs, employees,
and vessels) and spent little time investigating sockeye
salmon biology. During the 1897 visit, Alvin Burton Al-
exander, a fishery expert of the commission, spent a few
weeks (18 July-6 Aug.) gathering fishery statistics and
visiting the new hatchery at Karluk Lagoon. In the pro-
cess, he learned from cannery personnel that adult
sockeye salmon migrated to Karluk in two distinct
runs, one in the spring of smaller fish and another in
the fall of larger fish. As commonly happened, their
1897 visit coincided with the slack period between the
spring and fall runs. Shortly after departing Karluk in
1897, Moser and Alexander unsuccessfully tried to
reach Karluk Lake via Larsen Bay to view the spawning
grounds. They claimed that few people, especially can-
nery personnel, had ever seen the spawning salmon at
the lake. Surprisingly, they declared that Karluk Lake
froze to the bottom in extreme winters and theorized
that this event might explain the recent smaller runs of
salmon. Their 1900 visit to Karluk lasted only three days
(7-9 August), when Harry Clifford Fassett of the U.S.
Fish Commission inspected the sockeye salmon hatch-
ery and found it to be a model plant. His report focused
on the hatchery facilities and operations, and he also
gave some biological data on egg development times,
fry predators, and the distinctness of the spring and fall
runs. In 1900 the pink salmon run at Karluk was so large
at its peak that beach seining for sockeye was tempo-
rarily halted.

By 1897-1900 it was well established in the scien-
tific community that all salmon died after they spawned



and that adult sockeye only ascended rivers with head-
water lakes, but it was still controversial whether or not
adult sockeye salmon returned to their birth stream to
spawn (the home-stream theory). This controversy
continued even though fishermen around Kodiak Is-
land already recognized unique characters in the sock-
eye they caught from different river systems. Sockeye
salmon catches remained high during this period, but,
even so, it was feared that the fishery was declining and
that future large harvests were unsustainable because
of overfishing. Seine hauls at Karluk Spit often cap-
tured 25,000-30,000 sockeye salmon at the peak of the
run, while in previous years 100,000 fish were report-
edly taken in a single haul (Moser, 1899; Rutter, 1903c).
Moser expressed concern for the salmon’s future and
recommended new regulations and stronger enforce-
ment of the commercial fishery. To manage this boun-
tiful fishery, much greater scientific information was
needed about its sockeye salmon.

In November 1902 President Theodore Roosevelt
directed George M. Bowers, U.S. Fish Commissioner, to
establish the Alaska Salmon Commission to study the
condition of these fisheries (Roosevelt, 1904). Headed
by David Starr Jordan and Barton Warren Evermann,
this special commission included 12 other members se-
lected mainly from the U.S. Fish Commission and Stan-

Frederic Morton Chamberlain (1867-1921). (From Jennings
1987, courtesy of Fisheries, American Fisheries Society)

ford University for their fisheries expertise (Jordan and
Evermann, 1904). To do the salmon studies, members
were stationed in 1903 at the most important salmon
fisheries along Alaska’s coast, from Southeastern Alaska
to Bristol Bay. Cloudsley Rutter, a USFC employee
since 1897 (U.S. Government Printing Office, 1897),
and his assistant Milo H. Spaulding were chosen to
study Karluk’s sockeye salmon.® At the time, Rutter was
one of the most knowledgeable Pacific salmon biolo-
gists, having earned this distinction for his recently
completed landmark study of Sacramento River Chi-
nook salmon in California (Rutter, 1903a).

Rutter and Spaulding spent about four months
studying sockeye salmon at Karluk in 1903, from early
May to late August or early September (Chamberlain,
1907). They maintained two bases of operations that
summer, one at Karluk Spit and Lagoon by Rutter, and
another at the north end of Karluk Lake by Spaulding,
but with regular visits by Rutter.? From these two loca-
tions, they studied the adult sockeye salmon from the
time when these fish first entered the river from the
ocean until they reached their spawning sites at Karluk
Lake. Similarly, they gathered data on the sizes, foods,
and migrations of juvenile sockeye.

Although their 1903 field work was the first sus-
tained biological study of Karluk’s sockeye salmon,
Rutter never directly published this information.
Shortly after returning to California from Alaska, Rut-
ter died on 29 November 1903 before completing a full
report of the Karluk field work (Van Arsdale and Ger-
ber, 1904; Jennings, 1987). Instead, many of his Karluk
results were included in the 1907 paper by Frederic M.
Chamberlain, another member of the Alaska Salmon
Commission stationed in southeastern Alaska (Jen-
nings, 1987). Chamberlain extracted and summarized
data about Karluk’s sockeye from the field notes and
fish collections of Rutter and Spaulding.

Rutter’s 1903 field studies at Karluk were extraordi-
nary in that they focused on sockeye salmon biology,

6 By 1903 Rutter held the position of naturalist on the USFC
steamer Albatross (Jordan and Evermann, 1904).

7 1) Fisheries historian Mark R. Jennings, Davis, CA, personal
commun. with Richard L. Bottorff, 1996.

2) Letter (19 July 1903) from Spaulding, Karluk Lake, to Rutter
[at Karluk Spit]. Located in Box 130, Barton Warren Ever-
mann papers, Library Special Collections, California Acad-
emy of Sciences, San Francisco, CA.

3) Rutter, Cloudsley L. 1903. Memo notebook for 1903 (16 June-
14 July), Karluk Spit, Portage, River, and Lake. Located in Box
130, Barton Warren Evermann papers, Library Special Collec-
tions, California Academy of Sciences, San Francisco, CA.
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while all previous efforts had centered on the commer-
cial fishing and cannery operations. At the time, many
basic biological facts about sockeye salmon remained
unknown, such as: 1) multi-year rearing of juveniles in
a freshwater lake, 2) planktonic food habits of juvenile
salmon, 3) multi-year aged smolts that migrate down-
stream each spring to the ocean, 4) ocean residence in
the Gulf of Alaska and Bering Sea far from the Karluk
River, 5) many combinations of freshwater and ocean
ages of returning adult salmon (ages not yet deter-
mined by scale analysis), 6) fidelity of adults in return-
ing to their home stream, and 7) uniqueness of the
sockeye’s life history from that of other salmon species.
Rutter’s investigations included scientific collections,
natural history observations, and, for the first time,
field experiments designed to answer specific biologi-
cal questions. Significantly, since his study lasted four
months and included most of the sockeye’s spawning
period, he observed the seasonal changes in this dy-
namic river-lake ecosystem.

Shortly after Rutter and Spaulding reached the
Karluk region in 1903, they began their sockeye salmon
studies at the lake. By late May they had installed a fish
trap at the outlet to capture adult sockeye moving up-
stream (Chamberlain, 1907). To measure the sockeye
smolt migration from Karluk Lake, they made five
overnight sets of a fyke net at the outlet on 5-30 June,
but it is unclear what was caught because Chamberlain
reported that “salmon parr” and “salmon fry” were
trapped, without identifying the species or giving their
size. Chamberlain defined “parr” as being juveniles of
any size so long as they had parr marks, while Rutter
used this same term for young salmon of 100-200 mm
length (Rutter. 1903¢).® Using Rutter’s definition, the
fyke nets likely caught about 200 sockeye smolts in
June. At Karluk Spit, Rutter collected many large juve-
nile sockeye that had been incidentally brought
ashore in the commercial beach seines in June and
July, though it is unclear if he realized that these were
the recent smolt migrants from Karluk Lake (Cham-
berlain, 1907). Often as many as 1,000 salmon smolts,
most likely sockeye, were caught in each beach seine
early in the fishing season. Chamberlain (1907) re-
marked that Karluk’s sockeye smolts were much larger
than those produced in other lake systems of Alaska

8 Rutter, Cloudsley Louis. 1903. Field observations by Cloud-
sley Rutter on his Karluk work of 1903. Unpubl. notes. 48 p.
Copy provided courtesy of Mark R. Jennings (Davis, CA) and
located in Box 130, Barton Warren Evermann papers, Library
Special Collections, California Academy of Sciences, San
Francisco, CA.
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and Canada, but the reasons for this size difference
were unknown.

In 1903 it was difficult for biologists to identify the
young stages of all salmon species. To remedy this
problem, Rutter preserved juvenile fish of many sizes
and all species from a wide range of habitats: freshwa-
ters of the lake, its tributary creeks, and river; estuarine
waters of Karluk Lagoon; and the ocean at Karluk Spit.
Further, he photographed and fully described the col-
ors and marks of living specimens of all species.®
Chamberlain later used Rutter’s specimens and field
notes to illustrate and taxonomically separate these ju-
venile salmon. At least some of Rutter’s preserved sock-
eye specimens were also examined for their food habits;
the young had fed on crustaceans and insect larvae in
the lake’s tributaries and upper river (May-July) and on
planktonic crustaceans in the ocean.

Typical of most fish biologists who visited Karluk
Lake, Rutter and Spaulding examined the spawning
habitats and behaviors of adult sockeye salmon. They
found many spawning redds in the lake’s lateral and
terminal streams and along its lakeshore, but their
observations went beyond general surveys. In addi-
tion, they described the areas and substrates of spawn-
ing sites, the development of secondary sexual char-
acters in adult salmon, the adult behaviors in digging
and defending the redds, the male-female spawning
behavior, and the eventual decline, death, and decay
of adults.

To measure the number of spawning sockeye and
their egg production, Rutter selected Moraine Creek
for intensive study.” Here, all dead sockeye were peri-
odically counted, checked for spawning condition,
and removed from 5 August to 5 September, a total of
21,756 carcasses closely divided between males and fe-
males (Chamberlain, 1907). About 80% of females
had completely deposited their eggs and 20% retained
100 eggs on average. By digging into spawning redds
and using spawning baskets,” they concluded that

9 See footnote 7 (3).

'© Rutter and Spaulding identified Karluk Lake’s tributaries
by number, not name; Moraine Creek was first formally
named in 1921 by Charles H. Gilbert. The creek they inten-
sively studied, apparently Moraine Creek, was identified as
the second stream from the outlet on the east side of Karluk
Lake. Most of Rutter and Spaulding’s salmon spawning stud-
ies were confined to the northern end of the lake in the vicin-
ity of Spring, Moraine, and Cottonwood creeks.

" A1906 APA map shows the 1903 locations of Rutter’s spawn-
ing baskets. APA 1906 reconnaissance map located at Alaska
State Library, Historical Collection, Juneau, AK, and a copy at
NARA, Anchorage, AK.



eggs buried deep in the gravel remained in good con-
dition. From the number of females counted and an
assumed fecundity of 3,500 eggs per female, Rutter es-
timated that the Karluk system produced 400,000,000
sockeye salmon eggs in 1903.

Rutter and Spaulding were the first biologists to
study the migration speed and behavior of adult sock-
eye at Karluk. They tagged 400 spring-run sockeye
and released them off Karluk Spit, finding that most
entered the river within a day and few remained after
a week. Rutter next attached copper jaw tags to hun-
dreds of adult sockeye in Karluk Lagoon in June and
released them for Spaulding to record their arrival at
the lake, finding that they needed about 10 days to as-
cend the river (Chamberlain, 1907). A few tagged
sockeye were later recovered off Karluk Spit, showing
that some fish returned to the ocean after entering
Karluk Lagoon. One tagged fish was recovered near
the mouth of the Ayakulik River, over 60 km from Kar-
luk, suggesting that sockeye salmon might ascend two
different streams, a possible refutation of the home-
stream theory (Jordan, 1903; Kutchin, 1904; Chamber-
lain, 1907).> While doing this tagging work, Rutter
observed many details of the migratory behavior of
adult salmon, including how they reacted to tides,
winds, and river currents.

After completing the tagging work on the lower
river in late June, Rutter and Spaulding next tagged 255
adult sockeye as they entered Karluk Lake on 3-25 July
(Chamberlain, 1907). Most tagged fish were later recov-
ered on the spawning grounds, but unexpectedly three
were caught in seines at Karluk Spit, indicating that a
few adult sockeye had descended the entire river and
re-entered the ocean. Their tagging work at Karluk
Lake, plus observations at the spawning streams,
showed that adult sockeye had a 1-month maturation
period between their June-July arrival at the lake and
July-August spawning. Thus, Rutter and Spaulding ob-
tained a remarkably accurate understanding of the en-
tire upstream migration of adult sockeye between
ocean, lagoon, river, lake, and specific spawning sites.

Based on his 1896-97 hatchery work and 1903
studies, Rutter declared that adult sockeye salmon re-
turned to Karluk in two distinct and intergrading runs,
the first peaking in late June and the second peaking in
early August (Chamberlain, 1907).3 The spring run was
abundant in 1903 and Rutter stated that “apparently
there was a considerable run of salmon during June, for

2 See footnote 8.
3 See footnote 8.

there was certainly an enormous number reached the
lake.# In fact, he estimated that “at least two millions
reached the lake,” a surprising number since this horde
of salmon had passed by the Karluk Spit canneries un-
noticed, the strong northeast winds keeping fishermen
from setting their nets. And yet, for some reason, he
claimed that the 1903 sockeye run was rather poor, the
two runs not being observed. Since Rutter departed
Karluk in late August, he possibly missed seeing the fall
sockeye run.

When at Karluk Spit, Rutter often watched the
frenzied beach seining activities and frequently exam-
ined fish samples from the catch. The adult sockeye
hauled ashore had only eaten small crustaceans and
fishes, foods he considered appropriate for their fine
gill rakers (Chamberlain, 1907). These simple ocean
foods suggested to him that it would be unnecessary
for sockeye to migrate far from the Karluk River to be
adequately nourished. Further, while observing these
adult sockeye, Rutter noticed that many had body
scars, and he carefully examined 500 individuals for
wounds received in the ocean.”> Over 10% had suffered
some damage, mostly posterior body injuries. On the
gill covers and posterior bodies of five adult sockeye,
he found the characteristic circular mark made by
lamprey (Rutter, 1903a).

Although Rutter and Spaulding focused their 1903
field studies on sockeye salmon, much of the region’s
flora and fauna interested them. Whenever possible,
they collected fishes, birds and their eggs, and plants to
deposit in several museum collections, such as Stan-
ford University and the U.S. National Museum (see Ap-
pendix). In 1903 Rutter added to his previous collec-
tions of tide-pool fishes and was fascinated by the mass
migration of threespine sticklebacks into Karluk’s trib-
utary lakes.’

Whenever at Karluk Lake, he kept notes on its nu-
merous bald eagles, Haliaeetus leucocephalus, and of-
ten examined their nests for eggs and eaglets. Fifteen
pairs of bald eagles nested at the lake in 1903 (Rutter,
1903b). Rutter and Spaulding also collected 230 plant
specimens in the Karluk region (Hulten, 1940), but
found it difficult to dry the pressed samples in the

4 See footnote 8.

5 See footnote 8.

16 Rutter, Cloudsley Louis. 1903. Notes made by Mr. Cloudsley
Rutter at Karluk, season of 1903. Unpubl. notes. 7 p. Copy
provided courtesy of Mark R. Jennings (Davis, CA) and lo-
cated in Box 130, Barton Warren Evermann papers, Library
Special Collections, California Academy of Sciences, San
Francisco, CA.
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damp rustic conditions of the lake field camp.” To fur-
ther document the region’s biota, Rutter photographed
its fishes and plants.’® Beyond these wide-ranging bio-
logical interests, Rutter wanted to prepare an accurate
map of the Karluk region and took compass bearings of
prominent landmarks from good vantage points during
his travels.” In 1903, during Rutter’s time at Karluk, the
U.S. Bureau of Fisheries (USBF) was created within the
Department of Commerce and Labor.

Rutter’s 1903 field observations provide many in-
teresting insights into then prevailing ideas about the
life history of sockeye salmon.>® For example, where did
sockeye salmon spend their ocean residence, close to
the Karluk River mouth or far away? When salmon re-
turned to the Karluk River, did they home to that spe-
cific river as a distinct stock or did they only return to it
because it just happened to be the closest river? No one
could unequivocally answer these questions in 1903.

There had been reports of salmon being washed
aboard vessels in the mid North Pacific Ocean, hinting
of a distant marine residence, but Rutter believed that
the salmon remained fairly close to their spawning
streams (Rutter, 1903c). He felt that long distance
migrations were unnecessary since ample foods were
readily available locally. Thus, he concluded that
salmon did not home to a specific river, but only re-
turned because it was the first river that attracted them.
He believed that the salmon of Shelikof Strait, Chignik,
and Cook Inlet had a common feeding ground where
they intermixed, forming a common pool from which
future runs were drawn, but not as distinct stocks re-
turning to specific home streams. This theory seemed
to explain why the millions of sockeye fry that had been
released from Karluk’s hatchery had provided few ben-
efits to its runs; that is, the hatchery output was being
absorbed by other regions.

By 1903, after 20 years of commercial fishing at dif-
ferent sites around Kodiak Island and Shelikof Strait, it
was obvious that the size of adult sockeye varied be-
tween locations and that the Karluk River fish were
smaller than at some other sites. Rutter believed that
the ocean food supply of juveniles explained these size
variations. He reasoned that juveniles spent their first
ocean year near the mouth of their natal river and that
their growth depended upon the habitat’s food abun-
dance. Furthermore, he thought the abundance and
variety of juvenile foods were directly proportional to

17 See footnote 7 (2).

8 See footnote 7 (2) and footnote 7 (3).
19 See footnote 7 (3).

20 See footnote 8.
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the size of the ocean bay at the river’s mouth. In other
words, rivers discharging into large ocean bays would
have abundant food and rapid juvenile growth, while
rivers discharging into small bays would have sparse
food and slow juvenile growth. Thus, larger adult sock-
eye would be expected at Uganik and Chignik with
large bays, while smaller fish would occur at Karluk and
Little River with little or no ocean bays.

The large diversity of age compositions in Karluk’s
sockeye salmon runs remained unknown in 1903 be-
cause scale-aging methods had yet to be used on Pacific
salmon. Biologists then had little idea that returning
sockeye adults had many combinations of freshwater
and ocean ages. When Rutter examined the sockeye
catch statistics for Karluk, he noticed a 5-year cycle be-
tween good catches and concluded that adults were five
years old, but he believed that the only accurate way to
measure salmon ages was to mark juveniles and ob-
serve the later return of marked adults. This method
was tried on several thousand sockeye fry released from
Karluk’s hatchery in 1897 and 1902, but the results were
unclear because few marked adults were ever recovered
(Chamberlain, 1907; Roppel, 1982).

Biologists realized by 1903 that most sockeye
salmon returned to spawn in river systems having lakes,
but the reason for this behavior was unknown. Rutter
speculated that adult fish used the lakes while their re-
productive products matured before spawning (Rutter,
1903¢). He rightly contrasted the dramatically different
salmon runs of the Karluk and Sturgeon rivers, these
two adjacent watersheds discharging into Shelikof
Strait only 8 km apart.** The Sturgeon River lacked a
headwater lake and sockeye salmon, while the Karluk
River flowed from a large lake and had a huge sockeye
run. But how did returning adult sockeye recognize
which rivers had lakes?

Rutter theorized they might be attracted to a lake-
bearing river by seeing or smelling the juveniles present
in the river or clustered around its mouth. Or possibly,
returning adults could smell the adult carcasses that
remained from the previous year’s spawning. Clearly,
he failed to understand the lake’s importance as a
multi-year nursery for juvenile sockeye; instead, he be-
lieved that once the egg-sac had been absorbed and fry
could swim, they started on a slow migration downriver
to the ocean. Thus, he claimed that juveniles spent lit-
tle time in Karluk Lake and reported seeing few along
its shores in 1903. Holding such views, he had no rea-
son to collect limnological data at Karluk Lake. Never-

2 See footnote 8.



theless, only a short time later, Chamberlain (1907) be-
gan to reveal the unique life history of sockeye salmon
and document that most juveniles reared for at least
one year in a lake before they entered the ocean.

When Bean visited Karluk Lake in 1889, the idea
that Pacific salmon died after spawning was just gain-
ing acceptance among biologists, but by 1903 it was a
known fact. Rutter discussed reasons for this phenom-
enon and realized that death after spawning was deter-
mined by a long evolutionary process on the salmon’s
life cycle.>

Rutter was the first Karluk biologist to examine the
food habits of hundreds of charr collected from the
lake, lagoon, and ocean. He wanted to test the wide-
spread belief that charr intensely preyed on salmon
eggs and young. No distinction was made in 1903 be-
tween the two charr species present at Karluk. Rutter
referred to these fishes as “Dolly Varden trout,” while
Chamberlain called them charr. Despite examining
many stomach samples, Rutter found little evidence of
charr predation on sockeye fry, except at the unnatural
habitat inside hatchery corrals. Though schools of
salmon fry inhabited the upper river in June-July, charr
stomachs lacked young salmon (Chamberlain, 1907).
Nevertheless, charr ate many sockeye eggs and these
were found in more than 50% of the charr examined
from a creek with spawning sockeye.

Although the main purpose of the Alaska Salmon
Commission was the biological study of Pacific salmon,
members were also asked to evaluate the potential of
hatcheries to enhance salmon production. Rutter out-
lined several advantages of locating a hatchery at Mo-
raine Creek, a Karluk Lake tributary, including 1) an
abundant supply of adult sockeye that could not be
completely blocked by commercial fishing, 2) ripening
ponds would be unnecessary for holding brood stock,
3) catching spawners would be easy, 4) a good water
supply existed, 5) a good building site existed, and 6)
Karluk Lake had almost no Dolly Varden to prey on
sockeye fry.>+ His claim that few charr occurred at the
lake was unusual; most biologists, before and after, re-
ported them to be common. The main disadvantage of
a Karluk Lake hatchery was the site’s inaccessibility,
which would require that a railway be constructed from
Larsen Bay. Rutter criticized the low efficiency of the
Karluk Lagoon hatchery, stating that many adult sock-
eye held in ripening ponds died before spawning. He

22 See footnote 8.
3 See footnote 8.
24 See footnote 8.

concluded that “I think this hatchery has been of very
little value.”

In summary, Rutter’s 1903 investigations at Karluk
comprised a wide range of biological topics on sockeye
salmon and the region’s biota. Atypical for biologists of
this era, his methods went beyond natural history ob-
servations, descriptions, and museum collections, and
included for the first time field experiments to answer
specific biological questions. Considering the relatively
short field season spent at Karluk, the rustic living con-
ditions, poor transportation, and limited field assis-
tance, the scope of his studies and scientific accom-
plishments were remarkable. Rutter revealed many life
history aspects of Karluk’s sockeye salmon and his find-
ings remain pertinent today. It is noteworthy that many
of the topics he studied and methods he used fall
within the discipline of fishery biology, which was then
in its infancy. It is unfortunate that the full details of his
pioneering research at Karluk were curtailed by his un-
timely death.

Following Rutter’s 1903 studies, no further com-
prehensive investigations were done on Karluk’s sock-
eye salmon for 15 years. Although sockeye salmon har-
vests were declining during these years, the yields still
remained relatively high and apparently there was little
urgency within the government or canneries to obtain
basic biological data on this species. The APA dis-
counted the need for a federal biological station in
Alaska devoted to the scientific study of its salmon, but
they did want the government to study fish processing
technology:

I do not think that the canners believe particularly that
we should have a biological station, which I suppose
would be perfectly proper for the fisheries to utilize.
We do not care particularly about knowing how many
scales there are to the square inch or whether the lat-
eral line runs up or down or how big the peduncle is, or
anything of that kind, but we do want to know how to
utilize our products. (U.S. Senate, 1912)

Several USBF biologists briefly visited Karluk after
1903, most often to evaluate the operations and effec-
tiveness of the sockeye salmon hatchery located on the
lagoon. The APA first built this hatchery in 1896 as a
private volunteer effort to help augment the runs at
Karluk, but shortly thereafter this facility let them sat-
isfy the 1900 and 1902 federal mandates that canneries
must release 4-10 fry for every adult salmon caught.
This requirement became less onerous in 1906 when
the federal government began to rebate case pack taxes
to those canneries that operated a hatchery (40 cent
rebate for every 1,000 fry released).
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Despite the notable efforts of the APA to enhance
the sockeye salmon runs at Karluk, the hatchery re-
ceived increased criticism over the years because a large
portion of the sockeye brood stock died before they
spawned and the fry were released into the estuary, an
unnatural rearing environment for these young fish. It
was during this period (1903-07) that biologists first
discovered that young sockeye reared for one or more
years in a freshwater lake before they migrated to the
ocean. This new fact immediately cast doubt on the
hatchery practice of releasing fry into an estuary. To
remedy the serious defects of the existing hatchery, the
APA considered building a new facility at Karluk Lake
or transporting the hatchery fry to the lake, but these
ideas were never completed.

Fassett made a detailed inspection of the Karluk
hatchery on 1-8 September 1910 and provided informa-
tion on the spring and fall sockeye runs, egg size and
fecundity, and fry biology.>> Ward T. Bower of the USBF
Division of Alaska Fisheries examined the hatchery in
1910 and 1911 (Bower, 1912). He explored Karluk Lake on
29 July-1 August 191 to find a new hatchery site to re-
place the inefficient facility at Karluk Lagoon and noted
huge numbers of sockeye salmon spawning in the lake’s
tributaries and in the shallow waters along its shore-
lines.?® Chamberlain next inspected the hatchery in
September 1911 and spoke favorably of its operations.*’

When the U.S. Senate held hearings in 1912 on a
bill (S 5856) to amend the laws that regulated Alaska’s
salmon fisheries and governed its federal taxation, the
Karluk Lagoon hatchery came under intense scrutiny
(U.S. Senate, 1912). Jefferson F. Moser, then an APA of-
ficial, argued that the hatchery had benefited the sock-

5 Fassett, H. C. 1910. Report on the salmon hatchery operated
by the Alaska Packers Association on Karluk Lagoon, Kadiak
Island, Alaska. Unpubl. USBF Report. 25 p. Located at Alaska
Historical Collections, Alaska State Library, Juneau, AK.

264) In 1910 he visited the hatchery on 7 May. Memo
(7 October 1910) from Ward T. Bower, Department of Com-
merce and Labor, USBF, Washington, DC. Located at NARA,
Anchorage, AK.

2) Apparently, Bower prepared a special report of his 1911 visit
to Karluk Lake, but the details of this trip are unknown be-
cause the special report was not located. Letter (31 January
1927) from Ward T. Bower to Willis H. Rich, Stanford Univer-
sity, CA. Located at NARA, Anchorage, AK.

3) Bower related some of the information about his visits to
Karluk Lake during his testimony at the Senate hearings of
1912 on Alaska’s fisheries (U.S. Senate, 1912).

27 Memo (16 April 1916) from Ward T. Bower, USBF, Washing-
ton, DC, to Commissioner of Fisheries, Washington, DC. Lo-
cated at Alaska Historical Collections, Alaska State Library,
Juneau, AK.
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eye returns at Chignik, a cannery located 160 km away
on the Alaska Peninsula, but that Karluk’s runs had not
been helped. The consensus reached at the hearings by
Moser, Bower, and Evermann (Chief, USBF Division of
Alaska Fisheries) was that Karluk Lake would have
been a much better hatchery site than Karluk Lagoon.
It was also clear from the testimony that federal biolo-
gists and cannery officials did not know the ultimate
fate of hatchery fry released into the lagoon, though
various opinions were offered on their survivability.
James Wickersham, Alaska’s delegate to Congress, re-
ported that an informant “had seen those little fish at
the Karluk hatchery in windrows dead on the beach,”
but this evidence was discounted (U.S. Senate, 1912).
The U.S. Senate hearings of 1912 also focused at-
tention on the APA commercial fishing and canning
activities, which appeared to have few benefits for Alas-
kans. The use of fish traps by the large canneries had
long angered Alaska residents because these ensnaring
devices, erected each year at select locations along the
state’s coastline, appeared to give non-resident compa-
nies an exclusive fishing right (U.S. Senate, 1912). More-
over, in the pursuit of their commercial ventures, the
early canneries bought few supplies and hired few
employees from Alaska. Instead, they came to Alaska
each spring on their own vessels that were already fully
loaded with the necessary materials and laborers to
harvest and process salmon for the full canning season.
At the end of each season, they returned to San Fran-
cisco, Seattle, or other west coast ports with their labor-
ers and salmon case pack, leaving a single watchman to
guard the cannery buildings over the winter. Although

Alaska Packers Association ship Star of Alaska, ca. 1920. (Ga-
briel Moulin, National Park Service, San Francisco Maritime
National Historical Park, San Francisco, CA, SAFR P8o-
084.1NL)



the canneries paid a tax on their case pack production
(4 cents per case in the early years), little of this money
went to improve Alaska’s infrastructure, especially
from companies that received tax rebates for operating
a sockeye salmon hatchery. No other levies, including
property taxes, were imposed on the early canneries in
Alaska. All of these long-festering grievances were
tersely voiced by Wickersham at the 1912 hearings, well
before statehood, but anticipating that future change
in governance (U.S. Senate, 1912).

Just prior to permanent closure of the Karluk La-
goon hatchery in 1916, USBF biologist E. M. Ball exam-
ined the facility in April and July and on the later date
traveled upstream to the Karluk River Portage. Then, in
1917, Ball surveyed the spawning grounds at Karluk
Lake on 12-14 September and saw sockeye salmon
spawning in the upper Karluk River. He believed that
artificial propagation of sockeye was unnecessary, de-
claring that “nature has made wonderful provision for
the salmon of Karluk by supplying them with ideal
spawning grounds and other favorable conditions.” In
fact, he wanted this productive system protected and
suggested that “it would be a splendid thing to set apart
by Presidential Proclamation Karluk Lake and its
catchment basin as a National Fisheries Reservation in
which salmon would be allowed to live out their lives in
the reproduction of their kind . . "8

Besides the biologists that briefly investigated the
sockeye salmon, federal agents continued to visit Karluk
for a few days each year during 1892-1915 to enforce the
fisheries laws and gather information on the commercial
fishing and cannery operations. But the task of monitor-
ing and regulating the Karluk fishery was nearly impos-
sible because these agents were spread across extensive
enforcement areas and lacked suitable vessels for inde-
pendent travel in the Kodiak region. Most agents did not
live in Alaska near their enforcement areas, traveling to
the region each summer from the coterminous United
States. Their brief annual visits to Karluk were typically
made on US. Treasury Department revenue cutters
(Grant, Perry, Rush, and Walcott), and, at times, the

281) Ball, E. M. 1916. Report of operations, July 21, 1916. Un-
publ. report. 1 p. Located at NARA, Anchorage, AK.

2) Memo reports (27 April and 23 July 1916) from E. M. Ball, As-
sistant Agent, Alaska Fisheries Service, USBF, Washington, DC,
to Commissioner of Fisheries, Washington, DC. Located at
Alaska Historical Collections, Alaska State Library, Juneau, AK.
3) Ball, E. M. 1917. Extract semi-monthly report of Mr. E. M.
Ball, season of 1917. Unpubl. report. 1 p. Located at NARA,
Anchorage, AK.

4) Ball, E. M. 1919. Extract from report of Mr. E. M. Ball, season
of 1919. Unpubl. report. 3 p. Located at NARA, Anchorage, AK.

U.S. Revenue Cutter, Commodore Perry, Alaska service 1894
1910. (U.S. Coast Guard Historian’s Office, Historic Image
Gallery of Revenue Cutters)

agents depended on cannery vessels for transportation
to the canneries inspected, completely removing the
possibility of surprise visits. As a consequence, Karluk’s
salmon fishery in the early years was largely unregulated
for most of the harvest season, and the enforcement
agents relied on the honesty of the fishermen and can-
neries to abide by the laws. This resulted in many infrac-
tions of the fishery laws, but few violations were brought
to the attention of the enforcement agents and, during
this era, it was difficult to get convictions and significant
penalties for fishing crimes. In fact, the lack of govern-
mental oversight caused the competing canneries at
Karluk to self-regulate the salmon fishing in 1890,
though many conflicts still occurred between the differ-
ent beach seine crews:

[Karluk Spit, 1890] That fishing at Karluk had inter-
ested a lot of cannerymen. There was twenty-seven
seines in on that one seining ground there in 1890. And
there wasn't a single law enforcement official. Later I
read that Congress passed the first legislation limiting
the methods of fishing in the Territory in 1888-89.
They had a few revenue cutters around up there, com-
ing and going, trying to figger out about it all. But we
never heard of no laws. We didn’t have no one to tell us
what to do. There we was, out of touch with everyone,
all trying to fish at the same time in the same place. It’s
a wonder there wasn’t more shooting than there was.
Why, so many fellows waited to fish, that as quick as
the end of one seine was pulled up on shore, another
outfit would throw in. ... Finally, the cannery repre-
sentatives called a meeting . .. The law we agreed on
was this: no one could fish on Saturday. . . . The next
law was that the cannery representatives would meet
every Saturday night and shake dice to see who would
get the first haul . . . The year after that the government
took over. The boys said it was all right as long as the
revenue cutters was there, but as soon as a cutter was
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gone, one of the canneries would anchor a boat on the
seining grounds. (McKeown, 1960)

In 1891 the eight canneries taking sockeye salmon at
Karluk formed the Karluk River Fisheries, a cooperative
agreement that controlled the fishing and apportioned
the resulting case pack (Roppel, 1986). J. K. Luttrell, spe-
cial agent of the U.S. Treasury Department, recom-
mended in 1893 that a federal officer be posted at Karluk
during the fishing season to enforce the laws, but this
was not done (Luttrell, 1898). In the summer of 1914,
E. Lester Jones, USBF Deputy Commissioner of Fisher-
ies, toured coastal Alaska and was appalled by the lack of
governmental regulation of the salmon fisheries, a short-
coming previously noted in 1897 by David Starr Jordan
and C. L. Hooper (Jordan and Evermann, 1904). In par-
ticular, these men stressed the critical need for a fleet of
federal patrol vessels to help fishery regulatory agents
perform their enforcement duties:

[Alaska, 1914] A fundamental necessity in the protec-
tion of the fisheries of coastal waters is a fleet of vessels
of a type fitted for the requirements of the region con-
cerned. ... It is absolutely necessary to have more
boats and funds to carry out the instructions of Con-
gress in regard to the enforcement of the fishery laws of
Alaska . . . Without more vessels and men it is almost ..
useless to make laws to protect this great fishing indus-
try . . . The waters to-day in western Alaska, including
the fishing districts of . . . Kodiak Island .., are practi-
cally without any protection, and fishermen operate in
any way they care to, without, [ may say, even the slight-
est semblance of investigation or restriction. This is
entirely due to the fact that there are no Government
vessels to look after these vast and important fields. We
have one man stationed at Afognak Island, not only an
isolated place, but with the waters surrounding it and
Kodiak Island treacherous and dangerous a greater part
of the time, and all we have available for his use is an
18-foot skiff. In this he is supposed to investigate fish-
ery violations and follow fast-moving tugs and fishing
boats. As a result, this Government official has been
forced to jeopardize his life by going out in this skiff, or
resort to the unfortunate and inexcusable practice of
asking a cannery to furnish passage on a boat so that he
may investigate the company’s own fishery operations.
This is the only safe means he has of getting there. The
necessity of such a practice is ludicrous and absurd in
the performance of official inspection work. To cite one
instance which reflects discredit on the Government:
One of our chief officials in Alaska requested that a
cannery tug take him to a certain fishing ground so that
he might see if the law was being violated. The com-
pany’s superintendent readily acquiesced, and when he
was nearing the fishing grounds blew five long blasts.
The Government official naturally inquired why this
was done, and the answer came back: “I am very sorry,
but my instructions from the boss are to warn all the
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U.S. Bureau of Fisheries patrol vessel, Blue Wing, 1947. (E. P.
Haddon, National Oceanic and Atmospheric Administration
Photo Library, shipo313)

fishermen by five whistles when any of our boats are
carrying a United States fisheries official” In other
words, they were in the habit of violating the law and
this was a warning that they must desist for the time
being. (Jones, 1915)

His recommendation of seaworthy patrol vessels eventu-
ally was fulfilled by the USBF in the 1920s. Thereafter, sev-
eral USBF vessels—Blue Wing, Brant, Crane, Eider, Pen-
quin, Red Wing, and Teal—patrolled the coastal waters of
Kodiak Island to monitor the fishery or passed through the
region en route to the Aleutian and Pribilof islands.

During the early fishery, the number and location
of canneries that harvested sockeye salmon from the
Karluk system varied substantially (Fig. 2-2). After the
initial proliferation of five canneries on or near Karluk
Spit in 1882-89—from west to east: 1) Alaska Improve-
ment Company, 2) Karluk Packing Company, 3) Aleu-
tian Island Fishing and Mining Company, 4) Hume
Packing Company, and 5) Kadiak Packing Company—
all of these were consolidated into the APA facilities or
closed by 1897 (Roppel, 1986). In addition to the five
Karluk Spit canneries, another three canneries located
further from Karluk also took sockeye salmon from this
system—Arctic Packing Company on Larsen Bay and
Royal Packing Company and Russian-American Pack-
ing Company on Afognak Island. When Afognak Island
was set aside as a Forest and Fish Culture Reserve in
1892, its two canneries were closed.

The APA continued to operate several Karluk Spit
canneries during 1897-1910, but closed them all after



Wreck of the Alaska Packers Association ship
Servia, Karluk, 6 November 1907. (John N.
Cobb, University of Washington Libraries, Spe-
cial Collections, UW 14295)

they built a new cannery at Larsen Bay in 1911. Karluk
Spit, the main site where fishermen caught sockeye
salmon with beach seines, had major disadvantages for
cannery operations, including an unprotected anchor-
age and lack of deep-water access for large vessels.
These physical limitations had plagued the APA for
many years and greatly complicated their work. Since
large vessels drawing more than 1.2 m of water could
not dock at the Karluk Spit canneries, it was often dif-
ficult to transfer supplies and passengers, and the en-
tire case pack of salmon had to be lightered in small
boats to the ships lying offshore in Shelikof Strait, fully
exposed to sudden storms and rough seas that threat-
ened to drive them onto the nearby rocky coastline.
During the early era when sailing vessels supplied
the Karluk Spit canneries and received their output, the
exposed anchorage resulted in a succession of disas-
trous shipwrecks—schooner Pauline Collins (6 Octo-
ber 1881), bark Julia Foard (27 May 1888),% ship Raphael
(7 July 1895), bark Merom, (6 October 1900), and ship
Servia (6 November 1907). Additionally, several smaller
launches were wrecked at Karluk (U.S. Senate, 1912)—
Annie May (1895), Karluk (1899), and Delphine (1903).
Between 1888 and 1907, shipwrecks at Karluk and
around Kodiak Island cost the APA about $658,000.
These losses and other problems with the Karluk Spit
site finally convinced the APA to replace the existing
facilities with a single, large, new cannery at Larsen
Bay, a protected location for vessels on the west side of
Uyak Bay and 29 km east of Karluk. Work on the new
cannery began in 1909 and was completed in time to
process the 1911 salmon harvest (Marsh and Cobb, 1911).
Commercial fishermen continued to beach seine for

29 Some references say the Julia Foard (or Ford) was wrecked
at Karluk on 27 April 1888.

sockeye salmon at Karluk Spit for many years, but the
harvested salmon were then transported 47 km by sea
to the new cannery.

Charles H. Gilbert

1917-27

Charles Henry Gilbert began his studies of Karluk’s
sockeye salmon about 1917, during the last 10 years of
his distinguished career as a descriptive ichthyologist,

Charles Henry Gilbert (1859-1928). (From William W. Gil-
bert, deceased)
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pioneering fishery biologist, and educator (Dunn,
1996, 1997). From 1891 until his retirement in 1925, Gil-
bert was Professor and Chairman in the Department of
Zoology, Stanford University. Prior to 1909 he collected
and described hundreds of freshwater and marine
fishes, mainly from the American west and Pacific
Ocean. Several early collecting trips brought him to
Alaska, where, in 1903, he served as a member of the
Alaska Salmon Commission, being stationed at Bristol
Bay. Gilbert, an authority on Pacific salmon, was ap-
pointed Scientist-In-Charge of USBF Pacific Coast fish-
eries in 1909, and thereafter focused much of his atten-
tion on the biology of salmonid fishes (Dunn, 1996). In
about 1909-12, he first began using fish scales to age
Pacific salmon and study their racial composition.

Because of Gilbert’s extensive knowledge of Pacific
salmon, his previous travels in Alaska, and his contacts
with other salmon biologists, he undoubtedly knew
about Karluk’s abundant runs of sockeye salmon and
intense commercial fishery well before he began stud-
ies there. Yet, it remains unclear just when Gilbert first
visited Karluk. He analyzed a few hundred scales of
Karluk’s adult sockeye salmon collected in 1914, 1916,
and 1917, most likely by various USBF workers (Gilbert
and Rich, 1927)3°

Gilbert annually visited Alaska to study salmon
during 1917-27 (Dunn, 1996) and in 1919 he spent two
days (25-26 July) at Karluk Lake with Henry O’Malley,
then USBF field agent in charge of Pacific Coast opera-
tions. They limited their explorations to the north end
of Karluk Lake. From this brief survey, they concluded
that Spring, Moraine, and Cottonwood creeks were
rather poor spawning habitats for sockeye and sug-
gested that a hatchery at the lake may be beneficial
(Gilbert and O’Malley, 1920). Their report to Commis-
sioner of Fisheries Hugh M. Smith warned about over-
fishing of sockeye salmon and urged greater govern-
mental protection for the Karluk River and other
salmon streams in central and western Alaska. Further,
they called for increased scientific studies of Alaska’s
salmon and emphasized the vital importance of col-
lecting escapement and other fisheries data. Gilbert
understood in 1919 that Pacific salmon returned to a
home stream and that proper management and conser-
vation must be based on fisheries data collected at each
river system.

To obtain these fisheries data, the USBF, at Gilbert’s
direction, operated a counting weir on the lower Karluk

3° USBF. 1914. Karluk River scales. Unpubl. data. 7 p. Located
at NARA, Anchorage, AK.
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Henry O’Malley (1876-1936). (From 1922 Pacific Fisherman
20(6):16)

River in 1921 and for the first time accurately measured
the escapement of adult sockeye salmon to the spawning
grounds. This first counting weir in Alaska came from
Gilbert’s recognition that escapement and other statisti-
cal data were urgently needed to understand the life cy-
cle and population dynamics of sockeye salmon.>* By
combining the escapement and catch data, the total run
of sockeye salmon was correctly determined for the first
time at Karluk in 1921. Without a doubt, the weir opera-
tions provided vitally important data on Karluk’s sock-
eye run and 1921 marked the beginning of a sustained
program of biological studies on this salmon species.
Besides the actual counts of escaping sockeye,
other fishery data were collected at the weir. Although
few scales were collected from adult sockeye salmon in
1921, hundreds of samples were soon taken each year
and analyzed to learn the abundance and age composi-
tion of the run. Information was also recorded on fish
size and sex. With these new data Gilbert began explor-
ing the stock-recruitment relationship of Karluk’s

3' USBF officials Henry O’'Malley, Field Agent; Ward T. Bower,
Chief Agent, Alaska Service; and Hugh M. Smith, Commis-
sioner of Fisheries, were also instrumental in establishing the
Karluk River weir.



sockeye salmon, though answers were still years away
because of the complex and long life cycle. He felt that
management of sockeye salmon would be improved
once the relationship between escapements and re-
turns was known. Apparently these new data collec-
tions and research ideas were initially viewed with
skepticism or humorous derision by some governmen-
tal and cannery workers. For the next 15 years, Karluk’s
research biologists were affectionately called “the Bug
Hunters,” possibly in reference to the hordes of mos-
quitoes and flies they had to endure to collect the fish-
eries data.3* Nevertheless, collection of escapement
and run composition data is now a routine annual task
for fishery biologists; these data monitor natural popu-
lation fluctuations, guide management policies, and
check rehabilitation efforts.

Following his 2-day incomplete visit of 1919, Gil-
bert made a second short reconnaissance of Karluk
Lake on 8-12 August 1921 with O’Malley, Fred Lucas
(USBF fish culturist at Afognak Hatchery), and “Mose,”
a resident of either Larsen Bay or Karluk Village.3 De-
parting from Larsen Bay cannery, they traveled to
Dreadnaught City (a few cabins) at the head of the bay,
packed across the portage trail, and then continued up-
river by boat to Karluk Lake, camping the first night at
Tent Point. Over the next four days, they circumnavi-
gated Karluk Lake by boat, proceeding first along the
west shore to the lake’s southern end and into O’Malley
Lake. They stopped at tributaries entering the lake and
explored upstream, noting the abundance and condi-
tion of spawning sockeye and the creek’s physical fea-
tures (water depths, substrates, and water tempera-
tures). Salmon were also seen spawning at several
locations along the lake’s shoreline. At the outlet of
O’Malley Lake, Mose shot a large eagle that was dis-
tinctly different than the common bald eagle. Gilbert
(1922) later published a short note on this unusual bird
of prey, a Steller’s sea-eagle, Haliaeetus pelagicus.3*

Continuing their explorations, the party traveled
north along the lake’s east shoreline and into the

32 J. Thomas Barnaby 1930-37 notebooks. Located at NARA,
Anchorage, AK.

3 Charles H. Gilbert 1921 and 1922 field diaries. Location of
original field diaries at Stanford University Libraries, Depart-
ment of Special Collection and University Archives, Palo
Alto, CA; typed summary of Gilbert’s trips to Karluk Lake at
NARA, Anchorage, AK.

34 Friedmann (1935a) identified the bones of Steller’s Sea Ea-
gle from prehistoric sediments of an archaeological excava-
tion made a short distance from the Karluk River watershed.
He concluded that this species was a casual visitor to Kodiak
Island (Friedmann, 1935b).

Thumb Lake drainage. At Thumb River, Gilbert found a
dead male sockeye of only 200 mm length, but this
small fish had mature testes. Finally, they traveled
north from the Thumb River and examined several
more tributaries, completing their investigation of Kar-
luk Lake. During this circumnavigation, they occasion-
ally took depth soundings in Karluk, O’Malley, and
Thumb lakes, and Gilbert began naming prominent
shoreline landmarks. They left the lake on 13 August
and floated the full length of the river to the new count-
ing weir near Karluk Lagoon.

Gilbert made a third brief survey of the sockeye
spawning grounds at Karluk Lake on 18-28 August
1922. The survey crew included Gilbert, his USBF as-
sistant Willis H. Rich, William P. Studdert, and Fred R.
Lucas (Superintendent of Afognak Hatchery). The trip
from Larsen Bay to Karluk Lake was particularly tiring
and time-consuming in 1922. From the APA Larsen Bay
cannery, the party traveled by boat to the head of the
bay, where six natives packed their gear across the por-
tage trail. Proceeding upriver in an outboard-powered
skiff, they went only 3 km before the shallow water ren-
dered the motor useless. They then rowed and pulled
the boat 10 km upstream against swift currents, but
their progress was slowed by the mounds of gravel
pushed up in salmon redds, forcing the party to spend
a night on the upper river.

Reaching Karluk Lake the next day, the group
erected a tent camp on Camp Island, from which they
traveled around the lake for the next week. Again, they
noted the abundance of spawning sockeye and ex-
plored each tributary upstream to impassable falls or
natural salmon barricades. Fewer sockeye were present
in the tributaries than in 1921, but they observed fish
spawning in the upper Karluk River. Unexpectedly,
pink salmon were discovered in some lake tributaries.
Gilbert and Rich named many of the lake’s landmarks
and tributaries in 1922. The survey party floated down-
river to the weir on 25 August (a trip of about eight
hours) and found it partially washed out, damaged by
the masses of pink salmon carcasses that had drifted
downstream.?

On the regulatory front, the first use of weirs at Kar-
luk and other Alaskan rivers was soon followed by pas-
sage of the federal White Act of 1924. This law mandated
that 50% of the total salmon run must be allowed to

35 Details of the 1921 and 1922 field trips to Karluk Lake can be
found in Gilbert and Rich (1927), and in the 1921 and 1922 field
notebooks of Charles H. Gilbert (See footnote 33) and Willis
H. Rich (1922). Location of copies of Rich’s notebook at
NARA, Anchorage, AK, and ABL Library, Auke Bay, AK.
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escape the fishery; this requirement was monitored for
compliance during the run season by closely comparing
the weir counts and harvest data. It was assumed that if
this proportion of the total run reached the spawning
grounds at Karluk Lake each year, the salmon fishery
would be placed on a sustainable basis. [t was also in 1924
that the commercial fishery began using stationary
ocean traps to capture sockeye salmon along the north-
west coast of Kodiak Island (Rich and Ball, 1931).

Though Gilbert regularly traveled to Alaska for
several more years and often visited Larsen Bay or the
Karluk River weir, apparently 1922 was his last trip to
Karluk Lake. In 1925 he briefly worked at the weir in
June, collecting Dolly Varden scales and sockeye
salmon smolts. He also completed two tagging studies
in 1925-26, measuring the travel times of adult sockeye
in the Karluk River. In the first study in August 1925, he
tagged and released 200 adult sockeye off Karluk Spit
and then observed their passage of the lower river weir.
For the second study in July 1926, he tagged 100 sock-
eye at the lower river weir and measured their passage
of the Portage weir (Gilbert and Rich, 1927). Although
not a direct Karluk study, in the early 1920s Gilbert also
did several ocean-tagging studies of sockeye salmon in
the waters south of the Alaska Peninsula; significantly,
he showed that salmon made long-distance ocean mi-
grations and were not just restricted to their home
stream vicinity.

Gilbert remained in charge of the sockeye research
program at Karluk until 1926, when Willis Rich was
given this responsibility. Notwithstanding this leader-
ship change, Gilbert’s influence continued for at least
the next two years, and the research ideas for Karluk
came from both men. Rich obviously respected Gil-
bert’s knowledge and often sought his advice. When
Gilbert visited Larsen Bay in 1926 and 1927, Rich spe-
cifically went there to discuss the Karluk studies. In
1926 Rich began an ambitious long-term study of the
ocean survival of Karluk’s sockeye by annually marking
and releasing about 50,000 smolts. It is unclear if Gil-
bert designed this ocean survival study, but it appears
likely he was heavily involved because of his intellect,
ideas, and dominant personality. His research interests
were then focused on Alaska salmon, and as recently as
1925 he had personally collected sockeye smolts at the
Karluk River. In any event, Gilbert planned to accom-
pany Rich to Karluk Lake in 1926 and 1927, but declin-
ing health prevented him from making the strenuous
trip. Barnaby (1944) eventually published the ocean
survival research that began during Gilbert and Rich’s
tenure at Karluk, for the first time documenting that its
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sockeye salmon had much higher survival rates than
expected.

Biological knowledge of Karluk’s sockeye salmon
greatly advanced under Gilbert’s leadership of the re-
search program. Significantly, his discoveries were
based on solid scientific data obtained by the annual
operation of the counting weir, the regular sampling of
the adult and smolt runs, and the examination of scales
that revealed the stunning diversity of freshwater and
ocean ages present in the run (Gilbert and Rich, 1927).
Though such fisheries data are routinely collected now-
adays, these were significant accomplishments in the
1920s. Major discoveries on sockeye salmon biology
during Gilbert’s tenure as research leader at Karluk in-
cluded the following topics:

1) Escapement numbers reaching the Karluk
Lake spawning grounds.

2) Total run size.

3) Seasonal distribution of the run.

4) Number of years spent in the freshwater and
ocean.

5) Diversity of age groups present in the run.

6) Seasonal variation in age composition, size,
and sex ratios of the run.

7) Timing of downstream smolt migration.

8) Stock-recruitment relationship.

9) Abundance and run timing of other salmonid
species.

In conclusion, Gilbert’s studies of sockeye salmon
at Karluk started the long-term collection of detailed
fisheries data that has continued without interruption
to the present. While he spent most of his career as a
descriptive ichthyologist, it is remarkable that the re-
search he pursued at Karluk falls within the discipline
of fishery biology, topics that remain important to cur-
rent biologists. Although much of Rutter’s work at Kar-
luk in 1903 would also be classed in this discipline, Gil-
bert is often considered the intellectual founder of
fishery biology in the U.S. (Dunn, 1996).

Willis H. Rich

Willis Horton Rich maintained an interest in Karluk
River sockeye salmon for over 25 years, a long episode
that included his direct field research during 1922-32
and his later consulting work and critical reviews of
USBF and FWS research programs. He actively led the
sockeye salmon studies at Karluk in 1926-30, taking up
these responsibilities from Gilbert. As significant as
Rich’s own field studies were at Karluk, he greatly influ-



Willis Horton Rich (1885-1972). (From 1925 Pacific Fisherman
23(12):21)

enced federal research on this system for many years,
advancing ideas on the controlling factors of sockeye
productivity and inspiring and advising several other
Karluk biologists.

1922

Rich first visited Karluk Lake and River in the summer
of'1922 as a USBF field assistant for Gilbert, then leader
of the sockeye salmon studies. They surveyed the sock-
eye spawning grounds at Karluk Lake and examined
the counting weir on the lower river. Though the trip
lasted only 10 days (18-28 August), Rich (1963) became
fascinated with the Karluk system and recorded many
observations on its salmon, bears, flora, and physical
landforms.3® He prepared a rough map of Karluk Lake
by taking bearings with a surveyor’s compass and mea-
suring base lines. With Gilbert, he named many of the
lake’s prominent landmarks and tributary creeks.

36 Willis H. Rich 1922-1931 notebooks. Location of original
notebooks unknown (in 1956, Rich had the original note-
books); copies at NARA, Anchorage, AK, and ABL Library,
Auke Bay, AK. In 1963 the BCF ABL published the notebooks
as a Manuscript Report.

Following his first brief visit to Karluk Lake and
subsequent promotion to lead the USBF Division of
Scientific Inquiry, Rich apparently did not return to
Karluk during 1923-25, though he did travel to Alaska
each field season to study other salmon fisheries. Rich
earned his M.A. (19018) and Ph.D. (1924) degrees at
Stanford University, with Gilbert serving as his major
professor (Dunn, 1997).

1926

As the newly appointed leader of sockeye salmon re-
search at Karluk, Rich spent the entire summer and fall
of 1926 (23 May-24 September) at Karluk Lake and
River, or nearby at Larsen Bay cannery. He collaborated
with Gilbert on some field work that year, but also inde-
pendently pursued many significant studies with his
assistant Seymour P. Smith.

Marked smolts The 1926 field season was important
in Karluk’s fisheries history because, for the first time,
Rich marked thousands of sockeye salmon smolts (by
clipping various fins) for future identification when they
returned as adults. Initially in 1926, Rich and Smith tried
to collect smolts at the Karluk River Portage, but their
sampling gear was poorly suited for that site. Moving op-
erations downriver to the lower weir, they successfully
marked and released 48,000 smolts during 30 May-16
June 1926. This ambitious mark-and-recapture experi-
ment continued for the next 10 years; the annual smolt
marking was the first step in measuring the ocean survival
of sockeye salmon. To complete the experiment, Rich and
his assistants searched through thousands of cannery-
harvested adult salmon in subsequent years to find
marked individuals (i.e. those missing various fins). This
mark-and-recapture experiment was also designed to ac-
curately measure total smolt out-migration each year, but
for unknown reasons this part of the study was never
completed.

Smolt observations As Rich marked the sockeye
smolts, collected their scales, and measured their
lengths, he soon learned that larger and older smolts
dominated the early migration, the size and age decreas-
ing with time. Overall, he was impressed by the large
size of Karluk’s sockeye smolts:

[Speaking of Karluk’s sockeye salmon smolts, 1 June
1926] These migrants are certainly very fine fish—by
far the finest I have ever marked and I should not be
surprised if we received a high percentage of returns.
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Judging by the results of the best marking experiments
in the Columbia River it would not surprise me if we
got as high as 10% from these.>”

The downriver smolt migration lasted about three
weeks; the fish moved downstream in pulses, being
abundant for several days and then absent for a few
days. He also noted their nocturnal migratory behavior.
The work of capturing and handling 48,000 smolts
gave him data on the proportion of fish with naturally
missing fins and the presence of parasitic copepods at-
tached at the base of ventral fins. Further, he recorded
the presence of coho and Chinook salmon juveniles.

Adult sockeye behavior at the weir During the
three weeks that Rich marked smolts at the Karluk
River weir, he closely observed the upstream migratory
behavior of adult sockeye. Contrary to past criticisms
that the weir harmed migrating adults by preventing
their upstream progress, Rich concluded that the weir
was not a serious obstacle. He saw that when adult
salmon were ready to move upstream, they easily found
the open counting gates and passed through the weir.

Salmon travel time up the Karluk River Two
counting weirs were operated on the Karluk River in
1926, one on the lower river near Karluk Lagoon and
another 20 km upstream at the Portage. Adult spring-
run sockeye were marked at the lower weir and their
passage was recorded at the upper weir. These salmon
needed 4-5 days to travel this distance and about one
week to reach Karluk Lake (Gilbert and Rich, 1927).

Exploration of the spawning grounds and observa-
tion of the large escapement The 1926 field season
was important for Rich because he observed one of the
largest runs of adult sockeye salmon at Karluk since
commercial fishing began in 1882. In 1926 over
2,500,000 sockeye escaped to the spawning grounds
from a total run of over 4,500,000, a huge run never
repeated again in the subsequent 8o years. Possibly,
Rich may have been the only trained fishery biologist
ever to observe a Karluk sockeye run of similar magni-
tude to those existing before or shortly after commer-
cial fishing began.

Rich was impressed by the number of sockeye
salmon flooding onto the spawning grounds, the sight
forever affecting his ideas about Karluk’s productivity.
He regularly traveled around the lake in 1926, visiting
the spawning tributaries and beaches, exploring up-

37 See footnote 36.
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stream along tributaries, and noting the numbers of
dead and live sockeye 3® Often, tributaries were densely
packed with spawning adults or littered with decom-
posing carcasses. The number of spawners decreased
in August, but Rich saw many adult salmon swimming
in the lake, causing him to theorize that a certain lake-
ripening period was needed before these fish moved to
specific spawning sites. He saw that fall-run sockeye
were larger than spring-run fish. On a trip downriver on
27 August, he observed many adult sockeye spawning
in the first 3 km of river below the lake.

Sockeye carcasses and Karluk Lake’s productivity
While surveying the spawning habitats at Karluk Lake
during July-August 1926, Rich was constantly im-
pressed by the huge numbers of sockeye carcasses pres-
ent, these even being transported by stream currents
and lake waves far from active spawning sites. He ob-
served the rapidity of carcass decay and the action of
blowflies in the breakdown. Significantly, on 9 August
he noticed a dense phytoplankton bloom in Thumb
Lake and linked this to the nutrients that leached from
decaying salmon carcasses. He soon realized the pos-
sible importance of salmon-carcass nutrients to Karluk
Lake’s fertility and the sustenance of juvenile sockeye.
His 1926 observations at Karluk Lake marked the origin
of the theory that salmon-carcass nutrients influenced
the lake’s productivity and sockeye salmon abundance,
an idea that has persisted to present times.

Bathymetric map of Karluk Lake Rich prepared
the first detailed bathymetric map of Karluk Lake using
a sextant, plane table, aneroid barometer, and sound-
ing line (Gilbert and Rich, 1927). The map showed the
lake’s three internal basins. He also mapped the two
shallow lakes (Thumb and O’Malley) tributary to Kar-
luk Lake. The map aided his future limnological stud-
ies of Karluk Lake.

Limnological measurements of Karluk Lake In
1926 Rich collected the first limnological data from
Karluk Lake, thus beginning a regular sampling pro-
gram that, with alterations and interruptions, can be
traced to today’s limnological monitoring. Rich mea-
sured the surface temperatures of Karluk, Thumb, and
O’Malley lakes and tributaries, and ran temperature
profiles in all three basins of Karluk Lake. In addition,
he collected plankton samples, measured water trans-

38 In 1926 Rich spent over a month at Karluk Lake observing
sockeye salmon (27-28 June, 12-22 July, and 29 July-
27 August).
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parencies, and retrieved bottom sediments, though
these were largely preliminary efforts at testing the ef-
fectiveness of his sampling gear. To monitor changes in
the lake’s water level, he engraved a permanent bench-
mark on a rock outcrop at Camp Island.

Salvage of wasted sockeye eggs As Rich and Smith
surveyed the spawning habitats at Karluk Lake in 1926,
they found many dead, unspawned, sockeye females.
Rich was unsure if these premature deaths resulted
from the excessively large escapements flooding onto
the spawning grounds, the relatively dry summer and
reduced water levels, or other factors. Nevertheless, he
believed that the unspawned eggs were a regrettable
waste of reproductive products and calculated the un-
told millions of lost eggs. Thinking that dead un-
spawned females might be a regular feature of the Kar-
luk system and not unique to 1926, he devised a plan to
salvage the wasted eggs by culturing them in a lake
hatchery. Eggs in dead females seemed to be in good
condition for artificial propagation. Testing the idea,
he gathered eggs from dead and live females, fertilized
and buried them in the substrate, and checked their
progress for several weeks. Test results were mixed, but
some eggs from dead females developed normally, and
Rich concluded “that the eggs from dead females may
be successfully fertilized and will pass through at least

the early stages of development as well as those from
living females. I have no doubt, of course, but that the
eggs must be taken before the females have been dead
too long "3 Yet after spending a few more field seasons
at Karluk without again finding dead unspawned fe-
males, Rich realized the 1926 conditions were unique
and never pursued the hatchery idea. The presence of
unspawned females indicated, however, that Karluk’s
spawning area might be limited and that the spawning
capacity was exceeded by the huge escapement of 1926.
Nevertheless, though these unspawned females did not
contribute to egg seeding and fry production at Karluk,
they did add salmon-carcass nutrients to the lake and
possibly increased the success of juvenile sockeye.

Sockeye fecundity Just before Rich ended the 1926
field season and left Alaska, he collected eggs from 40
adult sockeye females at Larsen Bay cannery in mid
September. From this small sample he obtained a fecun-
dity estimate for fall-run sockeye and learned how fe-
cundity varied with female size (Gilbert and Rich, 1927).

Fry growth rate in Karluk Lake As Rich and Smith
traveled around Karluk Lake in 1926, they constantly
looked for juvenile sockeye and tried to learn about

39 See footnote 36 (8 August 1926).
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their habitats, growth rates, and food habits. Such data
were needed to understand the full life history of Kar-
luk’s sockeye salmon and were of special interest to
Rich and Gilbert in interpreting scale ages. When the
1926 field season began, they had two specific ques-
tions about juvenile sockeye: 1) do any fry emerge and
form scales in the same year as egg deposition, and 2)
do fry emerge early enough in spring or summer to
grow and form scales with circuli? Rich concluded that,
“in view of the low temperature recorded on the main
spawning streams it seems very unlikely that any of the
young salmon hatch and come out of the gravel before
spring . . % He also learned that juvenile sockeye grew
and formed scales in their first year following spring
emergence. But attempts to catch juvenile sockeye with
beach seines were largely unsuccessful in 1926 and Rich
planned to use other sampling methods in 1927.

Charr observations Rich examined the food habits
and reproductive condition of Karluk’s charr in 1926,
though it was not yet known that two species were pres-
ent in this system. All charr at Karluk were then called
“Dolly Varden,” and they were thought to be serious
predators of salmon eggs and young. Rich examined
105 Dolly Varden from the lower Karluk River on 1 June,
finding all had empty stomachs and immature gonads.
Two months later (8-9 August) he saw many large
Dolly Varden feeding on sockeye eggs in the Thumb
River and in streams at the south end of Karluk Lake.
These brightly colored fish had well-developed gonads
and were preparing to spawn. Rich was unconcerned
about the egg consumption, stating that “these eggs
form the chief food for the dollies at this time, but they
are eggs that would be wasted anyway so that no harm
is done by the dollies in feeding on them.”#

Pink salmon A huge run of pink salmon entered the
Karluk River in 1924, and many of these reached the
lake spawning grounds. Possibly, these pink salmon
may have harmed the sockeye by spawning in the same
tributaries, digging up previously buried sockeye eggs
and depleting oxygen concentrations that killed fish in
these small creeks. After the large pink salmon run at
the lake in 1924, a similar large run was expected in
1926, and the USBF made plans to protect the sockeye
salmon spawning streams. Initially, Rich wanted a weir
placed at the lake’s outlet to bar pink salmon, but this

40 See footnote 36 (18 July 1926).
4 See footnote 36 (23 August 1926).
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was logistically impossible. His second plan was to in-
stall small wire weirs at sockeye spawning streams to
block the pink salmon. But, in fact, the 1926 pink
salmon run was small and Rich concluded in late July
“that it will not be necessary to put in the web weirs at
the mouths of the stream entering the lake unless a
much heavier run of fish comes in.”#

Scale collections Rich and Gilbert collected and
read sockeye salmon scales at Larsen Bay and Uyak
canneries in May 1926. Rich declared that the scales he
examined at Larsen Bay were “the first opportunity I
have ever had to examine red salmon scales in any
quantity.”® When Rich and Smith examined sockeye
scales at the canneries in early July, they concluded that
some of these could not be from Karluk River fish:

[Larsen Bay cannery, 3 July 1926] S. and [ examined
the scales from the few reds we got in Larsen Bay on the
3rd and it was very clear that there was a race of fish
present which was quite different from the fish of the
Karluk River. Out of 16 examined 4 were apparently
Karluk River fish but the other 12 were quite certainly of
a very different race. These fish have a very small [nu-
cleus] 1 year in the freshwater and most of ours are
5-year fish. The difference in the freshwater growth of
these fish and those from Karluk is as distinct as any-
thing of the sort I have ever seen.

[Uyak cannery, 8 July 1926] .. ..weexamined the rest
of the scales taken from the gill net fish. Found that
those taken in the Bay were very similar to the few trap
fish in Larsen’s Bay; i.e., they contained a large percent-
age of fish 5, and with very similar [nucleus], a race
quite distinct from the Karluk River fish.44

When Gilbert left Alaska in July 1926 for health rea-
sons, he asked Rich to collect sockeye scales at Karluk
Lake and the canneries, and from grilse in the fall-run
sockeye. Rich managed to obtain the grilse scales in
early September, but found little time to collect scales
at the spawning grounds and questioned the value of
such samples:

[Karluk Lake, 22 August 1926] Our collection of
scales from tributary streams as desired by Dr. G. has
practically fallen through . . . . Since we came back [to
Karluk Lake] it has been almost impossible to do any-
thing in the way of collecting the data on account of the
mixture of fish of the early run and those of the later
run which, of course, show differences in size on ac-
count of the longer time spent in the o. [ocean] by the
later running fish. In my opinion unless one is careful

42 See footnote 36 (21 July 1926).
4 See footnote 36 (24 May 1926).
44 See footnote 36.



to get representatives from the different tributaries for
the small run of fish there is great chance for serious
confusion due to the various mixtures of fish of the dif-
ferent runs.®

Observations of aquatic flora and fauna Besides
his sockeye studies, Rich observed and collected other
species of the flora and fauna at Karluk, including
aquatic macrophytes and macroinvertebrates. Like-
wise, Rich and Smith somehow found time to collect
and preserve bird eggs for Harold Heath of Stanford
University. In exploring this non-fisheries information,
Rich was somewhat unique among Karluk’s biologists.

Rich and Smith’s research accomplishments at
Karluk in 1926 were substantial, especially considering
the time they spent doing all the necessary practical
things to survive and travel in this remote region. For
example, early in the field season as they marked smolts
at the weir they found scant living accommodations in
the abandoned and dilapidated APA hatchery building.
After hatchery operations had ceased in 1916, the build-
ing’s lumber and other parts had been scavenged in the
intervening 10 years. In addition, rough seas in Shelikof
Strait often prevented boats from landing at the ex-
posed Karluk Spit, making travel and landing supplies
tenuous. Once supplies were ashore, they were trans-
ported up the shallow estuarine waters of Karluk La-
goon in a small skiff, this travel being easiest at high
tide. Fairly modern accommodations then existed at
Larsen Bay cannery, and ocean travel around Kodiak
Island occurred on USBF patrol vessels or commercial
fishing boats.

Yet, travel to Karluk Lake remained nearly the
same as when Rich last visited in 1922. This involved an
ocean boat trip to the head of Larsen Bay, a strenuous
pack of supplies across the portage trail to the Karluk
River, and then 14 km of upriver travel in a small skiff.
In 1926 the USBF leased a small homestead with several
cabins (humorously called Dreadnaught City) at the
head of Larsen Bay, and Rich used the cabins to store
supplies and as temporary shelter while traveling to
and from the lake. Also in 1926 the USBF built a new
weir cabin at the Karluk River Portage, this giving an-
other shelter when making trips between the lake and
Larsen Bay. Ascending the Karluk River was seldom
easy, and the low water of 1926 made it difficult to haul
the heavy supplies, scientific gear, and lumber. An out-
board motor powered the skiff in the deep water near
the Portage, but for most of the trip, the boat was man-

4 See footnote 36.

ually pulled upstream in the shallow water, often
through rainstorms and hordes of harassing insects.

Since no cabins existed at Karluk Lake in 1926,
Rich erected a tent camp on Camp Island, first building
a level wooden floor. Though the tent gave tolerable
shelter, he still wanted a cabin for future salmon re-
search at the lake. During travels to and from the lake,
Rich and Smith occasionally found shelter in a native
barabara, one being located near the lake’s outlet and
another near the Portage. While staying at Camp Is-
land, they supplemented their provisions with fresh
fish and waterfowl. When Rich and his field crew left
Karluk Lake to float downriver to the Portage on 27 Au-
gust, the normally easy trip going with the current
lasted 6.5 hours, the river being so low they had to drag
the boat downstream.

In conclusion, Rich and Smith had a productive
field season at Karluk in 1926, and their results greatly
increased the knowledge about sockeye salmon. They
initiated several studies of sockeye salmon that con-
tinued for many years, these long-term data being
crucial to understanding this complex and diverse
ecosystem. Equally important to the actual field work
completed were the new research ideas generated in
1926 about the sockeye salmon’s life history and the
lake’s fertility.

1927

Rich returned to Alaska in 1927 and spent consider-
able time in the Karluk-Larsen Bay area, including
over a month at Karluk Lake.*® Most of the studies
that year continued those started in 1926, including
marking 50,000 sockeye smolts at the weir, surveying
the abundance of sockeye salmon on the spawning
grounds, exploring salmon spawning streams, collect-
ing limnological data at Karluk Lake, seining for juve-
nile sockeye, and examining charr food habits. Since
sockeye salmon escapements to Karluk Lake were
much smaller in 1927, Rich saw fewer adults and car-
casses on the spawning grounds. Likewise, he found
few unspawned dead females and abandoned his idea
of salvaging unspawned eggs.

After his preliminary limnological work of 1926, it
is likely that Rich was eager to collect further samples
in 1927 to test his idea linking salmon-carcass nutri-
ents and lake productivity. Consequently, besides
having better collecting gear for plankton, bottom

46 In 1927 Rich was in the Karluk and Larsen Bay area on
26 May-31 August, and at Karluk Lake on 5 July-15 August.
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sediments, water transparencies, and water tempera-
tures, the 1927 studies included water chemistry mea-
surements by George I. Kemmerer, Professor of Chem-
istry, University of Wisconsin. To learn if salmon
carcasses affected the water chemistry of lake tributar-
ies, Kemmerer and Rich compared nutrient concentra-
tions above and below the upstream limits of salmon
migration—lower stream sections had significantly
higher nutrient levels.

To obtain water chemistry samples, Rich explored
many tributaries much more thoroughly than before,
finding that some had newly eroded channels. He col-
lected plankton samples from Karluk, Thumb, and
O’Malley lakes in 1927, and he again saw an August
phytoplankton bloom in Thumb Lake, though it was
less intense because fewer salmon carcasses added nu-
trients to the lake. It was not until 1932 that the limno-
logical studies at Karluk Lake were published. This sci-
entific paper, with Rich as a co-author, was the first to
formally discuss the possibility that the fertility of Kar-
luk Lake and success of juvenile sockeye were affected
by nutrients leached from adult salmon carcasses
(Juday et al., 1932).

Rich made a special effort in 1927 to collect young
sockeye from Karluk Lake to determine their growth
and food habits, but found it difficult to consistently
capture juveniles in beach seines because the rough
substrates often snagged his net. After selecting a
smooth beach near Little Lagoon Creek, he collected
about 200 juvenile sockeye, plus sticklebacks, sculpins,
charr, juvenile coho salmon, and juvenile steelhead,
and boasted that “ . .we have today caught more young
Oncorhynchus nerka during their life in the lake than
have ever been caught before”4” He felt that this one
sample was sufficiently large to understand the fresh-
water growth of juveniles.

The ocean migration routes of sockeye salmon
that returned to spawn in Kodiak Island’s streams were
poorly known in 1927. Rich and Gilbert suspected that
adult fish caught along the island’s west coast, still far
from the Karluk River, in fact homed to that river. To
test this idea, Rich tagged and released 700 adult sock-
eye on 19—20 August at the San Juan #1 fixed trap lo-
cated just inside Broken Point in Uganik Bay (Rich and
Morton, 1930). His experiment showed that, indeed,
most of these fish were of Karluk River stock. This re-
sult allowed the west coast fish to be more accurately
assigned to their true natal stream, an important find-
ing for management purposes.

47 See footnote 36 (8 August 1927).
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Rich found better lodging, travel, and survival lo-
gistics at Karluk in 1927. The best improvement at the
lake was the 3.7 X 8.8 m cabin built on Camp Island in
June 1927. This cabin was now the fisheries research
base at the lake. The USBF also purchased the Dread-
naught City homestead and cabins in 1927 for $250.
Cabins at Camp Island, the Portage, and Dreadnaught
City aided the biologists as they traveled and hauled
supplies to and from the lake. In contrast, worse living
conditions existed at the weir on the lower river. Weir
tenders had lived in the abandoned hatchery building
since 1921, but it had deteriorated further each year and
gave only marginal shelter. In 1927 Rich and his field
crew camped in a small (3 X 5.5 m) wood shed while
they marked sockeye smolts.

In 1927 the USBF provided the biologists with a
Fordson track-laying tractor and sled, which made it
much easier to haul supplies and travel across the por-
tage trail between Larsen Bay and the Karluk River.
Supplies were now transported by boat to the head of
Larsen Bay, stored in the Dreadnaught City cabins, and
hauled across the portage by tractor and sled to the
cabin located on the river (then known as “Russell-
ville”#®). The Fordson tractor was often a mixed bless-
ing for the biologists, being difficult to start, throwing
off its tracks, and often sinking into the muskeg. From
the Portage cabin, the trip upriver to Karluk Lake was
made in a small boat driven by outboard motor, oars,
and physical force. Henry O’'Malley, then USBF Com-
missioner, wanted better access to Karluk Lake and
proposed in 1927 the construction of a road across the
portage and a trail to the lake. Fred Spach of the Alaska
Road Commission made a reconnaissance survey of a
possible road route in late August 1927. Though a road
was never built, this idea continued for the next 20
years until air travel became the standard mode of
transportation. Radio communication between Karluk
Lake and Larsen Bay was attempted in 1927, but the
equipment worked poorly.

1928-30

After their productive studies of Karluk’s sockeye
salmon during 1926-27, Rich and his assistants contin-
ued this research for the next three years. They started
each field season by marking about 50,000 smolts, and
then spent most of the summer looking for previously

48 “Russellville” was a temporary name used by biologists for
the cabin, boathouse, and few storage sheds at the Portage. It
honored USBF employee J. R. Russell, who collected steel-
head eggs at Karluk River Portage each spring during

1927-32.



marked adults at the canneries. Scales, length, and sex
data were collected from sockeye smolts and adults to
learn about their run compositions. Biologists visited
Karluk Lake several times each field season to survey
the sockeye spawning habitats and to collect limnolog-
ical data. Juvenile sockeye were occasionally seined in
the lake to learn more about their freshwater growth
and foods.

Although Rich directed the studies during 1928-
30, he spent less time at Karluk in those years.* In
1929-30 he helped mark smolts, looked for marked
adults at the canneries, and visited Karluk Lake for
10 days each July. While marking smolts in early June
1930, Rich learned he was to be hired as a Professor of
Zoology at Stanford University. Thus, after complet-
ing the 1930 field season, he resigned his USBF posi-
tion as Director of Pacific Fisheries Investigations on
1 November 1930. Yet this change in employment did
not end Rich’s involvement with salmon studies in
Alaska.

Little had changed in the transportation, living fa-
cilities, logistical supply, and communications for Kar-
luk’s fishery biologists during 1928-30. Travel to Karluk
and Larsen Bay each field season required a 2-week
ocean voyage from Seattle, Washington. USBF patrol
vessels or commercial fishing boats provided local
ocean travel between Karluk Spit and the canneries.
Transport from Karluk Spit to the weir was by small
skiff to the eastern end of Karluk Lagoon, though an
alternate route occasionally used during rough ocean
weather was to travel to the Portage and then float
down the Karluk River. Since the APA hatchery build-
ing had been totally demolished by 1929, two small
cabins were constructed near the weir. Travel to Karluk
Lake continued to be the usual route across the portage
by tractor and sled, and then by boat up the Karluk
River. The Camp Island cabin continued as the fisheries
research base at Karluk Lake.

1931-47

After 1930, Rich often returned to Alaska to continue
his salmon studies, but he seldom visited Karluk
Lake. His field assistant for 1930, Thomas Barnaby, was
competent in doing the sockeye studies at Karluk and
Rich expressed confidence that “Tom [Barnaby] is, as

49 Rich did not visit Karluk Lake in 1928, the entire field pro-
gram being done by his assistants, Seymour P. Smith and
Alan C. Taft. Rich visited the Karluk region in 1929 (25 May-
25 July) and 1930 (23 May-20 July). His field assistants were
Merrill W. Brown in 1929 and J. Thomas Barnaby in 1930.

Philip Aaron (left), Willis Rich (center), and Tom Barnaby
(right), Karluk, 1930. (Joseph Thomas Barnaby, from Lynn L.
Gabriel, Herndon, VA)

always, 100%".5° Rich traveled to Alaska in 1931 with
plans to visit Karluk Lake, but eventually relied on
Barnaby to do the Karluk work, freeing him for other
Alaskan studies:

Shall not make the trip to Karluk Lake, much as I
should like to do so, as I think my time will be better
spent at Afognak and elsewhere and I know that Tom
[Barnaby] will handle everything as well as though I
were along.>'

Rich’s confidence in Barnaby came from working
with him at Karluk in 1930 and at Stanford University.
Likewise, Barnaby greatly respected Rich, once claim-
ing that Rich had been the most positive influence on
his fisheries career (Morton, 1980). This mutual respect
was further demonstrated by the fact that Rich had col-
lected the first five years of data for the ocean survival
study (1926-30), but freely gave it to Barnaby, who pub-
lished this information in 1944. Rich continued to give
guidance to the sockeye studies at Karluk until 1932,
often conferring with Barnaby about the work when-
ever they met at Larsen Bay.

Rich significantly influenced fisheries research at
Karluk for many years beyond his direct involvement of
1926-30. He led the North Pacific Fishery Investiga-
tions for the FWS during 1943-44, and then served as a
consultant for their salmon fisheries studies during
1944-50. In 1946 he reviewed a manuscript that FWS
fishery biologist Richard Shuman had prepared for
publication on the escapement-return relationship of
Karluk’s sockeye salmon. Rich strongly argued that the

5° See footnote 36 (29 May 1930).
5t See footnote 36 (16 July 1931).
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historic decline of Karluk’s sockeye was caused by nu-
trient depletion in the lake from loss of salmon car-
casses to the commercial fishery. In contrast to Shu-
man’s initial proposal for lower escapements goals at
Karluk, Rich wanted higher escapements to reverse
past nutrient losses. After Rich’s critical review, Shu-
man added these nutrient depletion ideas into his
manuscript and pursued limnological studies with re-
newed vigor, this work eventually leading to the fertil-
ization experiment at Bare Lake in the 1950s. Rich con-
tinued to travel to Alaska in the mid to late 1940s,
visiting Shuman and Nelson at Karluk Lake in August
1947 to discuss their research and the possible fertiliza-
tion of the lake.>

Joseph Thomas Barnaby

1930-38

Joseph Thomas Barnaby first worked at Karluk in 1930
as a USBF assistant to Willis Rich. By then, he was well
acquainted with field work in Alaska, having spent the
previous five summers working at several private and
USBF fisheries jobs at Prince William Sound and
Southeastern Alaska. He had just earned his B.S. de-
gree in fisheries at the University of Washington in
1929. Barnaby first met Rich in Alaska in 1929 and
soon thereafter began graduate studies in zoology at
Stanford University while working on Karluk’s sock-
eye salmon.

Following Rich’s appointment to Stanford Univer-
sity in late 1930, Barnaby was given full responsibility
for the Karluk studies, though he continued to collabo-
rate with Rich until at least 1932. Barnaby led the USBF
fisheries studies at Karluk for nine years (1930-38), and
his main research goals and field work continued those
began by Gilbert and Rich in the 1920s—sockeye
salmon ocean survival rates, description of run compo-
sitions, and limnology of Karluk Lake. His field seasons
usually lasted from May through September, the time
being largely devoted to marking sockeye smolts, col-
lecting scales, measuring fish, and looking for marked
adults. But he also made at least two trips to Karluk

52 Richard F. Shuman 1947 notebook (3-7 August). Located at
NARA, Anchorage, AK.

53 Barnaby’s Karluk Lake field work schedule: 22 May-
20 Sept. 1930, 2 trips, 20 days; 10 April-30 Sept. 1931, 4 trips, 41
days; 22 May-22 Sept. 1932, 3 trips, 19 days; 17 May-2 Nowv.
1933, 2 trips, 13 days; u May-15 Sept. 1934, 6 trips, 57 days;
8 May-16 Sept. 1935, 5 trips, 81 days; 21 May-21 Sept. 1936,
4 trips, 63 days; 31 May-25 Sept. 1937, 4 trips, 46 days; May-
June 1938, number of trips and days unknown.
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Joseph Thomas Barnaby (1903-1998). (Joseph Thomas Barn-
aby, from Lynn L. Gabriel, Herndon, VA)

Lake each year to continue the freshwater studies,
which then comprised the limnological sampling, sur-
veys and physical descriptions of the spawning habi-
tats, and determination of juvenile sockeye growth and
distribution.

One of Barnaby’s most important studies at Kar-
luk was the measurement of sockeye salmon ocean sur-
vival, from the time when smolts entered the sea until
they returned years later as mature adults. He deter-
mined this by first marking thousands of smolts and
then recording the proportion of marked adults that
returned in subsequent years. Each spring of 193036 as
the sockeye smolts descended the Karluk River and ac-
cumulated above the weir, he captured, marked, and
released about 50,000 fish, each year using a different
combination of clipped fins. By mid June as the down-
river smolt migration ended, Barnaby and his assistants
shifted their efforts to searching for previously marked
adult sockeye at the Larsen Bay and Uyak canneries, a
massive effort that required the examination of thou-
sands of harvested adult salmon.

From this data, Barnaby (1944) calculated smolt-
to-adult survival rates of greater than 20%, consider-



ably higher than had been previously reported for
sockeye salmon.5* An initial second goal of this mark-
and-recapture experiment was to measure the total
smolt out-migration, but for unknown reasons this part
of the study was never completed or published. Barn-
aby understood the importance of knowing the yearly
production of smolts from Karluk Lake, but apparently
never calculated this abundance from the mark-and-
recapture data.

A second important task that Barnaby and his as-
sistants continued for nine years at Karluk was the reg-
ular collection of run composition data (age, size, and
sex) from thousands of sockeye salmon smolts and
adults. For the smolts, the ages and sizes of these young
salmon changed during the 3-week out-migration, but
males and females were equally abundant. The adult
sockeye run, which lasted at least 4-5 months, also had
seasonal variations in age, size, and sex ratio. Gilbert
and Rich (1927) summarized the run composition data
up to 1926, while Barnaby (1944) summarized it up to
1936. Furthermore, the run composition data were
needed to calculate the ocean survival rates of sockeye
salmon in the mark-and-recapture study. Besides these
practical uses, the regular collection of adult scales in
the 1920s and 1930s, from both the escapement and
catch and over the complete migration season, led for
the first time to an exquisite appreciation of the re-
markably diverse and complex life cycle of Karluk’s
sockeye salmon. Thus, starting with the 1920s-1930s
field work, it became a routine task for biologists to col-
lect run composition data at Karluk, and these fisheries
statistics have continued to be gathered nearly uninter-
rupted ever since.

Barnaby completed his M.A. degree at Stanford
University in 1932; for his thesis he investigated the re-
lationship between body growth and scale size of Kar-
luk’s sockeye salmon in 1930-31 (Barnaby, 1932). To find
out when scales first formed on young sockeye, he ex-
amined newly hatched alevins as they emerged from
gravel redds and older juveniles during their early
growth stage in Karluk Lake. Scales first appeared once
feeding began, when juveniles reached about 36 mm in
fork length (range 30-40 mm). From his 1930-31 field
data and that collected by Rich in 1926-27, Barnaby dis-
covered that a curvilinear relationship existed between
fish length and scale size. Scales first grew faster than
fish length, but later grew at a slower rate; a semi-

54 Although smolts were marked yearly until 1936, Barnaby
(1944) only analyzed ocean survival rates for those marked
during 1926-33, possibly because recoveries of marked adults
were not sufficiently complete for 1934-36.

Tom Barnaby (left) marking sockeye salmon smolts, Karluk
River, 1930s. (Joseph Thomas Barnaby, from Lynn L. Gabriel,
Herndon, VA)

Marking sockeye salmon smolts by clipping fins, Karluk
River, 1930s. (Joseph Thomas Barnaby, from Lynn L. Gabriel,
Herndon, VA)

Sockeye salmon smolt, Karluk River, 1930s. (Joseph Thomas
Barnaby, from Lynn L. Gabriel, Herndon, VA)
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logarithmic formula best fit the data. He determined
precisely when juveniles and adults formed seasonal
annuli on their scales. He also showed that the size of
adult sockeye salmon was controlled by its length of
ocean residence.

At Karluk Lake, Barnaby continued with the lim-
nological work first began by Rich, who undoubtedly
convinced him that lake studies were crucial for under-
standing the growth of juvenile sockeye. As a result,
Barnaby collected limnological data for all nine years of
his tenure at Karluk, regularly collecting or measuring
water temperature profiles, plankton samples, trans-
parencies, total residues, and several chemicals (pH,
dissolved oxygen, carbon dioxide, phosphorus, silica,
and nitrite nitrogen). During 1935-37 he focused his at-
tention on water chemistry and concluded that phos-
phorus and silica might limit the lake’s primary pro-
duction, which affected the growth and survival of
juvenile sockeye. He published the water temperature
and chemistry data for 1935-36 (Barnaby, 1944), but
most of the limnological data gathered during 1931-38
went unpublished.

Whenever Barnaby visited Karluk Lake in the
1930s, he regularly collected juvenile sockeye from the
littoral zone with beach seines and gill nets to learn
about their seasonal habitats, distribution, and growth.
He measured the size of many young fish and exam-
ined their food habits, but most of this data remained
unpublished except for that contained in his thesis
(Barnaby, 1932). To learn more about juvenile sockeye
in 1931, he tried to mark 25,000 sockeye fry at Karluk
Lake, but he soon abandoned the idea after clipping
the fins of several thousand fish and witnessing their
high mortality.

Tom Barnaby with U.S. Bureau of Fisheries boat Nerka, Kar-
luk Lake, ca. 1937. (Joseph Thomas Barnaby, from Lynn L.
Gabriel, Herndon, VA)
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Continuing in the tradition of all previous biolo-
gists at Karluk, in the 1930s Barnaby periodically sur-
veyed the spawning sockeye at the lake and estimated
the numbers using the lateral and terminal streams,
lake beaches, and upper Karluk River. When spawners
were abundant, he improved the survey’s accuracy by
using a standard counting method, rather than just
guessing at the numbers. Although his stream surveys
were never published, after several years of doing this
work he understood that sockeye salmon used the vari-
ous spawning habitats in a distinct seasonal pattern;
these repeatable annual behaviors suggested the exis-
tence of subpopulations. Without a doubt, his stream
surveys from this period are valuable historic records of
how sockeye salmon used specific spawning habitats.
In fact, Barnaby pursued these surveys even further
and investigated the physical aspects of the different
spawning habitats, including the dimensions and wa-
ter flows of lake tributaries. He found that some small
lateral creeks occasionally had such low flows that
adult sockeye were excluded from using them. For ex-
ample, he often checked the flow of Little Lagoon Creek
and several times dug a deeper channel to let adult
sockeye freely move to and from the creek’s pools. In
1935 he twice measured the discharge of the upper Kar-
luk River—i5.2 m3/second on 30 June and 7.2 m3/ sec-
ond on 15 August. He monitored the water level of Kar-
luk Lake each field season and found that it fluctuated
38-76 cm. In 1936 he installed a rain gauge on Camp
Island and diligently recorded the daily accrual.

Prior to Barnaby’s years at Karluk, the charr-
sockeye interaction remained largely uninvestigated,
though most biologists believed that charr predation
on eggs and juveniles reduced sockeye salmon abun-
dance. All charr in the Karluk system were then
thought to be one species (called “Dolly Varden”). To
explore this subject further, Barnaby initiated several
studies of charr in the 1930s; in particular, he investi-
gated their food habits and migratory behaviors. Charr
were abundant at Karluk in the 1930s, and Barnaby saw
large masses of these fish during their spring-summer
river migrations, especially the thousands that accu-
mulated at the weir on the lower river. Initially during
1930-34, he examined a few charr stomachs from scat-
tered locations around the Karluk system whenever
the opportunity arose, but as the study developed
(1935-37), he specifically sought out charr and in-
spected larger numbers. Surprisingly, he found little
evidence that charr preyed on juvenile sockeye, but
they certainly ate many eggs once sockeye adults be-
gan spawning. The charr residing in Karluk Lake fed



heavily on sticklebacks, stickleback eggs, and insect
larvae in early summer.

Barnaby expanded his charr studies in 1937-38 to
try to understand their migrations, tagging thousands
of fish at the lake and lower river and then searching for
marked fish with his USBF assistant, Allan DeLacy. It
soon became clear that two charr populations inhab-
ited the Karluk system, one that migrated annually be-
tween the lake and ocean and another that remained
year-round in the lake. In addition, he gathered data on
the growth rates of the two charr populations and doc-
umented the amount of straying in the migratory pop-
ulation between different river systems of Kodiak Is-
land. Unfortunately, Barnaby never published his charr
studies, except for brief reviews (Higgins, 1938, 1939).
When Barnaby left the Karluk research program in July
1938, he gave all of the charr data to DeLacy, who used
them in his Ph.D. dissertation (DeLacy, 1941).

During Barnaby’s nine years at Karluk, access to
the lake was nearly the same as for all previous biolo-
gists. Supplies, research gear, and building materials
delivered to Larsen Bay cannery by USBF patrol vessels,
cannery boats, or chartered ships were transported by
USBF dory to Dreadnaught City, the cabins and storage
sheds located 6.5 km west of the cannery. Items that
were larger or heavier than normal were delivered by
USBF vessels to Dreadnaught City. The Fordson tractor
and sled were used to haul supplies across the portage
trail to the cabin and small boathouse on the river, but
at times when the tractor was inoperable, everything
was backpacked to the river. Often, one night was spent
at the Portage cabin in order to get a fresh start for the
lake the next morning. The 14 km trip by small skiff
from the Portage to the lake took 7-9 hours depending
upon the size of the load, river conditions, weather, and
intensity of biting insects. The outboard motor was

Tom Barnaby hauling boat with Fordson tractor and sled,
Karluk portage trail, 1936. (Joseph Thomas Barnaby, from
Lynn L. Gabriel, Herndon, VA)

Pulling skiff up the Karluk River to Karluk Lake, 1942. (Allan
C. DeLacy, from Catherine J. DeLacy, Seattle, WA)

useful for only the first part of the deep slow river, but
once shallow water was reached, the boat was pulled
and pushed upstream. Sometimes supplies were tem-
porarily cached on the riverbank to lighten the load. At
Karluk Lake, it took another hour to travel 10 km by
boat between the outlet and Camp Island cabin.

During this era, the task of hauling supplies to
Karluk Lake from Larsen Bay often consumed more
than a full day under the best conditions, and often ex-
tra time was needed to fix mechanical problems of the
tractor or outboard motors. Obviously with these rustic
conditions, an important prerequisite for a field biolo-
gist was the ability to maintain and repair equipment.
Retracing the route, the trip downriver from the lake to
the Portage typically lasted 3-5 hours. Upon reaching
Dreadnaught City, travel to the Larsen Bay cannery was
done by dory or by walking 8.5 km along the beach.

Because of his many ongoing studies in 1930-1938,
Barnaby frequently traveled between five locations in
the Karluk region: Karluk Lake, Karluk River weir,
Larsen Bay cannery, Uyak canneries, and Karluk Spit.
To reach the weir from Karluk Lake, he retraced his
route to Dreadnaught City and Larsen Bay cannery,
traveled 47 km around the island on a large boat to Kar-
luk Spit, and motored by skiff up the lagoon to the weir.
Between the canneries and Karluk Spit, he usually
caught rides on USBF patrol vessels, cannery tenders,
and fishing boats, only rarely attempting the trip in a
USBF dory. When the ocean route was too rough to
land at Karluk Spit, he instead floated downriver to the
weir.

During Barnaby’s nine field seasons at Karluk, he
only saw airplanes overhead four times and only once
flew from Kodiak to Karluk Lake with USBF officials in
1936. Undoubtedly, this was a chartered flight since
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U.S. Fish and Wildlife Service cabin and boathouse, Karluk
River Portage, 1944. (Jerrold M. Olson, Auke Bay, AK)

U.S. Bureau of Fisheries Camp Island cabin and boathouse,
Karluk Lake, 1930s. (Joseph Thomas Barnaby, from Lynn L.
Gabriel, Herndon, VA)

=

Tom Barnaby in Camp Island cabin, Karluk Lake, 1930s. (Jo-
seph Thomas Barnaby, from Lynn L. Gabriel, Herndon, VA)

Chapter 2

USBF aerial patrols were not yet common around Ko-
diak Island, though they were just beginning to be used
in other areas of Alaska (Bower, 1937). To reach Alaska
and Karluk at the start of each field season during 1930-
1938, Barnaby traveled north from Seattle or San Fran-
cisco on USBF patrol vessels or APA and commercial
steamships.

The USBF cabins at Dreadnaught City, the Por-
tage, and Camp Island were important facilities for
Barnaby’s research, giving shelter, laboratory space,
and storage along the main travel and supply route.
He constantly maintained and improved the cabins,
added shelves, painted, re-roofed with corrugated
metal, patched windows, and repaired leaks. At Camp
Island, he added an interior partition and porch to
the cabin and built a boathouse and supply cache for
winter storage. The lumber and building materials
for these projects were arduously hauled by boat up
the river.

In contrast with previous field biologists, Barnaby
had reliable radios that allowed him direct communi-
cation between Karluk Lake, Larsen Bay, and Karluk
Spit. When at the lake, he regularly checked on the cur-
rent escapement figures, directed the work of assistants
stationed at the weir or canneries, learned about the
arrival dates of USBF patrol vessels and officials, and
followed the progress of the commercial salmon fishing
season. At Camp Island, he usually planted a garden
each year to add fresh vegetables to his diet. With the
considerable time Barnaby spent at Karluk each year, it
is perhaps not surprising that he occasionally felt earth-
quakes and experienced ash falls from the volcanoes on
the Alaska Peninsula across Shelikof Strait.

Although Barnaby primarily visited Karluk Lake
to study its sockeye salmon and collect limnological
samples, he was intensely curious about many other
species and phenomena, and his notebooks are filled
with observations about the region’s plants, birds, and
bears.5> For example, he noted the seasonal change in
Karluk’s landscape—from the brown hills when he ar-
rived each spring, to the slight greening a few weeks
later, to the lush green of summer, and to the reds and
browns of autumn. The spring growth of “nettle” and
“bamboo grass” drew his attention, as did the seasonal
succession of different flowers and later development
of berries.

Karluk’s birdlife was particularly captivating, and
he compiled a detailed list of bird species for the re-

55 J. Thomas Barnaby 1930-37 notebooks. Located at NARA,
Anchorage, AK.



Barnaby Ridge, Karluk River near Portage, ca. 1935. (Joseph
Thomas Barnaby, courtesy of Lynn L. Gabriel, Herndon, VA)

gion in 1937 and collected bird skins.5® While living at
Karluk Lake, he raised young seagulls, various water-
fowl, and northern shrikes. Yet, his interest in Karluk’s
birdlife was not entirely observational, and it was
common during this era for the field biologists to hunt
waterfowl and ptarmigan to supplement their food
supply. At Gull Island, the small isle next to Camp
Island, biologists infrequently gathered seagull eggs
for food, though Barnaby was more interested in
recording the numbers of seagull nests, eggs, and
young produced each field season. Karluk’s brown
bears also drew Barnaby’s interest, and in 1936 he
built a bear-viewing platform 8 m high in a large cot-
tonwood tree at Halfway Creek. His broad interests in

¢ The 1937 bird list is recorded in his notebook for that year
(See footnote 55). It is unknown if the bird skins were placed
in a museum collection.

U.S. Bureau of Fisheries, Montlake Biological
Laboratory, Seattle, Washington, ca. 1933. (Jo-
seph Thomas Barnaby, courtesy of Lynn L. Ga-
briel, Herndon, VA)

Karluk’s wildlife were amply recorded with hundreds
of photographs.>”

Prior to 1932 no spruce trees or other conifers ex-
isted in the natural vegetation of the Karluk region or
southwestern Kodiak Island because these trees had
not yet reinvaded the area after the island’s glaciers re-
treated thousands of years ago. Spruce trees had rein-
vaded and formed thick forests on Afognak Island and
northeastern Kodiak Island, but the natural dispersal
of these trees southward proceeded slowly, leaving
most of southern Kodiak Island clothed with sweeping
green vistas of grasses, herbs, shrubs, and occasional
groves of cottonwood trees. As a curious sidelight to
Barnaby’s years at Karluk, in 1932 he transplanted sev-
eral young spruce trees to Camp Island, first digging
them up in Kodiak on 13 July 1932 and then planting
them at the island cabin on 22 July. The transplants
looked rather sickly the first year, but some survived
and grew. Over the next few years, he cared for the
spruce trees and occasionally moved them to better
sites on Camp Island. The spruce trees reached heights
of about 1.5 m in 1944, 1.8 m in 1948, 2.4 m in the 1950s,
and much larger in the 1960s. In 1936 he planted a small

57 Barnaby took hundreds of photographs during 1930-38 of
the Karluk landscape, his research activities, sockeye salmon,
Karluk River weir, boats, flora and fauna, canneries, biologi-
cal assistants, and people he met. His photographs included
black-and-white stills and movies; many of these were devel-
oped in a darkroom at Larsen Bay cannery. Some of Barnaby’s
still photographs of Karluk from the 1930s have been discov-
ered in his personal collection and at NARA, Anchorage, AK,
but the location of his movies remains unknown. The ulti-
mate disposition of Barnaby’s photographs following his
death in 1998 is unknown, but these likely were retained by
his great niece Lynn Gabriel.
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spruce tree on each side of the lake’s outlet, but their
fate remains unknown.

During Barnaby’s tenure as Karluk’s research
leader, the USBF built the Montlake Laboratory in Se-
attle, Washington, in 1931. This biological laboratory
served as the official federal headquarters of the Karluk
sockeye salmon studies for the next 25 years, until those
programs were transferred to Juneau, Alaska in 1956.

Allan C. DeLacy

1937-42

Allan Clark DeLacy was hired as a Junior Aquatic Biolo-
gist in 1936 by the USBF Montlake Biological Labora-
tory in Seattle. He first assisted Barnaby at Karluk for
1.5 years and then led these studies for the next 4.5
years until 1942. DeLacy had recently earned his B.S.
(1932) and M.S. (1933) degrees at the School of Fisher-
ies, University of Washington. He was placed in charge
of the USBF’s Karluk studies in July 1938 after Barnaby
transferred to the salmon research program at Bristol
Bay. During DeLacy’s tenure at Karluk, he completed

Allan Clark DeLacy (1912-1989). (Allan C. DeLacy, from Cath-
erine J. DeLacy, Seattle, WA)

alpter 2

his Ph.D. at the University of Washington in 1941; his
dissertation was on Karluk’s Dolly Varden and Arctic
charr. His fisheries work at Karluk comprised three
main topics: Dolly Varden and Arctic charr studies,
search for evidence of sockeye salmon subpopulations,
and collection of run composition data on sockeye
salmon. In 1940, during DelLacy’s years at Karluk, the
USBF and Bureau of Biological Survey were merged as
the U.S. Fish and Wildlife Service (FWS).

Following on and expanding Barnaby’s previous
work, DeLacy intensively studied Karluk’s two charr spe-
cies, the Dolly Varden and Arctic charr. His research top-
ics included charr taxonomy, migrations, food habits,
and life histories. To capture charr from the full range of
habitats in the Karluk ecosystem, he used the Karluk
River weir, a temporary weir and trap on the Lower
Thumb River, beach seines, gill nets, and a large fyke net
that could be fished at any lake depth. To confirm that
Karluk’s Dolly Varden and Arctic charr were distinct spe-
cies, DeLacy and Morton (1943) examined numerous
anatomical characters of many specimens in 1939—41.
DelLacy tagged more than 28,000 charr in 1937-40 and
recovered about 4,500 of these through 1942. His results
showed that Dolly Varden annually migrated between
Karluk Lake and the ocean, while Arctic charr remained
in the lake (DeLacy. 1941). Surprisingly, a few of his
tagged charr continued to be recovered by biologists un-
til 1949, many years after he had left the Karluk research
program. While doing the tagging work, DeLacy also
collected data on the age, spawning condition, and size
(length and weight) of charr. Since charr scales were too
small to age and otoliths (small ear stones that often
have visible annual marks) seemed unreadable, he fi-
nally used length-frequency diagrams to determine the
fish’s age. By comparing the size differences of charr be-
tween tagging and recovery dates, he was able to calcu-
late their growth rates.

During DeLacy’s early years at Karluk, charr con-
tinued to be widely condemned in Alaska as serious
predators of juvenile sockeye salmon. Barnaby began to
examine this assumption in 1935-36, but DeLacy and
his assistant, William Morton, wanted to resolve this
question. Accordingly, they undertook a comprehen-
sive study of charr food habits during 1939-41. To do
this, they examined the gut contents of more than
5,000 charr at Karluk, but unexpectedly, less than 1%
contained juvenile sockeye salmon (DeLacy, 1941; Mor-
ton, 1982). From this data, DeLacy concluded that Kar-
luk’s charr were not serious predators of juvenile sock-
eye, and instead, suggested that charr may benefit



juvenile sockeye by controlling the abundant stickle-
back competitors. DeLacy also briefly checked the food
habits of 20 mergansers Mergus sp., and one kittiwake,
Rissa sp., at Karluk in 1942 and found that most had
eaten sticklebacks. Only one merganser contained ju-
venile salmonids, most likely coho salmon.

Although DelLacy is best known for his charr stud-
ies at Karluk, perhaps equally important, but largely
unknown to other biologists, was his major study of its
sockeye salmon subpopulations during 1939-42 (he
used the term “races”). Previous biologists had sug-
gested that Karluk’s sockeye salmon had different sub-
populations, the most obvious being the spring and
fall runs. But DelLacy was the first to examine this
question by measuring the anatomical characters of
thousands of adults from many Karluk locations.
When he first examined adult sockeye taken from the
ocean or Karluk Lagoon in 1939-40, he found little evi-
dence of subpopulations. Yet in 1941-42 when he ex-
amined adult sockeye from different spawning habi-
tats at Karluk Lake, distinct subpopulation differences
were evident:

[Morton commenting on sockeye subpopulation study
at Karluk Lake with DeLacy, 11 July1941] Worked over
statistical data on red salmon with Al after supper—
he’s found a significant difference between Lake &
creek spawners in g.r. [gill raker] & vert [vertebrae]
count—as we figured we would.

[Morton’s summary of a radio message from DeLacy, 27
July 1941] Find significant statis[tical] diffference]
between g.r. [gill raker] & vert [vertebrae] count of
Moraine Cr. & Lower Thumb Reds. . . .58

Because his 1941 results supported the subpopula-
tion idea, DeLacy began tagging adult sockeye at the
weir in 1942 and then searched for recoveries on the
spawning grounds. This work demonstrated the segre-
gation of different sockeye subpopulations to specific
spawning habitats at Karluk Lake:

[Concerning subpopulations of Karluk’s adult sock-
eye] The analysis of morphomentric data from
salmon taken at the mouth of the Karluk River in 1939
and 1940 has revealed no consistent differences be-
tween individuals of the early and late runs. However,
the analysis of like data from fish taken on various
spawning areas within the river system has indicated
that such areas are frequented by racially distinct pop-
ulations. The investigation of this problem is being
continued by further collection of morphometric data

58 William M. Morton 1939-41 notebooks. Original note-
books in personal papers of Robert S. Morton, Portland, OR.

and by a tagging program, which is being expanded in
the present season.

As in 1941 statistically significant differences have again
been found to exist between the populations which oc-
cupy certain of the spawning grounds from which sam-
ples were taken. No differences of statistical significance
have been discovered between either vertebral or gill
raker counts from samples collected in 1941 and in 1942
at the same place and at the same time of year. It has
become evident that even in the relatively small Karluk
watershed the segregation of the maturing salmon after
they enter the lake and move onto the various spawning
grounds is not the result of a random dispersion. The
racial studies being conducted at Karluk Lake offer fur-
ther confirmation of the parent-stream theory and in-
dicate that mature salmon may return to the very tribu-
tary in which they originated even though other suitable
spawning areas are nearby.>

Asadramatic example, DeLacy watched adult sock-
eye migrating up the O’'Malley River, at the head of Kar-
luk Lake, segregate into one group that entered Canyon
Creek and another group that continued up the main
river. Unfortunately, he never published his 4-year study
of Karluk’s sockeye subpopulations, this omission caus-
ing later biologists to unknowingly repeat much of his
work. Such a publication in the early 1940s would have
been a remarkable advancement of knowledge about
Karluk’s sockeye salmon. And yet, considering the tu-
multuous world events of the early 1940s, DeLacy’s lapse
of publication is perhaps understandable.

In conjunction with his subpopulation studies,
DeLacy was the first Karluk biologist to experimentally
test the fidelity of sockeye salmon in returning to their
natal spawning site. In 1942 he collected and tagged
adult sockeye at Thumb River beach and then trans-
ported and released them at other Karluk Lake loca-
tions. Most of these fish soon returned to the original
beach; clearly adult sockeye salmon were not easily de-
terred from their natal spawning site.®® Although his
study was not fully appreciated at the time, this ex-
traordinary result gave strong evidence of sockeye sub-
populations and the home stream theory.

59 FWS Annual Report of Fisheries Research, 1941 and FWS
Monthly Report, October 1942. Located at NARA, Anchor-
age, AK.

60 DeLacy photographed these seining and tagging activities
at Thumb River beach. While DeLacy most likely conducted
this tagging experiment, no author was given on the unpub-
lished handwritten report. FWS. 1942. Salmon tagging ex-
periments at Karluk Lake - 1942. Located at NARA, Anchor-
age, AK.
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Biologist’s desk at field camp, Karluk, 1941. (Allan C. DeLacy,
from Catherine J. DeLacy, Seattle, WA)

By the 1930s and 1940s, part of the Karluk research
program was now a routine continuation of studies and
tasks begun by previous biologists. Of course, the weir
was installed and operated each year with at least some
assistance from the research biologists, and run com-
position data (age, size, and sex) were regularly col-
lected from sockeye smolts and adults. DeLacy in-
stalled the Karluk River weir each spring and
occasionally helped count salmon, but the weir crew
did most of the routine work. He was largely responsi-
ble for relocating the weir from the lower river to the
Portage, transporting the lumber there in 1941 and in-
stalling it in 1942. Sockeye smolts were not marked dur-
ing Delacy’s years at Karluk, but he continued the
ocean survival studies of Rich and Barnaby and spent
much of the field season during 1937-39 looking for
previously marked adults at nearby canneries. It is un-
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Installing the Karluk River weir, Portage, 1942.
(Allan C. DeLacy, from Catherine J. DeLacy,
Seattle, WA)

clear why, despite his diligent efforts, these data on
marked adults and ocean survival were never used or
published. DeLacy routinely collected limnological
data at Karluk Lake during 1937-42, yet interest in this
topic had waned and none were ever published.*

DeLacy and his assistants collected fecundity data
from over 500 adult sockeye at Karluk during 1938-41,
the first time such data had been gathered since Rich
made his small collection in 1926. DeLacy’s data were
valuable since egg counts were made from all parts of
the migration season. Fecundity increased with the
season, and more eggs occurred in the left ovary than in
the right ovary:

[Fecundity of Karluk’s sockeye salmon, 1940] The fe-
cundity of Karluk red salmon was studied during 1940
by the collection of approximately 10 egg samples per
week during the period from June 1 to September 13.
Only salmon 60 centimeters in length were used in the
experiment. It has been found that the number of eggs
per female increased as the season progressed. The av-
erage number of eggs per fish was 2955 in June and
3643 in September . . . No explanation of this phenom-
enon was suggested by an age analysis of the fish . ..
Each week during the season the average number of
eggs in the left ovary was greater than the number in
the right ovary.®

DeLacy’s fecundity data were later analyzed and pub-
lished by Rounsefell (1957).%

¢ The raw limnological data from Karluk Lake for 1937-42 are
located at NARA, Anchorage, AK.

% FWS Monthly Report, December 1940. Located at NARA,
Anchorage, AK.

% Additional egg fecundity data occurs in the records of the
sockeye salmon hatchery operated on Karluk Lagoon in
1896-1916. APA. 1906-16. Karluk hatchery yearly reports. Lo-
cated at NARA, Anchorage, AK.



U.S. Bureau of Fisheries patrol vessel Crane, Alaska. (H. C.
Scudder, from Thompson, 1957)

During DeLacy’s six field seasons at Karluk (1937-
42), he divided his time between Karluk Lake, Karluk
River weir, and the Larsen Bay and Uyak canneries. At
the lake, the USBF cabin on Camp Island served as the
research base. This site also had a boathouse and at least
two small boats with outboard motors for travel around
the lake. Getting to and from the lake typically required
a boat trip on the river, often with a stopover at the Por-
tage or Dreadnaught City cabins. Delacy’s assistant,
Clarke M. Gilbert, established a new overland trail be-
tween Park’s Cannery on Uyak Bay and Karluk Lake in
1940. This route followed several creeks and valleys from
Uyak Bay and ended at the mouth of Lower Thumb River
on Karluk Lake. FWS biologists regularly used Gilbert’s
trail in 1940—41. As an interesting sidelight to these years,
President Theodore Roosevelt’s son, Kermit, visited
DelLacy at Larsen Bay cannery in 1937 or 1938, and then
again at Karluk Lake, where Kermit hunted its brown
bears. It was also during DelLacy’s time at Karluk that
President Franklin D. Roosevelt issued Executive Order
8857 that established the Kodiak National Wildlife Ref-
uge on 19 August 1941. The refuge’s main purpose was to
preserve a large tract of natural habitat for the island’s
brown bears; the protected area included all of Karluk
Lake and most of the Karluk River.

Each field season DeLacy traveled between Seattle
and Kodiak Island on a USBF or FWS vessel (Crane,
Eider, or Penguin) or on commercial passenger steam-
ers. Movements of these vessels came under tight mili-
tary control during the war years, especially after Attu

and Kiska islands in the western Aleutian Islands were
captured by Japan in 1942. To prevent enemy detection,
the vessels were darkened at night, and travel schedules
were kept secret, even from close family members.
During the war years, DeLacy and his assistants occa-
sionally spotted military aircraft over Karluk Lake, but
they received no support from USBF or FWS airplanes.
In the evenings, they anxiously listened to their radios
for the latest war news.

William M. Morton

1939-41

William Markham Morton worked at Karluk during
1939-41 as a USBF and FWS biological assistant to
DeLacy. Since many of the Karluk studies then were
jointly conducted, it is difficult to separate the field ac-
tivities of Morton and DeLacy. For example, both biol-
ogists tagged and recovered charr, examined charr food
habits, investigated sockeye salmon subpopulations,
and installed the Karluk River weir each year. Yet, Mor-
ton conducted several independent studies at Karluk

William Markham Morton (1905-1981). (From 1981 Fisheries
6(2):32, courtesy of the American Fisheries Society)
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and took the lead in some joint studies. Because of his
wide-ranging biological interests and many accom-
plishments, Morton was obviously more than a field as-
sistant to DeLacy. In particular, Morton focused his
Karluk research on three topics about Dolly Varden and
Arctic charr: their taxonomic differences, their food
habits, and their external and internal parasites.

Morton claimed that the greatest discovery of his
entire fisheries career was when he found that two dis-
tinct charr species inhabited the Karluk ecosystem—
Dolly Varden and Arctic charr. He did this during his
first field season at Karluk, the holiday of 4 July 1939
being momentous (Morton, 1975). Prior biologists be-
lieved that only one charr species, the Dolly Varden,
was present at Karluk, though Barnaby’s tagging work
in 1937-38 distinguished migratory and nonmigratory
races (Higgins, 1939).

Morton made his discovery by closely examining
the anatomical characteristics, color patterns, and as-
sociated parasites of charr (then called “trout”). He first
worked with DeLacy at the Karluk River weir in May-
June 1939, examining, measuring, and tagging thou-
sands of Dolly Varden as they migrated downstream to
the ocean. In late June the biologists went to Karluk
Lake to collect charr from the lake, its tributary streams,
and the upper river. Almost immediately, Morton no-
ticed differences between the charr at the lake and
those at the lower river, and he suspected they may be
different species:

[Karluk Lake, 24 June 1939] Then we loaded up the
seine & went across the lake to Half-way Creek & took
two hauls for trout—got 52—s5 with tags—brot them
back to Camp. Al weighed & measured them & I exam-
ined their stoms [stomachs]. Such a difference inside &
out from the sea-going fish at the weir—hardly know
them as the same fish.

[Karluk Lake, 4 July 1939] Altho we were going to do a
bit of cannonading with our rifle to celebrate the birth
of our nation, we didn’t get around to it. I was all ex-
cited over something else anyway. I have been strongly
suspicious of a set of standard differentiations between
the red or lake type Dolly Varden & the green or sea-
going type—so I have been spending considerable time
on the side making a series of measurements & obser-
vations on the red type. Last night when we came in we
had 5 green & 5 red types with belly tags. I could hardly
wait to look at the green ones—but like a small boy at
Xmas eve—I waited with patience until morning—in-
cluding my hopes in my nightly prayers—so I was up at
6 AM this morning and made breakfast—flapjacks &
cereal—cocoa—fruit—& as soon as we did the dishes I
set up my lab here in the kitchen. Imagine my gleeful
thrill to find several distinct differences in structure
esp. in no. of gill rakers on the first gill arch & the total
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no. of vertebrae—there is a possibility of two distinct
species here—which problem I intend to pounce on
with all T have! I must examine 500 or 1000 of each from
different parts of the lake before making a definite
statement on the matter—but I sure got a big kick out
of realizing that there is a strong possibility it is staring
me right in the face. Al thinks so too—so we are going
rightafterit. . . But I won't forget this safe & sane fourth
I don't believe—plenty “bang” in it for me today! Oh! If
[ only am on the rite road! I'd give my life for it.%

To pursue the species question, Morton began
gathering morphological and meristic data on charr
collected from many aquatic habitats at Karluk. He
prepared color drawings and made cast models of the
two types. His preliminary data supported the exis-
tence of two species, with the possibly of even a third
species in some small creeks. He referred to these as the
“ocean” or “green” charr for the migratory type (Dolly
Varden), the “lake” or “red” charr for the nonmigratory
type (Arctic charr), and the “creek” charr for those in-
habiting small streams above impassable waterfalls.

Morton’s early ideas on charr taxonomy were soon
challenged by the noted fish biologist Carl L. Hubbs,
who by chance visited the Karluk River weir in August
1939 while conducting a special investigation of USBF
operations in Alaska. During the 1-day visit, Morton anx-
iously presented Hubbs with the recently collected charr
data that supposedly distinguished the two species:

[Karluk River weir, 4 August 1939]  Arrived at spit just
at 8 & in a few minutes saw Brant steam up from be-
hind the Head ... met Dr. Hubbs. He suggested we
motor up to weir in their speedboat & we could talk on
the way. So he asked me what I was working on & away
we went. [ made the fatal error of telling him we thot
we had three species of Salvelinus here on Kodiak! He
smiled & after listening to my descriptions expressed
the opinion that they probably were races as in steel-
head type & trout type of gairdenerii. 1 said yes I was
afraid of that—he said “well—you needn’t be afraid of
that”—and I felt even more like kicking myself!

I unfolded my sketches & gill raker & vertebrae
counts & other charts & he studied them—didn’t think
much of the sketches—but was very interested in the
data sheets—He finally said he was sure it was a racial
development—that these ocean going forms devel-
oped a distinct race alrite that was similar to salmonoid
forms—body shape & silver color etc proved it—while
the lake fish being isolated developed another form—
stocky & many colored rainbow type of lake environ-
ment—also the creek type might be just an offshoot . . .
Suggested scale analysis. Says they determine age of
brooks that way & also to count scales & check otoliths
& pyloric caeca. He believed that extreme emaciation &

64 See footnote 58 (24 June and 4 July 1939).



parasitization of ocean type would tend to develop into
the lake type.

So we went up to the weir & looked at salmon &
he took pictures of it. Afterwards he stopped at cabin to
examine some of our specimens. And like the spectacu-
lar fool I am—I dragged out the only two specimens we
have of upstream lake migrants & he asked if I had
checked them—no—Ilabelled them—no—well how
did I know they were what they were—I blurped—
check them yourself I'm sure of them & by Jove—he set
me back on my fanny by counting only 19 g.r. [gill rak-
ers] in the only green colored “lake type” we have seen
all season in 40,000 trout! Mark—will you never learn
to be careful—and a bit less undramatic! All he had to
do was point out how nicely this specimen illustrated
his theory & I was sunk—but since recovering I have
salvaged a lot of spunk—maybe he’s rite so I better—
record more carefully & accurately after this & be more
sure & take it slower. Oh! He’s a great guy this Dr. Carl
Hubbs of Mich. U. . .. He wants to know where & when
& how they all spawn & would then breed true. I sug-
gested lake weir & he seemed in accord with it.%

Following Hubbs’s suggestion, Morton unsuccess-
fully tried to age Karluk’s charr using their scales. Scale
diameters were proportional to fish lengths, but all
scales seemed to have 13-16 rings regardless of size, and
the scales of larger charr had regenerated centers. The
scales of charr, in contrast with most other salmonid
species, lacked the distinct annuli that are used to de-
termine age. When Morton examined charr otoliths, he
saw distinct growth rings, but was uncertain just how
these correlated with age. For comparison, he exam-
ined the scales and otoliths of a 360 mm Karluk rain-
bow trout and found that both body parts had four
rings. In contrast, a 360 mm charr had 8-9 otolith rings
and 13-16 scale rings. Evidently, Karluk’s charr grew
much slower than its rainbow trout.®

Morton continued to collect taxonomic data on
charr during 1939-41 from Karluk Lake and River, lake
tributaries, and ocean waters along Shelikof Strait. He
caught these fish with a full range of sampling gear
(seines, river weir traps, dip nets, hook-and-line, fyke
nets, gill nets, and ocean traps). The analysis of these
charr specimens included detailed measurements and
counts of numerous body features—length, weight,
dorsal and anal fin rays, gill rakers, vertebrae, pyloric
caeca, branchiostegal rays, scales, otoliths, body color
and spotting, liver and swim bladder color, skull bones,
and eggs. This mass of data, along with life history in-
formation, was used to distinguish the two charr spe-
cies in the Karluk ecosystem (DeLacy and Morton,

% See footnote 58 (4 August 1939).
%6 See footnote 58 (26 August 1939).

1943). Although some uncertainties still remained
about the distinctness of the two charr types at Karluk,
most biologists accepted DeLacy and Morton’s conclu-
sions, and after 1943 most biological studies at Karluk
distinguished the two categories.

Prior to Morton’s study, the taxonomy of Karluk’s
charr was not an official part of the FWS research pro-
gram. Instead, this work reportedly originated from
Morton’s curiosity and spare time efforts:

[Karluk, 1939-1941] I began recording morphometric
(body) measurements and meristic (scales, bones)
counts before dissecting each fish for internal studies
which included tabulation of food items found in the
stomachs and any parasites found in the alimentary ca-
nal or other organs or tissues. This work was done in
my spare time, after we had taken the lengths and
weights and recorded all tag numbers or marks (fins
clipped off in various combinations at an earlier period
in their lives) for our official record. (Morton, 1975)

Further, it appears that Morton collected most of the
anatomical data on the charr and was the main force
pursuing this work, but DeLacy, being the senior FWS
employee and having previous experience with fish tax-
onomy, took the lead in their joint publication (DeLacy
and Morton, 1943). Morton highly respected DeLacy as
a friend and competent biologist and viewed him as a
role model. After working with DeLacy for just a few
months in 1939, Morton declared that “in every way I've
tested him, he’s shaping more & more into a silent
model for me to work on”” DeLacy, as leader of the
Karluk research program, supported Morton’s several
independent studies.

A second major study that Morton pursued at
Karluk was an investigation of charr food habits. Dur-
ing this era, thousands of Dolly Varden were annually
destroyed at the Karluk River weir because it was com-
monly believed that charr predation decreased sock-
eye salmon populations. In 1939 Morton assisted
DeLacy in his study of charr migrations and growth at
Karluk, and it was a daily task to dispose of the charr
caught at the weir, after first checking them for tags.
The down-migrating charr caught at the weir in May-
June were thin and emaciated, a glaring fact that
seemed to contradict the belief that these fish heavily
preyed on sockeye juveniles. Morton was curious to
know if these charr had preyed on the sockeye smolts
that also were abundant in the river. Thus, before dis-
carding the captured charr, he examined their stom-
ach contents, and, to his astonishment, found that
most were empty. Since this direct evidence differed

%7 See footnote 58 (8 August 1939).
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so dramatically from prevailing attitudes about charr
predation, Morton began a detailed study of their
food habits. To add validity to the study, he examined
charr from a wide range of seasons, habitats, and fish
sizes. Surprisingly, after checking more than 5,000
charr at Karluk over three years, he found little evi-
dence of predation on juvenile sockeye (Morton,
1982). In contrast, he found that charr ate many sock-
eye salmon eggs at the Karluk Lake spawning grounds,
but believed this was a scavenging behavior, not pre-
dation. Soon thereafter, FWS Director Ira Gabrielson
ended the Dolly Varden control program, in part be-
cause of Morton and DeLacy’s results.

While Morton and Delacy both participated in
the charr food studies at Karluk (and benefited from
Barnaby’s previous work), apparently Morton was
mainly responsible for this effort (Morton. 1975, 1982).
His field notebooks document that he spent an enor-
mous amount of time examining charr stomachs.® Yet,
despite the major implications for how biologists
should now view the charr-sockeye interaction at Kar-
luk, and potentially for other Alaska regions, their com-
plete study was not formally published for many years.
DeLacy (1941) used the 1935-40 food habits data in his
Ph.D. dissertation and summarized the results in their
charr taxonomy paper (DelLacy and Morton, 1943).
Morton tried for 40 years to publish the full results of
the food habits study and finally succeeded near the
end of his life (Morton, 1982). Unfortunately, the study
remained largely unknown to other fishery biologists
during these 40 years, and this lapse caused others to
partially duplicate this work. Potentially, if Morton’s re-

%8 See footnote 58.

alpter 2

William Morton studying charr parasites,
Camp Island cabin, Karluk Lake, 1940. (Wil-
liam M. Morton, from Robert S. Morton, Port-
land, OR)

sults had been published earlier, Rounsefell (1958) may
not have recommended that predatory fishes be elimi-
nated from Karluk Lake as a way to increase sockeye
salmon abundance.

Morton’s third major study at Karluk was his inves-
tigation of the internal and external parasites of Dolly
Varden and Arctic charr, though again he claimed that
this was a “spare time” project (Morton, 1942). Unlike
the charr taxonomy and food habits work that were
jointly done with DeLacy, the parasite studies were en-
tirely Morton’s. He pursued this research because of
long-standing interests in parasitology, not because
the USBF or FWS requested them. After graduating
from the University of lowa with an AB degree in 1933,
Morton spent three summers during 1935-37 studying
parasitology at the University of Minnesota with Wil-
liam A. Riley. Thus, as Morton dissected and measured
numerous charr for the taxonomy and food studies, it
was only natural for him to record whatever parasites
he found.

Morton began investigating charr parasites in
1939, his first year at Karluk, but these were only tenta-
tive efforts compared with his intense studies of 1940-
41. During this period he enrolled as a graduate student
at the University of Washington and worked with James
E. Lynch, an invertebrate zoologist and expert in mi-
croscopic techniques. Lynch soon became a mentor for
Morton and helped him identify parasites and sug-
gested preservation and staining methods. Neverthe-
less, under the rustic field conditions at Karluk, Morton
found that it was a frustrating trial-and-error process to
preserve and prepare the parasites on glass slides. Fur-
thermore, he found it time-consuming to collect charr
parasites since the process required close examination



of all external surfaces and internal organs. For exam-
ple, he scrutinized the general body surface, fins, gills,
muscles, mouth interior, esophagus, stomach, intes-
tines, integument, and various organs (heart, liver, py-
loric caeca, gas bladder, gonads, and kidney).

In total during 1939-41, he examined 135 Dolly
Varden and 212 Arctic charr for parasites and identi-
fied 16 species (plus some unidentified forms). These
charr parasites came from five major invertebrate
groups—trematodes, cestodes, nematodes, acantho-
cephalids, and copepods. Dolly Varden and Arctic
charr shared some parasite species, but other para-
sites were unique to each charr species. Morton be-
lieved the differences were related to the separate life
histories and food habits of each species. Arctic charr
were more heavily parasitized than Dolly Varden, and
older fish had more parasites than younger fish. Sig-
nificantly, the results of the parasite study reinforced
those of the taxonomic study—that two distinct charr
species inhabited the Karluk ecosystem. Morton never
formally published the charr parasite results, but used
them for his M.S. thesis at the University of Washing-
ton in 1942. It is unfortunate his work remained un-
published since this subject became of great interest
to parasitologists at the Arctic Health Research Cen-
ter, Anchorage, when they studied tapeworm life cy-
cles at Karluk Lake in the 1950s (Rausch, 1954; Hill-
iard, 1959b, 1960).

Besides his focus on charr, Morton collected par-
asites from an astonishing array of fishes, birds, and
mammals whenever the opportunity arose at Karluk.
For fishes, he collected parasites from threespine
stickleback, steelhead and rainbow trout, coastrange
sculpin, juvenile and adult sockeye salmon, pink
salmon, Chinook salmon, coho salmon, and Irish
Lord sculpins. For birds, he examined mergansers,
bald eagles, glaucous-winged gulls, Bonaparte’s gulls,
kittiwakes, terns, magpies, owls, and various ducks.
For mammals, he studied brown bears, meadow mice,
and a seal. By examining a broad array of animals, he
hoped to understand the full complexity of a parasite’s
life cycle, especially since different life stages of a par-
asite often infected different hosts. Stickleback para-
sites particularly interested him because they could
be easily transferred to charr hosts via the food chain.
In fact, he theorized that Arctic charr had higher in-
festation rates of some parasites than did Dolly Var-
den because of their heavier predation on stickle-
backs. Although little of his non-charr parasite work
was ever published or presented in informal reports,
Morton obviously collected much more information

on this subject than was included in his M.S. thesis
(Morton, 1942).%°

Morton spent considerable time investigating the
parasites of Karluk’s brown bears. Whenever hunters
shot a bear, he examined the carcass for parasites, in
particular looking for and finding tapeworms. Likewise,
during travels around Karluk Lake, he often examined
bear fecal piles for parasites and soon realized that bear
foods varied seasonally, with elderberries being a major
food in late summer. To better understand the tape-
worm’s life cycle, he sampled Karluk Lake’s plankton
and found the ceracaria life stage of this parasite.”

Besides his three main studies at Karluk, Morton
was interested in many other biological topics and par-
ticipated in other research efforts. His three notebooks
from 1939—41 provide one of the most detailed, wide-
ranging, accounts ever written about USBF and FWS
field research at Karluk. They contain detailed chroni-
cles of the seasonal changes in the region’s aquatic and
terrestrial biota.” Following is a brief list of Morton’s
other interests and activities at Karluk in 1939-41:

* Helped install and operate Karluk River weir,
1939 and 1941.

+ Searched for marked sockeye salmon adults in
the commercial catch at Larsen Bay cannery,
these fish first being marked as smolts by
Barnaby in 1935-36.

+ Collected egg samples from sockeye salmon to
determine their fecundity.

+ Collected subpopulation data on sockeye
salmon adults (length, number of gill rakers
and vertebrae).

+ Collected sockeye salmon smolts.

+ Collected morphological and meristic data on
other salmonids (Chinook, coho, and pink
salmon and steelhead).

+ Helped install and operate a weir and charr
trap on the Lower Thumb River (1939-41) and
at the Portage (1941).

% During the 1939-1941 field seasons at Karluk, Morton re-
corded his parasitological observations in a separate note-
book and prepared numerous glass slides of collected speci-
mens. We believe his parasite notebook and collection to be
valuable Karluk resources, but their location is unknown,
possibly having been donated to the University of Washing-
ton or some other institution.

7 See footnote 58 (30 July 1941).

7 See footnote 58. Each of Morton’s field seasons at Karluk
lasted about five months: 1939 (8 May-28 Sept.), 1940 (17 June-
6 Oct.), and 1941 (12 May-24 September). Other biologists
assisting Morton and DeLacy at Karluk during these years
were Clarke M. Gilbert (1939-40) and Hal Plank (1941).
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* Helped tag and recapture charr.

+ Described sockeye salmon spawning behavior
and seasonal changes.

+ Made colored drawings and casts of all Karluk
fishes.

+ Examined stomach contents of most Karluk
fish species.

+ Collected fishes for museum collections.

+ Recorded birds seen in the Karluk area (sea-
sonal changes, behavior, and nesting).

+ Examined stomach contents of many Karluk
birds and observed bird predation on juvenile
sockeye.

* Collected bird skins and eggs for museum
collections.

* Recorded seasonal development of the re-
gional flora.

+ Collected limnological data from Karluk Lake
and its tributaries (water temperature, water
chemistry, plankton, and benthos).

 Installed and maintained river thermograph
and rain gauge; recorded water level changes
of Karluk Lake; measured discharges of tribu-
tary streams.

*  Mapped upper Karluk River.

+ Photographed Karluk (black-and-white prints,
color slides, 8mm movies).

It is likely that Morton’s personal papers and collected
specimens contain valuable and historic Karluk data,
but their location remains unknown.??

72 We made preliminary efforts to locate Morton’s specimens
and research materials from Karluk. According to his son,
Robert S. Morton, Portland, OR, for many years after 1941 his
father maintained a research laboratory with specimens and
unpublished material in his home basement (Robert S. Mor-
ton, personal commun. with Richard L. Bottorff, 1998). Ap-
parently, most of this material was eventually donated to sev-
eral institutions. In 1977, specimens and research data were
donated to the School of Fisheries, University of Washington,
in exchange for laboratory space and access to their collec-
tions. Whether the donated specimens included his entire
collection of Karluk parasites, bird skins and eggs, and fishes
is unknown, but at least a few Karluk fishes from De Lacy and
Morton do exist in the University of Washington fish collec-
tion. Likewise, whether this donation included his raw data
and unpublished notes from Karluk is unknown. In 1985, sev-
eral years after Morton’s death, his books were donated to the
University of Alaska, Juneau, and an additional six boxes of
research materials were donated to Glacier National Park,
West Glacier, MT. The latter donation was primarily data and
reports from Morton’s research in the Flathead Valley, MT,
but also included material from other areas. In 1998 Morton’s
six boxes of research materials remained in storage at Glacier

In 1947 Morton prepared a detailed and informa-
tive sketch map of the Karluk River watershed. The
map gave a clear depiction of the region’s villages, can-
neries, landforms, ocean bays, rivers, and lakes, but it
was valuable for showing the locations of six stationary
fish traps and nine beach seine sites that existed in the
1940s. In addition, the map showed the three weir loca-
tions on the Karluk River and when each was used. For
some streams at Karluk Lake, Morton marked where
barrier waterfalls stopped the upstream migration of
salmon.

Richard F. Shuman

1943-49

Richard F. Shuman, FWS fishery biologist, was placed
in charge of the sockeye salmon studies at Karluk after
DeLacy resigned in February 1943. Prior to this ap-
pointment, Shuman, a recent fisheries graduate of the
University of Washington, had studied pink salmon for
three years at the FWS Little Port Walter station in
southeast Alaska. He led the Karluk studies for seven
years (1943-49) and focused his research on six biologi-
cal topics of sockeye salmon: migration travel time, run
segregation to specific spawning sites, escapement-re-
turn relationship, bear predation, lake productivity,
and fecundity.

Upon arriving at Karluk in the spring of 1943, Shu-
man first installed the Karluk River weir at the Portage
and then worked to improve the portage trail between
Larsen Bay and the Karluk River. Improvements were
needed for easier transport of supplies across the un-
stable muskeg with the new FWS tractor (a Cletrac AG)
and sled.” In July he explored Karluk Lake to survey the
sockeye spawning habitats, and was impressed by the
many brown bears that preyed on adult salmon. Al-
though just a few months into his new job at Karluk, on
this visit to the lake he searched for new sites for a weir
and laboratory, wanting to consolidate both nearer the
lake where most future research would occur. The Por-
tage weir location, being far removed from the lake,

National Park, and had not yet been inventoried (Leo F. Mar-
nell, Glacier National Park, personal commun. with Richard
L. Bottorff, 1998). Robert S. Morton retained his father’s
1939-41 field notebooks, several colored drawings of Karluk
fishes, a few black-and-white Karluk photographs, and three
reels of 8mm movie film entitled “Karluk Village Fishing on
Spit 1940” and “Karluk Lake and Weir with Peterson, Morton
and Gilbert 1941”.

7 In 1943 Shuman shared this job with his two field assis-
tants, Joseph Corkill and Joe Westaby.
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Richard F. Shuman (1906-1954). (Richard F. Shuman, from
Beryl Shuman, Minnetonka, MN)

made it inconvenient to operate the weir and also con-
duct biological studies at the lake. Clearly, his first visit
to Karluk Lake formed long-lasting ideas that led to
many of his future research projects.”# Besides explor-
ing the lake in 1943, Shuman collected fecundity data
from nearly 200 sockeye salmon; Rounsefell (1957) later
analyzed and published these data.

By mid August 1943 Shuman was increasingly oc-
cupied with operating and securing the Portage weir as
decaying aquatic plants drifted downstream, accumu-
lated on the upstream face, and threatened to washout
the structure. The weir crew diligently cleaned away the
plants for several weeks and kept the weir in service,
but the ever increasing masses of plants finally over-
came the crew’s efforts and they had to dismantle the
weir before the sockeye run ended and counting was
complete for 1943. This frustrating experience rein-
forced Shuman’s resolve to move the weir to a new site
nearer to Karluk Lake, but it was not until September
1943 that he first realized the Portage site had a serious
weed problem. By then, for logistical reasons alone, it

7 Richard F. Shuman 1943-49 notebooks. Located at NARA,
Anchorage, AK.
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was too late to change the 1944 weir location. There-
fore, he again installed the 1944 weir at the Portage,
but, as for 1943, it was rendered unusable late in the
season, this time by a combination of decaying plants
and pink salmon carcasses that drifted downstream. To
prepare for 1945, Shuman and his crew spent most of
the 1944 field season hauling materials, by brute force
labor, to a new weir site near the lake. When at the lake
they also surveyed the sockeye spawning habitats and
examined charr stomachs for evidence of predation on
juvenile sockeye.

In 1945 Shuman installed the Karluk River weir
just below the lake’s outlet and built a small cabin
nearby for the weir crew and biologists. Because the
new weir was now further removed from the commer-
cial fishery, it was essential to know how long it took
adult sockeye to reach the weir from the ocean. To mea-
sure this migration travel time, Shuman and his assis-
tant, Philip Nelson, tagged thousands of spring- and
fall-run sockeye at Karluk Lagoon in 1945 and 1946 and
then recorded their passage at the weir (Gard, 1973).
With these new travel-time results, commercial catches
and escapements could now be better matched for cal-
culating the seasonal variation of the total run and for
managing the fishery.

Shuman and Nelson also used tagging methods to
study the dispersion of adult sockeye to specific spawn-
ing sites at Karluk Lake during 1945-48. Their first indi-
cation that adult sockeye salmon might home to spe-
cific sites in and near the lake came in 1945-46 when
the fish tagged in the travel-time study were later found
on the spawning grounds. In 1947-48 they obtained
even better records of this dispersion by tagging many
sockeye at the weir and later finding them at specific
spawning sites. Since the weir was then located near
the lake, it was convenient for the crew to regularly sur-
vey the different spawning habitats for tagged fish
throughout the entire run season. Some sockeye tagged
at the weir in September 1948 were seen at spawning
sites well into late October and November, including
one observed at Thumb Lake under 8 cm of ice on 20
November.7s

After several years of these tagging studies, Shu-
man and Nelson understood that sockeye salmon used
the different spawning habitats at Karluk in a repeat-
able seasonal sequence each year. Spring-run sockeye
spawned in lateral and terminal tributaries of Karluk
Lake, while fall-run sockeye spawned in terminal

75 Arthur Freeman 1948 notebook. Original notebook in per-
sonal papers of Arthur Freeman, Indianapolis, IN.



Richard Shuman with U.S. Fish and Wildlife Service boat
Nerka, Karluk Lake, 1944. (Jerrold M. Olson, Auke Bay, AK)

streams, lake beaches, and the upper Karluk River. Of
course, previous Karluk biologists had also observed
this seasonal dispersion, but Shuman and Nelson were
the first to accurately document the behavior. Yet, for
unknown reasons, they never published their tagging
results and later biologists repeated their work. Their
tagging studies also showed that adult sockeye spent
about one month in Karluk Lake before spawning, the
same maturation period first discovered by Rutter and
Spaulding in 1903.

In 1945 Shuman investigated the relationship be-
tween the escapements and returns of sockeye salmon
at Karluk, possibly being inspired by Barnaby’s 1944
paper on the topic. Barnaby analyzed escapement-re-
turn data for nine years (1921-29), while Shuman now
had 19 years of data (1921-39). Shuman wanted to un-
derstand what escapement led to the greatest surplus
of sockeye salmon at Karluk. In late 1945 he analyzed
the data and prepared a manuscript for publication ti-
tled “Observations on escapements and returns of red
salmon at the Karluk River,” that recommended a rela-
tively low escapement goal (350,000-500,000 per
year).”® Before publication, Shuman sent the manu-
script in early 1946 to Willis Rich, who was then advis-
ing the FWS on its Pacific salmon studies. Rich argued
that in setting an escapement goal it was insufficient to
base it on the 1921-39 data alone, but should include
information on sockeye abundance prior to 1921. He be-
lieved the data for 1921-39 failed to account for the true

76 Shuman, Richard F. 1945. Observations on escapements
and returns of red salmon at the Karluk River. FWS, Division
of Fishery Biology. Unpubl. report. 17 p. Located at ABL, Auke
Bay, AK.

productive potential of Karluk’s sockeye salmon be-
cause by that period the run was in a long-term decline.
Rich believed that Karluk Lake’s reduced fertility had
caused the decline as fewer salmon-carcass nutrients
supported the food base of juvenile sockeye. Instead,
he argued for high escapements (2,000,000 per year) of
sockeye salmon to Karluk Lake to restore its fertility.
Shuman and Rich exchanged ideas about Karluk’s
sockeye during 1946 and discussed ways to improve the
manuscript (there was even brief mention of joint au-
thorship). Eventually, Shuman accepted most of Rich’s
ideas and over the next few years he completely revised
and expanded the manuscript and gave it a new title:
“Biological studies of the red salmon Oncorhynchus
nerka (Walbaum) of the Karluk River, Alaska: A report
on the trends in abundance, with a discussion of the
ecological factors involved.””” He increased the escape-
ment goals (350,000 spring run and 350,000 fall run)
and recommended the fertilization of Karluk Lake to
restore its nutrients. He also advocated an expanded
research program on limnology, predation, stickleback
competition, and marine migration studies. Finally in
1951 Shuman submitted his revised manuscript,
“Trends in abundance of Karluk River red salmon with
a discussion of ecological factors,” for publication in
the Fishery Bulletin.”® His paper discussed a full range
of subjects on Karluk’s sockeye salmon; the table of
contents included:
Problems of conservation
History of biological program
Life history
Composition of catch
Returns from escapements
Independence of spring and fall run
Desired escapements
Trends in abundance
Factors affecting survival in fresh water
Topography and weather
Balance in nature
Civilization
Predators
Competitors
Food supply

Effective escapements
Spring and fall runs

77 Shuman, Richard F. 1950. Biological studies of the red
salmon Oncorhynchus nerka (Walbaum) of the Karluk River,
Alaska. A report on the trends in abundance, with a discus-
sion of the ecological factors involved. Unpubl. report. 73 p.
Located at ABL, Auke Bay, AK.

78 Shuman, Richard F. 1951. Trends in abundance of Karluk
River red salmon with a discussion of ecological factors. Man-
uscript prepared for Fishery Bulletin 71, vol. 52. Unpubl. re-
port. 56 p. Located at ABL, Auke Bay, AK.
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Artificial fertilization of lake waters
Immediate steps proposed
Summary

Literature cited

In spite of Shuman’s determined efforts to improve
this manuscript, it was never published. The paper pro-
ceeded to the galley proof stage by late 1951, but then
FWS officials stopped its publication. Though it is not
clear why publication was canceled, and by whom, Shu-
man believed George Rounsefell was primarily respon-
sible. Rounsefell, then Chief Editor and Reviewer of
FWS publications, undoubtedly had seen Shuman’s pa-
per and had the authority to stop its publication, if de-
sired. It is also likely that he knew Shuman was working
on the Karluk manuscript well before 1951, and had seen
earlier versions, since as Chief of the Branch of Anadro-
mous Fishes he visited Shuman at Karluk Lake in 1947
to discuss the sockeye research program, which then
was implementing some of Shuman and Rich’s ideas:

[Karluk Lake, 17 August 1947] Rounsefel, Kelez, Ball
in about noon. Discussed plans with Rounsefel. Feel-
ing so0-s0.7”?

But Rounsefell’s involvement with the sockeye studies
at Karluk was apparently much deeper in 1951 than a
casual interest in the research program and its publica-
tions. Sometime in 1949-52, Lionel Walford, FWS Di-
rector of Research, assigned Rounsefell the job of ana-
lyzing the long-term set of data that had been collected
on Karluk’s sockeye salmon. Possibly, Rounsefell had
already reached his own conclusions about Karluk’s
sockeye when he first read Shuman’s 1951 manuscript,
or had already started to write his own paper.

After working on his manuscript for over five years,
Shuman gave up further efforts to revise the 1951 ver-
sion after its publication was blocked. Nevertheless, in
December 1952 Rounsefell sent Shuman a large 72-page
manuscript entitled, “Population dynamics of the sock-
eye salmon, Oncorhynchus nerka, of Karluk River,
Alaska,” with Rounsefell as senior author and Shuman
as junior author.® Joint authorship suggested that they
had collaborated on the paper, but Shuman had, in
fact, no knowledge of the paper until receiving the De-
cember 1952 copy. This new manuscript discussed sub-
jects previously presented in Shuman’s 1951 paper, but
some conclusions and recommendations of the two

7 See footnote 74.

8o Rounsefell, George A., and Richard F. Shuman. 1952. Popu-
lation dynamics of the sockeye salmon, Oncorhynchus nerka,
of Karluk River, Alaska. FWS, Woods Hole, MA. Unpubl. re-
port. 72 p. Located at ABL, Auke Bay, AK.
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manuscripts conflicted, such as the presence of sub-
populations, the seasonal distribution of the runs, and
how the fishery should be managed. Yet, many of
Rounsefell's recommendations were similar to Shu-
man’s, including the need for limnological studies and
the possibility of fertilizing Karluk Lake to enhance its
fertility.

Shuman forcefully told the FWS Regional Director
that he did not want his name on Rounsefell’s paper,
believing that many conclusions were incorrect and
possibly harmful to the run.® In particular, the two bi-
ologists sharply differed over whether the sockeye
salmon run was a single population or had distinct
components—Rounsefell declared the run was a single
population, Shuman stated that spring and fall runs
were independent. Shuman was also concerned about
Rounsefell’s recommendation to curtail spring and fall
escapements in favor of larger mid-summer escape-
ments. In response, Shuman prepared a detailed cri-
tique of Rounsefell’s paper and recommended that it
not be published. Of course, Shuman’s response was
undoubtedly affected by the unpleasant events that
had stopped his 1951 paper. In any event, Rounsefell’s
1952 manuscript was an early draft of the large paper he
eventually published in 1958.

It was unfortunate that Shuman’s 1951 paper went
unpublished because it was a well-written statement of
then current knowledge about Karluk’s sockeye salmon
and the actions needed to increase these runs. The pa-
per had great legitimacy because Shuman’s analysis
was based on many years of firsthand field observa-
tions. He gave clear statements about the indepen-
dence of spring- and fall-run sockeye and explained
how the runs used different spawning habitats in the
Karluk ecosystem. He provided a still relevant discus-
sion of the factors that affect the freshwater survival of
juvenile sockeye and forcefully argued that salmon-
carcass nutrients influenced Karluk Lake’s fertility and
the production of sockeye salmon. Shuman discussed
the possibility of fertilizing Karluk Lake to enhance its
fertility and recommended detailed studies of the lake’s
limnology, juvenile sockeye, and sticklebacks. He em-
phasized the need to accurately measure the sockeye
smolt out-migration and recommended changes to the
1924 White Act to allow constant, sustainable escape-
ment goals for the Karluk system.

Of course, Shuman’s interaction with Rich was
partly responsible for the scope and content of his 1951

8 Memo (7 January 1953) from R. F. Shuman, FWS, Juneau, to
Regional Director, FWS, Juneau AK. Located at ABL, Auke
Bay, AK.



unpublished paper. Discussions with Rich in 1946 had
convinced Shuman of the need to study the lake’s lim-
nology, and, indeed, a full range of lake data were col-
lected during 1947-49. Soon thereafter, Shuman and
Nelson wanted to field test the lake fertilization idea
and selected Bare Lake for the trial. Although Nelson
was in charge of the Bare Lake experiment after Shu-
man left the Karluk studies, the lake fertilization idea
began with Rich and Shuman.

Of Shuman’s many studies at Karluk, he is perhaps
best known for his research on brown bear predation of
sockeye salmon. Ever since his first field season in 1943,
Shuman was interested in the brown bears at Karluk
Lake and the many adult sockeye these predators killed:

[Salmon Creek, 10 July 1943] Bears extremely numer-
ous on this branch. Saw 5 bear here, being charged by
female with cubs. Outcome fortunate! Must observe
extreme caution on all these streams in future . . . Loss
of fish to bears apparently enormous, though no esti-
mate in numbers possible. Remains of those killed by
bear are everywhere.

[Karluk Lake, 17 July 1943] Bears were very numerous
over entire Upper Thumb, Lower Thumb and Lake
shore. Several were seen, some within a few feet. Oth-
ers were heard. These showed no fear of man, and were
often threatening in action though none actually
charged. Care must be observed on all these streams.
Suggest police whistle or small mouth siren . . . to an-
nounce presence. Shouting of no value! The loss of fish
to bear must be extremely high on these streams. Be-
sides the countless carcasses seen, it was estimated
that fully 50 % of the living fish in the stream bore
marks of varying severity—made by bears claws (rarely
by teeth). Many of these wounds would be fatal within
a few hours—probably before spawning, for the bear
show every evidence of preferring the brighter fish to
the older, darker ones.?>

Bears were abundant at Karluk Lake in 1944, and
Shuman’s assistant noted “we estimated that bears kill
and eat 240,000 fish out of this system.”®> Whenever
Shuman surveyed the spawning areas in 1943-46, he
found the waters and stream banks littered with bear-
killed sockeye, especially in the small creeks. This ap-
parent major source of sockeye mortality and the ever-
declining runs alarmed Shuman, causing him to study
bear predation at Moraine Creek in 1947, followed by a
second study with Nelson at Moraine and Halfway
creeks in 1948. When Shuman published the 1947 pre-
dation study (Shuman, 1950), his recommendation to
control the bear population created such public con-

82 See footnote 74.
8 Jerre Olson 1944 notebook (18 July). Original notebook in
personal papers of Jerre Olson, Auke Bay, AK.

Adult brown bear and four cubs, Karluk Lake tributary, 1949.
(Richard F. Shuman, from John B. Owen, Grand Forks, ND)

troversy that the 1948 study was never formally pub-
lished (Nelson et al., 1963).

In his last year at Karluk (1949), Shuman tried to
build a permanent two-way weir on the Karluk River
just below the lake’s outlet. This weir was intended
to count up-migrating sockeye adults and down-
migrating smolts, but logistical and mechanical prob-
lems prevented its construction. Nevertheless, Shuman
understood the importance of measuring both the
sockeye escapement and smolt out-migration, goals
that were finally achieved in the 1950s and 1960s by
other biologists.

During Shuman’s leadership of the Karluk studies
in 1943-49, the ease and mode of travel greatly changed.
Initially during the war years, biologists traveled to and
from Alaska on commercial steamships or FWS vessels
and these were under tight military control.34 It was not
until 1946 that biologists flew on commercial or naval
airplanes between Seattle, Anchorage, and Kodiak, yet
access to Karluk Lake remained nearly the same as for
Bean’s 1889 visit. In 1944 Shuman and his crew received
no assistance from airplanes in moving supplies to the
lake, though they occasionally saw military planes over-
head. Because of the lake’s remoteness, the FWS dis-
cussed in 1946 the need fora road to connect Larsen Bay
and Karluk Lake, but air travel was then becoming more
common around Kodiak Island and naval planes fre-
quently landed at the lake to let their crews sport fish. In
late 1946 a FWS official flew to Karluk Lake in a Waco
amphibious airplane to visit the weir and research sta-
tion. While the airplane was briefly available, gasoline

84 Jerre Olson, Auke Bay, AK, personal commun. with Rich-
ard L. Bottorff, 1997.
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U.S. Fish and Wildlife Service Grumman Widgeon N 728
(left) and Grumman Goose NC70g9 (right), Karluk Lake, 1949.
(E. P. Haddon, U. S. Fish and Wildlife Service, National Digi-
tal Library, FWS-933)

and supplies were flown to Karluk Lake; this one 45-
minute round trip from Larsen Bay saved the biologists
six laborious river trips. Finally in 1947, the Karluk re-
search program was supported by frequent air transport
of supplies and personnel directly to the lake by several
FWS Grumman Goose and Widgeon amphibious air-
planes. Thereafter, airplanes provided the main access
and supply to Karluk Lake. Without a doubt, solving this
huge logistical problem greatly expanded the scope of
research possibilities for Karluk’s biologists.

During Shuman’s years at Karluk, communication
between remote field locations and more-populated
sites around Kodiak Island was done by short-distance
radio, though direct radio contact between Karluk Lake
and the FWS Kodiak headquarters was seldom possi-
ble. Instead, messages were relayed by people located
at closer and more powerful radio stations (Larsen Bay
and Karluk Village) or aboard boats around the island.
During this period, Archie “Scotty” Brunton, an em-
ployee of the Larsen Bay cannery (radio KOT), often
forwarded messages to Kodiak for the biologists at Kar-
luk Lake since their 1.5 watt U.S. Forest Service radio
had a range of only 25 km.%

Richard Shuman’s career as a FWS fishery biologist
ended tragically when he died in an airplane crash in
southeast Alaska on 1 September 1954. Shuman received
a fitting tribute to his memory and fisheries work in
Alaska by the official naming of Mount Shuman, which
towers over the southern half of Karluk Lake.

85 Letter (24 October 1998) from Arthur Freeman, Indianapo-
lis, IN, to Richard L. Bottorff, South Lake Tahoe, CA.
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Several important federal actions impacting Kar-
luk salmon fishermen and canneries were made during
Shuman’s years as research leader. In 1943 Secretary of
the Interior Ickes established the Karluk Reservation
for the Alutiiq people (Public Land Order 128). This
reservation included 35,000 acres (14,164 hectares) of
land and water near Karluk Village and the beach sein-
ing sites on Karluk Spit. The reservation boundary in-
cluded the ocean waters 3,000 feet (914 m) from shore.
For many years, the APA had dominated the fishing at
Karluk and the Alutiiq fishermen had been excluded
from prime beach seine locations, causing impoverish-
ment for local residents (Grantham, 2011). Despite the
reservation order, conflicts continued between beach
seiners and purse seiners over access to the ocean
waters within the boundary. Non-Alutiiq fishermen
believed they could not be denied access to this fishing
area because of provisions in the White Act. When fed-
eral fishing regulations in 1946 allowed only Alutiigs to
fish within the boundary, a lawsuit, Hynes v. Grimes
Packing Co et al, was brought to settle the issue. In 1949
the U.S. Supreme Court (337 U.S. 86) ruled that 1)
Secretary of Interior was authorized to establish the
Karluk Reservation, and 2) Karluk inhabitants could
not bar access to the waters and fish within the
reservation.

Philip R. Nelson

1946-56

Philip R. Nelson, FWS and BCF fishery biologist, stud-
ied Karluk’s sockeye salmon for 11 years, first assisting
Shuman in 1946-49 and then leading the research in
1950-56. Nelson, a graduate of the School of Fisheries,
University of Washington, served in the military before
working at Karluk. His research at Karluk comprised
four main topics—stickleback life history, Bare Lake
fertilization experiment, survival of gill-net-marked
sockeye salmon, and sockeye salmon egg survival. In
1955, during Nelsons’s later years at Karluk, the Fish
and Wildlife Service split into the Bureau of Commer-
cial Fisheries (BCF) and Bureau of Sport Fisheries and
Wildlife.

During the four years he assisted Shuman, Nelson
actively participated in all of the ongoing Karluk stud-
ies and was largely responsible for some. Routine tasks
included installation and operation of the weir, collec-
tion of run composition data, surveys of sockeye spawn-
ing sites, and collection of limnological data. Nelson
and Shuman jointly did the tagging studies on adult
sockeye during 1946-48 to determine their travel time,



Philip R. Nelson (1918-

). (Philip R. Nelson, Largo, FL)

one-month ripening period before spawning, and dis-
persion to specific spawning sites. Nelson also made
major contributions to the bear predation studies at
Moraine and Halfway creeks in 1947 and 1948, though
Shuman apparently initiated both studies. They jointly
prepared a manuscript on the 1948 bear predation
study (“Further studies of bear depredations on red
salmon spawning populations in the Karluk River sys-
tem, 1948”), but it was not published.®® Following Shu-
man’s death in 1954, Nelson and several colleagues
modified the 1948 bear predation manuscript several
times and tried for over 10 years to publish it, without
success (Nelson et al.. 1963). Despite this one lapse,
Nelson, in contrast with many other biologists at Kar-
luk, managed to publish most of his research.

An early research effort by Nelson was his life his-
tory investigations of threespine sticklebacks at Karluk
Lake. He pursued this topic after Shuman and Rich re-
focused the Karluk research program in 1946 onto the
factors that affected juvenile sockeye and the lake’s lim-
nology. Since the huge population of sticklebacks in

86 Shuman, Richard F., and Philip R. Nelson. 1950. Further
studies of bear depredations on red salmon spawning popu-
lations in the Karluk River system, 1948. FWS. Unpubl. re-
port. 33 p. Located at NARA, Anchorage, AK.

the lake appeared to be serious competitors of young
sockeye, it was prudent to gather basic biological infor-
mation on this species. As a result, Nelson began the
life history studies in 1948-49 and irregularly contin-
ued them until 1956, eventually expanding them to in-
clude Bare Lake’s sticklebacks. His investigation did
not measure the competition between sticklebacks and
young salmon, but it did gather basic biological data on
sticklebacks (Greenbank and Nelson, 1959).

Perhaps Nelson’s most ambitious and important
research project during his tenure at Karluk was the ar-
tificial fertilization experiment at Bare Lake, a small
lake 25 km southwest of Karluk Lake. This field experi-
ment originated from Rich’s 1946 recommendation
that the FWS study Karluk Lake’s limnology to better
understand the linkages between salmon-carcass nu-
trients, plankton, and young sockeye. By 1947-49 the
FWS was actively considering the enrichment of Karluk

Brown bear, Karluk Lake tributary, ca. 1950-54. (Charles E.
Walker, Sechelt, BC)

Bare Lake cabin, June 1954. (Clark S. Thompson, Shelton,
WA)
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Sockeye salmon smolts, Bare Lake, 1955. (Clark S. Thompson,
Shelton, WA)

Lake to improve its fertility and sockeye salmon pro-
duction, but the consequences of adding artificial fer-
tilizers to a large Alaskan lake were then unknown.®”
Therefore, in 1949 they decided to first test the lake en-
richment idea on a small lake before attempting it at
Karluk Lake. To get the project underway, Nelson and
Shuman searched Kodiak and Afognak islands for a
suitable experimental lake and after a brief survey of
possible sites selected Bare Lake in July 1949.

Nelson was fully responsible for the fertilization
experiment at Bare Lake, though he collaborated with
Professor W. T. Edmondson of the University of Wash-
ington and was assisted by many FWS officials and field
employees. Each summer for seven years (1950-56), he
added artificial fertilizers to Bare Lake and monitored
the lake’s chemical and biological response, especially
that from its sockeye salmon (Nelson and Edmondson,
1955; Nelson, 1958, 1959). Fertilization rapidly increased
the lake’s photosynthetic rate and phytoplankton pop-
ulations, which decreased water transparencies and in-
creased pH values. Zooplankton populations did not
immediately increase, but were much more abundant
by 1957 (Raleigh, 1963). For the sockeye salmon, fertil-
ization increased juvenile growth, smolt size, and
ocean survival, but the number of returning adults
seemed to be unaffected. Populations of juvenile coho
salmon and resident Dolly Varden may have increased

87 Discussions within the FWS about the value of fertilizing
Karluk Lake included Shuman and Nelson, and higher offi-
cials such as Elmer Higgins (Chief, FWS Division of Fishery
Biology), Lionel A. Walford (FWS Director of Research),
George B. Kelez, (Chief, FWS Alaska Fishery Investigations),
Ralph P. Silliman (Chief, FWS Section of Anadromous Fisher-
ies), and Clarence J. Rhode (FWS Regional Director).
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Bare Lake outlet, weir, and salmon research gear, 1954. (Clark
S. Thompson, Shelton, WA)

during the fertilization years, but stickleback growth
rates did not increase (Nelson, 1959; Raleigh, 1963).

In many respects, Nelson’s fertilization experi-
ment at Bare Lake was a huge success, showing that
lake enrichment increased juvenile sockeye growth,
smolt size, and ocean survival. The ultimate desired re-
sult—greater numbers of returning adults—did not
occur, perhaps because of factors beyond the influence
of the nursery lake. In fact, since Bare Lake had a rather
small original run of sockeye salmon, the number of
returning adults was always highly vulnerable to chance
events of commercial fishing, marine factors, and low
flows in Bare Creek. In any event, this fertilization
study was an innovative test of the linkage between
lake nutrients and salmon production in an Alaska
lake. The Bare Lake experiment was an important first
step for the lake enrichment idea to become an ac-
cepted method for enhancing and rehabilitating de-
pleted stocks of sockeye salmon in Alaska. Though the
FWS initially planned the Bare Lake experiment as a
prelude to fertilization of Karluk Lake, the idea was
eventually discarded as new research topics at Karluk
Lake became dominant. Nevertheless, in 1986-9o the
ADFG fertilized Karluk Lake to enhance its fertility and
sockeye salmon.

In another project, Nelson and his assistant Carl E.
Abegglen measured the survival of gill-net-marked
sockeye salmon at Karluk in 1953 (Nelson and Abeg-
glen, 1955). This study responded to concerns that com-
mercial gill nets may cause a greater loss of sockeye
salmon than revealed in the catch statistics. That is,
fish that escaped from a gill net with body injuries may
later die unrecorded. To investigate this problem, Nel-
son and Abegglen trapped thousands of adult sockeye
in Karluk Lagoon in 1953 and subjected them to varying



degrees of physical damage from gill nets. Injured fish
were tagged and released, along with a group of unin-
jured control fish, to proceed up the Karluk River. The
study showed that 10-20% of the fish that escaped gill
nets died from their injuries and mortality increased
with wound severity. Yet, they found no difference be-
tween damaged and control fish in their travel times
between the lagoon and the weir and between the weir
and the spawning grounds.

Nelson and his assistants devoted considerable ef-
fort during 1947-53 to a study of the development, den-
sity, and survival of sockeye salmon eggs buried in vari-
ous spawning substrates at Karluk. They regularly dug
into spawning redds to assess the condition of the eggs.
To monitor the seasonal development of eggs, they
placed some inside baskets or cartridges and re-buried
them in creek substrates; the containers were periodi-
cally retrieved and examined to assess the state of the
eggs. At times the biologists found numerous leeches
and oligochaete worms in the substrate and suspected
that these invertebrates were destroying many eggs.
Despite their labors and the reams of data collected,
the outcome of the egg study was unclear, and, as a re-
sult, this research never was formally published or
summarized in FWS reports.

William F. Thompson

1948-58

William Francis Thompson had a long and productive
career as a fishery scientist and educator on the Pacific
Coast of the United States and Canada in the early and
mid 1900s (Stickney, 1989; Dunn, 20013, b, c¢). He first
investigated several of the most important marine fish-
eries in California and British Columbia, including
halibut, herring, sardines, and albacore tuna, before fo-
cusing his scientific talents on Pacific salmon. Edu-
cated at Stanford University, he earned his B.A. (1911)
and Ph.D. (1930) degrees while working with two emi-
nent ichthyologists, David Starr Jordan and Charles H.
Gilbert (Dunn, 2001a). For much of his fisheries career,
Thompson was associated with the University of Wash-
ington (1930-58), first as Director of its School of Fish-
eries and later as Director of its Fisheries Research
Institute (FRI).

Thompson’s involvement with sockeye salmon
research at Karluk began soon after he founded the
FRI at the University of Washington in 1947. This in-
stitute, which had the goal of improving the scientific
foundation of management of Alaska’s salmon fisher-
ies, was formed in response to concerns by the salmon
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William Francis Thompson (1888-1965). (From Stickney,
1989, University of Washington, School of Aquatic and Fish-
ery Science, Seattle, WA)

packing industry about the depleted salmon runs, es-
pecially those at Bristol Bay. Initially, the salmon
packing industry funded FRI’s studies at Bristol Bay
and other areas of Alaska, but as the scope of this re-
search program expanded, by the mid 1950s this pri-
vate source was inadequate and new funding sources
were secured from the federal government, and later,
from the State of Alaska (Stickney, 1989; Dunn, 2001a).
The FRI began their studies of Karluk’s sockeye
salmon in 1948 and continued these until 1958 under
Thompson’s guidance.

Thompson was an important figure in the fisheries
research history of Karluk for two reasons—his man-
agement of FRI research and his ideas about Karluk’s
sockeye salmon. First, Thompson actively directed the
Karluk field research of FRI biologists Donald Bevan
and Charles Walker, often recommending topics to in-
vestigate and offering advice as the sockeye studies pro-
gressed. Though he personally never did fieldwork at
Karluk, Thompson annually visited each FRI research
station for a few days and maintained an active interest
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in the ongoing operations, progress, problems, and re-
sults of each project. He set high standards for the
salmon research and expected scientifically sound re-
sults from his field biologists. The field notebooks of
FRI biologists document that he was a major intellec-
tual force in the planning and operation of FRI’s salmon
studies in Alaska.®® Specifically, he secured funds for
FRI’s studies of the ocean migration routes (1948-49)
and subpopulations (1950-54) of Karluk’s sockeye
salmon, both important and largely unexplored topics
at the time. Thompson also acquired funds for a long-
term study of juvenile sockeye salmon in Karluk Lake
(1950-54) and for the first attempts to measure smolt
out-migration from the lake. Thus, Thompson was a
major influence on the planning and progress of FRI
research at Karluk during 1948-58.

Second, Thompson was important in the research
history for his insightful ideas on sockeye salmon biol-
ogy and the commercial fishery. In particular for Kar-
luk, he presented these ideas in an influential talk given
at the National Research Council in Washington, DC,
on 9 November1950. In his presentation entitled “Some
salmon research problems in Alaska,” he stated his be-
lief that Karluk’s sockeye salmon had many indepen-
dent subpopulations, a topic largely uninvestigated.
Further, he claimed that the seasonal distribution of
adult sockeye salmon that returned each year to
Karluk had been greatly modified by past commercial
fishing. To demonstrate this impact, he used early
case pack records (1895-1919) from a single Karluk
cannery to show that the run had shifted over the
years from a unimodal to bimodal seasonal pattern.
Thompson argued that adult sockeye returning dur-
ing the midseason (15 July-31 August) were originally
the most abundant and productive part of the Karluk
run, but that the fishery had depleted these fish and
left only the early and late runs. Furthermore, he rea-
soned that the loss of productive midseason fish may
explain the overall long-term decline in sockeye
salmon numbers at Karluk.

If Thompson’s ideas were true, fishery managers
needed to change their regulations to better protect
midseason fish. Without a doubt, his idea about over-
harvested midseason subpopulations soon led to
changes in the Karluk research programs of the FRI,
FWS, and BCF. In particular, Bevan did a detailed study

88 Donald E. Bevan 1948-55 notebooks and Charles E. Walker
1950-55 notebooks. Located at FRI Archives, University of
Washington, Seattle, WA.
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of the ages, sizes, and specific spawning habitats of
midseason fish during 1950-54 and a few years later
Owen attempted to measure the productivity of these
subpopulations. Thompson’s 1950 presentation, though
never formally published, was issued as an FRI Circular
(Thompson, 1950). In October 1951 Thompson again
presented his analysis of Karluk’s sockeye salmon at a
meeting of the International Council for the Explora-
tion of the Sea, Amsterdam, The Netherlands (Thomp-
son, 1951).

In the years since Thompson presented his ideas
on the subpopulations and run distribution of Kar-
luk’s sockeye salmon, the existence of subpopulations
has been well substantiated. He certainly deserves
great credit for focusing the attention of fishery biolo-
gists onto this biological feature of salmon and for
stimulating considerable research on this topic in the
1950s and 1960s. Yet, questions remain about the orig-
inal run distribution of Karluk’s sockeye and whether
past harvests of the commercial fishery produced the
current bimodal seasonal pattern. Present fishery
managers must deal with the reality of a bimodal
sockeye run that has existed for at least 9o years and
the fact that midseason fish never increased in abun-
dance when protected from commercial fishing. Thus,
Thompson’s ideas on the original run distribution of
Karluk’s sockeye salmon have yet to be validated.

Thompson believed in the early 1950s that
wooden picket weirs installed across a river to count
salmon might harm these migrating fish by being a
barrier to their free movements. Instead, he claimed
that counting towers had significant advantages since
they did not have a physical structure in the river that
impeded the movements of sockeye adults and fry.
Undoubtedly at Thompson’s suggestion, Bevan and
Walker explored the Karluk River in 1955 to find a
suitable tower site and made several trial counts on
the lower river. Soon thereafter, the FRI ended its
sockeye research at Karluk, but Thompson’s ideas
about weirs eventually led to changes in the location,
type, and operations of the counting structures used
by the FWS, BCF, and ADFG. For example, the BCF
replaced their traditional picket weir at Karluk with a
counting tower in 1958-59, but after experiencing
many problems that decreased the accuracy of the
salmon counts, they returned to the picket weir in
1960. To further address concerns about the weir, they
modified the structure in the 1960s to aid the up-
stream migration of sockeye fry. Van Cleve and Bevan
(1973), both colleagues of Thompson at the Univer-



sity of Washington, also believed that Karluk’s weir
harmed its sockeye salmon and recommended its re-
moval from the upper river spawning area. In 1976 the
ADFG moved the weir to the lower Karluk River, in
part because of the concerns initially voiced by
Thompson.

Thompson (1950) stated that sockeye salmon in
the Karluk River and other river systems of the Pacific
Coast were resilient to the effects of heavy commercial
fishing and that these fish populations would respond
to proper management:

[Concerning the management of salmon fisheries] In
fact, such resilience is the only explanation possible for
the continuance of great runs into the Sacramento, the
Columbia, the Fraser, the Karluk, and Bristol Bay de-
spite tremendous fisheries over three-quarters of a cen-
tury. This should give regulatory authorities in Alaska
the courage to experiment. Every year is not a life and
death crisis.

In 1954 he criticized the existing regulatory quota sys-
tem used to harvest sockeye salmon at Karluk, where
50% of the total run must be allowed to escape to the
spawning grounds. Further in 1955, he suggested that
the FWS should experiment with the fishery regula-
tions to get dramatically different harvests in alternate
years (Thompson et al., 1954; Thompson and Bevan,
1955). He recommended greater commercial fishing on
Karluk’s spring-run sockeye and less on the midseason
run. Apparently, these management ideas were not ad-
opted, but Thompson showed a willingness to experi-
ment with the fishing regulations to halt the long-term
decline of its sockeye salmon. Ideally, he wanted regu-
lations that permitted adequate escapements from all
sockeye subpopulations. In this way, the full natural
biological diversity of Karluk’s sockeye salmon would
be preserved to give them long-term resilience to fish-
ery harvests and environmental challenges (Thomp-
son, 1950).

In summary, Thompson was a remarkable indi-
vidual in Karluk’s fisheries history because his impact
came from the force of his ideas and the guidance and
inspiration he gave to other biologists. His intellectual
energy extended well beyond his immediate sphere of
influence at the FRI and included many other fishery
biologists, agencies, commissions, and commercial in-
terests. In contrast to most biologists in this history, he
did not do field studies at Karluk, nor did he formally
publish papers on its sockeye salmon. Nevertheless, he
profoundly influenced the direction of sockeye salmon
research at Karluk for many years.

Donald E. Bevan

1948-58

Donald E. Bevan maintained a deep interest in the
salmon fisheries of Kodiak Island for his entire 50-
year professional career as an FRI research biologist
and Professor in the College of Fisheries, University
of Washington. This region of Alaska and its fishes
had fascinated him ever since he intensively studied
the sockeye salmon at Karluk as a young biologist
during 1948-58. After serving in the military (1942-
46) in World War II as an artillery officer in Europe
and being awarded the Purple Heart and Bronze
Star, Bevan returned to civilian life and studied at the
University of Washington, receiving his B.S. degree
in fisheries in 1948. That same year, the FRI hired
him as a research associate and project leader of the
Kodiak Island research program, which then investi-
gated the sockeye salmon at Karluk. He continued to
study its sockeye salmon until 1958, after which he
shifted his main research interests to the pink salmon

Donald Edward Bevan (1921-1996). (From Stickney 1989,
University of Washington, School of Aquatic and Fishery Sci-
ence, Seattle, WA)
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of Kodiak Island. His sockeye salmon studies at Kar-
luk were centered on four main subjects: ocean mi-
grations of returning adults, sockeye subpopula-
tions, Karluk Lake’s limnology, and a review of
historic salmon catches.

The ocean migration routes and home-stream
composition of adult sockeye salmon that traveled
from the Gulf of Alaska through Kupreanof Strait and
along the west coasts of Afognak and Kodiak islands
were poorly known in the mid-1940s. In particular,
were these west coast sockeye salmon homing just
to the Karluk River, to several other local home
streams, or to more distant streams on Alaska’s main-
land? If these salmon were composed of multiple
stocks, what proportion went to each home stream
and how did the proportions change throughout the
run season? Knowledge of these ocean migrations was
crucial to the proper management of these salmon,
since commercial fishing along the west coast poten-
tially intercepted fish homing to the Karluk River. In-
deed, an earlier tagging study at Uganik Bay in 1927
suggested that Karluk River fish were being caught
well before they reached the Karluk District (Rich and
Morton, 1930).

Bevan’s first research project at Karluk (1948-49)
investigated the ocean migrations and homing of
adult sockeye salmon on the west coast of Kodiak and
Afognak islands. In the first year, he tagged nearly
4,000 adult sockeye along the northwest coast of Ko-
diak Island in June-August 1948 and then searched
the area for recoveries (Bevan. 1959, 1962). The vast
majority of sockeye tagged between Afognak Island
and Cape Karluk, in fact, homed to the Karluk River,
with very few recoveries found in distant areas. In the
second year, he tagged more than 7,000 fish from four
sites on the northwest coast of Kodiak Island in June
1949. Because his results from the previous year
showed there was little mixing of sockeye stocks, he
used the 1949 tagging and recovery data to estimate
Karluk’s total sockeye run. He found that the tagging
process altered the sockeye’s migratory behavior for
about 48 hours. Spring-run fish typically reached the
Karluk River weir, then located at the lake’s outlet
40 km upstream from the ocean, about nine days after
they were tagged in the ocean. Bevan (1959) used his
1948-49 tagging studies for his Ph.D. dissertation at
the University of Washington.

In 1950 Bevan began a detailed study of sockeye
salmon subpopulations at Karluk, gathering run com-
position data (age, length, and sex) to see how these
factors varied seasonally in the commercial fishery and
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at different spawning sites.®9 Some initial data had al-
ready been collected in 1948-49, but he greatly inten-
sified his efforts in 1950-54 and sampled many thou-
sands of adult sockeye at the canneries, river weir, and
lake spawning grounds. Even after the FRI curtailed
their active studies at Karluk Lake in 1954, Bevan con-
tinued to collect this run composition data at Karluk’s
canneries until 1958. Although it is difficult to find in
the Karluk and FRI literature a clear statement of
Bevan’s goals for these adult sockeye studies, he
apparently wanted to document the existence of sub-
populations and learn which groups were most
heavily harvested in the commercial fishery. Of course
Thompson, Bevan’s immediate supervisor and mentor,
strongly believed that sockeye salmon subpopulations
existed. To pursue this idea, Bevan prepared hundreds
of length-frequency graphs of sockeye sampled from
diverse locations and seasons at Karluk, and, indeed,
these showed distinct size differences between spring-
and fall-run fish.° On an even finer level, sockeye that
homed to specific spawning habitats at Karluk Lake
also had definite size differences. While previous Kar-
luk biologists (Barnaby, DeLacy, Shuman, and Nelson)
knew about these size variations and the seasonal seg-
regation of the sockeye runs, Bevan collected massive
amounts of scientific data on these dissimilarities. Un-
fortunately, he failed to publish his subpopulation evi-
dence, causing later biologists to repeat this work for
at least the next decade. At the time, scientific proof of
subpopulations in Karluk’s sockeye salmon would
have been a major accomplishment.

Besides collecting run composition data, Bevan
and Walker regularly surveyed the spawning habitats
of sockeye salmon at Karluk Lake during 1948-54 (Be-
van, 1953; Bevan and Walker, 1954, 1955).9' During
their first inspections in 1948-49, they described the
physical features of each spawning tributary and ex-
plored upstream to the limits of salmon migration,
usually an impassable waterfall or cascading barrier.
Typically, they surveyed these habitats every week,

89 Donald Bevan and Charles Walker assisted each other in
the field at Karluk and collaborated on their respective adult
and juvenile sockeye studies.

9° All of Bevan’s run composition data on Karluk River sock-
eye salmon for the period 1948-58 are stored in the FRI Ar-
chives, University of Washington, Seattle. These include
original data sheets of length and sex, scale impressions, and
tapes used in the fish-measuring machines.

9" Bevan, Donald E. 1951. Karluk Lake stream surveys, 1948-
1951. Kodiak Island Research Group, FRI, University of Wash-
ington, Seattle, WA. Unpubl. report. 45 p. Located at FRI Ar-
chives, University of Washington, Seattle, WA.



Donald Bevan, Karluk Lake, ca. 1952. (Charles E. Walker,
Sechelt, BC)

but in some years and locations they made regular in-
spections every few days. Consequently, they amassed
accurate records of when sockeye used the different
spawning habitats over the full spawning season.
Their surveys revealed a distinct, repeatable pattern
of use each year—early-run sockeye spawned in lat-
eral and terminal tributaries, while middle- and late-
run sockeye spawned in terminal streams, lake
beaches, and the upper Karluk River. This repeatable
segregation of sockeye runs by spawning habitat and
season implied the existence of subpopulations, but
Bevan and Walker presented their survey data in FRI
reports without comment.

Bevan and Walker also collected limnological data
at Karluk Lake during 1948-54. In the first four years,
they simply measured surface water temperatures
wherever they traveled, but in the next three years they
collected weekly depth profiles of water temperature
and transparency in all three of the lake’s internal ba-
sins (Bevan, 1953; Bevan and Walker, 1954, 1955). They
monitored the lake’s water level and river’s flow in
1952-54 and plotted a discharge-rating curve for the
Karluk River (Bevan and Walker, 1955). Also during this
period, they recorded climatological data at the lake re-
search station. In 1952 Bevan briefly studied the lake’s
phytoplankton and zooplankton for a limnology class
he took at the University of Washington.?

92 Bevan, Donald E. 1952. Karluk Lake plankton. Kodiak Is-
land Research, FRI, University of Washington, Seattle, WA.
Unpubl. report. Located at FRI Archives, University of Wash-
ington, Seattle, WA.

To aid his study of Karluk’s sockeye salmon, Be-
van collected and microfilmed historic case-pack re-
cords from many salmon canneries on Kodiak Island,
a job he was uniquely positioned to do since the
salmon canning industry funded his research.? In
1953 he examined these data to learn if sockeye salmon
in the early fishery had been transported to the Karluk
canneries from other areas of Kodiak Island and the
Alaska Peninsula.9* If these imports were large, the
number of fish attributed to Karluk’s run might be er-
roneously high. Indeed, he found that sockeye caught
at Red River, Little River, and Uganik Bay had been
transported to Karluk’s canneries and added to its
catch statistics, especially in June-July, but transfers
from Chignik and Alitak were minor. After removing
non-Karluk fish from the Karluk catch statistics, the
seasonal catch distributions in these early years be-
came more bimodal, though many midseason fish
were still present.

The FRI ended its sockeye salmon studies at Kar-
luk Lake after the 1954 field season, but Bevan and
Walker spent part of 1955 searching for a suitable count-
ing tower site on the Karluk River. They wanted to
briefly operate a counting tower to learn if it was supe-
rior to the traditional wooden picket weir. At the time,
Thompson and Bevan, and perhaps Walker and Van
Cleve, believed that the picket weir at the lake’s outlet
harmed sockeye adults and fry. Bevan and Walker tem-
porarily operated a counting tower at Karluk Lagoon
and the Portage in 1955, but various problems caused
them to abandon the idea.

Despite Bevan’s many years of research on Kar-
luk’s sockeye salmon, he formally published only two
papers on the topic: the 1948-1949 tagging study and
an analysis and discussion of the historic decline of'its
sockeye runs (Bevan, 1962; Van Cleve and Bevan,
1973). In the 1973 paper, Bevan provided detailed field
knowledge about Karluk’s sockeye, while Van Cleve

9 Microfilm rolls containing historic catch records for Karluk
area canneries are located in the FRI Archives, Seattle, WA.
This microfilm collection contains many records, reports,
and statistics, including cannery catches, case packs, APA su-
perintendent’s reports, APA hatchery operation reports,
USBF and FWS reports, stream surveys, escapement counts,
and ocean tagging data.

94 Bevan, Donald E. 1953. The effect of red salmon catches
from nearby streams on the Karluk pack. In Rae Duncan, Kar-
luk, Packs of red salmon, 1895-1930. FRI, University of Wash-
ington, Seattle, WA (April 21, 1953). Unpubl. report.
26 p. Located at FRI Archives, University of Washington, Se-
attle, WA.
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Donald Bevan (left), Kim Clark (center), and Charles Walker
(right), Karluk Lake, ca. 1952. (Charles E. Walker, Sechelt, BC)

had only briefly visited the research station.% Besides
the two formal papers, Bevan produced over 40 un-
published reports during 1950-85 that contain data on
Karluk’s salmon. Most of these reports were issued as
FRI Circulars that summarized his annual surveys of
pink salmon on Kodiak Island.?® Yet some of the FRI
Circulars from the 1950s contain data on Karluk
Lake’s limnology, stream surveys of spawning sock-
eye salmon, and daily weather conditions. His 1953
unpublished report on the historic harvests of sock-
eye salmon from areas near Karluk was insightful for
understanding the original run distribution.9” Some-
time after 1955 Bevan and Walker prepared a sum-
mary report of all FRI studies on Karluk’s sockeye

9 Bevan’s field research on Karluk River sockeye salmon was
greatly aided during 1948-58 by many competent field assis-
tants, including John Bridgeman, Rae Duncan, Allan C.
Hartt, Edward S. Iversen, John W. Martin, Wesley J. Morgan,
William Mulligan, Wallace H. Noerenberg, Clinton E. Stock-
ley, Fredrik V. Thorsteinson, Charles E. Walker, and Raymond
A. Willis.

96 FRI Circulars were distributed to several fisheries libraries
in Alaska and along the Pacific Coast, making them some-
what more accessible to biologists than most unpublished
reports.

97 See footnote 94.
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salmon, but the location of this document remains
unknown.%®

It is unclear why Bevan did not produce addi-
tional formal publications on Karluk’s sockeye salmon,
most notable being his subpopulation results of
1950-54. Possibly, he may have been influenced by
Thompson, who held high research standards and
wanted a complete examination and understanding of
a fisheries question before publication. Bevan’s heavy
work load, which then included his studies of Kodiak
Island’s pink salmon in 1958 and completion of his
Ph.D. dissertation in 1959, may have prevented publica-
tion of these earlier studies. Nevertheless, Bevan’s re-
search accomplishments on Karluk’s sockeye salmon
were substantial.

Charles E. Walker

1950-55

Charles Edward Walker spent six field seasons (1950-
55) at Karluk as a FRI fishery biologist, his primary in-
terest being the freshwater life stages of juvenile sock-
eye salmon.? He wanted to understand all stages of the
early life history of these fishes from the time when al-
evins or fry emerged from their gravel incubation sites,
until several years later when they left the lake as smolts
for the ocean. Specifically, Walker wanted to document
the time of fry emergence from spawning gravels and
their migration to Karluk Lake, the distribution and
movements of juveniles in the lake, the sizes and sum-
mer growth rates of these lake residents, the effects of
environmental factors on juveniles, and the smolt sizes,
ages, and times of migration to the ocean. Thompson
was eager for these studies because he believed that
previous biologists had incorrectly aged the young fish
at Karluk, counting false annuli and, thus, recording
scale ages that were too old. In fact, the sockeye salmon

98 According to Charles Walker, only three copies of this sum-
mary report were prepared—one for Bevan, one for Walker,
and one for FWS biologist Robert F. Raleigh. Walker and Ra-
leigh’s copies have since been lost and the location of Bevan’s
copy is unknown. A copy of the summary report may exist in
Donald E. Bevan’s papers, Manuscripts and University Ar-
chives Division, University of Washington Libraries, or the
FRI Archives. We mention this unpublished report because
of its potential importance to the Karluk research history.
Letter (10 October 1996) from Charles E. Walker, Sechelt, BC,
Canada, to Richard L. Bottorff, South Lake Tahoe, CA.

99 Walker, Charles E. 1954. Karluk young fish study, 1950-
1954. Kodiak Island Research, FRI, University of Washington,
Seattle, WA. Unpubl. report. Located at FRI Archives, Uni-
versity of Washington, Seattle, WA.
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smolts at Karluk were then considered to be unusual
because they migrated seaward in their third and
fourth years, much older than had been recorded for
most other sockeye systems.

Walker diligently collected juvenile sockeye
salmon from many locations at Karluk for five field sea-
sons (May-October). He collected these fish with a
wide range of sampling gear—various lengths and de-
signs of beach seines, dip nets, hand seines, fyke nets,
box traps, and trawls. Wherever he went at Karluk Lake,
he looked for young sockeye and made notes on their
presence, size, schooling behavior, and movements. He
tried to collect juveniles from the limnetic zone of Kar-
luk Lake by using a trawl, but the equipment operated
poorly and no further attempts were made to sample
the open-water habitat. Hence, most of his collections
were made in the littoral zone of the lake or the shallow
waters of tributary streams and the upper Karluk River.

Over the years, he made hundreds of beach seine
collections and measured the size of thousands of
young sockeye. Juvenile size, plotted as length-
frequency diagrams, documented the first summer’s
growth of newly hatched sockeye fry as their lengths
progressively increased from 25-30 mm in May to 50-
60 mm in October. Unexpectedly, Walker observed a
north-south gradient in juvenile size in Karluk Lake,

with larger-sized fish at the north end. Since he rarely
caught older and larger juvenile sockeye in the lake’s
littoral, and failed to sample the limnetic zone, he real-
ized his studies were incomplete. Even with these sam-
pling limitations, his results on the early life stages
were significant.

During several of his years at Karluk, Walker made
a special effort to observe the spring emergence and
migration of sockeye fry between their natal tributary
streams and the lake. This part of the sockeye’s early life
cycle, however, was often difficult for biologists to ex-
amine because winter-like conditions often still pre-
vailed into spring and the ice-covered lake prevented
boat travel to the tributary streams. When Walker ar-
rived at Karluk Lake on 5 May 1951, the lake was still
ice-covered and the fry migration was already under-
way. In 1953 he successfully measured the fry emer-
gence and migration in two Karluk tributaries; Halfway
Creek had one migration period (May), while Canyon
Creek had two periods (May and July). The migration
patterns of these two streams differed because only
spring-run sockeye spawners had used Halfway Creek
the previous year, while both spring- and fall-run
spawners had used Canyon Creek. That is, both egg
deposition and fry migration had similar distributions,
but these two events were separated in time by the egg-
development period. About 10 months of development
separated egg deposition and fry emergence in these
tributary creeks. Walker also discovered that newly
emerged sockeye fry in tributary creeks migrated
downstream to the lake at night.

In direct contrast to the down-migrating fry of
tributary creeks, sockeye fry in the upper Karluk River
moved upstream toward the lake along both river
banks. Further, these young sockeye migrated upstream

Beach seining for sockeye salmon juveniles, Karluk Lake, ca.
1952. (Charles E. Walker, Sechelt, BC)

9

Karluk Sockeye Salmon Research History



94

US. Fish and Wildlife Service biologist Carl Abegglen
(left) and Fisheries Research Institute biologist Charles
Walker (right), Karluk River weir near Karluk Lake’s out-
let, ca. 1954. (William F. Thompson, Fisheries Research
Institute, Seattle, WA)

in two periods, the first as newly emergent fry (28 mm
length) in May and early June and the second as larger
fry (47 mm length) in late July through August. The
later migration showed that some young sockeye re-
sided in the upper river for several months after emer-
gence before moving to the lake. Fry inhabited the up-
per Karluk River as far downstream as the Portage, a
slower reach of the river having dense growths of
aquatic plants. Walker and Bevan expressed concern
that the counting weir might impede up-migrating fry
from reaching the lake, or perhaps bruise or damage
these fish as they passed through the wooden pickets.
Eggs spawned in the upper river needed about 8-8.5
months of development until the fry emerged, consid-
erably less time than required in the tributary creeks
and lake beaches.

One of Walker’s goals of 1950-54 was to measure
the composition and total production of sockeye smolts
from Karluk Lake. Each spring, he observed these
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Sockeye salmon smolt trap, Karluk River weir, 1954. (William
F. Thompson, Fisheries Research Institute, Seattle, WA)

smolts at the lake outlet weir and recorded their down-
river migration from late May to mid July. Two size and
age groups of smolts predominated (3- and 4-year),
with the larger smolts migrating earlier in the season.
The overall migration peaked in the first three weeks.
Both the FRI and FWS wanted to accurately measure
the total smolt out-migration, but this was a daunting
task given that adequate collecting gear and statistical
protocols had yet to be developed.

In any event, Walker experimented in 1953 with sev-
eral methods to measure smolt abundance. He first tried
to concentrate the smolts into a small area as they left the
lake and entered the upper river, and then to count them
using a photographic method, but this system worked
poorly. Eventually, he built smolt traps into the wooden
picket weir to census the migration. The smolts were at-
tracted to the trap opening because some of the wooden
pickets were replaced with metal grates; this alteration
increased the water flow through that weir section.
Walker operated three smolt traps at the Karluk weir in
1954; trap catches gave him a smolt abundance index,
but not an exact estimate of the total numbers. Never-
theless, the 1954 smolt traps were an important first step
in the eventual development of an accurate method for
measuring the total smolt out-migration.

In 1951 as Walker and Bevan watched the commer-
cial beach seines being hauled ashore on Karluk Spit,
they were surprised to see many sockeye salmon smolts
also being incidentally captured in the nets.® They
observed that the smolts easily escaped through the

100 Walker, Charles E., and Donald E. Bevan. ca. 1968. Factors
possibly contributing to the condition of the Karluk sockeye
salmon run. Unpubl. handwritten report. 18 p. Located at FRI
Archives, University of Washington, Seattle, WA.



Weather station, Karluk Lake, ca. 1952. (William F. Thomp-
son, Fisheries Research Institute, Seattle, WA)

Unloading supplies for the research biologists, Karluk Lake,
ca. 1952. (Charles E. Walker, Sechelt, BC)

net openings when few adult salmon were caught, but
the young fish were unable to escape when many
adults were present, the adult bodies blocking their
exit. As the seine was hauled onto the beach, the fran-
tically thrashing adult salmon destroyed most of the
smolts.

During Walker’s years at Karluk, he examined the
stomach contents of predatory fishes and birds for ju-
venile sockeye, though it is unclear how many of these
he sampled. He believed that newly emerged sockeye
fry suffered substantial fish predation, but that larger
juveniles did not; both coho salmon juveniles and charr
(he called all charr at Karluk “Dolly Varden”) preyed on
the young sockeye. He claimed that small charr (9o-
180 mm) heavily preyed on juvenile sockeye, as did
some larger charr in the upper Karluk River. Unexpect-
edly, he found a few large juvenile sockeye that had
preyed on small sockeye. Of the bird stomachs he ex-
amined, mergansers rarely preyed on juvenile sockeye,

but more commonly ate sticklebacks. While recording
these food habits, Walker also examined the internal
parasites of juvenile sockeye in 1953 and found round-
worms in the pyloric caeca of 2-year fish and tapeworm
cysts in the smolts.

In many respects, Walker’s studies of Karluk’s ju-
venile sockeye salmon were pioneering. With the ex-
ception of the previous smolt-marking studies of 1926-
36, little had been previously published about these
young salmon. Earlier Karluk biologists certainly real-
ized the importance of understanding the freshwater
life stages of sockeye salmon and had collected samples
or made field observations, but many life history de-
tails remained unknown or unpublished. Walker also
failed to publish his studies, but did present his results
in several FRI reports that were eventually used and
cited by Van Cleve and Bevan (1973). His 1954 report
was useful and circulated widely among Karluk’s
biologists.

Besides his sockeye salmon research, Walker de-
voted some time to life history studies of threespine
sticklebacks at Karluk Lake.'* Sticklebacks were very
abundant lake residents in the 1950s, and Walker con-
sistently caught many more of them in each beach
seine than juvenile sockeye. He witnessed the stickle-
back mass migration in Thumb and O’Malley rivers in
May-June and realized that these fish spawned in the
shallow tributary lakes (Greenbank and Nelson, 1959).
He also collected some large sticklebacks in Karluk La-
goon.' Walker was the first biologist since Rutter in
1903 to observe ninespine sticklebacks at Karluk Lake
(Evermann and Goldsborough, 1907; Greenbank and
Nelson, 1959).

Walker participated in all of the FRI research proj-
ects at Karluk Lake, and, in particular, helped Bevan
survey the different spawning sites and age the adult

11 1) See footnote 99.

2) Walker, Charles E. 1956b. Karluk young fish study—scale
graphs, 1950-1954. FRI, University of Washington, Seattle,
WA. Unpubl. report.

3) Walker, Charles E. 1959. The enumeration of the Karluk red
salmon smolt run in 1954. FRI, University of Washington, Se-
attle, WA. Unpubl. report. 15 p. All three reports located at
FRI Archives, University of Washington, Seattle, WA.

102 Walker, Charles E. 1954. Comments on the life history of
Karluk Lake stickleback (Gasterosteus aculeatus). Kodiak Is-
land Research, FRI, University of Washington, Seattle, WA.
Unpubl. report. A reference to this report was located in the
FRI Archives card catalogue, University of Washington, Se-
attle, WA, but we were unable to find a copy.

193 Memo (20 August 1956) from Philip R. Nelson, Fishery Re-
search Biologist, FWS, Seattle, WA, to John Greenbank, FWS,
Juneau, AK. Located at NARA, Anchorage, AK.
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sockeye salmon scales.** He routinely collected weather
data and limnological samples at the lake. Camp Island
served as the base of FRI operations in 1950-53, fol-
lowed by facilities at the Karluk River weir in 1954.
Transportation around the lake was by a small Aluma
Craft skiff (4.3 m) and 10 horsepower Johnson outboard
motor. Supplies were periodically flown to Camp Island
via amphibious aircraft. In 1955 Walker and Bevan ex-
plored the entire Karluk River for a counting tower site
and briefly tested several locations. While exploring
the river, Walker added to his observations of sockeye
juveniles and sticklebacks, and he collected both spe-
cies in Karluk Lagoon.

In summary, Walker’s studies of the juvenile sock-
eye salmon at Karluk Lake gave new information on
their freshwater life; his work was the first detailed in-
vestigation of these young fish. Many previous biolo-
gists initiated brief studies of the early life stages, but
little such data exists in Karluk’s historical literature—
surprisingly, more than 50 years after Walker’s studies,
much remains unknown about the juvenile sockeye
salmon of Karluk Lake. Personally, Walker highly val-
ued his years of field research at Karluk, claiming that
it “provided me with the greatest learning experience
of my life (in biology that is) and the lessons carried me
throughout my career”°5

Richard Van Cleve

Richard Van Cleve had a long and distinguished career
as a fisheries research biologist and educator at the Uni-
versity of Washington, being appointed Director of the
School of Fisheries in 1949 and then Dean of the College
of Fisheries in 1958-71. During his many years at the Uni-
versity of Washington, Van Cleve undoubtedly followed
the progress of ongoing FRI fisheries studies on Karluk’s
sockeye salmon and discussed the results with col-
leagues Thompson, Bevan, and Walker, but there is no
evidence that he personally did field research there. Be-
yond his duties as a Professor of Fisheries, he occasion-
ally served as a consultant to the FWS and BCF on their

104 1) Walker, Charles E. 1955. Scale analysis, 1948-1953. Uni-
versity of Washington, FRI, Kodiak Island Research. Unpubl.
report. Located at FRI Archives, University of Washington,
Seattle, WA.

2) Walker, Charles E. 1956. Age analysis of the Karluk red
salmon runs, 1922, 1924-1936, and 1952-1955. FRI, University
of Washington, Seattle, WA (January 31, 1956). Unpubl. re-
port. 29 p. Located at FRI Archives, University of Washing-
ton, Seattle, WA.

195 Letter (5 April 1998) from Charles E. Walker, Sechelt, BC,
Canada, to Richard L. Bottorff, South Lake Tahoe, CA.
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Richard Van Cleve (1906-1984). (From Stickney 1989, Univer-
sity of Washington, School of Aquatic and Fishery Science,
Seattle, WA)

fisheries research in Alaska, and at times this included
their studies of sockeye salmon at Karluk.

Van Cleve’s main contribution to the knowledge
about Karluk’s sockeye salmon was his 1973 scientific
publication with Bevan. At the time, Van Cleve was
Professor Emeritus at the University of Washington.
Their paper discussed the reasons for the historic de-
cline of sockeye salmon runs at Karluk and offered
ideas for rehabilitation. It summarized and analyzed
both published and unpublished data, much of it from
Bevan and Walker’s field work of 1948-58, but also data
from FWS and BCF biologists. Van Cleve and Bevan
emphasized that many subpopulations were present,
with perhaps the largest group being the fall-run stock
that spawns in the upper river. They believed that the
importance of the river-spawning subpopulation to the
overall productivity of the Karluk run had not been
fully appreciated and suggested protective measures



for these fish. Further, they recommended that re-
search on Karluk’s sockeye salmon be curtailed and
claimed that these activities harmed the productive
midsummer runs that had already been depleted by
heavy commercial fishing. Their recommendation to
enhance midseason runs apparently had little impact
on the ADFG fishery managers, who faced the reality of
distinct spring and fall sockeye salmon runs.

When Van Cleve and Bevan’s paper was published
in 1973, the Karluk River weir was located just below the
lake’s outlet, and fall-run sockeye spawned in the river
above and below the weir. Van Cleve and Bevan be-
lieved that the weir harmed the sockeye salmon by 1)
restricting the natural to-and-fro homing behavior of
fall-run river spawners, 2) slowing the downstream mi-
gration of smolts, and 3) impeding the upstream mi-
gration of newly emerged fry to the lake. Because of
these potentially serious impediments, they recom-
mended complete removal of the weir in order to aid
rehabilitation of the sockeye salmon run. Thompson
(1950) had previously argued that weirs interfered with
salmon homing behavior, and Bevan and Walker
searched the Karluk River in 1955 for a counting tower
site to replace the traditional picket weir. During a brief
visit to the Karluk research station in July 1957, Van
Cleve expressed his concerns about the picket weir to
the BCF field biologists and recommended the weir’s
removal.’® His visit and recommendation convinced
the BCF to substitute a counting tower for the wooden
picket weir in 1958-59, though they soon returned to a
picket weir. Many years later, Van Cleve and Bevan’s
1973 paper helped convince the ADFG to move the 1976
weir to the lower Karluk River and away from the
spawning habitat of fall-run sockeye salmon. This ac-
tion returned the upper river to its natural, unfettered
spawning condition.

It is unclear what stimulated Van Cleve’s interest
in Karluk’s sockeye salmon since he never studied them
in the field and only visited the FRI research station a
few times. Perhaps it was his regular contact with
Thompson, Bevan, and Walker and his desire to solve
the long-standing fisheries question of what had
caused the sockeye salmon decline at Karluk. He must
have followed the progress of sockeye research by the
FRI and FWS field biologists in the late 1940s and early
1950s. The 1973 paper was the culmination of views
held for at least 20 years; many of the ideas likely origi-

196 John B. Owen 1957 notebook. Original notebook from the
personal papers of John B. Owen, Grand Forks, ND; note-
book to be donated to NARA, Anchorage, AK.

nated from Thompson and were supported by Bevan
and Walker'’s field studies.

George A. Rounsefell

1951-58

George Armytage Rounsefell worked as a USBF and
FWS fishery scientist for 39 years (1925-63), followed
by another 13 years as Professor of Marine Science at the
University of Alabama (Rounsefell, 1977; Skud and
Everhart, 1977). His interests in fisheries and marine
science ranged over many topics and fish species, in-
cluding Pacific salmon. Of his 89 career publications,
nine dealt with Pacific salmon and three discussed or
presented data on Karluk’s sockeye salmon. Though
Rounsefell never did field research at Karluk, he sum-
marized and analyzed data collected by other USBF,
FWS, and BCF fishery biologists.

Well before his direct involvement with the sock-
eye salmon research data from Karluk, Rounsefell fol-
lowed the progress of the long-term field studies there
through his professional contacts with fellow fishery
biologists and former classmates of Stanford Univer-
sity. He was familiar with Alaska and its fisheries, hav-

George Armytage Rounsefell (1905-1976). (Brigham Collec-
tion BRI #845, Historical Photo Collection, Northeast Fisher-
ies Science Center, National Marine Fisheries Service, Woods
Hole, MA)
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ing studied its herring during his early career with the
USBF. As Acting Director of the USBF Fisheries Bio-
logical Station in Seattle in 1934, he regularly reported
to higher officials on the progress of the sockeye studies
at Karluk. These studies eventually came under his di-
rect supervision in 1947-48 when he became the FWS
Chief of the Branch of Anadromous Fisheries, and in
that capacity he briefly visited the Karluk Lake research
station in August 1947 to discuss the field work with
Shuman.”” Consequently, for many years, Rounsefell
knew about the declining sockeye salmon runs and the
attempts to find the cause. He was aware of the long-
term research program at Karluk and the plans for fu-
ture studies.

Of Rounsefell’s three scientific publications on
Karluk’s sockeye salmon, his 1958 paper, which ana-
lyzed and discussed the causes of the declining runs,
was a significant accomplishment that focused the at-
tention of many fishery biologists on this productive
salmon system. This paper indelibly linked his name to
Karluk’s sockeye salmon and altered the direction of
field research there for many years. Yet it is unclear ex-
actly when or why Rounsefell began his independent
analysis of Karluk’s sockeye salmon, though this oc-
curred sometime in 1949-52 after Lionel Walford, FWS
Director of Research, gave him the assignment. Obvi-
ously, Walford wanted FWS biologists to publish more
papers from the large mass of data they had already
collected. In any event, by December 1952 Rounsefell
produced a preliminary manuscript, “Population dy-
namics of the sockeye salmon, Oncorhynchus nerka, of
Karluk River, Alaska,” with Shuman listed as junior au-
thor.°® The 1952 manuscript had many topics of inter-
est to fishery biologists; its major subject headings
were:

The Problem
Normal seasonal occurrence of the runs
Age composition of the runs
Relations of migrant age and total age with the time of
the runs
Estimation of numbers and age composition of the
runs
Relation between season of smolt migration and ocean
age
Spawning potential

Fecundity

Sex ratio
Seasonal trends in size at maturity
Relation of ocean temperature to size at maturity
Season of ocean growth

1°7 See footnote 74.
198 See footnote 8o.
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Relation of ocean growth seasons to size at maturity
Relation of ocean growth seasons to sex ratio
Fecundity of various age groups

Seasonal distribution of the escapement

Factors affecting the size of smolts

Relation between escapement, size of smolts, and
returns

Interpretation of relations between escapements and
returns

Conclusions

Recommendations

References

Shuman critically reviewed the manuscript, de-
clined joint authorship, and recommended that it not
be published. Ralph Silliman, FWS Chief of the Section
of Anadromous Fisheries, also reviewed the manu-
script and questioned the data analysis:

My general comment is that the data have been almost
over-analyzed. The extreme complexity of the analysis,
the omission of the data which do not conform, and the
use of highly derived estimates detract from the confi-
dence which might be placed in the results for applica-
tion to fishery regulation.*®

Rounsefell continued to analyze the sockeye salmon
data and revised the 1952 manuscript over the next 4-5
years until it was finally published in 1958."° By then the
scientific paper, which still focused on the causes for the
long-term decline of the sockeye salmon runs, had
grown to over 8o pages, with many tables, graphs, statis-
tics, and appendices. To restore Karluk’s sockeye salmon
runs, Rounsefell recommended eliminating predatory
fishes, enhancing the midseason run, restoring natural

1°9 Memo (6 March 1953) from Ralph P. Silliman, Chief, Sec-
tion of Anadromous Fisheries, to Chief, Pacific Salmon Inves-
tigations. Located at ABL, Auke Bay, AK.

1o A historical sidelight exists about Rounsefell’s publications
on Karluk’s sockeye salmon. He prepared his 1952 Karluk
manuscript while stationed at the FWS Woods Hole Labora-
tory, MA. Upon completing the manuscript and sending Shu-
man a review copy, Rounsefell departed for two years to Tur-
key as Leader of the Fishery Mission, Food and Agriculture
Organization, United Nations. In early 1953, Ralph Silliman,
FWS Chief of the Section of Anadromous Fisheries, sent a
letter to FWS Chief of North Atlantic Fishery Investigations
requesting return of the Karluk research data possessed by
Rounsefell. The ultimate disposition of these important Kar-
luk data is unknown. The Karluk research data to be returned
included: 1) pink salmon escapements, 2) smolt migration
data (1937-49), 3) Karluk Lake water levels (1931-50), 4) Kar-
luk Lake thermocline charts (1921-47), 5) Kodiak weather re-
cords (1881-1951), 6) sockeye salmon escapements, catch, and
total run (1937-50), 7) sockeye salmon age compositions and
return from escapements, and 8) Karluk Lake weather re-
cords (1921-48).



cycles of abundance, fertilizing Karluk Lake, improving
spawning habitats, and increasing egg deposition.™

Although the large size, format, and statistical
analyses made Rounsefell’s 1958 paper difficult for
many fishery biologists to digest, it nevertheless had a
great impact upon those involved in sockeye salmon
research at Karluk. The paper received close scrutiny
and generated heated discussions within the FWS and
BCF, and was even the subject of departmental semi-
nars and conferences as biologists and managers evalu-
ated the paper’s conclusions and debated how the re-
search program should be altered. These discussions
began within the FWS even before the paper’s formal
publication, as preliminary review copies circulated
within the agency. Donald McKernan, FWS Adminis-
trator of Alaska Commercial Fisheries, stated in 1956
that Rounsefell’s “findings are quite radical,” but McK-
ernan altered the management policies at Karluk to fol-
low some of these new recommendations."?

In challenging the then prevailing ideas about Kar-
luk’s sockeye salmon and in stimulating future research,
Rounsefell’s 1958 paper was a success. His paper intensi-
fied discussions about these salmon and motivated fish-
ery biologists to either pursue some of the new ideas or
design studies to disprove some of Rounsefell’s conclu-
sions. In particular, some biologists strongly disagreed
with his claim that Karluk’s sockeye salmon run was one
population. Instead, they knew, after years of field ob-
servations and tagging studies, that at least the spring
and fall runs were distinct subpopulations. And they
suspected that even finer distinctions might exist for fish
that appeared to home to specific spawning sites. To
conclusively prove their point and highlight Rounsefell’s
error, several biologists actively pursued subpopulation
studies in the years after the 1958 paper; this work con-
tinued until the existence of discrete groups was proven.
Further, several decades after the 1958 publication, ad-
ditional errors were found in Rounsefell’s analysis, such
as the influence of pink salmon on sockeye salmon, the
energetics of juvenile sockeye, and the relative impor-
tance of different phosphorus nutrient sources to Karluk

™ In 1956 Rounsefell also proposed a novel experiment to in-
crease sockeye salmon egg production by poisoning all
leeches and oligochaete worms inhabiting the spawning sub-
strates of a Karluk tributary. These invertebrates were thought
to destroy many buried salmon eggs. FWS notes (19 January
1956) on a conference with George Rounsefell. Located at
NARA, Anchorage, AK.

12 Letter (12 March 1956) from Donald L. McKernan, Admin-
istrator of Alaska Commercial Fisheries, Juneau, to Milton E.
Brooding, Chairman, International North Pacific Fisheries
Commission, San Francisco. Located at ABL, Auke Bay, AK.

Lake (Koenings and Burkett, 1987b; Schmidt etal., 1998).
Significantly, corrections of these inaccuracies changed
the paper’s conclusions. For example, when errors were
corrected in the phosphorus inputs to Karluk Lake, it
became clear that salmon-carcass nutrients were much
more important to the lake’s fertility than Rounsefell
had originally determined.

Rounsefell published two other scientific papers
dealing with Karluk’s sockeye salmon (Rounsefell, 1957,
1973). His 1957 paper on sockeye salmon fecundity was
based on data collected by Rich in 1926, DeLacy in
1938-41, and Shuman in 1943. His 1973 paper responded
to Van Cleve and Bevan’s (1973) analysis of Karluk’s
sockeye salmon and defended the conclusions of his

1958 paper.

John B. Owen

1956-59

John Baxter Owen, fresh from earning his Ph.D. at
Iowa State University, was hired by the BCF in late
1956 to lead the sockeye salmon research program at
Karluk after Nelson was promoted to a new position
in Washington, DC. Just before starting his official
duties, Owen visited the research station at Karluk

). (Richard Lee Bottorff, South

John Baxter Owen (1918-
Lake Tahoe, CA)
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Lake in July 1956 and helped with the last fertilization
of Bare Lake. As a BCF biologist, he worked for two
field seasons at Karluk (1957-58) and started several
new studies of sockeye salmon.

Owen joined the BCF at a unique time in Karluk’s
fisheries research history. For the previous 10 years, re-
search had focused on the possibility of fertilizing Kar-
luk Lake to enhance its production of juvenile sockeye,
and the enrichment experiment at Bare Lake was in-
tended to test this rehabilitation idea. By 1956 Bare
Lake had been fertilized for seven years and the nutri-
ent additions had produced some positive results—the
size of sockeye smolts and the smolt-to-adult ocean
survivals had increased—but the abundance of return-
ing adults seemed to have been unaffected.

Because of the positive results, considerable sup-
port still existed within the BCF to fertilize Karluk
Lake. Nevertheless, by 1956 BCF officials and biologists
were reviewing pre-publication copies of Rounsefell’s
large paper on Karluk’s sockeye salmon. Rounsefell also
recommended that Karluk Lake be fertilized, but at the
same time he questioned the theory of declining lake
fertility and discounted the potential effectiveness of
any enrichment. He instead believed that predatory
fishes would quickly increase in abundance and absorb
any temporary benefits of fertilization. Further, he
questioned if the experimental results from Bare Lake,
a small shallow body of water, could be applied to a
large stratified lake such as Karluk. Since no one could
persuasively answer these questions, his arguments
added uncertainty to the lake fertilization idea. Owen
and other fishery biologists accepted the idea that fer-
tilization may be ineffective in restoring Karluk’s sock-
eye salmon run, and this caused them to pursue some
of Rounsefell’s new research ideas in the 1957 field sea-

U.S. Bureau of Commercial Fisheries biologists Charles Con-
kle (left) and John Owen (right), Karluk Lake, 1957. (Auke
Bay Laboratory, Auke Bay, AK)
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U.S. Bureau of Commercial Fisheries employees (from left)
George Harry, John Owen, Ted Merrell, and Charles Conkle,
Karluk Lake field laboratory, Camp Island, 1958. (Ted Merrell,
Auke Bay, AK)

son. Consequently, the BCF research program of 1957
included both post-fertilization studies of Bare Lake
and new research ideas at Karluk Lake.

The 1957 field season was crucially important for
Owen’s understanding of Karluk’s sockeye salmon and
the research ideas he pursued. When he first arrived at
the Karluk field station, Owen knew of Rounsefell’s be-
lief that its sockeye salmon were one population, but he
quickly realized that this idea was mistaken. Instead,
he found that there were many distinct subpopula-
tions, each with its own spawning time and habitat. He
learned of this heterogeneity by regularly visiting the
spawning areas and watching the fish segregate to spe-
cific sites as the season progressed. His assistant,
Charles Y. Conkle, was instrumental in recognizing
these subpopulations, having worked at Karluk since
1955 and knowing just when each sockeye run appeared
at different spawning sites.

Of course, Owen and Conkle were only the latest
of many previous biologists to understand that distinct
run components used the spawning grounds in a re-
peatable sequence each year. Yet surprisingly, no one
had published this evidence. If subpopulations were
present, Owen began to wonder if certain spawning
groups and habitats differed in their ability to produce
sockeye eggs and fry. And he considered the possibility
that the historic decline of Karluk’s sockeye was caused
by excessive commercial fishing on the most produc-
tive subpopulations.” Thus, much of Owen’s research
at Karluk focused on the productive qualities of the dif-

3 Letter (30 September 1957) from John B. Owen, FWS, Kar-
luk Lake, AK, to W. F. Royce, FWS, Juneau, AK. Located at
NARA, Anchorage, AK.



ferent sockeye salmon subpopulations and their spawn-
ing habitats.

Owen’s reluctance to pursue the artificial fertil-
ization of Karluk Lake and his disagreement with
Rounsefell over sockeye subpopulations made this an
uncertain and complicated time for deciding on the
proper direction of the Karluk research program.
Some BCF officials wanted to continue the fertiliza-
tion work, but Rounsefell discouraged this. Con-
versely, some BCF officials discouraged subpopulation
research since it conflicted with Rounsefell’s belief in
one population. This situation was particularly diffi-
cult for Owen, being a newly hired and untested
young biologist, while Rounsefell was a respected se-
nior scientist within the BCF.

Even with these conflicts and uncertainties, Owen
managed to initiate new studies at Karluk in 1957-509,
particularly on sockeye spawning habitats and their
different abilities to incubate eggs and produce fry."+
He separated the spawning habitats at Karluk Lake into
four categories—lateral tributary streams, terminal
tributary streams, lake beaches, and upper 5 km of the
Karluk River (Owen et al., 1962). Apparently, Owen was
the first biologist to use the terms “lateral” and “termi-
nal” to distinguish the two primary types of spawning
streams entering Karluk Lake. Further, he measured
the areas of all sockeye salmon spawning habitats in
the Karluk system and described the stream gradients
and substrate compositions. Owen and his field crew
regularly surveyed all of the spawning habitats in 1957-
59 and documented a similar pattern of spawning use
each year.

Owen also studied the distribution and behavior
of sockeye salmon that spawned in several creeks at
Karluk Lake in 1957-58. After adult sockeye were tagged
at the lake, Owen closely monitored the movements
and spawning status of these fish.”> This study pro-
vided new information on the longevity of spawning

14 1) Owen was greatly aided with the Karluk field studies by
his two BCF assistants, Charles Y. Conkle and Robert F. Ra-
leigh, and by many temporary personnel.

2) Owen, John B. 1958. Red salmon survival studies in Karluk
Lake, Kodiak Island, 1957. Field Report. Salmon survival in-
vestigations. BCF, Alaska Region (February 18, 1958). Unpubl.
report. 27 p. Located at ABL Office Files, Auke Bay, AK.

15 1) Letter (13 July 1957) from John B. Owen, Fishery Research
Biologist, to W. F. Royce, FWS, Juneau, AK. Located at NARA,
Anchorage, AK.

2) Letter (28 October 1969) from John B. Owen, Associate
Professor, University of North Dakota, Grand Forks, ND, to
Ben Drucker, Supervisor, Karluk Lake Research Station, Auke
Bay, AK. Located at NARA, Anchorage, AK.

salmon, their diurnal movements into and from spawn-
ing creeks, how quickly redds were established and
eggs were deposited, and the extent of bear predation.
In one instance, his field crew continuously monitored
the movements and behavior of a single female sockeye
salmon for three days until she spawned. Spring-run
sockeye quickly established redds, spawned, and dis-
appeared from the creeks, while later spawners had
longer lives and spawning periods. The disappearance
of tagged sockeye salmon varied seasonally with bear
predation. Owen tried unsuccessfully to measure the
total egg deposition of sockeye salmon in several creeks
in 1957, but accomplished this task in 1958 with the use
of FRI's egg pump. Sockeye salmon buried their eggs
much deeper in terminal streams than in lateral
streams. In another study, he used spawning pens to
accurately assess the fate of sockeye eggs in different
habitats, but this effort had limited success. "

Although Owen questioned the need to fertilize
Karluk Lake, he nevertheless studied its limnology and
several tributaries in 1958 to learn if significant declines
had occurred in the nutrient levels and productivity
since 1927. In fact, a few limnological changes had oc-
curred in the 30 years, but overall most nutrient con-
centrations were unchanged. This apparent long-term
stability in nutrients indicated to him that the lake’s
fertility had not declined, a conclusion that reinforced
his belief that fertilization of Karluk Lake was unneces-
sary. The results also supported Rounsefell’s skepticism
of this rehabilitation idea.

During Owen’s tenure as project leader, several
assistants did semi-independent studies of sockeye
salmon and other fishes at Karluk Lake. For example,
Conkle studied sockeye salmon fecundity in 1958 and
published the results, along with similar data from
Brooks Lake, Alaska (Hartman and Conkle, 1960). This
paper described the relationship between female size
and fecundity and noted that larger sockeye females
had more eggs in the left ovary than in the right ovary.
When the 1958 fecundity data were compared with ear-
lier periods, adult female size and fecundity appeared
to have experienced a long-term decline. In 1957, BCF
biologist John T. Greenbank studied the life history of
coastrange sculpins (Greenbank, 1957, 1966) and the
food habits of Dolly Varden at Karluk Lake.”” Since

16 Owen, John B. 1958. Karluk Lake weekly reports (22 June-
27 September 1958). FWS, Karluk Lake, AK. 8 unpubl. re-
ports. Located at NARA, Anchorage, AK.

"7 Greenbank, John T. 1957. Dolly Varden studies, Karluk
Lake, 1957. Field Report (1 October 1957). Unpubl. report.
1 p. Located at NARA, Anchorage, AK.
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sculpins consumed many sockeye salmon eggs, Owen
wondered if these small fishes might reduce fry pro-
duction. To answer this question, he proposed a novel
field experiment whereby sculpins would be excluded
from a spawning creek to see if fry numbers increased,
but this idea was never tested.

Each year Owen and his field crew continued with
the routine tasks of collecting run composition data
from sockeye adults and smolts and counting salmon
through the weir. They operated the standard wooden
picket weir in 1957 and a counting tower in 1958, a ma-
jor new challenge for the biologists. Their attempt to
measure the total smolt out-migration was unsuccess-
ful in 1958 because of frustrating problems with the
traps. Storm water and floating debris in the river dam-
aged the traps and the smolts avoided them.

Perhaps Owen’s most enduring achievement
from his time at Karluk was his 1962 report that re-
viewed the research literature and concisely summa-
rized the major conclusions then known about Kar-
luk’s sockeye salmon (Owen et al., 1962). He worked
on this report during most of his years at Karluk and
for some time afterward, preparing it for publication
with co-authors Conkle and Raleigh. The report in-
cluded their 1957-59 field results and discussed the
possible factors that affected sockeye salmon produc-
tion. They emphasized for the Karluk ecosystem the
many sockeye subpopulations present, the different
reproductive potentials of the many age groups, the
distinct productive qualities of different spawning
habitats, and the possibility that commercial fishing
had altered sockeye abundance by disproportionately
harvesting certain age groups and subpopulations.
The BCF reviewed the manuscript for several years
and eventually issued it as an ABL Manuscript Report.
Though not a formal publication, the report was sub-
sequently read, appreciated, and cited well beyond
the BCF over the next 30 years, and in many respects it
was functionally equivalent to a formal scientific pa-
per. Many recent fishery biologists have stated that
Owen’s report was seminal to their understanding of
Karluk’s sockeye salmon, even though they disagreed
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Coastrange sculpin. (Drawing by Albertus H.
Baldwin, from Evermann and Goldsborough,
1907.)

with him on some conclusions. These positive re-
sponses demonstrated the report’s long-term value.

At least four reasons explain the wide acceptance of
Owen’s unpublished report. First, it concisely summa-
rized the established biological facts about Karluk’s
sockeye salmon. Because research had extended over
many years and dealt with many complex topics, a peri-
odic review of current knowledge is always beneficial to
biologists. Second, Owen emphasized the existence of
sockeye subpopulations, directly opposite to Roun-
sefell’s idea of one population. This helped to shift the
research effort in the 1960s toward finding scientific evi-
dence of these subpopulations. Third, the report de-
scribed the different types of spawning habitats in the
Karluk system and how the returning sockeye used
these in a similar seasonal sequence each year. Previous
biologists (USBF, FWS, BCF, and FRI) also knew how
returning sockeye dispersed to the spawning habitats,
but Owen was the first to succinctly present this infor-
mation. This repeatable spawning pattern each year was
strong evidence of subpopulation differences. Fourth,
the report summarized and related all of the run com-
position data, including sockeye salmon age, sex ratio,
size, fecundity, and migration season. This large mass of
salmon statistics, plus their seasonal variation, can
overwhelm non-experts. Yet Owen condensed these
dataand interrelations into a simple table and discussed
how these factors affected the sockeye salmon’s repro-
ductive potential. In summary, Owen’s report provided
biologists with a thoughtful and useful analysis of Kar-
luk’s sockeye salmon.

Robert F. Raleigh

1956-62

Robert Franklin Raleigh worked as a BCF fishery biolo-
gist at Karluk and Bare lakes for six field seasons in
1956-62. During this time, the research program transi-
tioned from studying lake fertilization to researching
sockeye salmon subpopulations. Raleigh spent the
early part of his first field season assisting Nelson with
the Bare Lake study and then temporarily led the proj-
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Saint George, UT)
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ect when Nelson transferred to Washington, DC, in
June 1956. After Owen joined the BCF as Karluk’s re-
search supervisor in December 1956, Raleigh assisted
him in 1957-58.

Both Raleigh and Conkle proved to be particularly
capable field assistants to the research leaders because
of their previous field experience at Karluk and Bare
lakes during 1955-58. By 1957 they knew the field op-
erations at both lakes, often assumed responsibility for
some of the studies, and provided leadership during
Nelson and Owen’s absence.

Raleigh temporarily left the Karluk project in mid
1957 to study the subsistence use of salmon in western
Alaska (between Cape Newenham and Point Hope)
and returned to the Karluk studies in 1958. Raleigh led
the research program at Karluk staring in early 1959, a
position he held for three years until early spring 1962."
He completed his B.S. (1954) and M.S. (1960) degrees at
Utah State University and Ph.D. degree (1969) at the
University of Idaho.

During the time that Raleigh worked at Karluk
Lake, Alaska gained statehood (on 3 January 1959) and
assumed full responsibility for the management of its
fisheries (on 1 January 1960). Immediately, the State of

18 Charles York Conkle served as Raleigh’s assistant at Karluk
in 1959-60, and Benson Drucker assisted in 1961.

Alaska made fish traps an illegal method for capturing
salmon in the commercial fishery. Despite this change
from federal to state authority for Alaska’s fisheries, the
BCF continued its long-term research program on Kar-
luk’s sockeye salmon for the next decade.

Raleigh helped Nelson complete the final fertiliza-
tion of Bare Lake in 1956 and then continued post-
fertilization studies on the lake until his last field season
in 1961. In 1957 he studied the zooplankton of Bare Lake
to learn how the previous seven years of fertilization had
affected this group; he used this research for his M.S.
thesis at Utah State University (Raleigh, 1960, 1963).
Zooplankton abundance changed little in the first few
years of fertilization, but had increased threefold by
1957. Surprisingly, the abundance of many zooplankton
taxa varied with lake depth, even though Bare Lake nor-
mally was thermally unstratified. Since little post-fertil-
ization work was done at Bare Lake in 1958, the actual
number of out-migrating smolts and returning sockeye
adults that year is uncertain, but smolt abundance ap-
peared to greatly decline two years after the last fertiliza-
tion. During 1959-61 Raleigh and his assistants annually
collected run composition data and made detailed
counts of the sockeye salmon smolts and adults. They
also estimated the Dolly Varden population in Bare
Lake. Following Raleigh'’s last field season in 1961, no fur-
ther post-fertilization studies were done at Bare Lake.

Raleigh’s research at Karluk was influenced by his
collaborations with Owen and Conkle (Owen et al.,
1962) and by Rounsefell’s (1958) paper. In particular, he
wanted to study two of Rounsefell’s conclusions—that
Karluk’s sockeye run was a single population and that
midseason spawners in the upper Karluk River were
strays. Raleigh believed that subpopulations existed
and that midseason river spawners were significant. He
was opposed to fertilizing Karluk Lake because its
smolts continued to be larger than those found in other
river-lake systems and the Bare Lake fertilization study
was incomplete.

In an early study of sockeye salmon subpopula-
tions in 1959, Conkle and Raleigh examined the age,
size, and morphology of adults at different spawning
sites of Karluk Lake."9 They found significant differ-
ences in adult size between sites; this indicated non-
random use of the available habitats and the presence
of subpopulations.

"9 Conkle, CharlesY., and Robert F. Raleigh. 1960. Red salmon
investigations. Field operations report, 1959. Sockeye salmon
survival studies at Karluk Lake, Kodiak Island. BCF, Alaska
Region (April 27, 1960). Unpubl. report. 20 p. Located at ABL
Office Files, Auke Bay, AK.
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Exploring the subpopulation idea further, Ra-
leigh and BCF fishery biologist Wilbur L. Hartman
conducted independent studies of tributary homing
behavior by adult sockeye salmon at Karluk and
Brooks lakes in 1960-61, with Raleigh doing the work
at Karluk (Hartman and Raleigh, 1964). They found
that rather than dispersing randomly to available
spawning sites, sockeye had distinct preferences and
tenaciously sought out specific lake tributaries. If
blocked from entering their chosen tributary, the
salmon continued to seek access until they died,
rather than using an alternative spawning site. Fur-
ther, when adult sockeye first entered Karluk Lake,
they could not be conditioned to accept an alternative
spawning creek. These impressive results confirmed
that Karluk’s sockeye salmon arrived at the lake
spawning grounds as distinct subpopulations. Al-
though previous biologists at Karluk had recognized
the distinctiveness of spring- and fall-run sockeye,
Raleigh and Hartman documented a much finer seg-
regation that was determined by homing to specific
spawning sites. The Wildlife Society honored Raleigh
and Hartman for these studies, giving them their an-
nual award for the best scientific paper in 1964.

Perhaps Raleigh’s most significant research on
Karluk’s sockeye salmon was his innovative laboratory
experiments on the migratory behavior of newly
emerged fry (Raleigh, 1967, 1969). Sockeye fry from lat-
eral and terminal streams were known to move down-
stream into Karluk Lake each spring, but it was less
clear where the fry went that emerged in the upper Kar-
luk River. That is, did these river fry inherently know
that their nursery lake lay upstream and that they must
swim against the river’s current to reach the lake?
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U.S. Bureau of Commerical Fisheries biologists
Robert F. Raleigh (center) and Philip R. Nelson
(right), Bare Lake, 1956. (Robert F. Raleigh,
Saint George, UT)

In 1958 Raleigh and Conkle arrived at Karluk Lake
in early April to observe the spring fry migration. In a
lateral stream, fry were absent during daylight hours,
but they began migrating downstream at dusk and con-
tinued at night for about four hours. By operating up-
stream and downstream traps in the upper river, they
discovered that fry moved slowly upstream along the
riverbanks toward the lake, even in daylight, and that
the entire migration lasted several weeks longer than
that in lateral streams. Thus, newly emerged fry at Kar-
luk had distinctly different responses to the direction
of water flow depending on their natal site. These field
observations formed the basis of Raleigh’s 1965-66 lab-
oratory experiments at the University of Idaho, where

E WILDLIFE SOCIETY

recognizes
Wilbur L Hartman and Robert F Raleigh
Sor

TRIBUTARY HOMING OF SOCKEYE SALMON AT BROOKS & KARLUK LAKES ALASKA
JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL.21(3)485-504
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The Wildlife Society award for outstanding publication in
fish ecology and management given to Wilbur L. Hartman
and Robert F. Raleigh in 1964 for their research on tribu-
tary homing of sockeye salmon at Brooks and Karluk lakes,
Alaska. (Robert F. Raleigh, Saint George, UT)



Karluk River weir (center), counting huts (left),
and smolt traps (right), 1957. (Robert F. Ra-
leigh, Saint George, UT)

he tested whether the direction of fry migration had a
genetic basis. In the experiments, he collected sockeye
eggs from three different spawning habitats at Karluk—
a lake tributary, a lake beach, and the upper Karluk
River. He incubated the eggs under identical condi-
tions at an Idaho fish hatchery. Fry produced from
these Karluk eggs were placed in an artificial stream
and their upstream or downstream movements re-
corded. Nearly all fry from lake tributaries moved
downstream during the night, while most fry from the
upper river moved upstream during both day and night.
The different migration directions were highly signifi-
cant and Raleigh concluded they were genetically de-
termined. His experiments showed, once again, the vi-
tal importance of subpopulation differences in Karluk’s
sockeye salmon. He used the fry migration experiments
as part of his Ph.D. dissertation at the University of
Idaho (Raleigh, 1969).

Raleigh’s laboratory experiments also showed that
some newly emerged fry from the upper river initially
moved downstream, seemingly in the wrong direction
if they were to rear in the upstream nursery lake. This
confusing result may be explained by Walker’s studies
of fry migration in the upper Karluk River during 1950-
53. Walker recorded two waves of upstream fry migra-
tion in the upper river, one in the spring by smaller fry
and another in late summer by larger fry.?° This sug-
gests that upon emerging from the river gravels, some
fry proceeded directly to Karluk Lake, while others
spent several months rearing in the upper river and its
side sloughs before moving to the lake.

In 1962 Raleigh co-authored an important report
with Owen and Conkle on Karluk’s sockeye salmon,

120 See footnote 99.

showing the existence of subpopulations that had dif-
ferent productive capacities (Owen et al., 1962). Raleigh
later expanded on this report and prepared a new man-
uscript with Owen in 1969 (“Heterogeneity, homing,
and selective mortality of sockeye salmon in Karluk
River, Alaska”) that discussed the discrete spawning
subpopulations and the effects of selective fishing mor-
tality.* Both reports documented that adult sockeye
salmon homed to specific spawning sites at Karluk
Lake in a predictable seasonal pattern each year, and
that the midseason run had a higher production poten-
tial than the early and late runs. The presence of these
many subpopulations suggested that commercial fish-
ing should be spread over the entire run rather than
being concentrated on the midseason, as had often oc-
curred in the past. Unfortunately, neither of these two
reports was ever formally published.

Each spring huge numbers of sockeye salmon
smolts leave Karluk Lake and migrate downriver to
the ocean. For many decades, biologists had wanted
to accurately measure the total out-migration of
smolts, but for various reasons had been frustrated by
the task. Smolt out-migration was a valuable statistic
to know because it integrated all of the many factors
that influenced the freshwater growth and survival of
juveniles. This annual output of smolts, so important
to future adult returns, was also a measure of the over-
all productivity of Karluk Lake. Biologists experi-
mented with different methods to measure smolt out-
migration during 1954-57, but their efforts had only

2 Raleigh, Robert F., and John B. Owen. 1969. Heterogeneity,
homing, and selective mortality of sockeye salmon in Karluk
River, Alaska. BCF, Biological Laboratory, Seattle, WA. Un-
publ. report. 25 p. Copy in personal papers of Robert F. Ra-
leigh, Council, ID.
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gained them a relative index of abundance.
Raleigh devoted much effort during his Karluk years
to design a statistically reliable way to measure smolt
out-migration. Though unsuccessful in 1958, he ex-
perimented with different methods in 1960 and finally
succeeded in 1961 by operating smolt traps at the weir
using a Latin Square statistical design. Because sock-
eye smolts detected slight differences in water flow,
much time was devoted to observing their migratory
behaviors and designing an effective trap.

Raleigh participated in many other projects at
Karluk Lake, some becoming routine tasks of the re-
search station, such as counting sockeye escapements,
collecting run composition data (scales, sex, size) from
sockeye adults and smolts, surveying the spawning
habitats, and measuring weather data. In 1958-59 Ra-
leigh helped build and operate the counting tower that
temporarily replaced the picket weir on the upperriver.
Also in 1959 Raleigh used SCUBA to observe sockeye
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U.S. Bureau of Commercial Fisheries labora-
tory, Camp Island, Karluk Lake, ca. 1961. (Rob-
ert F. Raleigh, Saint George, UT)

U.S. Bureau of Commercial Fisheries, Auke
Bay Biological Laboratory, Auke Bay, Alaska,
ca. 1963. (Richard Gard, Auke Bay, AK)

smolts migrating in the upper river and adults spawn-
ing at lake beaches.”> He saw that the eggs of beach
spawning sockeye were eaten by Arctic charr, coho
salmon juveniles, and sockeye salmon grilse, but not
by sticklebacks. He observed the male-female behav-
ioral sequence that synchronized the spawning act of
sockeye salmon and noted the actions of participating
male grilse. Raleigh also discovered that sockeye
spawning behavior differed in the lateral and terminal
streams of Karluk Lake. At lateral streams, spawners
entered in the morning, some dug redds and spawned,
but by mid-afternoon all males and unspawned fe-
males returned to the lake for the night. Spawned fe-
males guarded their redds. At terminal streams,
spawners remained there until they died. Raleigh at-

22 BCF. 1958-1960. Monthly research report. BCF, Alaska
Region. Unpubl. reports. Located at ABL Office Files, Auke
Bay, AK.



tributed these two behaviors to the different vulnera-
bilities of spawners to nocturnal bear predation.

Besides his numerous research projects, Raleigh
helped to develop the BCF research facilities on Camp
Island during 1959-1961. Prefabricated materials for a
new laboratory building and Pan Abode living quar-
ters were flown by helicopter to Karluk Lake in late
1959, though these activities were interrupted when
the helicopter crashed near Karluk Village. All build-
ing materials eventually reached Camp Island by late
October 1959, and a work crew poured the concrete
foundations before leaving for the winter. The next
summer, Raleigh, Conkle, and Charles DiCostanzo,
with Molly McSpadden’s supervision, erected the
buildings. In 1961 the new Pan Abode building was
finished and the laboratory was shingled, followed in
1962 with a new 5 KW diesel power plant for electric-
ity. In addition to the new buildings, during the 1960s
some biologists and their families lived in the original
cabin built on Camp Island in 1927. Raleigh renovated
this old cabin in 1958 for use by his family during the
field season.

During Raleigh’s years at Karluk, several changes
occurred in the federal management of Alaska’s fisher-
ies research. The headquarters for all federal studies of
Alaska’s salmon was transferred in 1956 from the Mont-
lake Laboratory in Seattle to Juneau, Alaska. In 1960
the BCF built the Auke Bay Biological Laboratory near
Juneau, and this facility served as the federal headquar-
ters for Karluk’s sockeye salmon studies until this long-
term field research program ended in 1969.

Richard Gard

1962-1966

Richard Gard was the BCF project supervisor of sockeye
salmon research at Karluk for four years, from July 1962
to July 1966. Previously, he had completed his Ph.D. de-
gree at the University of California (1958) and studied
Sierra Nevada trout streams; his formal training and re-
search interests included salmonid fishes and mammal-
ogy. Gard’s field studies at Karluk focused on three re-
search topics: the survival rates of different life stages of
sockeye salmon, sockeye subpopulations, and brown
bear predation on adult sockeye. He was assisted with
the Karluk research by Benson Drucker, and both pro-
vided leadership to the program during 1962-66, often
alternating their fieldwork at Karluk Lake and office
work at the BCF’s recently constructed Auke Bay Bio-
logical Laboratory near Juneau, Alaska.

Richard Gard (1928-

). (Richard Gard, Auke Bay, AK)

A full program of sockeye salmon research was pur-
sued at Karluk by the BCF during 1962-66; some studies
continued those began a few years previously and oth-
ers were new. The research topics on sockeye salmon
included fry migrations, lake residence of juveniles,
timing and abundance of smolt out-migration, travel
times of adult migration, adult escapements to individ-
ual tributaries, fecundity, egg deposition, brown bear
predation, and limnology of Karluk Lake (Fig. 2-3).
Routine tasks included the weir installation and opera-
tion, sockeye escapement counts, collection of run com-
position data, stream surveys, and weather records.

Many years before Gard began to study the sur-
vival rates of different life stages of Karluk’s sockeye
salmon, fishery biologists had fully understood the im-
portance of this research topic. If biologists could de-
termine when the greatest mortality occurred in the life
cycle, it then might be possible to isolate specific fac-
tors that had caused the declining sockeye runs. Barn-
aby (1944), after documenting remarkably high marine
survival rates for Karluk’s sockeye salmon, shifted his
studies to the freshwater life stages. Yet, previous at-
tempts to measure the freshwater survival were unsat-
isfactory because of unsolved research problems with
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Years studied

Research topic 1961 1962 1963 1964 1965 1966 1967

1968

1969

Fry migration

Grassy Point Cr.
Meadow Creek

Canyon Creek

Lake residents

Smolt migration

Tributary weirs for counting adults

Grassy Point Cr.
I

Meadow Creek

Canyon Creek

Fecundity

Egg deposition

Bear predation

Travel time

Limnology

Merganser food habits

Figure 2-3. Karluk sockeye salmon research,

1961-69.

field gear and sampling methodology. Fortunately,
when Gard began his studies in 1962, four important
advances in field gear and methods had just been made:
1) accessory weirs to accurately count the adult sockeye
that entered specific spawning streams, 2) an egg
pumping device to measure egg densities in stream
substrates, 3) traps in tributary streams to precisely
count emerging fry, and 4) traps in the Karluk River
weir and a statistically valid design to measure total
smolt out-migration.

Using these new field improvements, along with
data on sockeye salmon fecundity, abundance, and run
composition, Gard obtained the freshwater survival
rates at several lateral and terminal streams at Karluk
Lake. Specifically, he determined the number of eggs
brought into a stream by the adult females (potential
egg deposition), live and dead eggs buried in the sub-
strate at the end of the spawning season (actual egg
deposition), live eggs in the substrate (egg survival in
September-October), and fry produced the following
spring and summer (over-wintering survival). Only 10-
15% of eggs brought into the stream survived as live eggs
at the end of the spawning season, but 30-40% of those
survived through the winter and produced fry. Most egg
mortality occurred during the spawning act, and losses
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decreased once eggs were buried in the stream gravels.
Egg mortality during spawning was caused by eggs re-
tained in females, eggs washed away before they were
buried in the substrate, superimposition of spawning
redds, and bear predation on spawning females. Egg-to-
fry survival rates were greater in terminal streams than
in lateral streams. Total freshwater survival (potential
egg deposition to smolt produced) was typically less
than 0.5%. Marine survival (smolt-to-adult) was 30-
50%, much higher even than Barnaby (1944) reported,
but similar to Ricker’s (1962) estimates. Since freshwater
survival rates at Karluk were lower than in many other
sockeye salmon systems, Gard concluded that “some
factor(s) in the freshwater environment must be impor-
tant in maintaining the low level of the run” (Gard and
Drucker, 1966b). Thus, these studies were noteworthy
in obtaining, for the first time, accurate survival data on
several freshwater life stages and additional measure-
ments of the marine stage.

Gard devoted considerable effort during 1962-65
to gathering field evidence of sockeye salmon subpop-
ulations, especially after Rounsefell (1958) discounted
their presence. Gard collected morphological and be-
havioral data at different sites and seasons at Karluk,
looking for discrete sockeye salmon groups. Stream



Karluk Lake and Camp Island (near), look-
ing toward Thumb River valley, 1966. (Richard
Gard, Auke Bay, AK)

surveys showed that adult sockeye returned to different
spawning habitats in a repeatable seasonal pattern
each year, and these differences were evident in lateral
and terminal streams, lake beaches, and the upper
river. Likewise, significant site and seasonal differences
occurred in fry and adult sizes, ages, and fecundity. Fe-
male size and fecundity differences showed that repro-
ductive potential varied by spawning site and for
spring- and fall-run fish.”3 Gard concluded that Kar-
luk’s sockeye salmon had at least two major subpopula-
tions and that each principal spawning habitat likely
had its own discrete group (Gard et al., 1987).

Gard measured the travel time of fall-run adult
sockeye salmon between the Karluk River Portage and
upper weir (14 km) in 1963 and compared his results

23 Most of this fecundity data remained unpublished, though
some was published (Gard et al., 1987) or presented in ABL
Manuscript Reports.

Karluk Lake and Five Fingers Mountain, viewed
from Camp Island, 1965. (Richard Gard, Auke
Bay, AK)

with the 1945-46 unpublished tagging study of Shu-
man and Nelson (Gard, 1973). Spring-run sockeye as-
cended the entire river in about 7 days, while fall-run
fish needed about 10 days. As the spawning season pro-
gressed and the fish approached sexual maturity, travel
times declined for both spring and fall runs.

Gard studied brown bear predation on sockeye
salmon at Grassy Point Creek, a lateral tributary of Kar-
luk Lake, in 1964-65. In both years he counted the
number of adult sockeye that entered the creek, salmon
carcasses, and bear-killed salmon and their spawning
status. Bears had free access to the creek in 1964 and
killed many salmon, though most fish had spawned be-
fore dying. An electric fence partially excluded bears
from the creek in 1965, greatly reducing the number of
bear-killed salmon. Gard (1971) concluded that bear
predation had little effect on the overall production of
sockeye salmon in Grassy Point Creek.
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Most of Gard’s sockeye research data during 1962-
66 were presented in five ABL Manuscript Reports, one
for each field season (Gard and Drucker, 1963, 1965,
19663, b; Drucker and Gard, 1967). Though never for-
mally published, these reports were distributed to sev-
eral fisheries libraries and were of great interest to other
salmon biologists because they contained scientific in-
formation about little-known aspects of sockeye biol-
ogy. For example, using downstream fish traps placed in
Karluk’s tributaries, Gard recorded the number and tim-
ing of newly emerged sockeye fry in the spring migra-
tion. Significantly, the pattern of fry migration closely
matched that of the adult spawners from the previous
year. Similarly, regular smolt collections documented
the seasonal out-migration of sockeye and coho salmon,
including their diurnal movements, lengths, weights,
and ages. These reports also summarized data on the
sockeye escapements, weir operation dates, run compo-
sition, and stream surveys. Limnological and climato-
logical data were regularly collected at Karluk Lake dur-
ing 1962-66, but none were included in these reports.

Gard briefly studied the food habits of mergansers
(Mergus merganser and M. serrator) at Karluk Lake and
the upper river in June 1965. Of 18 individuals examined,
seven from the lake had eaten sticklebacks. Five mergan-
sers from the O’Malley and upper Karluk rivers had
eaten salmonid fry or smolts and some were sockeye
salmon. One merganser collected at the Karluk River
near Silver Salmon Creek had eaten 43 salmonid fry.

Benson Drucker

1961-70
Benson Drucker worked as a BCF fishery biologist at
Karluk for nine field seasons during 1961-70. He as-
sisted Raleigh in 1961 and Gard in 1962-1966 before
leading the Karluk studies in 1966-1970. Drucker was
hired by the BCF in December 1960 after completing
his M.S. degree at the University of Miami. The BCF
research program underwent dramatic changes during
his years at Karluk, including an expansion of the fa-
cilities on Camp Island in the early 1960s and then a
complete end of all field studies in 1969. This period
was also notable for the transition of responsibilities
from the BCF to the ADFG for the fisheries research
and management of Karluk’s sockeye salmon. Though
Drucker’s last field season at Karluk was 1969, he con-
tinued to analyze his research data through 1970 before
leaving Alaska in May 1971.

Drucker participated in most of the field studies of
sockeye salmon while assisting Raleigh and Gard dur-
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Benson Drucker (1931-2000). (Benson Drucker, Reston, VA)

ing 1961-66 and, in fact, led some projects. Sockeye
salmon research then comprised fry migrations in trib-
utary streams, egg survival and fry production of differ-
ent spawning sites, distribution of juveniles in Karluk
Lake, tributary homing of adults, evidence of sockeye
subpopulations, bear predation on adult sockeye, smolt
out-migrations, and post-fertilization monitoring of
Bare Lake. Drucker also helped with the routine annual
tasks of installing and maintaining the Karluk River
weir, counting escapements, collecting run composi-
tion data of sockeye adults and smolts, surveying
spawning streams, and gathering limnological and cli-
matological data.

Drucker helped to determine the total out-
migration of sockeye smolts from Karluk Lake during
his first field season in 1961. This was the first statisti-
cally accurate measurement of smolt out-migration,
while all previous attempts since 1954 only had given a
relative abundance index. To do this, traps were built
into the weir and operated in a statistical design to ob-
tain the smolt abundance for that year. The ability to
measure smolt production was a significant achieve-
ment for the Karluk research program since it now al-
lowed the freshwater and marine survival rates of sock-
eye salmon to be known. Operation of the weir traps
each spring also gave the biologists accurate data on the
timing and composition of the smolt migration.



Pumping stream substrate for sockeye salmon
eggs, Karluk Lake tributary, 1966. (Benson
Drucker, Reston, VA)

Sockeye salmon fry migration nets, Grassy Point
Creek, 1963. (Benson Drucker, Reston, VA)

Transporting adult sockeye salmon to Halfway
Creek, Karluk Lake, 1968. (Benson Drucker,
Reston, VA)
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Drucker studied the juvenile sockeye of Karluk
Lake in 1961-62 as part of a much larger investigation of
many sockeye salmon systems in southwestern Alaska
by the BCF, FRI, and ADFG (Burgner et al., 1969). For
the first time, the fishes of Karluk Lake were collected
with littoral beach seines and limnetic tow nets; both
sampling methods were needed to understand the dis-
tribution of juvenile sockeye in the lake. Ellis (1963)
published some of the data on fish distribution and
abundance in Karluk Lake, and Drucker prepared an-
other report around 1965 with additional informa-
tion.” Though his report was never published, some of
the data were later used in a comparative study of
salmon nursery lakes (Burgner et al., 1969).

Continuing work started in the early 1960s,
Drucker investigated the sockeye salmon spawner
abundance, egg survival, and fry production of Grassy
Point Creek during 1967-69. Each year he measured
the number of sockeye spawners that entered the creek,
the egg density in the substrate, and the number of fry
produced the following spring. Again, most of the egg
mortality occurred during the spawning process, but
once eggs were entrained in the substrate mortality was
low. Fry production was negatively correlated with the
number of spawning females that entered the creek (at
least for the range of 2500-5700 females).

To further examine the fry-spawner relationship,
Drucker (1968, 1970) experimentally reduced the num-
ber of spawners allowed to enter the creek in 1967-68.
Lower spawning densities increased initial egg sur-
vival, but winter egg survival and fry production de-
creased, possibly because too few adults were present
to adequately clean the spawning gravels. The adult
sockeye salmon that were prevented from entering
Grassy Point Creek were transported 3 km south and
released into Halfway Creek, where a weir kept them
from returning to their home stream. Higher spawning
densities in Halfway Creek increased the egg retention
of transferred females, but these alien fish eventually
spawned among themselves and with native sockeye.

In 1968 Drucker recorded unusually low egg sur-
vival (3%) between those brought into Grassy Point
Creek in female bodies and those found in the gravel
after spawning ended. In previous years he had found
much higher egg survivals (12-23%) and attributed the

24 Drucker, Benson. ca. 1965. Age, size, abundance and distri-
bution of juvenile sockeye salmon (Oncorhynchus nerka) at
Karluk Lake, Alaska, 1961-1962 (Original title: “Juvenile sock-
eye salmon resident studies at Karluk Lake, Kodiak, Alaska,
1961-1962”). BCF, ABL, Auke Bay, AK. Unpubl. report. 30 p.
Located at NARA, Anchorage, AK.
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huge loss of eggs in 1968 to bear predation on the sock-
eye spawners. Reportedly, 97% of the recovered female
carcasses had been killed by bears.

Drucker prepared a report on this bear predation
in 1970 and compared the alarming 1968 data with that
of 1966-67. His report was revised several times over
the next few years and given a new title but was never
published.””s Drucker claimed that spring-run sockeye
in small lateral creeks were most vulnerable to bear
predation, while later spawners in larger terminal
streams and lake beaches were in less danger. This con-
clusion matched previous observations that spring-run
fish quickly spawned after entering lateral creeks (Con-
kle, Raleigh, and Owen, 1959).° After considering all
the facts, Drucker concluded that bear predation had
little overall effect on sockeye salmon abundance at
Karluk, but was intense at specific times and places.

Drucker co-authored several formal scientific pa-
pers on Karluk’s sockeye salmon. First, he described
the migratory behaviors of fry and smolts at Karluk and
compared these with other river-lake systems in Alaska
and British Columbia (Hartman, Heard, and Drucker,
1967). The data for this paper were collected at Karluk
during 1961-64, the first time that both fry and smolt
migrations had been accurately measured. His study
included underwater observations of migrating fish in
Karluk Lake and River. The paper gave information on
the seasonal timing of fry and smolt migrations, diel
variations of migrations, environmental factors initiat-
ing migrations, schooling behavior, depth and orienta-
tion of fish to stream currents, and fry and smolt preda-
tors.”” Years later, Drucker co-authored a formal paper
with Gard on the sockeye salmon subpopulations at
Karluk, documenting the differences in adult size and
age, fecundity, spawning habitat, and fry migration and

35 Drucker, Benson. 1973. Determining the effect of bear pre-
dation on spawning sockeye salmon on the basis of rate of
disappearance of tagged salmon. (Original 1970 Title: “Ex-
treme bear predation on sockeye salmon spawners at Grassy
Point Creek, Karluk Lake, Kodiak, Alaska”). BCF, ABL, Auke
Bay, AK. Unpubl. report. 54 p. Copy in the personal papers of
Richard Gard, Juneau, AK.

126 Owen, John B. 1958. Red salmon survival studies in Karluk
Lake, Kodiak Island, 1957. Field Report. Salmon survival in-
vestigations. BCF, Alaska Region (February 18, 1958). Unpubl.
report. 27 p. Located at ABL Office Files, Auke Bay, AK.

27 It is of historical interest that this paper was selected for
the 1968 “Charles Y. Conkle Annual Publications Award” from
the BCF Auke Bay Biological Laboratory, AK. This annual
award was initiated to honor BCF Fishery Biologist, Charles
York Conkle, who worked as a young biologist at Karluk Lake
during 1955-60. Conkle’s promising career as a fishery biolo-
gist was prematurely ended by a fatal illness.



U.S. Bureau of Commercial Fisheries research
facilities, Camp Island, Karluk Lake, 1977.
(Auke Bay Laboratory, Auke Bay, AK)

size (Gard etal., 1987). This paper, in addition to several
others from this era, finally settled the question about
the existence of sockeye salmon subpopulations in the
Karluk run (Owen et al., 1962; Hartman and Raleigh,
1964; Raleigh, 1967; Wilmot and Burger, 1985). In addi-
tion to these formal publications, Drucker wrote many
ABL Manuscript Reports that summarized the sockeye
salmon data collected each year from Karluk during
1962-68 (Drucker, 1968, 1970; Drucker and Gard, 1967;
Gard and Drucker 1963, 1965, 1966a, b). He also com-
piled a bibliography of published and unpublished
studies done at Karluk and Bare lakes (Drucker, 1971).

Besides his sockeye salmon research, Drucker
studied the life history of coho salmon at Karluk dur-
ing 1961-68, gathering data on the adults and smolts,
ages, sizes, fecundity, eggs, and seasonal and diel mi-
grations (Drucker, 1972). Karluk’s juvenile coho
salmon, similar to its sockeye, resided longer in fresh-
water than reported for other river systems, and adults
had high fecundities (4,700 eggs per female). The
coho smolt migration peaked about 1-2 weeks after
that of sockeye smolts.

During Drucker’s nine field seasons at Karluk
Lake, the BCF research facilities at Camp Island were
greatly enhanced. Improvements included new living
quarters, research laboratory, storage sheds, boat-
house, and boats. Personnel and supplies reached the
lake via agency aircraft (Grumman Goose) or chartered
flights. A diesel power plant and generator supplied
electricity to the buildings, and reliable radios provided
direct communication between the biologists and
managers around Kodiak Island.

Nevertheless, federal funding for salmon re-
search at Karluk became increasingly scarce in the
1960s. These fiscal constraints led Drucker to request

in October 1966 that the ADFG assume responsibility
for the Karluk River weir and collection of run compo-
sition and smolt out-migration data. To conserve
funds in 1967-69, the BCF hired fewer temporary
workers for the field studies.’® In contrast to the BCF’s

situation, federal funding to the ADFG increased after
passage of the Anadromous Fish Act. Consequently,
beginning in 1967 the ADFG operated the Karluk River
weir and collected the run composition data, while
the BCF installed the weir and measured the smolt
out-migration. The BCF ended all field research on
Karluk’s sockeye salmon on 15 July 1969; in that year
they restricted their studies to the fry migration at
Grassy Point Creek, smolt out-migration, and limno-
logical sampling. Measurement of the spring 1969 fry
migration was more difficult than normal because
winter-like conditions persisted and the lake was still
ice-covered in April, making it difficult to reach the
creek. Drucker and his assistant, Ray Sautter, reached
Camp Island in early April on a Kodiak Airways Bell
206 turbine helicopter.'*

Drucker experienced several curious events during
his many field seasons at Karluk. For example, when
extra funds became available in 1961 to study several
sockeye systems in southwestern Alaska, the BCF pur-
chased three new boats for the Karluk research pro-
gram. The boats (two dories and a cabin cruiser) were
delivered to Karluk Village on the lower river in July

128 Beyond the funding shortages, the BCF found it difficult to
hire temporary workers in 1968 because of the Vietnam War.
Typically, college students were hired for these summer jobs,
but in early 1968 some students were reluctant to leave school
for fear of being drafted.

29 The BCF rarely used helicopters for transport to Karluk
Lake.
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1961, and Drucker and his assistant, Darrell Farmen,
physically pulled the boats 40 km upriver to Karluk
Lake, a grueling task because the river was especially
low that year. Their feat is the first record of a full ascent
of the Karluk River while hauling a boat and supplies,
though many biologists had brought boats 14 km up-
river between the Portage and lake. Drucker and his as-
sistant, James Romero, also brought a new Boston
Whaler boat upriver to Karluk Lake in 1967, but this
time they started at the Portage.°

On another occasion, King Mahendra and Queen
Ratna of Nepal used the BCF research station on
Camp Island as their base camp for an 8-day bear hunt
in November 1967. These facilities normally accom-

13° Over the many years that boats (often loaded with sup-
plies) were pushed and pulled up the Karluk River, at least
one person died from this strenuous effort. In the spring of
1963, bear hunting guide Griska Nikolai, then age 53, suffered
a heart attack as he pushed a boat up the O’'Malley River
(Dodge, 2004).

?mPter 2

modated 6-8 people, but the royal hunting party and
supporting personnel totaled 35, causing Drucker to
add several improvements (room heaters, walkways,
and insulated toilet). As part of a wider big-game
safari in Alaska, the royal party shot a bear at Karluk
Lake.3

Finally, Drucker helped the crew members of
Jacques Cousteau’s vessel Calypso film a movie about
sockeye salmon at Karluk Lake in August 1969. The
movie crew photographed sockeye salmon and brown
bears and filmed an interview with Drucker. The movie,
Tragedy of the Red Salmon, later won an award at the
Cannes Film Festival in France.

B! Apparently, the King shot a bear in an area recently closed
to hunting. The area had been closed because of concern that
bear harvests at Karluk Lake were excessive (Van Daele,
2003). A description of the King and Queen’s visit to Alaska,
their bear hunt at Karluk Lake, and the subsequent contro-
versy has been written from the viewpoint of Al Burnett, head
guide (Connelly, 1969).



CHAPTER 3

Karluk River Weir

At last! Accurate counts of spawning salmon.

For the first 39 years of commercial fishing on Karluk
River sockeye salmon (1882-1920), federal managers re-
sponsible for regulating the fishery and assuring that
adequate numbers of fish reached the spawning
grounds were at a severe disadvantage. From the fish-
ery’s earliest years, they knew the number of salmon
being harvested and packed at nearby canneries, but
they did not know how many were spawning in and
near Karluk Lake. Managers tried to regulate this fish-
ery without knowing how many sockeye salmon actu-
ally escaped the fishery. They understood that adequate
numbers of fish must spawn each year to perpetuate
future runs, but they lacked a definite measure of the
yearly reproduction. Even rough estimates were lacking
because direct observations of spawning sockeye
salmon at Karluk Lake were rare before 1919. Estimates
of escapement numbers were further complicated dur-
ing 1896-1916 because sockeye that eluded the com-
mercial fishery then migrated through Karluk Lagoon
where many were taken for hatchery brood stock.
Although officials and employees of the early can-
neries also realized that sufficient numbers of sockeye
salmon must spawn each year, apparently no one tried to
estimate the numbers that migrated upstream. Only
rarely is it noted in the historical Karluk literature that
cannery personnel visited Karluk Lake to see the sock-
eye’s spawning grounds, though company officials often
worried that the then-abundant salmon runs might de-
cline. Most likely, some visits did occur in the early years,
but these were uncommon events and produced no gauge
of spawning escapements. Instead, cannery personnel
focused theirattention and energy on the sockeye salmon
harvests at the lower Karluk River and ocean waters off
Karluk Spit, not on the spawning grounds at Karluk Lake:

The men at the head of the canneries know the can-
nery business thoroughly. They know how to get the
fish to the canneries, pack them, case them for mar-
ket, and figure on the profits, but it is exceptionally
rare to find one who had followed even his home

stream to its source and examined the lake system and
the spawning grounds. . . . The cannerymen are in the
country for fish and not for investigation or scientific
research. (Moser, 1899)

Ingwald Loe, APA hatchery superintendent in 1910,
visited Karluk Lake several times, possibly to evaluate it
for a new hatchery site. He incorrectly claimed that “fully
two thirds of the salmon spawn in the lake itself, chiefly
along the northeastern shore. . . the lake feeders do not
carry many spawning fish, not being big enough or of
suitable bottom.”* Likewise, Moser, then an APA official,
briefly reached Karluk Lake’s outlet during this same pe-
riod, but not having a boat, he explored no further (U.S.
Senate, 1912). Perhaps one possible reason why cannery
officials generally lacked an intense interest in the spawn-
ing grounds at Karluk Lake was their firm belief that the
modern hatchery on Karluk Lagoon, which operated
from 1896 to 1916 and released millions of fry, would be a
major support to future runs of sockeye salmon.

Federal regulations on fishing times, places, and
gear were enacted in the early years of Karluk’s fishery,
but these laws were based on qualitative judgments of
what might allow sufficient numbers of fish to escape
the fishery. Often, in practice, the regulations were
poorly enforced or the fishermen and canneries ignored
or found ways around them. Typically, the fishing and
cannery operations were unmonitored for nearly the en-
tire season, the government inspector usually visiting
Karluk’s canneries for one day each year. Canneries oper-
ated under self-imposed fishing rules in some early
years, and rival companies closely monitored each oth-
er’s actions for compliance. Moser (1899) declared in
1897 that “the laws and regulations pertaining to Alaska
salmon fisheries are very generally disregarded, and that

! Fassett, H. C. 1910. Report on the salmon hatchery operated
by the Alaska Packers Association on Karluk Lagoon, Kadiak
Island, Alaska. Unpubl. report. 25 p. Located at Alaska His-
torical Collections, Alaska State Library, Juneau.
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they do not prevent the illegal capture of fish.” Yet fed-
eral regulatory officials apparently believed that sockeye
salmon escapements to Karluk Lake were adequate prior
to 1921 because laws restrained the harvest and fishery
inefficiencies allowed sufficient fish to enter the river.

But the once-famous runs of Karluk River sockeye
salmon had greatly declined by 1920, and it was obvious
that the number of fish reaching the spawning grounds
must be accurately known in order to scientifically
manage this resource. This conclusion was reached, in
particular, by the renowned fishery biologist Charles H.
Gilbert of Stanford University, along with several USBF
officials, including Henry O’Malley, Field Agent; Ward
Bower, Chief Agent of the Alaska Fisheries Service; and
Hugh Smith, Commissioner of Fisheries. To accurately
measure the number of sockeye migrating to the
spawning grounds, they installed a salmon counting
weir across the Karluk River in 1921 and operated it be-
tween May and October. By collecting these weir data
for a number of years, they reasoned that a definite re-
lationship would be found between the known escape-
ments and subsequent numbers of returning sockeye
salmon. If such a correlation could be established,
management of the fishery would be easier and sockeye
runs would be placed on a sustainable basis.

For many centuries Karluk’s indigenous Alutiiq
people had placed wooden and stone barriers across
the river to impede and concentrate the migrating
salmon for easy capture. The Russians also used similar
barricades on Alaska’s rivers in the 1800s to help them
harvest salmon to provision their sea otter hunting
crews. During his reconnaissance of Karluk Lake and
River in 1889, Bean (1891) observed and photographed
a line of boulders placed across the upper river to con-
centrate migrating salmon. Remnants of these early
barriers continued to be visible at several locations on
the Karluk River into at least the 1960s. Salmon count-
ing weirs outwardly resemble some of these early river
barriers, except that weirs have several narrow open-
ings where fish are counted as they pass by and con-
tinue to the spawning grounds.

Ever since the first Karluk salmon counting weir was
erected in 1921, federal, state, and private entities have
continually discussed and reevaluated its location, de-
sign, and operation (Tables 3-1and 3-2; Fig. 1-4). Changes
to the weir since 1921 reflect the shifting balance between
management, research, and conservation viewpoints. In
this chapter, we review the history of the Karluk River weir
and its continued importance as a research and manage-
ment tool for sockeye salmon and other salmonid fishes.

Table 3-1
Karluk River weir operations, 1921-2010.
Date Date Operational
Year Location Agency In charge installed  removed  problems'
1921 Lagoon USBF Fred R. Lucas 26-May 26-Oct. 1,2,4,6,7
1922 Lagoon USBF Fred R. Lucas 12-May 25-Oct. 1,2,4,5,6,7
1923 Lagoon USBF Ray S.Wood 21-May 12-Oct. 2,4,5
1924 Lagoon USBF Ray S.Wood 14-May 21-Aug. |
1925  Lagoon USBF Ray S.Wood 18-May 6-Oct. 2,6
1926  Lagoon USBF Ray S.Wood 14-May 14-Oct. 2
1926  Portage USBF Harley W. Barton 2-June 11-Sept.
1927  Lagoon USBF Ray S.Wood 12-May 13-Oct. 7
1928  Lagoon USBF Ray S.Wood 10-May 13-Oct. 2,4,6
1929 Lagoon USBF Ray S.Wood 10-May 14-Oct.
1930  Lagoon USBF Ray S.Wood 17-May 9-Oct.
1931 Lagoon USBF Ray S.Wood 14-May 8-Oct. 2,6
1932 Lagoon USBF Harry D. Baer, H. Olafson 13-May 4-Oct. |
1933 Lagoon USBF Charles P. Turner 14-May 9-Oct.
1934  Lagoon USBF Morris Rafn 22-May 5-Oct. 1,2
1935  Lagoon USBF Howard H. Hungerford I 1-May 5-Oct. 2,4
1936  Lagoon USBF James O’Brien I 1-May 7-Oct. |
1937 Lagoon USBF James O’Brien 17-May 6-Oct.
1938  Lagoon USBF James O’Brien 13-Apr. 3-Sept. 1,2
1939  Lagoon USBF James O’Brien 19-May 22-Sept. 2
1940  Lagoon FWS James O’Brien 19-May 25-Aug. |
1941 Lagoon FWS Allan C. Delacy 23-May 8-Sept.
1942 Portage FWS Joseph Corkill 9-May 15-Oct. 2,3
1943 Portage FWS Richard F. Shuman 31-May 9-Sept. 2,3,4
1944  Portage FWS Richard F. Shuman 25-May 31-Aug. 1,2,3
1945  Lake Outlet FWS Richard F. Shuman 29-May 10-Oct. |
1946  Lake Outlet FWS Richard F. Shuman 3-June 20-Oct. 2,4

1
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Table 3-1 (cont.)

Karluk River weir operations, 1921-2010.

Date Date Operational
Year Location Agency In charge installed  removed  problems'
1947  Lake Outlet FWS Richard F. Shuman 26-May 3-Oct.
1948  Lake Outlet FWS Richard F. Shuman 20-May 3-Oct. |
1949  Lake Outlet FWS Richard F. Shuman 22-May 28-Sept.
1950  Lake Outlet FWS Philip R. Nelson 20-May 9-Oct.
1951 Lake Outlet FWS Philip R. Nelson 27-May 13-Oct.
1952 Lake Outlet FWS Philip R. Nelson 25-May 7-Oct.
1953  Lake Outlet FWS Philip R. Nelson 18-May 2-Oct.
1954  Lake Outlet FWS Philip R. Nelson 20-May [-Oct.
1955  Lake Outlet FWS Philip R. Nelson 13-May 4-Oct.
1956  Lake Outlet FWS Philip R. Nelson 20-May 6-Oct.
1957  Lake Outlet BCF John B. Owen 15-May 3-Oct.
1958  Lake Outlet Tower  BCF John B. Owen 31-May [-Oct.
1959  Lake Outlet Tower  BCF John B. Owen 31-May 7-Oct.
1960  Lake Outlet BCEADFG  Robert F. Raleigh 29-May 10-Oct.
1961  Lake Outlet BCFEADFG  Robert F. Raleigh 22-May 3-Oct.
1962  Lake Outlet BCEADFG  Richard Gard 14-May 29-Sept.
1963  Lake Outlet BCEADFG  Richard Gard 20-May 28-Oct.
1964  Lake Outlet BCEADFG  Richard Gard 17-May 17-Oct.
1965  Lake Outlet BCEADFG  Richard Gard 15-May 2-Oct.
1966  Lake Outlet BCEADFG R Gard, B. Drucker 18-May 22-Sept. 2
1967  Lake Outlet ADFG 17-May 28-Sept.
1968  Lake Outlet ADFG 13-May 7-Oct.
1969  Lake Outlet ADFG 23-May 12-Oct. 2,7
1970  Lake Outlet ADFG 27-May 12-Oct.
1971 Lake Outlet ADFG Thomas A. Emerson 13-June 12-Oct.
1972 Lake Outlet ADFG Thomas A. Emerson 31-May 28-Sept.
1973 Lake Outlet ADFG Greg Moore 8-June 10-Oct.
1974  Lake Outlet ADFG Rod Neterer 31-May 10-Oct.
1975  Lake Outlet ADFG Rod Neterer 3-June 2-Oct.
1975  Lagoon Tower ADFG Robert Tomaselli
1976  Lagoon ADFG Harry Dodge 23-May 17-Sept. 1,2
1977  Lagoon ADFG Len Schwarz, Ken Langlois ~ 21-May 8-Oct. 2
1978  Lagoon ADFG Herman Savikko 19-May 23-Oct. 1,2
1979  Lagoon ADFG Mark Willette 13-May 5-Oct.
1980  Lagoon ADFG Charles Burkey, Jr. 26-May 10-Sept. |
1981 Lagoon ADFG Tim Perry 29-May 23-Sept.
1982  Lagoon ADFG Steve Brown 20-May |5-Sept. |
1983  Lagoon ADFG 15-May 25-Sept.
1984  Lagoon ADFG Matt Cole 22-May 29-Sept. |
1985  Lagoon ADFG 23-May 26-Sept.
1986  Lagoon ADFG 21-May 2-Oct.
1987  Lagoon ADFG 20-May 29-Sept.
1988  Lagoon ADFG 25-May 17-Sept.
1989  Lagoon ADFG 22-May 16-Sept.
1990  Lagoon ADFG 29-May 8-Sept.
1991 Lagoon ADFG 26-May 23-Sept.
1992 Lagoon ADFG Ed Sampson llI 25-May 26-Sept.
1993  Lagoon ADFG Mike Brase 24-May 29-Sept.
1994  Lagoon ADFG 9-May 23-Sept.
1995  Lagoon ADFG Michael Anderson 20-May 24-Sept.
1996  Lagoon ADFG Michael Anderson 24-May 25-Sept. 1,2
1997  Lagoon ADFG 19-May 25-Sept.
1998  Lagoon ADFG 21-May 26-Sept. 2
1999  Lagoon ADFG 26-May 23-Sept.
2000  Lagoon ADFG 25-May 24-Sept. 8
2001 Lagoon ADFG 24-May 18-Sept.
2002  Lagoon ADFG 23-May 28-Sept.
2003  Lagoon ADFG 17-May 28-Sept. 2,8
2004  Lagoon ADFG 22-May 6-Oct. 1,8
2005  Lagoon ADFG 27-May 24-Sept. 2,8
2006  Lagoon ADFG 21-May 20-Sept.
2007  Lagoon ADFG 20-May 26-Sept.
2008  Lagoon ADFG 23-May 22-Sept. 2
2009  Lagoon ADFG 23-May 29-Sept.
2010  Lagoon ADFG 23-May 19-Sept.

'l = salmon carasses, 2 = high water, 3 = aquatic weeds, 4 = debris, 5 = high tide, 6 = muddy water, 7 = ice,8 = bear
damage to weir.
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Table 3-2

Biological advantages and disadvantages of the three weir locations on the Karluk River.

Weir on the Lower Karluk River near Lagoon
Advantages

1) Sockeye salmon counts are more complete because they include those spawning in Karluk Lake, its tributary streams, and upper
Karluk River. Small numbers of sockeye spawning below the weir in Karluk Lagoon must be added to the counts.

2) Sockeye salmon counts are obtained closer to the commercial fishery, allowing for better management decisions.Weir tenders
can periodically survey Karluk Lagoon to estimate the numbers of salmon that have passed the commercial fishery, but have yet to

pass the weir.

3) Sockeye scales collected close to the ocean are in better condition for reading ages.
4) Counts of other salmon species are more complete—pink (July—August), Chinook (May—July), coho (August—September), and

chum.

5) Counts of up-migrating steelhead (September—October) and down-migrating kelts (May—June) are more complete.

Disadvantages

1) Pink salmon carcasses that drift downstream in even-numbered years often threaten to washout the weir in August—September.
2) Steelhead kelts must efficiently pass the weir in May—June or suffer increased mortality.

Weir at Karluk River Portage
Advantages

1) Sockeye salmon counts are more complete because they include those spawning in Karluk Lake and its tributary streams and in

the upper Karluk River.

2) Pink salmon carcasses that drift downstream seldom threaten the weir.

Disadvantages

1) Masses of aquatic plants growing just upstream in the Karluk River drift against the weir in late summer, requiring regular cleaning

to prevent its washout.

2) The weir is further removed from the commercial fishery, giving longer travel times for up-migrating sockeye and making

management decisions more difficult.

3) Pink salmon counts are incomplete because much spawning occurs in the river downstream.
4) Steelhead kelts must efficiently pass the weir in May—June or suffer increased mortality.

Weir near Karluk Lake’s Outlet
Advantages

1) Pink salmon carcasses and aquatic weeds seldom threaten the weir’s integrity.

Disadvantages

1) The count of fall-run sockeye salmon is less complete because some fish spawn in the Karluk River below the weir and their

numbers must be estimated.

2) The weir is further removed from the commercial fishery, giving longer travel times for up-migrating sockeye and making

management decisions more difficult.

3) Sockeye salmon scales collected further from the ocean are more difficult to age.
4) Counts of pink, Chinook, coho, and chum salmon are incomplete because most of these fish spawn in the Karluk River below the

weir.

5) Steelhead counts are incomplete because most winter in the Karluk River downstream from the weir. Kelt counts are incomplete.

Weir near Karluk Lagoon (1921-41)

1921

The USBF installed a wooden picket weir across the
Karluk River in the summer of 1921 and counted the
sockeye salmon migrating upstream. This, Alaska’s first
salmon-counting weir, was located on the lower Karluk
River a short distance upstream of Karluk Lagoon and
5 km from the ocean at Karluk Spit. A total of $500 was
appropriated for the weir and cabin, the weir lumber
alone costing $400. The 93 m weir had three counting
gates, one in mid river and one near each riverbank.
Fred Lucas, USBF fish culturist at Afognak hatchery,
installed and operated the Karluk weir in 1921, under
the general supervision of Gilbert:

[Speaking of the Karluk River weir, 1921] A site for the
rack was decided upon just above the head of the la-
goon. This spot was chosen principally because it was
just out of reach of the tides, a comparatively smooth
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and level gravel bottom, as narrow a place as could be
found within a mile and to facilitate the transportation
of material as this had to be carried or dragged up the
river proper by main strength and ackwardness.

For the foundation of the rack, we used three legged
“horses” ... Theywere constructed of poles about ten
inches in diameter, the two down stream legs seven feet
long and the upstream leg nine feet long. These horses
were spaced ten feet apart, then two stringers (also
poles) were nailed on parallel with the water line. The
pickets, (1%2" x 1%2” sawed lumber) were then nailed on
at right angles to the stringers and spaced close enough
so the fish could not get through.

The material and tools necessary for building the bar-
rier, left Kodiak on the gas boat “America”, April 25"
and picked up a tow of poles for the frame work at
Whale Island near Afognak.

Everything was discharged safely at the mouth of the
Karluk River next day. The material was rafted and
floated up the lagoon, then dragged up the river to the
rack site. Living quarters were established in the old




hatchery, property of the Alaska Packers Association,
about one half mile below.

The vents were constructed so they could readily be ad-
justed to any desired width enabling us to let the fish
through only as fast as they could be easily tallied. A
cloudy sky or muddy water will sometimes slow the
work down, often preventing all the fish at the barrier
getting through before dark. A piece of white canvas
laid flat on the river bottom and arranged so the fish
must swim over it, helps greatly.?

Weir operations and fish counting proceeded
without unexpected major problems for most of 1921,
and for the first time, accurate counts of adult sockeye
reaching the spawning grounds were obtained. With-
out a doubt, the counting weir on the Karluk River
proved to be feasible to operate and valuable for the
data collected.

William Baumann, USBF warden at Afognak, op-
erated the weir in the final weeks of the 1921 season
(19 Sept.—3 Nov.) and described several weather-
related problems with maintaining the weir into late
October:

[Speaking of the Karluk River weir, late 1921]  You will
notice that no fish were tallied September the 30th and
October the 6th. Those days were after the heavy rains
which caused so much trouble by bringing down large
quantities of debris, such as dead fish, turf grass and
some small brush, which kept us cleaning rack all day.
Anyway the river was too rily to see the fish. Just before
these floods the fish would come to the rack in great
numbers, most of the counting was done in the after-
noon. Preparations were made October 27th to take up
the barrier as the temperatures were falling rapidly.
And October 28 started to take off pickets as drift ice
was coming down, also anchor ice was forming. The
water raised nearly to the top of rack and the rack had
the appearance of a worm fence and some of the horses
slipped back two or three feet owing to the heavy pres-
sure. Ice had to be knocked off of pickets and horses
before taking them to the river bank. Two horses were
left in River, as Mr. Lucas and myself thought it would
be a good idea. It might help determine the force of
the ice.

November 2 packed up all paraphernalia and started
for Karluk. Had to break ice along the shore of lagoon
to get dories out as lagoon was frozen over about one
third distance3

2 Lucas, Fred R. 1922. Report of the census of red salmon that
escaped to the Karluk Lake spawning grounds during the sea-
son of 1921. U.S. Dep. Commer. Bur. Fish. Unpubl. report. 14
p. Located at NARA, Anchorage, AK.

3 Letter (10 November 1921) from W. E. Baumann, Afognak,
AK, to Henry O’Malley, Seattle, WA. Located at NARA, An-
chorage, AK.

First Karluk River salmon counting weir, on lower river just
upstream of Karluk Lagoon, 1921. (From Bower, 1922)

The materials and methods used to install, oper-
ate, and remove the Karluk River weir have remained
nearly the same since 1921. Typically each year, the weir
was installed in May and removed in September or
October, all weir parts and lumber being stored on the
riverbank for the winter because of the ice-covered
river. The weir was usually constructed directly across
the river at a right angle to the riverbanks and current,
though an angled weir was tried during a few years.

To install the weir, large tripods (known as
“horses”) made of stout poles or timbers were placed in
a straight line across the river, spaced about 3 m apart,
and positioned with one tripod leg facing upstream
and two legs facing downstream. Rocks from the river
were placed on the tripods to add weight and stability
to resist the river’s force. Next, two rows of wooden
stringers were nailed to the upstream legs of adjacent
horses and parallel to the water surface, one stringer

Installing the Karluk River weir, near Karluk Lake’s outlet, 18
May 1949. (Auke Bay Laboratory, Auke Bay, AK, FWS-1125)

119

Karluk RiverVVeﬁ



120

il

o
L ‘mu.“-h.“‘“

Karluk River salmon counting weir, near Karluk Lake’s outlet,
20 May 1954. (Clark S. Thompson, Shelton, WA)

positioned near the water surface and the other located
nearer the top of the horses.

Wooden pickets were then attached perpendicu-
larly to the stringers, with one end against the river sub-
strate and the opposite end near the top of the horses.
Pickets were narrowly spaced to prevent fish passage but
still allow the river to flow through the weir. Pickets were
placed at the same inclined angle as the upstream leg of
the horses, and by their continuous placement across
the river they formed a barrier to upstream salmon
movements, except at several counting gates. Wooden
pickets (3.8 x 3.8 cm) were used for many years, each be-
ing nailed to the stringers, but in recent years, aluminum
rods joined into panel units have been used.

Three or more counting gates were built into the
continuous wall of pickets. With counting gates closed,
the weir formed a complete barrier to upstream salmon
migration. Depending on the number of salmon as-
cending the river, one or more gates were opened and
the fish were counted through the weir. Workers had
access along the entire weir by a horizontal catwalk
plank, sometimes with safety handrails. Common fea-
tures added to the basic weir were gates, traps, and pens
for catching adult salmon; smolt traps; and various
platforms to help workers collect scales and measure
fish lengths and weights. Because the crew worked in
all types of weather, including strong winds and heavy
rains, small houses were sometimes built over the
counting gates to give partial shelter. White cloth or
panels placed on the river bottom just upstream of each
counting gate gave a contrasting background to help
identify and count passing fish.

Although biologists primarily installed the 1921
Karluk weir to count migrating adult sockeyes, they
also learned much more about sockeye salmon biology,
seasonal migrations of other fish species, and the river
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ecosystem. Diligent weir operation required several
workers to devote constant daily attention to river con-
ditions, weather, and fish movements from May to
October. The daily duties of counting fish upstream,
maintaining the weir, recording water temperatures,
and living next to the river provided a sustained series
of biological observations from one location. Such reg-
ular observations thus resulted, somewhat unexpect-
edly, in much greater knowledge about the river and its
biota. In particular, the dynamic nature of its fish mi-
grations became known for the first time, including the
upstream and downstream migrations of adults and ju-
veniles of all five salmon species, Dolly Varden, and
steelhead trout. Further, the biologists observed the in-
teractions between salmon and various birds (bald
eagles, gulls, terns, and mergansers) and mammals
(brown bears, river otters, and red foxes).

Typical of most new attempts at field research, op-
erating the 1921 Karluk weir revealed unexpected bio-
logical features. Immediately after installing the bar-
rier, many Dolly Varden began accumulating above the
weir, becoming so numerous that they interfered with
salmon counting. The weir barred the annual down-
migration of Dolly Varden to the ocean each spring,
these fish being very thin and in poor condition follow-

Counting sockeye salmon as they come through the Karluk
River weir, September 1948. (E. P. Haddon, Auke Bay Labora-
tory, Auke Bay, AK, FWS-1223)



ing winter. Next, the weir crew observed the down-
migration of sockeye smolts in early June, but poor col-
lecting gear kept them from getting specimens for
Gilbert to study. Spawned-out steelhead (kelts) also ac-
cumulated above the weir in June and the crew modi-
fied the weir to let them pass downstream. Dolly Var-
den began their up-migration from the ocean in July,
and in stark contrast to the down-migrants, these fish
were in excellent condition. As the season progressed,
the up-migrations of Chinook, pink, and chum salmon
were noted, followed by coho salmon and steelhead in
the autumn. Regular samples of sockeye salmon scales
were lacking in 1921, except for two incidental collec-
tions from 2u fish in August.

Once the counting weir began successful opera-
tion on the Karluk River in 1921, fishery biologists and
managers immediately expanded its use beyond the
primary purpose of counting sockeye salmon. The weir
quickly became an important research and manage-
ment tool, a value that continues to present times.

1922

Based on the 1921 operations, Lucas recommended that
the 1922 weir be installed at an angle across the river,
reasoning that this position would concentrate down-
migrating Dolly Varden and steelhead kelts at the lower
end, where they could be easily trapped or released.
Up-migrating sockeye supposedly would concentrate
at the upper end of the weir, where several counting
gates would be located. Consequently, the 1922 weir
was installed at a 50° angle across the river, with two
counting gates at the upper end. Being angled, addi-
tional lumber was needed to construct the 110 m weir.
Additional counting gates were later built into the weir
near its middle and lower end. After operating the 1922
angled weir, Lucas concluded it had no advantages in
speeding the up-migration of salmon.

The 1922 weir had several additional purposes be-
sides counting sockeye salmon, perhaps the most im-
portant being the collection of adult sockeye scales
from throughout the whole run. From more than 2,000
scales collected in 1922, Gilbert determined the age
composition of the Karluk sockeye run. Because of
their scientific value, salmon scales have been taken at
the weir nearly every year since 1922. Another new
function of the 1922 weir was to capture and destroy
thousands of migrating Dolly Varden; these fishes were
believed to be serious predators of sockeye eggs and ju-
veniles. Destroying these charr was part of an ongoing
predator control program by governmental agencies
and commercial interests.

In contrast to the relatively trouble-free weir opera-
tions of 1921, more difficulties occurred with the 1922
weir because of the pink salmon run which, at Karluk,
varies greatly in abundance between even- and odd-
numbered years. Runs are usually small in odd years and
large in even years. As the 1922 weir season began, Lucas
and his weir crew realized that the pink salmon run
might be larger than in 1921, but they were mainly con-
cerned whether they could simultaneously distinguish
and count both sockeye and pink salmon as they swam
through the open gates. In fact, about 400,000 pink
salmon entered the river from mid July to mid August
1922, and the crew found it impossible to accurately
count the pink salmon on days of large migration.

Nevertheless, these counting errors were the least
of their problems as pink salmon passed through the
weir gates, spawned in the river upstream, and then
died. By 10 August salmon carcasses began to drift
downstream and accumulate against the weir. The crew
made a valiant effort to clean the weir and keep it func-
tional, spending many hours throwing carcasses over
the weir. Rainstorms raised the river on 20 August,
flushing masses of decomposing carcasses against the
weir faster than they could be removed. An estimated
50,000 carcasses accumulated against the weir on 21
August, plugging it and causing the river to overtop and
undermine the structure. To save the weir from com-
plete washout and destruction, sections of pickets were
removed to pass the carcasses downstream. But these
open weir sections allowed uncounted sockeye salmon
to move upstream from 20 August to 4 September,
causing inaccuracies in the 1922 escapement data.

The 1922 season dramatically illustrated the main
problem of operating a weir on the lower Karluk River—
the risk of weir washout from masses of even-year pink
salmon carcasses. From 1922 to present times, pink
salmon carcasses have caused problems for weir crews.
Tarleton Bean (1889), the first biologist to investigate
Karluk’s fisheries, commented on the pink salmon car-
casses from the huge 1880 run:

[At Karluk River, 1880] At the end of the run the
humpbacks began dying, and those that did not get up
to Karluk Lake were floating down dead or dying for
one month. The banks of the stream were strewn with
dead fish, and the stench was more easily imagined
than endured.

Perhaps it was fortunate that the first Karluk River
weir operated in an odd-numbered year when the new
weir crew could focus on counting sockeye and not
have to contend with pink salmon carcasses. One won-
ders if the weir program would have continued if the
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first attempt had been in an even year when pink
salmon carcasses destroyed the structure. In 1922 Lucas
and his crew lived at the abandoned APA hatchery, lo-
cated about 0.8 km downstream from the weir.

1923

Compared with the previous year’s problems, the 1923
weir operation ran rather smoothly. Ray Wood, a USBF
employee at the Afognak Fisheries Station, installed and
operated the weir. Four counting gates were used to give
salmon rapid upstream passage. He closely observed the
migratory behavior of adult sockeye, finding that they
first gathered for several days in a deep hole at the upper
end of Karluk Lagoon and then proceeded upstream to
the weir as a group. Salmon arrived at the weir in pulses,
there being several days with few fish, followed by sev-
eral days with many fish. He noted that adult salmon
migrated at night and wondered if counting hours might
be extended by installing lights on the weir. Wood ob-
served the spring down-migration of sockeye smolts and
measured the length of a few fish (100-200 mm). The
spring down-migration of Dolly Varden seemed smaller
than usual, but the up-migration was large, at times out-
numbering the sockeye salmon. The crew installed weir
traps to capture and destroy Dolly Varden, but failed to
collect sockeye salmon scales in 1923.

An unusually high tide, in combination with strong
winds and a storm-swollen river, overtopped and under-
mined the weir on 12 October, letting some sockeye pass
upstream uncounted. Grass, aquatic weeds, and debris
drifted against the weir and plugged it; the increased wa-
ter pressure pushed the weir a few feet downstream and
broke some pickets. Shortly thereafter conditions im-
proved and the crew safely removed the structure, stor-
ing it on the riverbank for winter.

After operating the Karluk weir for three years
and gaining critical fisheries data, there was no doubt
of its value and that the program would continue.
Nevertheless, following the 1923 weir season and con-
tinuing for the next four years, considerable discus-
sion, controversy, and indecision occurred over its
proper location on the Karluk River. These events ap-
parently were triggered by a 1923 letter from A. K.
Tichenor, APA Vice President and General Superin-
tendent, to Henry O’Malley, Commissioner of Fisher-
ies, criticizing the location of the lower Karluk River
weir.* Tichenor declared that the weir harmfully im-

4 Letter (17 October 1923) from A. K. Tichenor, Vice-
President and General Superintendent, APA, San Francisco,
CA, to Henry O’Malley, U.S. Fish Commissioner, Washing-
ton, DC. Located at NARA, Anchorage, AK.
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peded the salmon’s ascent of the river. He argued that
swift currents at the weir exhausted many salmon be-
fore they found open gates, causing them to give up
their migration, drift downstream, and either die or
spawn unnaturally in the lower river or Karluk La-
goon. As evidence, he alleged that carcasses of ex-
hausted salmon often lined the riverbanks below the
weir and that salmon disfigured from repeated at-
tempts to pass the weir had been caught off Karluk
Spit. Tichenor suggested that the weir be moved up-
stream to Karluk River Portage, reasoning that the
deep slow current there would let salmon rest while
waiting to pass the weir. He recommended a V-shaped
weir built with netting or wire mesh and felt that the
Portage site was superior because it had good access
from Larsen Bay.

Tichenor’s criticisms of the existing weir site ap-
parently came from information he received in 1923
from Gordon Jones, then serving his first year as APA
Superintendent at Larsen Bay cannery. Jones visited the
Karluk River weir once on 10 June 1923 when sockeye
were present, but no salmon carcasses then lined the
banks. Since salmon carcasses only littered the lower
river following the even-year pink salmon runs, it ap-
pears that Jones’s knowledge of the weir came from his
one visit, plus previous observations made by others
who confused pink salmon carcasses with those of
sockeyes. Assertions that the weir exhausted salmon
and caused them to drift downstream to spawn in Kar-
luk Lagoon also lacked credibility. Typically, only a few
hundred or thousand sockeye spawned in Karluk La-
goon each year, perhaps a natural remnant of the mil-
lions of hatchery fry released during 1896-1916. As bi-
ologists now realize, salmon are not easily deterred
from their spawning migration; they tenaciously pur-
sue their natal spawning grounds.

Both Lucasand O’Malley responded to Tichenor’s
criticisms, discounting his claim that the weir harmed
the sockeye salmon. Direct observations of the salm-
on’s migratory behavior by Lucas and Wood during
1921-23 failed to support the criticisms. O’'Malley cau-
tioned Tichenor that moving the weir further up-
stream may reduce cannery harvests because escape-
ment counts would not include salmon present in the
river below the weir. Nevertheless, he accepted the
possibility of moving the weir to the Portage, provided
the canneries contributed to the costs. Tichenor of-
fered APA’s assistance in establishing a new weir,
agreeing to transport weir materials from San Fran-
cisco to the head of Larsen Bay on company vessels.
He also offered to supply a horse and sled to transport



the materials from Larsen Bay to the Karluk River Por-
tage and agreed that the 4 km trail needed improve-
ments across marshy areas.

Once the possibility existed in late 1923 of moving
the weir’s location, lengthy discussions ensued within
the USBF and canneries about its best site on the Kar-
luk River. Three locations were advocated: 1) the pres-
ent site on the lower river upstream of Karluk Lagoon,
2) the Portage, and 3) the upper river near Karluk Lake’s
outlet. Arguments for or against a particular site fo-
cused on research, management, and practical con-
cerns (Table 3-2). These discussions continued over the
next four years, often with proponents of particular
sites changing their preferences.

The main problem at the lower weir site was the
threat of washout every two years from pink salmon
carcasses, this causing inaccurate sockeye salmon
counts. At the Portage site, carcasses would be less of a
problem, but Lucas warned of a possible difficulty with
that location. Growing immediately upstream of the
Portage were dense beds of aquatic plants that decayed
each autumn and drifted downstream, again poten-
tially plugging the weir and threatening its washout.
Lucas considered Tichenor’s suggestion of a web weir at
the Portage impractical because of the aquatic plant
problem and stated that a typical wooden weir was bet-
ter at that site. If a web weir must be used, Lucas sug-
gested a fourth site in upper Karluk Lagoon, the nets
crossing on pilings from the old hatchery to just up-
stream of a deep hole on the north bank.

Some biologists and officials believed the best weir
site was at Karluk Lake’s outlet. Pink salmon carcasses
and aquatic vegetation would seldom be problems
there, but, unfortunately, weir counts would be inac-
curate because many thousands of fall-run sockeyes
spawned in the Karluk River below the proposed site.
The abundance of these river spawners may not have
been well known when the alternative weir sites were
being considered. Inaccessibility, poor communica-
tions, and remoteness from the commercial fishery also
made this a poor site for the fishery managers and can-
neries. Reconciling sockeye salmon escapements and
commercial catches would be more difficult because of
fish that had escaped the fishery and were ascending
the river, but not yet counted at the weir. For practical
reasons, Lucas believed a web weir could be success-
fully operated at Karluk Lake’s outlet.

1924
As the 1924 weir season approached and debate contin-
ued over the proper location, it soon became evident

for logistical reasons alone that no change could be
made for the upcoming season. Gilbert and O’Malley
decided to keep the 1924 weir on the lower Karluk River,
but adjusted its location slightly to secure it against
pink salmon carcasses. A 107 m angled weir with six
counting gates was installed on the lower river in 1924.
Although an angled weir in 1922 had failed to speed
salmon migration, this design was used again in 1924
with the idea that it would help move pink salmon car-
casses downstream by floating them along the weir face
to an opening at the lower end.

Notable as these preparations were, they proved to
be futile because over 4,000,000 pink salmon flooded
into the Karluk River in 1924. To let the hordes of up-
migrating pink salmon quickly pass the weir, all six
counting gates were opened. Since complete counts of
sockeye salmon were impossible with the two-man
crew, they estimated the escapement by proportionally
expanding the accurate counts made at one or two gates
to the four or five open uncounted gates. At the manned
gates, they accurately counted sockeye, but only esti-
mated pink salmon. Lucas commented on the large
numbers of salmon at the 1924 weir:

[At Karluk River weir, 1924] The river was so full of
fish behind the rack that there was danger of them
smothering, or otherwise hurting themselves, if held
until they could be counted through by the two men.5

This huge salmon run, combined with low flow
conditions in mid summer, overwhelmed the oxygen
capacity of the Karluk River and caused a large fish kill
for 16 km above the weir. All fish species in the river
were killed, including adult sockeye, pink, and Chi-
nook salmon, Dolly Varden, steelhead, and juvenile
salmonids:

[At Karluk River weir, 1924] ~ After they passed through
the weir quite a number died before spawning for a dis-
tance of at least ten miles above the weir. The cause for
this is not known for certain, but owing to the fact that
salmon fingerlings, adult red salmon and trout in the
area also died and floated down the stream it is be-
lieved that there were too many fish for the oxygen con-
tent of the water, especially as there seemed to be a
slight fall of the water level at the same time.®

Many pink salmon carcasses, plus those from the
fish kill, began accumulating against the weir and
threatened to overwhelm it by 22 August. To save the

5 Letter (30 December 1924) from Fred R. Lucas, Superinten-
dent, Clackamas, OR, to Commissioner of Fisheries, Wash-
ington, DC. Located at NARA, Anchorage, AK.

6 See footnote 5.
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weir from complete washout, the crew removed many
pickets and stopped counting sockeye salmon. They
unsuccessfully tried to reestablish the weir and resume
counting in late August and September, but pink
salmon carcasses continued to be such a problem that
the 1924 weir season ended two months earlier than
normal and well before the sockeye run had ended.

Following passage of the federal White Actin 1924,
the Karluk River weir became an important tool for
management of its sockeye salmon runs. This law man-
dated that 50% of the total salmon run must be allowed
to escape to the spawning grounds, a proportion as-
sumed to be sufficient to sustain this resource. By
matching ongoing counts from the weir with harvest
data, managers could now accurately determine if the
50% mandate was being met and, if not, they could
close the fishery.

1925

The 1925 weir was again installed on the lower Karluk
River and operated without major problems. Gilbert
visited the weir in May-June to collect sockeye smolts
and scales from down-migrating Dolly Varden. The
weir crew used three fish traps to capture and destroy
Dolly Varden. They tested a fish wheel at the weir, but it
was unsuccessful. They installed wire leads below each
counting gate to guide and speed the upstream passage
of adult sockeye, but these additions also proved un-
successful. In late May, workers captured a “candlefish”
(either Ammodytes hexapterus or Thaleichthys pacifi-
cus) at the weir, a rarity in the lower river.” Gilbert
tagged 200 adult sockeye in early August and measured
their travel time between Karluk Spit and the weir. Weir
tenders saw sockeye salmon spawning in upper Karluk
Lagoon and noted the presence of gill-net marked
salmon. Heavy rains in early October raised the river,
making counting difficult in the turbid waters.

By mid 1925 the USBF had decided to locate the
1926 weir near Karluk Lake’s outlet to avoid the prob-
lem of salmon carcasses. After the 1924 ordeal, pink
salmon carcasses were expected to be a problem in the
lower river in 1926. To solve the problem of the lake’s
remoteness, O’Malley initially wanted a telephone line

7 In 1903 Cloudsley L. Rutter reported that in the Karluk re-
gion “candlefish” were the sand launce, Ammodytes alasca-
nus, now a synonym of A. hexapterus. Cloudsley L. Rutter
memo notebook for 1903 (16 June-14 July), Karluk Spit, Por-
tage, River, and Lake. Located in Box 130, Barton Warren Ev-
ermann papers, Library Special Collections, California Acad-
emy of Sciences, San Francisco, CA. Also see Chamberlain
(1907).
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installed between Karluk Spit and Karluk Lake, but
later he tried to procure wireless telephones.

APA vessels delivered a large load of lumber to the
western end of Larsen Bay in 1925, near the ocean end
of the Portage trail. This lumber was intended for a new
weir and cabin or tent frame shelter at Karluk Lake in
1926. USBF warden Howard Hungerford was responsi-
ble for transporting the lumber, coal, and other sup-
plies to the lake. To accomplish this task, a Fordson
track-laying tractor was moved from Afognak Fisheries
Station to Larsen Bay in late 1925.

The original plan called for hauling the materials
to Karluk Lake with the tractor and sled during the
winter of 1925-26, when a deep snow pack capable of
supporting heavy loads normally covered the unstable
muskeg. Hauling began in January 1926, but mild
weather and lack of snow prevented direct hauling to
Karluk Lake. By mid January Hungerford had moved
the materials 1.2 km to the ridge above Larsen Bay by
hauling small loads across temporarily frozen ground
in early morning hours. Continuing this work, he
hauled six tractor loads to the Karluk River Portage and
then about 2 km upstream, where he unloaded it on the
riverbank, still 12 km from Karluk Lake. This hauling
occurred without the benefit of snow cover, the tractor
pulling the loaded sled across rough frozen muskeg.

At this point the tractor broke down and repairs
consumed the next two weeks. When hauling resumed
in early February, the tractor badly mired in muskeg on
its first trip across the Portage trail and required two
days to extract. As the time remaining for winter snows
and cold temperatures diminished, Hungerford real-
ized he was unlikely to get the weir materials to the
lake. Nevertheless, by mid February as the weather
turned milder, he had hauled another four loads to the

USBF biologist Arnie J. Suomela driving Fordson tractor
across the Karluk River portage trail, 1934. (Joseph Thomas
Barnaby, from Lynn L. Gabriel, Herndon, VA)



supply cache on the riverbank. He made no further at-
tempts to haul materials by tractor and sled, or to get
weir materials to Karluk Lake, even though 8-10 addi-
tional loads remained on the ridge above Larsen Bay.
Hungerford concluded that enough lumber existed at
the Karluk River supply cache for a 122 m weir, which
could be constructed at the Portage site in 1926.
O’Malley still wanted the 1926 weir at the lake’s outlet,
but if that was impossible, to again install it on the
lower river, not at the Portage. He suggested that Hun-
gerford move the materials by skiff up the Karluk River
in spring, but that was not done.

1926

Failure to transport the new weir materials to Karluk
Lake’s outlet in the winter of 1925-26 renewed the dis-
cussions of where it should be located, and a decision
was urgently needed since the weir season rapidly ap-
proached. With 1924 in mind, biologists feared the 1926
pink salmon run would be so large that these fish might
enter the spawning streams at Karluk Lake and damage
eggs already deposited there by sockeye. Thus, one rea-
son for choosing the lake weir site was to prevent pink
salmon from entering the sockeye’s spawning grounds.
Though a wooden picket weir at the lake’s outlet was im-
possible in 1926, O’'Malley decided in mid April to place
a weir on the lower Karluk River and a heavy web weir at
the lake’s outlet as a barrier to pink salmon. The cotton
webbing could be procured and installed at the lake’s
outlet prior to the early August pink salmon run but not
in time to count the June sockeye run.

These 1926 weir arrangements were unsatisfactory
to Gilbert, who wanted two weirs in place to insure ac-
curate counts of sockeye escapements, even if pink
salmon carcasses rendered the lower weir inoperable
late in the season. Also, two weirs would let him mea-
sure the travel times of sockeye migrating between Kar-
luk Spitand Karluk Lake.? Finally, Gilbert, Hungerford,
and Rich conferred at Larsen Bay on 25 May and de-
cided that their only real alternative for a second weir in
1926 would be at the Portage site. Consequently, two
Karluk River weirs operated in 1926, one on the lower
river and another at the Portage. In 1926, the weir crews
lodged in the abandoned hatchery at the lower river
and in a new cabin at the Portage.

Rich spent considerable time in early 1926 at the
lower Karluk River weir marking sockeye smolts and

8 Letter (24 May 1926) from J. R. Russell, Field Superinten-
dent, USBF, Seattle, WA, to Henry O’Malley, USBF, Washing-
ton, DC. Located at NARA, Anchorage, AK.

watching adults ascend the river, especially noting
their behavior at finding and passing through the
counting gates. Aware of past criticisms by the canner-
ies, he decided their arguments against the weir had
little merit:

[At Karluk River weir, 1-2 June 1926] It was obvious
that the weir formed no serious obstacle to the ascent
of the fish as they easily found the openings.

It is certainly an imposing sight to see them coming on
up stream in large shoals, splashing over the shallow
riffles in almost solid masses. They are especially nu-
merous just below the rack where they are, nightly,
slightly delayed. It is very evident, however, that the de-
lay occasioned by the rack is by no means serious. The
fish run lively for a time and then drop back in more
quiet water below—possibly into the lag[oon]—and
then come on up again later. There is no evidence that
the fish are in any way injured by the delay. They lie
quietly behind the rack, working along until they come
to an opening through which they can pass. It has been
claimed that the rack works a real injury to the run but
now I can observe the conditions as they are here today
and really believe that there is nothing to such a claim.®

Unexpectedly, over 2,500,000 sockeye salmon es-
caped to the Karluk River in 1926. The Portage weir had
hardly been installed in early June when large numbers
of sockeye accumulated downstream. Fearing the fish
might smother, the crew opened all weir gates and re-
moved sections of pickets on 10-11 June, allowing free
upstream passage to about 350,000 sockeye. Operating
two weirs in 1926 allowed the travel times of adult sock-
eye to be measured over the 20 km separating the two
sites. Of 100 fish tagged at the lower weir on 19 July, they
passed the Portage weir on 21-28 July.

Contrary to all expectations, the 1926 pink salmon
run was small and salmon carcasses never threatened
to wash out either weir. Pink salmon never reached the
lake spawning grounds or damaged sockeye redds.
When the large pink salmon run failed to appear by
mid September, counting operations were ended at the
Portage weir. The webbing material purchased to ex-
clude pink salmon from the lake went unused.

As the 1926 weir season drew to a close, discus-
sions began anew about the proper weir location for
1927.° The consensus weir site in September 1926
was Karluk Lake’s outlet. Gilbert requested that
O’Malley make an early decision so materials could be

9 Rich, Willis H. 1926 notebook. Location of original note-
book unknown; copies at NARA, Anchorage, AK, and ABL
Library, Auke Bay, AK.

' Discussions were between Henry O’Malley, Charles H. Gil-
bert, and several USBF personnel (Willis Rich, Howard Hun-
gerford, Dennis Winn, and J. R. Russell).
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transported well before the next weir season.” Yet, when
Hungerford reported on the 1926 weir operations in Oc-
tober, he recommended that the best weir location was
the lower river, not the Portage or lake’s outlet:

[Concerning the 1927 Karluk River weir location] It is
recommended that this weir be maintained at its pres-
ent location during coming years to secure an early and
accurate count of salmon entering Karluk river. The
prejudice under which this weir has labored is entirely
a thing of the past and everyone interested in the con-
servation of salmon is convinced that its location is the
logical one.”

Nevertheless, in December 1926, Hungerford, Gil-
bert, and Rich agreed that the 1927 weir should be lo-
cated at the Portage, but they also wanted additional
weir lumber transported and stored at the lake’s outlet.
This would give them the option of locating future
weirs at any of three sites. In February 1927 O’Malley
and Dennis Winn preferred the site on the lower river,
but sought further opinions from Gilbert and Rich. Gil-
bert agreed that the lower site had advantages for man-
agement purposes, there being fewer uncounted fish in
the river, but in March Rich continued to prefer the
Portage site. Finally, O’Malley decided that the 1927
weir would be on the lower river. This decision settled
the question of the proper weir location for the next 15
years, without further discussions by USBF personnel
or criticisms from the canneries.

1927
Although the 1927 location had been decided, when it
came time to install the weir, some confusion arose
about its design. A V-shaped weir with its apex point-
ing downstream had been planned to help Rich collect,
mark, and census sockeye smolts. But the person in-
stalling the weir was unaware of the new design and he,
instead, built a normal straight weir. A late breakup of
the river ice delayed weir installation several weeks in
1927; the river banks and upper lagoon had large ice

1 Letter (27 September 1926) from Charles H. Gilbert, USBF,
Stanford University, CA, to Henry O’'Malley, Commissioner of
Fisheries, Washington, DC. Located at NARA, Anchorage,
AK.

2 1) Hungerford, Howard H. 1926. Report of operations at
Karluk Weir (Lower) season of 1926. U.S. Dep. Commer. Bur.
Fish. Unpubl. report. 4 p.

2) Hungerford, Howard H. 1926. Report of operations at Up-
per Karluk Weir, season of 1926. U.S. Dep. Commer. Bur.Fish.
Unpubl. report. 5 p. Both located at NARA, Anchorage, AK.
B Letter (3 December 1926) from Howard H. Hungerford,
Warden, Alaska Service, USBF, Seattle, WA, to Dennis Winn,
Agent, USBF, Seattle, WA. Located at NARA, Anchorage, AK.
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packs on 1 May. Once operating, the 1927 weir season
proceeded without major problems.* Weir removal in
late October proved to be difficult because anchor ice
plugged the weir and caused a partial washout. Living
quarters in 19277 were found in a room of the old hatch-
ery building and in a woodshed. A small weir cabin was
built in the summer of 1927 using lumber salvaged from
the abandoned APA hatchery.

Rich continued to believe the best weir site was the
lake’s outlet and wanted to convince O’'Malley and Gil-
bert to make the move in 1928. As Rich marked sockeye
smolts at the lower weir in 1927, drifting algae and de-
bris clogged his wire mesh traps, confounding efforts to
capture and count these migrants. He believed smolt
traps could be operated at the lake’s outlet, plus it ap-
peared to be a good location to capture Dolly Varden
and count adult sockeye. Further, 1928 seemed to be a
good time for moving the weir because existing materi-
als at the lower river were worn and needed replacing.
To lessen the difficulty of transporting lumber to the
new site, Rich had planned on building the weir horses
from cottonwood logs cut at the lake. He hoped to get a
final decision on the 1928 weir from O’Malley and Gil-
bert so materials could be moved to the lake in the
summer of 1927.

1928-41

Notwithstanding Rich’s desire for a new weir site in
1928, it continued to be operated on the lower Karluk
River during 1928-41. By 1927 the original weir lumber
from 1921 was deteriorating and new living quarters
were needed for the crew. The old hatchery building,
once used by the weir crew for shelter, was completely
gone by 1929, its lumber and parts having been scav-
enged for other uses. Thus, the USBF delivered new
weir lumber to Karluk in 1929 for use in 1930. A small
cabin was built at the weir in 1929 and another in 1932;
the APA listed the two cabins in a 1933 inventory of
their Karluk properties, though they charged the USBF
no rent.

During this period, weir operation became a rou-
tine annual USBF duty. The weir was typically installed
in mid May and removed in early October. Weir crews
counted sockeye salmon and collected salmon scales

4 A second weir was temporarily operated at Karluk River
Portage in April-June 1927 by the USBF to capture down-
migrating steelhead, these being artificially spawned and
their eggs incubated in hatchery troughs placed in a nearby
creek. This temporary Portage weir for taking steelhead
eggs operated each spring during 1927-32 and 1953-59 (Table

3-3).



Table 3-3
List of temporary weirs on the Karluk River, 1927—-64.
Year  Agency Location Type Purpose Operational dates
1927  USBF Portage Straight picket weir Steelhead egg take April-May
1928  USBF Portage Straight picket weir Steelhead egg take April-May
1929  USBF Portage Straight picket weir Steelhead egg take April-May
1930  USBF Portage Straight picket weir Steelhead egg take April-May
1931 USBF Portage Straight picket weir Steelhead egg take April-May
1932 USBF Portage Straight picket weir Steelhead egg take April-May
1941 FWS Portage Angled half weir Dolly Varden capture May
1953  ADF Portage V-shaped picket weir Steelhead egg take April-May
1954  ADF Portage V-shaped picket weir Steelhead egg take 29 April-27 May
1955  ADF Portage V-shaped picket weir Steelhead egg take 30 April-24 May
1955  FRI Lagoon Tower Count sockeye salmon
1955  FRI Portage Tower Count sockeye salmon
1956  ADF Portage V-shaped picket weir Steelhead egg take 13-30 May
1957  ADFG Portage V-shaped picket weir Steelhead egg take 4-24 May
1958  ADFG Portage V-shaped picket weir Steelhead egg take 20 April-7 May
1959  ADFG Portage V-shaped picket weir Steelhead egg take 28 April-6 May
1963 BCF Portage Straight picket weir Sockeye travel time and | Aug.—30 Sept.
river-spawner estimate
1964  BCF Silver Salmon Cr.  Straight picket weir Count, tag sockeye August

and length-weight-sex data. The weir was a useful site
to capture and sample the salmon.

Besides these primary tasks, fishery biologists
conducted several studies at the weir, perhaps the most
important being the smolt marking by Rich and Barn-
aby. They annually marked and released 50,000 sock-
eye smolts during 1928-36 to determine their ocean
survival. Since smolts temporarily accumulated above
the weir during their spring down-migration, this was a
convenient capture site. Other studies included the
abundance of gill-net marked salmon in 1930 and Dolly
Varden migrations during 1937-41. Again, the Karluk
weir was well-situated for observing, tagging, and re-
capturing these fish. The weir was also used to trap and

Karluk River salmon counting weir, lower Karluk River, 1930.
(From Bower, 1941)

destroy Dolly Varden, and this work filled the crew’s
spare time.

The financial turmoil of the Depression era was a
very difficult period for the USBF at Karluk because of
limited and uncertain funding for fisheries programs.
Commissioner of Fisheries Frank Bell fired many per-
manent fisheries employees and most temporary work-
ers in 1933, including some at the Karluk weir. He also
closed the Afognak hatchery on 30 June 1933. The fi-
nancial uncertainty continued for several years, and at
times the Karluk weir program appeared close to end-
ing, but funds were eventually reinstated. Wage costs at
the Karluk weir were $2,486 in 1934 and $2,606 in 1936.
Tight funding in 1936 caused Bureau warden Charles
Turner to recommend that “if the allotment cannot be
increased by at least $2,000, I suggest the weir program
be curtailed.” Such drastic action never occurred and
the Karluk weir program somehow managed to con-
tinue operating through these lean financial years.

Although installation and operation of the Karluk
River weir followed a similar pattern each year during
1928-41, a few unusual occurrences occurred:

1) High water and ice altered the river channel in
the winter of 1929-30. This required the 1930 weir to be
moved 15 m downstream from its normal 1921-29 loca-
tion. Since a straight weir could not be built from bank
to bank because of the newly eroded channel, the 1930

5 Turner, Charles. 1936. Report of operations, Kodiak, Afog-
nak Dist., 1936. U.S. Dep. Commer. Bur. Fish. Unpubl. report.
Located at ABL Library Files, Auke Bay, AK.
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weir had two sections, one running straight across to a
small island and another running at an angle upstream
to the opposite bank.

2) For unknown reasons in 1938, weir installation
occurred much earlier than normal (early April) as ice
left the swollen river.

3) Carl Hubbs, an ichthyologist at the University of
Michigan, visited the Karluk River weir on 4 August
1939 while investigating Bureau operations in Alaska.

4) Although weir tending was relatively safe, the
Bureau’s weir foreman James O’Brien fell from the weir
and ruptured his left kidney on 21 August 1939. An APA
doctor at Larsen Bay first treated him and he later re-
covered in Seward, Alaska.

5) In 1941 a weir tender intentionally inflated the
pink salmon counts by about 100,000. He had heard
about the large pink salmon run of 1940 and altered the
1941 counts to match the previous year. Supposedly, he
counted 17,000 pink salmon per day before being re-
placed (5 August), but only 229 per day were counted
after his departure. Few pink salmon carcasses littered
the river in 1941, and less than 4o carcasses per day
drifted against the weir."

6) To aid their charr studies, DeLacy and Morton
installed a temporary weir at the Portage in May 1941
using lumber stored at the site during the 1920s-1930s
(Table 3-3). This weir angled upstream from the east
bank and extended about half-way across the Karluk
River. They designed the weir to concentrate and cap-
ture down-migrating Dolly Varden for tagging and
measurement, but they were urgently called away to in-
stall the salmon counting weir on the lower river.

Pink salmon carcasses continued to be a mainte-
nance problem for weir crews in the even years during
1928-40. Carcasses accumulated against the weir in
August-September, greatly increasing the crew’s work-
load. Large pink salmon runs occurred at Karluk in
1922, 1924, 1932, 1934, 1936, 1938, and 1940. When car-
casses first arrived in late August or early September,
the crew cleaned the weir by pewing each carcass to the
downstream side. For example, they tossed 25,000 car-
casses over the weir on one day in early September 1932.
As the season progressed, however, pewing became dif-
ficult because decaying carcasses fell off the pew. Ad-
ditional temporary workers were often hired to help
clean the weir and sometimes day and night shifts were
needed:

6 Memo (9 November 1942) from Allan C. DeLacy, Assistant
Aquatic Biologist. Located at NARA, Anchorage, AK.
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Dolly Varden temporary angled weir, Karluk River Por-
tage, May 1941. (Allan C. DeLacy, from Catherine J. DeLacy,
Seattle, WA)

[Concerning the Karluk River weir, 1934] Mr. Morris
Rafn who was in charge of the weir in 1934 worked so
hard and dilligently at all hours of the day and night in
a vain endeavor to keep the weir in operation that he
seriously impaired his health and has been in a sani-
tarium ever since returning from duty in Alaska.”

Whenever rainfall increased the river flows in
August-September, carcasses often arrived at the weir
faster than they could be removed and this forced the
crew to remove picket sections to flush decaying salmon
downstream. Failure to open the weir risked its com-
plete washout and destruction. Of course whenever the
weir was open, sockeye proceeded upriver without be-
ing counted, impairing escapement accuracy. Thus,
pink salmon carcasses continued to be the major oper-

7 Memo (23 January 1935) from J. T. Barnaby, Scientific As-
sistant, Seattle, WA, to Commissioner of Fisheries. Located at
NARA, Anchorage, AK.



ational problem at the lower weir site and the main ar-
gument for moving it to another location.

When Barnaby led the sockeye research program at
Karluk during 193038, he spent much time at the weir
and knew of its problems. He often helped the crew clear
carcasses from the weir and estimated escapements
whenever they opened the weir. Barnaby realized that
carcass removal greatly increased the crew’s workload.
Consequently, following the salmon carcass problems
and hospitalization of one worker in 1934, he recom-
mended moving the weir to the Portage.®

After similar problems in 1938, Barnaby and DeLacy
repeated the recommendation.” They believed that the
upstream weir site would solve the carcass problem since
most pink salmon spawned in the river below the Por-
tage. Since a steelhead weir had successfully operated at
that site each spring during 1927-32, a counting weir also
seemed feasible (Table 3-3). Additionally, a cabin for the
weir crew already existed and a tractor trail provided
good access from Larsen Bay. The lower weir site often
had pooraccess when storms in Shelikof Strait prevented
vessels from landing at Karluk Spit. During those times,
the only access to the lower river required a long trip,
first to Larsen Bay, then a hike across the Portage trail,
and finally a 20 km float trip down the Karluk River.
Since accurate pink salmon counts could not be made at
the Portage, they suggested operating two weirs in even
years—the lower weir until 20 August and then the Por-
tage weir from 20 August to season’s end. This two-weir
idea was never tried.

Weir at Karluk River Portage (1942-44)

Following Barnaby and Delacy’s 1939 recommenda-
tion and the weir washout from pink salmon carcasses
in 1940, the FWS?* finally decided in 1941 to locate the
1942 weir at the Portage. Obviously, the recurring car-
cass problem created inaccuracies in the sockeye
salmon counts in even years and needed to be resolved.
The Portage site seemed to be a good solution.

During the initial debate in the 1920s over the
proper weir location, Bureau employee Lucas warned

8 See footnote 17.

¥ Memo (28 November 1939) from Allan C. DeLacy, Junior
Aquatic Biologist, and Joseph T. Barnaby, Associate Aquatic
Biologist, Seattle, WA, to Acting Commissioner, USBF, Wash-
ington, DC. Located at NARA, Anchorage, AK.

20 Tn 1939 the Bureau of Fisheries was moved from the U.S.
Department of Commerce to the U.S. Department of Interior
and in 1940 it merged with the former Biological Survey to
form the U.S. Fish and Wildlife Service (FWS).

that large masses of aquatic plants grew in the Karluk
River upstream of the Portage. Since these plants died
and drifted downstream every autumn, maintenance of
the Portage weir would require regular removal of plant
debris or risk its plugging and washout:

[Concerning the Karluk River weir at the Portage] I
would not recommend that it be constructed at Lars-
en’s Bay Portage on account of the vegetation that
would be coming against it and lack of material nearby.
During the latter part of the season, the river for several
miles above the portage trail is almost a solid mass of
water plants which would be coming down against the
weir. This grass is noticeable even at the present site,
thirty miles farther down.

The FWS likely knew in 1941 of this potential plant
problem but considered it trivial. In a brief attempt to
assess the seriousness of the problem, DeLacy checked
the river at the Portage in May 1941, but he saw few
drifting plants. The brief operation of the steelhead
weirs each spring during 1927-32 also provided no data
about river conditions in the autumn. Yet, the Portage
weir had operated in August and early September 1926,
apparently without problems from drifting plants.

Even with Lucas’s warning about aquatic plants,
plans proceeded for the 1942 Portage weir. Lumber for
the new weir was delivered to Larsen Bay in August
1941, transported by boat to the head of the bay, and
hauled by tractor to the Portage:

[Concerning preparations for the 1942 Karluk River
Portage weir, 1 August 1941] Al & I helped Geo.
Skarbo unload weir lumber from Eider. Talked to Fer-
randini . . . That was a prize coup de etat of Al’s to get
Ralph to dump off the new Karluk [weir lumber] here
at Larsen Bay. That should make history up here. After
breakfast we spent AM towing a pot scow alongside
dock & loading the 60-4 x 6's, 24-2 X 4’s & bundles of
1 X 4’s. Then after lunch we hooked on to it with both
Gorbluscha] & Tscha[wystcha] [2 dories] in tandem &
hauled it to Bens [west end of Larsen Bay]—1 to
210—& we made a place to pile it & got dinner & un-
loaded scow at high tide & then came home 1% hrs to
come back bucking tide & wind.>

Thus, the Portage weir was installed and operated
from May to October 1942. Since the river channel was
narrow at the Portage, the new weir’s length measured
about 30 m less than at the old site and required only 15
horses to cross the river. Weir operations proceeded

# Lucas, Fred R. 1924. Report of the red salmon census at Kar-
luk Alaska during the season of 1923. U.S. Dep. Commer. Bur.
Fish. Unpubl. report. 4 p. Located at NARA, Anchorage, AK.
22 Morton, William M. 1941 notebook. Located in personal
papers of Robert S. Morton, Portland, OR.
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without major problems from May to August 1942, but
thenaquatic plants began drifting downstream. Charles
Petry, FWS fishery management agent, stated in his an-
nual report that the weir was briefly out of commission
twice from high water, but the real problem was drift-
ing aquatic plants in September:

[At the Karluk River weir, 1942] The weir foreman,
Mr. Joseph Corkill, reports that the Karluk weir was
temporarily out of operation during the first four days
of September as the result of a cloud-burst. Overnight
the river level rose so rapidly that large masses of
aquatic plants, chiefly Ranunculus, were uprooted and
drifted against the weir, producing a dam across the en-
tire river. A short section of the weir washed out and
additional pickets had to be removed in order to liber-
ate the impounded water. By September 4 the river had
receded sufficiently to permit the necessary repair
work to be done, and normal operation was resumed
on that day. Relatively few fish were running at the time
of the accident, and an estimate will be made of the
number that passed upstream while the weir was

open.”

The weir again went out of operation the last week
of September 1942, with the weir tender exclaiming
“99 ton of weeds!"4

Richard Shuman operated the Portage weir in 1943
and once more fought the aquatic weed battle. Al-
though it was his first field season at Karluk, by mid
July he had searched the upper river for a new weir and
research laboratory site, his efforts not being motivated
by the 1942 weir problems. Instead, there was renewed
research interest in the freshwater life of sockeye
salmon, and a weir and laboratory near the lake would
benefit future studies. Specifically, Shuman looked for
a permanent weir site, envisioning a concrete structure
designed to count down-migrating sockeye smolts and
up-migrating adults. The area just below the lake’s out-
let fulfilled his requirements for these facilities:

[Concerning the upper Karluk River, 18 July 1943]  Ex-
amined area around outlet of lake with view to weir
(permanent) in future. About 50 yards below lake
seems to be an excellent spot. Bottom composed of me-
dium and large rubble—with a blue clay conglomerate
beneath. Excellent bottom for concrete work. No ques-
tion of weir not being tight. Banks on both sides com-

3 1) Petry, Charles. 1942. Annual report of operations in the
Kodiak District, 1942. U.S. Dep. Interior, FWS. Unpubl. re-
port. 56 p. Located at ABL Library Files, Auke Bay, AK.
2) USBF. 1938-43. Monthly report of activities, 1938-43. U.S.
Fisheries Biological Station, FWS Biological Station, and Sec-
tion of Alaska Fishery Investigations, Seattle, WA. Unpubl.
reports (September 1942). Located at NARA, Anchorage, AK.
24 FWS 1942-46 notebook. Located at NARA, Anchorage, AK.
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posed of glacial deposits of gravel and boulders, and
should make quite good buttresses for weir or dam, and
are sufficiently high. . . . The only thing against this asa
weir site would be the heavy waves which come down
the lake with strong south winds. A concrete or rock-
crib breakwater might be necessary between the open
lake and the weir screens.*

Shuman found a good building site for the re-
search laboratory on the west riverbank of the lake’s
outlet and suggested a road route between Larsen Bay
and Karluk Lake. The idea for a two-way weir origi-
nated from his previous work at Little Port Walter,
Alaska, where a similar structure had been built in
1939. During seven field seasons (1943-49), he pursued
the idea of a permanent counting weir on the Karluk
River.

Events at the 1943 Portage weir soon reinforced
Shuman’s desire for a new weir site. The weir func-
tioned well until mid August, but then aquatic plants
began drifting downstream and the crew repeatedly
cleaned these away for the next two weeks. When river
flows increased in early September and greater masses
of plants arrived at the weir, the cleaning efforts were
completely overwhelmed. Soon, the crew removed the
weir pickets and ended the salmon counts:

[Karluk River weir, 2 September 1943] Weeds! Spent
entire day cleaning weeds from weir. River up about 12”
this morning—a greater raise would have swamped us
entirely.

[5 September 1943] Busy with weir—counting and
cleaning. Weeds coming down constantly. We can keep
up, however, but a large raise in water level will swamp
us. Weeds all up river rotting and ready to let go.

[0 September 1943] Looks like we are in for it. Not
many weeds today, but it has rained all day . . .

[10 September 1943] The “worst” arrived! A light rain
here all night, but apparently the storm still on at the
lake—and yesterday’s rain arrived (via the river) in
early morning. River up 18 inches. Quite a few weeds on
the weir by morning, and by 9:00 AM—Weeds. They
came down in great floating patches, plugging the weir
faster than we could get rid of them. By 10:00 AM it
became necessary to remove gates and pickets from
several sections to let the weeds through—and a spot to
roll the already-accumulated weeds through. Balls of
weeds weighing up to 400-500 pounds thus rolled
through. Yet even so we could nowhere nearly keep
pace. By late afternoon it was necessary to remove more
pickets (otherwise the whole weir might carry away). In
many places the water has undermined the pickets,
and two horses have settled out of line.—Also had to
remove section of pickets near west bank to protect the

25 Shuman, Richard F. 1943 notebook. Located at NARA, An-
chorage, AK.



anchor there (some cutting took place during the

day). ... Itis quite apparent that a weir cannot be main-

tained at this place for a late fall count. Only with a
large crew of men (8-12)—and floodlights for night

work—would make this at all possible. Even then the
battle would be in doubt!!! The weir must be placed
above this weed crop, if a fall count is to be attained.>

Shuman and his crew continued their heroic ef-
forts for the next week, but huge masses of aquatic
plants drifted against the weir. Even with many pickets
removed to relieve the water pressure, the structure
neared complete destruction. After surveying the river
upstream, Shuman finally removed the weir on 20 Sep-
tember, ending the 1943 season several weeks early:

[At Karluk River weir, 18 September1943] In AM took
skiff and outboard and went up river about two miles to
look at weed situation. Probably less than 20% have
come down. All are rotting and occasionally one gives
way. A real bunch of weeds due at next rain. Next wind
will bring them, too, for both shores are lined with
loose weed, and a wind will blow them loose. Hate to
make the move, but can see no hope of replacing weir
or keeping it in if we could replace it.*”

After the problems of 1942-43, the FWS decided to
move the weir upriver to Karluk Lake’s outlet, though
logistically it was impossible to get the lumber and sup-
plies to the new site prior to the 1944 field season. At
the time, the Karluk research program lacked the
labor-saving benefits of air transportation. Instead, all
weir materials had to be hauled across the Portage by
tractor and sled, and then boated 14 km upriver to the
new site. The FWS Scientific Division purchased a new
Cletrac AG caterpillar tractor for the Karluk fisheries
program in 1939 and this gave workers reliable trans-
portation across the Portage trail.?® In 1944 the Karluk
field crew (four men) spent most of the summer haul-
ing lumber and supplies from Larsen Bay to Karluk
Lake’s outlet, reportedly making 25 round trips (36 km
each) before completing the arduous task.?® Moving
the materials upriver was particularly grueling, requir-
ing them to physically pull and push heavily loaded
boats 14 km against swift currents. Nevertheless, by
summer’s end the necessary lumber and supplies were
ready for the 1945 weir season.

Operations at the 1944 Portage weir proceeded as
in 1943, with aquatic plants causing major problems in

26 See footnote 25.

27 See footnote 25.

8 Shuman made an unsuccessful attempt in May 1944 to
drive the Cletrac tractor from the Portage trail to Karluk Lake.
29 The 1944 crew included Richard F. Shuman, Don C. Yates,
Jerrold M. Olson, and George D. “Dad” Shuman.

FWS Cletrac tractor and sled, Karluk, 1944. (Jerrold M. Ol-
son, Auke Bay, AK)

Karluk River salmon counting weir at the Portage, 1944. (Jer-
rold M. Olson, Auke Bay, AK)

the autumn. Further, 500,000 pink salmon passed
through the weir and most of these spawned and died
in the river between the Portage and lake. Pink salmon
carcasses added to the aquatic plants floating down-
stream and forced removal of the weir on 1 September
1944, well before the sockeye runs ended. Thus, after
trying to operate a weir at the Portage for three years,
the FWS declared it to be a poor site:

[At Karluk River Portage weir, 1944] By late August
aquatic plants in quiet section of river above weir be-
gan drifting against weir, mixed with thousands of
dead spawned-out pinks. From August 27 to August 31
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crew was split into day and night crews to keep river
detritus from weir. This became impossible and on
September 1 the weir was removed. This location obvi-
ously unfit for weir site.3°

Weir near Karluk Lake Outlet (1945-75)

1945-57

A new wooden picket weir was built on the upper Kar-
luk River in 1945, about 200-300 m below the lake’s
outlet. After installing the weir, Shuman and his three-
man team erected a small weir cabin. The weir operated
from mid May to early October without major troubles,
confirming Shuman’s decision to move the weir. Pink
salmon carcasses and aquatic plants were no longer
problems. The new location also was advantageous be-
cause the FWS research program then, and for the next
25 years, focused on the freshwater life of sockeye
salmon at Karluk Lake. Here, the weir crew partici-
pated in the studies at the lake, while all the previous
crews had been far removed from these activities. This
new weir site on the upper river continued without ma-
jor changes from 1945 to 1957.3' Though the new loca-
tion had obvious advantages, three new problems
arose: 1) its inaccessibility, 2) matching commercial
catches and weir counts, and 3) accounting for sockeye
salmon spawning in the upper river below the weir.

In 1945, access to Karluk Lake meant a tedious
journey of 18 km from Larsen Bay by tractor, hiking,
and small skiff. Supplies only reached the lake with
considerable physical effort. To remedy the isolation, in
1945-46 the FWS considered the idea of building a road
between Larsen Bay and Karluk Lake, but before this
proposal was implemented, access and supply to the
lake became relatively simple in 1947 because of fre-
quent flights by several FWS aircraft, especially by
Grumman Goose NC-709 and NC-710. Thereafter, the
need for an access road was seldom mentioned.

Though aircraft were increasingly common around
Kodiak Island in the 1930s and early 1940s, they were not

3° FWS. 1944. Karluk weir, 1944 (Portage Trail Site). Unpubl.
report. 1 p. Located at NARA, Anchorage, AK.

3 Three FWS fishery biologists directed the weir operations
during this period: Richard F. Shuman (1945-49), Philip R.
Nelson (1950-56), and John B. Owen (1957). In addition to the
sockeye counting weir near the lake, a second weir temporar-
ily operated each spring at the Portage during 1953-59. Each
year in April-May, a V-shaped weir captured steelhead for ar-
tificial spawning, the eggs being shipped to Devil’s Creek
hatchery on Kodiak Naval Base for incubation. The tempo-
rary weir was removed prior to the spring-run sockeye migra-
tions (Table 3-3).
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North end of Karluk Lake and salmon counting weir located
in upper river near lake’s outlet, May 1957. (Auke Bay Labora-
tory, Auke Bay, AK)

Karluk River salmon counting weir and cabin near Karluk
Lake’s outlet, ca. 1952. (Charles E. Walker, Sechelt, BC)

Karluk River salmon counting weir, with four smolt traps
built into the weir, 1955. (Clark S. Thompson, Shelton, WA)



used then by the USBF and FWS to assist fishery biolo-
gists because of difficult economic times and World War
II restrictions on air travel. After the war ended, the use
of nonmilitary aircraft greatly increased around Kodiak
Island, and this mode of travel completely changed the
old methods of transporting and supplying biologists at
Karluk Lake. These aircraft greatly benefited Karluk’s bi-
ologists by freeing them from the many mundane logis-
tical tasks and expanding their research possibilities.
Likewise, biologists stationed at Karluk Lake also bene-
fited from more reliable radios that kept them in contact
with other areas of Kodiak Island.

A second problem of the new weir site was the un-
known relation between the commercial catches and
weir counts of sockeye salmon. Because it took a num-
ber of days for adult sockeye to migrate 40 km from the
ocean to Karluk Lake, an unknown lag time existed be-
tween catch and escapement. Shuman and Nelson par-

FWS Grumman Goose NC709, Karluk Lake, 1950. (E. P. Had-
don, FWS National Digital Library, FWS-1300)

wn

FWS Grumman Goose N709, Karluk Lake, 1954. (Clark
Thompson, Shelton, WA)

tially solved this problem in 1945-46 by measuring the
travel times of sockeye, tagging them in the lower river
and then recording when they reached the lake weir.

A final problem of the new weir was its location
within the river spawning area of fall-run sockeye.
Thousands of sockeye spawned in the 200-300 m river
reach between the weir and lake and for 2-4 km down-
stream. Since this weir location failed to count the fish
that spawned downstream, it was necessary to estimate
that group. Furthermore, some biologists claimed that
the weir hindered the free upstream-downstream
movements of adult and juvenile sockeye in the upper
river (Thompson, 1950; Van Cleve and Bevan, 1973). As
adult salmon home to a specific spawning site they of-
ten overshoot it, but later return to the exact location.
The biologists reasoned that once river-spawning
salmon passed through the weir, it formed a barrier to
later downstream movement. Likewise, they felt that
newly emerged fry that migrated upstream to the lake
had difficulty passing through the weir.

Over the next 20 years, all of these hindrance is-
sues were addressed and found to be inconsequential.>*
Direct observations showed that adult sockeye, whether
moving upstream or downstream, easily found open
weir gates and passed through the weir. In fact, daily
weir counts occasionally were negative when more fall-
run adults moved downstream than upstream. For
sockeye fry, most of the first upstream wave of these
young fish had already migrated from the river to the
lake before the weir was installed each spring. Typically,
later fry migrated upstream along the west river bank,
where they easily bypassed the weir through a section
of large-meshed wire netting placed to block the adults.
For the fry that migrated along the east river bank, the
weir was modified with baffles to slow the current and
aid their passage.

Pink salmon carcasses rarely were problems at the
new weir site, but sockeye carcasses regularly drifted

32 BCF biologists Richard Gard, Benson Drucker, and Charles
DiCostanzo, with more than 15 years of combined experience
in operating the Karluk River weir near the lake’s outlet, felt
that the weir had minimal effects on migrating sockeye
salmon adults and fry.

1) Letter (2 June 1972) from Charles J. DiCostanzo, Deputy
Laboratory Director, ABL, Auke Bay, AK, to Richard Van
Cleve, College of Fisheries, FRI, University of Washington,
Seattle. Located in ABL files, Auke Bay, AK.

2) Letter (5 July 1972) from Ben Drucker, Technical Advisory
Division, NMFS, Washington, DC, to Reuben Lasker, NMFS.
Copy in the personal papers of Richard Gard, Juneau, AK.

3) Letter (10 February 2005) from Richard Gard, Juneau, AK,
to Richard L. Bottorff, South Lake Tahoe, CA.
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Interior of Karluk River weir cabin, near Karluk Lake’s outlet,
1945. (Jerrold M. Olson, Auke Bay, AK)

against the weir each autumn. These seldom threat-
ened the weir’s integrity, but they added to the crew’s
maintenance chores. For example, in 1945 about 30,000
sockeye spawned in the river above the weir and many
carcasses accumulated on the weir face. Similarly in
late 1948, several hundred or thousand sockeye and

Jerrold Olson, Karluk River weir cabin, 1945. (Jerrold M. Ol-
son, Auke Bay, AK)
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Karluk River weir cabin, pantry, and bunks, 1945. (Jerrold M.
Olson, Auke Bay, AK)

pink salmon carcasses were removed daily. Strong
south winds blowing down Karluk Lake occasionally
carried debris into the upper river where it collected on
the weir and required removal.

Though the counting weir successfully operated
near the lake’s outlet in 1945, Shuman was not satis-
fied—he wanted a permanent two-way weir on the up-
per Karluk River. Accurate measurements of up-
migrating adult sockeye and down-migrating smolts
were valuable data for the fisheries program. The river
just below the lake’s outlet suited his plans for a con-
crete weir.3* Shuman formally proposed the idea to
FWS officials in 1946-47 and estimated the costs at
$20,000 for the two-way weir, plus additional expenses
for a house and laboratory, a road from Larsen Bay, and
auxiliary weirs on several Karluk Lake tributaries.

Response to his idea must have been favorable
since engineers surveyed the proposed site in late July
1948, producing detailed topographic maps. To deter-
mine the strength of river forces and ice action that
would press against a permanent weir, Shuman had
wooden posts driven into the river’s substrate in No-
vember 1948 and left them over the winter.3* A full set
of engineering drawings showing all construction de-
tails of the two-way weir, including a fish ladder on the
east bank, were completed in May 1949.35

Shuman attempted to build the permanent weir
on the upper Karluk River during the 1949 field season
using FWS resources, his assistant Philip Nelson, five

33 See footnote 25 (18 July).

34 Freeman, Arthur. 1948 notebook (3 November). Original
notebook in personal papers of Arthur Freeman, Indianapo-
lis, IN.

35 The two-way weir project was known as FWS Construction
Job No. 5213.



summer employees,3® about ten laborers, and support
from the U.S. Navy’s base at Kodiak. Arriving at Kodiak
in May, Shuman arranged with the Navy to use an LCT
for transporting lumber and construction supplies to
Larsen Bay, a tug for transporting equipment to Larsen
Bay, and a TDg bulldozer for excavating weir founda-
tions. Despite these plans, the Navy bulldozer was use-
less because it could not be driven to Karluk Lake. On
the first attempt, it immediately mired in the soft mus-
keg after leaving the Portage tractor trail, far from the
lake. Extracting the bulldozerand returning it to Larsen
Bay required several days.

Undaunted, Shuman decided to drive the lighter
FWS Cletrac caterpillar tractor from Larsen Bay to Karluk
Lake. This proved to be a difficult two-day ordeal over un-
stable ground, through thick brush, and across a tempo-
rary bridge at Silver Salmon Creek, but the tractor and
sled eventually reached Karluk Lake. FWS Grumman
Goose 709 and a Norseman airplane hauled 150 tons of
lumber, construction materials, and equipment from
Larsen Bay to Karluk Lake in mid June. The tractor and
sled hauled the supplies from the lakeshore downriver a
short distance to the project site, slightly below the 1949
picket weir.

Shuman began excavating the weir foundations in
mid June using the tractor and a slip scraper, a combina-
tion that worked well, but slowly. He built a small coffer-
dam to isolate the excavation from the river and installed
pumps to remove seepage water. Excavations continued
for five days, but the pumps failed to remove inflowing
water fast enough and the sides kept slumping back into
the hole. Finally in late June, Shuman ended the work:

[At upper Karluk River just below lake’s outlet, 29 June
1949] Dugall AM. Going fairly well until within 24” of
bottom. Water impossible to keep out. Jaeger pump
very poor—keeps losing prime. Gravel pouring in at
sides. Bulkhead will not keep it out. At 4:00 PM gave
up. Will go to Kodiak and report complete failure. First
job that has completely stopped me.>”

No further attempts were made to build a permanent
two-way weir at Karluk, though Shuman continued un-
til at least 1951 to recommend an accurate measure-
ment of the smolt migration.3®

36 FWS summer employees at Karluk in 1949 were Raymond
N. Breuser, James Kindler, Charles J. Hunter, John S. Craw-
ford, and George D. Shuman.

37 Shuman, Richard F. 1949 notebook. Located at NARA, An-
chorage, AK.

38 Shuman, Richard F. 1951. Trends in abundance of Karluk
Riverred salmon with a discussion of ecological factors. Man-
uscript prepared for Fishery Bulletin 71, vol. 52. Unpubl. 56 p.
Located at ABL, Auke Bay, AK.

Coffer dam for construction of a two-way permanent salmon
counting weir, upper Karluk River, June 1949. (Richard F.
Shuman, Auke Bay Laboratory, Auke Bay, AK)

Excavating footing for a two-way weir, upper Karluk River,
June 1949. (Richard F. Shuman, Auke Bay Laboratory, Auke
Bay, AK)

The wooden picket weir continued to be operated
each year during 1945-57 near the lake’s outlet, and
fairly accurate counts of sockeye salmon were ob-
tained.3° Nevertheless, the weir had a serious unsolved
problem—it was located within the spawning area of
fall-run sockeye and possibly obstructed their homing
movements. In 1950 William Thompson expressed the
belief that “every weir, which hinders the process of
trial and error by to and fro or up and down migration,
is preventing the homing of individuals to their own
best environment, one which may vary widely within

39 Tn 1951 new weir lumber was purchased in Seattle, shipped
to Zachar Bay on the vessel Dennis Winn, and flown to Karluk
Lake.
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Using a slip scraper and Cletrac tractor to excavate the foot-
ing for a two-way weir, upper Karluk River, June 1949. (Rich-
ard F. Shuman, Auke Bay Laboratory, Auke Bay, AK)

the same stream.” His colleagues at the University of
Washington and the Fisheries Research Institute—
Donald Bevan, Charles Walker, and Richard Van
Cleve—shared similar views

1958-59 Counting Tower

One alternative to a wooden picket weir was a counting
tower, an elevated platform positioned on the river-
bank with good views across the river. The main advan-
tage of this method was that no physical structure was
placed in the river to impede the free movements of
adult and juvenile salmon. As salmon migrated past the
tower, an observer counted them. In actual practice,
rather than constantly manning the tower throughout
the day, counting usually occurred for part of each hour
and then was proportionally extended for the remain-
ing time. While counting towers appeared to be an el-
egant simple solution to the problems of picket weirs,
in practice, they had some serious drawbacks.

Bevan and Walker, likely at Thompson’s direction,
explored the Karluk River from lake to lagoon for
counting tower sites in 1955. They operated a counting
tower at Karluk Lagoon for five weeks, but it proved un-
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satisfactory.*° Another site below the Portage was inad-
equate because surface reflections seriously reduced
their visibility.# After these preliminary attempts in
1955, Bevan and Walker spent less time at Karluk and
devoted no further effort to the counting tower idea.
Van Cleve visited the Karluk River weir in 1957 and rec-
ommended that it be discontinued, especially during
the midseason sockeye salmon run.+

Concern that Karluk’s wooden picket weir harmed
sockeye salmon convinced FWS biologists to try a
counting tower in 1958-59. They erected a 6.4 m tower
on the east bank of the upper river in 1958, just below
the lake’s outlet.3 Observers counted salmon for 10
minutes each hour and then extrapolated the count for
the remainder of the hour. Almost immediately, prob-
lems arose with the counting tower, the most serious
being count accuracy. Counting began at 1:00 A.M. and
continued until 11:00 PM. during the long daylight
hours of mid-summer, only stopping for two hours of
darkness. At the time, it was unknown if salmon mi-
grated at night; if they did, the counts were inaccurate.
As the hours of darkness increased from August to Oc-
tober, this potential counting error increased. To an-
swer the question of night migration, biologists at-
tempted to measure it by using various types and
arrangements of artificial lights shining on the river,
but this gear often failed or created reflections that
made it difficult to see the salmon. Even with adequate
lighting, night counts remained inaccurate because
distinguishing the different salmon species was often
impossible, though Dolly Varden could be distin-
guished from salmon. Biologists never completely
solved the problem of night migration, the best esti-
mate being that it was about 20-30% of day migration.

Further problems existed in identifying salmon
from the counting tower. Because the Karluk River was
60-90 m wide at the tower, observers found it difficult
to see and count salmon on the far side of the river. To

4° Bevan, Donald E. ca. 1957. Research activities from 1948 to
1957 inclusive. Kodiak Island Research Fund, FRI, University
of Washington, Seattle, WA. Unpubl. report. 2 p. Located in
Donald E. Bevan papers, Manuscripts and University Ar-
chives Division, University of Washington Libraries, Seattle.

# Memo (16 April 1958) from Philip R. Nelson, Fishery Re-
search Biologist, Annapolis, MD, to W. F. Royce, Assistant
Regional Director in Charge of Research. Located at NARA,
Anchorage, AK.

4 Owen, John B. 1957 notebook (18 July). Original notebook
from the personal papers of John B. Owen, Grand Forks, ND;
to be donated to NARA, Anchorage, AK.

4 BCF. ca. 1958. Fish counts at Karluk Lake. Unpubl. report.
13 p. Located at NARA, Anchorage, AK.



Counting tower used to enumerate adult sockeye salmon,
upper Karluk River, June 1958. (Auke Bay Laboratory, Auke
Bay, AK)

remedy this, they installed a fence across part of the
river, leading the salmon toward a 20 m wide opening
nearer the tower. To further improve visibility, they
placed white panels (2.1 m wide) on the river bottom to
increase contrast between the salmon and substrate.
These changes improved the counting effort, but al-
tered the salmon’s migratory behavior. First, just as the
previous wooden picket weir had done, the installed
fence hindered the downstream movements of salmon.
Second, the white river panels made salmon reluctant
to continue upstream. They gathered just downstream
of the panels until a sufficiently large school had accu-
mulated, and then rapidly crossed the white strip in a
flowing mass. The white panels needed constant clean-
ing since passing fish covered them with gravel.
Additional problems occurred when large num-
bers of sockeyes passed the tower faster than they could
be counted. Surface reflections occasionally obscured
the salmon, though polarizing sunglasses helped visi-
bility. When river-spawning sockeyes were present

each autumn, fish moved both upstream and down-
stream past the tower and this required that counts be
tallied in both directions to determine the net migra-
tion. Counting was further complicated in autumn
since both unspawned and spawned-out sockeyes
moved downstream past the weir; counts of only the
former were subtracted from the upstream migration.
Therefore, observers had to tally salmon numbers mov-
ing in different directions and also instantly recognize
species and spawning condition from a long distance—
this supposedly simple task was overwhelming.

If the above difficulties were not enough, further
problems arose while trying to collect scales and run
composition data from sockeye salmon. To do this, bi-
ologists built a trap to collect salmon just upstream
from the tower, but most fish avoided the trap. When
workers tended the trap, salmon altered their normal
upstream migrations past the tower. To capture enough
salmon, they were forced to use seines in the river, but
these were thought to be biased samples. Finally in
frustration, the biologists installed a wooden picket
weir downstream from the tower in July 1958 to effi-
ciently collect scales and run composition data.

Light tower, guide fences, and white substrate section to help
count adult sockeye salmon, upper Karluk River, 1958. (John B.
Owen, Auke Bay Laboratory, Auke Bay, AK)
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Despite the frustrations and uncertainties of 1958,
biologists again used a counting tower at Karluk in
1959. Since the previous tower had blown down during
the winter, they erected a new tower in the spring. Op-
eration of the 1959 tower proceeded similarly to that
experienced in 1958. Biologists continued experiment-
ing with ways to improve the counts and solve prob-
lems, but uncertainties and frustrations remained.
Consequently, following the 1959 field season when the
FWS reviewed the effectiveness of the 1958-59 count-
ing towers, few positive arguments were given for con-
tinuing with this method.** Because of the various
fences and traps placed in the river, the overall open
area for free migration was rather limited, possibly
making it more difficult for adult sockeyes to move
downstream than with the previous picket weir.

A particularly sharp criticism of the counting tower
was the uncertainty it introduced into the sockeye
salmon counts, the vital data needed by fisheries manag-
ers and researchers. Night migration and species identi-
fication problems remained unsolved. Questions also
continued about the accuracy of extrapolating 10-
minute counts to the whole hour. No evidence existed
that the counting tower significantly benefited the sock-
eye fry that migrated upstream along the riverbanks. Fi-
nally, the counting tower required additional labor to
operate and this diverted time and effort away from on-
going research programs. Therefore, the FWS aban-
doned the Karluk River counting tower after the 1959
field season and it was not tried again for many years.

1960-66 BCF-ADFG Transition of
Responsibilities

Installation and operation of the Karluk River weir
was the sole responsibility of several federal agencies
from 1921 to 1959, including the USBF (1921-39), FWS
(1940-55), and BCF (1956-59). The State of Alaska as-
sumed full responsibility for managing Alaska’s fish-
eries on 1 January 1960, but because the BCF had an
ongoing research program and facilities at Karluk,
they continued to support the weir for a number of
years. Therefore, the wooden picket weir was installed
and operated at Karluk Lake’s outlet under the joint
responsibilities of the ADFG and BCF during 1960-66,
a period of transition when both agencies contributed
to its costs and labor. Initially, the BCF installed and

44 BCF. ca. 1959. Justification for replacement of Karluk Tower
operation with weir. Unpubl. report. 6 p. Located at NARA,
Anchorage, AK.
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maintained the weir since the data collected were vital
to their sockeye research, and this effort continued
through 1969. The ADFG assigned one person to help
at the weir during 1960-63; they contracted weir in-
stallation and operation to the BCF and provided
funding for 1964-66.

The rationale for the Karluk River weir and its op-
erations slowly changed after 1960, though this did not
become obvious until the 1970s. When ADFG assumed
their management responsibilities in 1960, these in-
cluded the state’s commercial, sport, and subsistence
fisheries. Though the primary purpose of the Karluk
River weir was to collect data on the commercially im-
portant sockeye salmon, over the years much biological
information had been obtained about other salmonid
fishes. Biologists studying these other fish species rec-
ognized the weir’s value and suggested modifications
to aid their research. Richard Marriott, ADFG sport fish
biologist, suggested in 1967 that a counting tower or
weir be operated on the lower Karluk River to gather
data on fall-run coho salmon and steelhead. Imple-
mentation of his idea was years away, but it showed the
growing interest in using the weir for other purposes
than to count sockeyes. Significantly, Marriott’s recom-
mendation called attention to the impracticality of the
existing weir site at the lake’s outlet when studying Kar-
luk’s other fish species.

In addition to the main Karluk River weir, several
secondary weirs briefly operated on the upper river for
specific studies in the 1960s. Gard (1973) operated a
second weir at the Portage from early August to late
September 1963 (Table 3-3). He tagged adult sockeyes
at the Portage and measured their travel time over the
14 km to the main weir. Further, using mark-and-
recapture techniques, he estimated that the number
of fall-run sockeyes that spawned in the Karluk River
below the main weir was 10% of the total escapement
(Gard and Drucker, 1965). This correction was then
applied to subsequent weir counts. Another tempo-
rary weir was operated on the Karluk River near Silver
Salmon Creek in late 1964, about 5 km downstream
from Karluk Lake, again to estimate fall-run river
spawners.

Although not directly related to the Karluk River
weir, in 1964 while investigating the Terror Lake hydro-
electric project on northeast Kodiak Island, the U.S.
Bureau of Reclamation briefly evaluated a similar plan
for Karluk. The Larsen Bay hydroelectric project in-
cluded plans for a dam near the Karluk River portage
that raised Karluk Lake by 4.6 m and a penstock (3 m
diameter) feeding a 30,000 KW power plant on Larsen



Bay. Apparently, once the significant impacts on Kar-
luk’s fish and wildlife were emphasized by BCF Re-
gional Director Harry L. Rietze and ADFG Commis-
sioner Walter Kirkness, no further efforts were made to
pursue this project.

1967-75 ADFG Weir Operation near Karluk
Lake Outlet

The ADFG assumed full responsibility for operating
the Karluk River weir in 1967, partly because of chang-
ing federal and state budgets. Since BCF funding was
then limited, it was difficult for them to continue with
both the sockeye research and weir operations at Kar-
luk. In contrast, ADFG then received additional fund-
ing for fisheries programs after passage of the federal
Anadromous Fish Act in 1967. Consequently, follow-
ing the 1966 field season, the BCF requested that
ADFG take over weir operations, collection of run-
composition data of adult sockeye, and enumeration
of sockeye smolts:

[Concerning the Karluk River weir, 1967] Due to bud-
getary limitations and the resignation of Richard Gard
from the Karluk Lake project, it is requested that the
Alaska Department of Fish and Game assume respon-
sibilities for the Karluk River weir, sampling of the
adult red salmon escapement, estimate of smolt migra-
tion and sampling of red salmon smolts. With the loss
of the project supervisor and without foreseeable re-
placement due to current BCF limitations, the State
could more efficiently take over the above mentioned
activities.

With funds now available to the State, and with cuts
in BCF funding at the present project level resulting
in limitation to research, it is certainly more feasible
to the mutual benefit of both the Bureau of Commer-
cial Fisheries and the Alaska Department of Fish and
Game to have the latter organization take over adult
counting and smolt enumeration at Karluk Lake.
Since Statehood, counting of the red salmon escape-
ment into the Bristol Bay area has been taken over by
the Alaska Department of Fish and Game. In the last
several years, they have assumed the duty of smolt

4 1) Letter (22 April 1964) from U.S. Bureau of Reclamation,
Alaska District Headquarters, Juneau, AK, to Harry L. Rietze,
Regional Director, USFWS, BCF, Juneau, AK. Located at
NARA, Anchorage, AK.

2) Letter (16 April 1965) from Harry L. Rietze, Regional Direc-
tor, USFWS, Juneau, AK, to George N. Pierce, District Manager,
U.S. Bureau of Reclamation, Alaska District Headquarters, Ju-
neau, AK. Located at NARA, Anchorage, AK.

3) Letter (25 May 1965) from Walter Kirkness, Commissioner,
ADFG, to Harry Rietze, Regional Director, USFWS, BCF, Ju-
neau, AK. Located at ASA, Juneau, AK.

enumeration in the Kvichak, Naknek and other sys-
tems in the Bristol Bay area. Under the new Anadro-
mous Fish Act, enumeration of adults and smolts at
Karluk Lake by the State would be a natural extension
of their province.®

In actual practice, the BCF installed the Karluk
River weir during 1967-69, analyzed the sockeye salmon
scales, and conducted the smolt studies, while the
ADFG operated the weir and collected the run compo-
sition data on adult sockeyes. These mutual operations
continued until the BCF ended its research program on
Karluk’s sockeye in 1969.

The ADFG continued to operate the Karluk River
weir near the lake’s outlet during 1967-75. They im-
proved the weir in 1972-73 by replacing the wooden
pickets with 2.5 cm aluminum pipes. These smooth
pipes allowed sockeye smolts to easily pass through the
weir and decreased maintenance since less debris
caught on the weir. Even so, the ADFG encountered
some problems during those nine years. In 1967, 1968,
and 1972 unspawned, fall-run sockeyes unexpectedly
died (perhaps from warm lake temperatures) and
drifted against the weir (Blackett et al., 1969).47 Heavy
rains in late May and early June 1969 washed out the
weir until 11 July. The same year a crew member shot a
brown bear trying to enter the weir cabin.*® In 1972
picket sections were removed for two days to let 20,000
adult sockeyes move downstream to spawn in the river
below the weir.4

The ADFG decided in 1972 that the existing weir
site at Karluk Lake’s outlet was unsuitable because of
the uncounted sockeyes that spawned in the upper
river each fall. Total sockeye escapement was a combi-
nation of the fish counted through the weir and an esti-
mate of the river spawners below the weir (about 10% of
total escapement). Beyond these counting inaccura-
cies, the ADFG thought that the existing weir might
hinder the homing behavior of river spawners. This
view was also held by Van Cleve and Bevan (1973), who
believed that the upper river was the most important

46 Memo (20 October 1966) from Benson Drucker, Acting
Project Leader, Karluk Lake, Red Salmon Investigations, BCF,
Auke Bay, AK, to Laboratory Director, BCF, Auke Bay, AK. Lo-
cated at NARA, Anchorage, AK.

47 Lechner, Jack, Martin F. Eaton, Kenneth R. Manthey, Louis
A. Gwartney, and Lawrence M. Malloy. 1972. Kodiak area
management annual report, 1972. ADFG. Unpubl. report. Lo-
cated at ASA, Juneau, AK.

48 Simon, Robert J., Jack Lechner, Martin F. Eaton, and Peter
B. Jackson. 1969. Kodiak area management annual report,
1969. ADFG. Unpubl. report. Located at ASA, Juneau, AK.

49 See footnote 47.
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sockeye spawning area in the Karluk ecosystem and
that placing a weir within this area harmed its adults
and juveniles by impeding natural movements. Their
conclusions were based on many years of field observa-
tions at Karluk during the 1940s and 1950s by Bevan
and Walker. Thus, to improve the counting accuracy
and to benefit sockeye movements, the ADFG recom-
mended moving the weir to the lower Karluk River:

[Concerning the Karluk River weir near lake’s outlet,
1972] The present Karluk weir location at the lake
outlet is not giving the Department a realistic count
on red salmon. We know from lagoon tagging experi-
ments that many of the August fish entering the la-
goon spawn in the river and do not pass through the
weir. We are proposing that the weir be moved to the
Karluk Lagoon where more accurate counts can be
made.>°

Though commercial fisheries biologists at ADFG
suggested this weir change in 1972, sport fish biologists
also preferred the lower river site to aid their studies.
For example, in 1972-73 Van Hulle and Murray (1973)
wanted a weir on the lower Karluk River to monitor
Chinook salmon populations, but they failed to secure
a lease for a new site (Murray and Van Hulle, 1974).

The ADFG operated two counting devices on the
Karluk River in 1975, the standard picket weir near the
lake’s outlet and a counting tower on the lower river
near the lagoon. At the lagoon tower, inaccurate sock-
eye counts made this an unsuccessful one-year experi-
ment; the problems they encountered were similar to
those of the 1958-59 BCF towers:

[At the counting tower on the lower Karluk River,
1975] A cabin, partial weir, flash boards, and count-
ing tower were constructed during the season at Kar-
luk Lagoon. The data obtained from the tower counts
proved to be unreliable primarily because of two
problems. Salmon passed over the panels during peri-
ods of poor visibility and inability to differentiate spe-
cies of salmon.>

Nevertheless, the 1975 counting tower trial was a
preliminary step in moving the weir to the lower river.
The decision had already been reached that the exist-
ing site on the upper river was unsuitable and that a
new location on the lower river best satisfied the differ-
ent interests of the ADFG biologists. Thus, after 30

5° See footnote 47.

5' Manthey, Ken, Larry Malloy, and Melayna McGuire. 1975.
1975 annual management report, Kodiak Management Area.
ADFG, Division of Commercial Fisheries, Kodiak. Unpubl.
report. 160 p. Located at ADFG Library, Douglas, AK.
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years of being located near Karluk Lake’s outlet, the
weir was moved to the lower river in 1976.

Weir near Karluk Lagoon (1976-2010)

The ADFG negotiated a lease with Karluk Village in 1975
to allow a picket weir on the lower river, just upstream
from Karluk Lagoon. From 1976 to the present time, the
ADFG annually operated the counting weir at nearly the
same site on the lower river as that used by the USBF
during 1921-41. As expected, the main problem at this
location during 19762010 was the same as during 1921-
41—i.e., even-year pink salmon carcasses drifting against
the weir. Weir crews during 1976-2010 once again strug-
gled to clear away pink salmon carcasses in August and
September and occasionally removed picket sections to
pass the debris downstream (Table 3-1). The ADFG’s 1975
experiment with a counting tower was perhaps intended
to solve this biennial problem. High river flows irregu-
larly threatened the weir or scoured holes that let salmon
pass by uncounted. In some years, bears repeatedly dam-
aged the weir, creating holes that needed timely mainte-
nance to assure an accurate count of the escapement
(Spalinger, 2006). In recent years, the ADFG has devel-
oped a detailed weir operations manual (Caldentey,
2007, 2009b).

The main purposes of the Karluk River weir during
19762010 were to count sockeye salmon and collect
run-composition data, but the new location also pro-
vided much better information on the other salmonid
fishes then being studied (Table 3-2). In particular, it
allowed biologists to gather escapement and run com-
position data on Karluk’s Chinook salmon, vital infor-
mation needed to calculate spawner-recruit relation-

A

Karluk River salmon counting weir near Karluk Lagoon, 1996.
(Richard Lee Bottorff, South Lake Tahoe, CA)



Collecting sockeye salmon scales, Karluk River weir, 1996.
(Richard Lee Bottorff, South Lake Tahoe, CA)

ships and to set accurate escapement goals (Nelson et
al., 2005). New concerns arose, however, about the ef-
fect of the new weir on steelhead survival and move-
ments. Van Hulle and Murray (1977) suggested that the
weir may harm spawned-out steelhead by delaying
their May-July emigration to the ocean. These down-
migrating kelts were in poor condition and delays of a
few days or weeks at the weir may reduce their survival.
A well-defined method to quickly pass steelhead kelts
below the weir was lacking during 1976-91. Begich
(1995) concluded that “timely, efficient passage of post-
spawn downstream migrants in steelhead systems
weired for enumeration of immigrating salmon is of
paramount importance and greatly assists in facilita-
tion of steelhead emigration.” Prior to 1992 the weir de-
layed steelhead emigration about two weeks, but start-
ing in 1992 a trap was built into the weir to swiftly move
kelts downstream. Recent abundant populations of
Karluk River steelhead may be partially due to these
weir modifications.

The ADFG typically removed the Karluk River weir
in mid or late September, well before the entire steel-
head and coho salmon runs had entered the river. Van
Hulle and Murray (1978, 1979) recommended that the
weir be operated until 15 November to get better counts
of these two fish species, but this was never done be-
cause of logistical problems and deteriorating weather
conditions as winter approached. In the 1920s and
1930s, the USBF tried operating the Karluk weir into

late October, but abandoned this effort when the
weather-related problems became known. Problems
with maintaining the weir greatly increased from ice
conditions and rising river flows after mid October, of-
ten making it hard to remove the weir for winter stor-
age. Weir crews staying into late October often found it
difficult to depart because Karluk Lagoon was ice cov-
ered, and storms in Shelikof Strait kept USBF boats
from landing at Karluk Spit.

Conclusions

This history of the Karluk River weir documents that
each of the three weir sites—lower river, Portage, and
lake outlet—has certain advantages and disadvantages,
some of which have changed with time as different re-
search topics were pursued and logistical problems were
solved. Knowledge of these weir sites has been gained by
many years of trial-and-error and hard work, by the field
efforts of hundreds of biologists and weir tenders, by ex-
periencing a full range of environmental conditions, by
field observations of the remarkably dynamic fish mi-
grations, and by discussions between biologists and of-
ficials with different research and management inter-
ests. After more than 9o years of continuous operation
by federal and state agencies, a consensus exists that the
lower river is the best weir site, although pink salmon
carcasses during even-numbered years may be a prob-
lem. This weir site fulfills its main operational purpose of
accurately measuring sockeye salmon escapement, but
it also provides useful information on many of Karluk’s
other salmonid fishes. It satisfies the combined concerns
and requirements of fisheries management, research,
and conservation (Table 3-2).

Despite its times of controversy and various loca-
tions since 1921, the Karluk River weir has supplied a
tremendous stockpile of fishery and scientific data on
its commercial and sport fishes (Figure 1-3). The
knowledge gained from this facility, as well as the
long-term research at Karluk, has advanced the un-
derstanding of sockeye salmon from near complete
ignorance in the 1880s to an exquisite appreciation of
this complex and dynamic species in 2010. Clearly, the
weir continues to be one of the best tools for manag-
ing, monitoring, and studying salmonid fish runs in
the Karluk River. While the uses of the weir may
change somewhat in the future and the operations
will be modified and improved, the valuable data
gathered each year make it likely this program will
continue for many years.
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CHAPTER 4

Sockeye Salmon Life History

In diversity lies the salvation of the species.

Karluk River sockeye salmon and the system they in-
habit are unique and complex. With the exception of
the much larger Fraser River system, the physical geog-
raphy of the Karluk River complex is probably as varied
as any other sockeye salmon river system in North
America.' The fish spawn in at least five habitat types
ranging from the brackish waters of Karluk Lagoon to
the torrential cascades of the lateral streams. They
spawn over a long period of time from June to Novem-
ber. There are at least 24 different age groups (combina-
tions of freshwater and saltwater residencies)—more
than those identified for any other river system. Some
Karluk River sockeye salmon smolts migrate to sea the
same summer they emerge from the gravel, while oth-
ers remain in freshwater for up to five years, at which
time they are among the largest smolts reported from
Alaska lakes. This unique array of diverse traits selected
by a varied physical environment has permitted the
Karluk River sockeye salmon to survive a changing total
environment. Further, this combination of biological
and environmental variability has resulted in the high-
est density of adult sockeye salmon known.

Sockeye salmon are anadromous, which means
they spend part of their early lives in freshwater before
migrating to the sea, where they remain for a period
before returning to freshwater to spawn. Therefore,
some system of age designation is necessary to show
what portion of an individual’s life is spent in each
habitat. The earliest investigators to age Karluk River
sockeye salmon and to develop a system that conveys
this information were Charles H. Gilbert and Willis H.
Rich (1927). In their system, total age is given with the
number of years spent in freshwater indicated as a
subscript. To obtain the number of years spent in the
sea, the subscript is subtracted from the total age. The
most common type found in the Karluk River is desig-

' A description of the physical aspects of the Karluk River sys-
tem is presented in Chapter 1.

nated as a 5, We will briefly follow this age group
through its life cycle.

Adult 5.’s return to the mouth of the Karluk River
at 5 years of age, swim up the river to Karluk Lake and
locate the site of their birth, where they spawn in
nests made in the gravel (called redds) and die. The
fertilized eggs hatch in the gravel and are now called
alevins. In the early spring, the alevins emerge from
the gravel after about 10 months. They actively mi-
grate into Karluk Lake as fry, where they feed and
grow for a little over two years. Therefore, they remain
approximately three years in freshwater from the time
when they were deposited as eggs in the redds. In May
or June, as smolts they migrate down the Karluk River
to the sea. After two years in the ocean this new gen-
eration of adults returns to the mouth of the Karluk
River, thus completing the cycle. Many variations of
this general account occur and are presented in detail
in this chapter on life history.

One advantage of the Gilbert and Rich system of
age designation is that one can see at a glance the brood
year of an individual and predict when the majority of
its offspring are likely to return, provided the date of
capture is known. Sockeye salmon are often cyclic, and
the Gilbert and Rich system is useful in studying this
phenomenon. We use the Gilbert and Rich method of
expressing sockeye salmon ages in this fisheries re-
search history.

Age Composition of Adults

Age composition of adult Karluk River sockeye salmon
was first determined in 1916 by Gilbert and Rich (1927),
when scale samples from 382 fish were collected from
the seine fishery near Karluk Spit. Subsequently, in 1917,
1919, and 1921, limited numbers of fish from the same
source were aged. In 1922, scales from 2,469 fish were
aged, but no scales were collected in 1923. Large samples
of sockeye salmon scales were generally collected and
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Male sockeye salmon, ocean colors

Male sockeye salmon, spawning colors

Female sockeye salmon, ocean colors

Female sockeye salmon, spawning colors

Ocean and spawning colors of adult sockeye salmon. (Drawings by Albertus H. Baldwin, from Evermann and Goldsborough, 1907.)

aged each year from 1924 to present times (Table 4-1).>
Length, sex, and, occasionally, weight and fecundity data
were also obtained during the sampling process. Be-
tween 1964 and 1968, otoliths were collected during the
fall sockeye salmon runs because the margins of many
late-run scales were badly eroded. These damaged scales
resulted in under-assignment of ocean ages. Otoliths
were not so affected and would be the preferred struc-
ture to use in aging sockeye salmon, except that aging
with otoliths is more expensive than aging with scales,
and the fish must be killed to obtain the otoliths. It
would be a boon to sockeye salmon research if a method
were developed that could accurately determine the
ocean age without having to kill the fish.

Total age of adults ranged from 2 to 9 years, with
1-5 of those years spent in freshwater as eggs and juve-
niles and o-5 years spent in the ocean. Hence, many

2 Table 4-1is a compilation of data from many investigations.
Sampling and analysis methods often differed or were not re-
ported. Some re-calculations were necessary so that all data
in this table adhere to the percentage of occurrence format.
There may be errors. Therefore, we present this table not as a
definitive work, but as a working guide to what we found dur-
ing our research. If further analysis is desired, we recommend
that the original data be located.

alpter 4

different age combinations of fresh- and salt-water resi-
dencies were possible. A total of 24 different ages have
been identified (Table 4-1 and Appendix), including 2,,
31 32 33 4v 42 43 44 50 52 53 54 55 02, 65, 0,, 64,75, 7,
75 85 8, 8, and o, (Gilbert and Rich, 1927; Barnaby,
1944; Rounsefell, 1958; Barrett and Nelson, 1995). Four
of the combinations (3, 5., 8,, and 9,) were reported
during one year only with the 95 being discovered in
1991 (Barrett and Nelson, 1995) and the 8, being first
reported in 2009. The 2s were reported only three
times (1987, 1989, and 2002).

Aging sockeye salmon by reading their scales is as
much an art as it is a science. Experienced scale readers
sometimes assign different ages to the same fish (God-
frey et al., 1968; Bilton et al., 1983). Hence, one or more
of the rare age combinations listed above might not ex-
ist in nature, but only in the minds of the scale readers.
On the other hand, there may be other valid age combi-
nations that were not present in the samples or identi-
fied by the scale readers. Nevertheless, the Karluk River
sockeye salmon, with 24 recognized age combinations,
exhibit more age variability than any other sockeye
salmon system known to us.

The most common age groups of Karluk River sock-
eye salmon are 5,, 6,, and 6,, listed in descending order of
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importance (the long term averages of 6, and 6, are simi-
lar). This ranking was first reported by Gilbert and Rich
(1927) during their analysis of scale samples in 1916. Sub-
sequent investigators have corroborated the usual pre-
dominance of 5, fish, even though 6, and 6, age groups
were the most abundant in some years (Barnaby, 1944;
Rounsefell, 1958; Owen et al., 1962; Gard and Drucker,
1965). Considering the years 1916-2009, the 5, age group
was most numerous in 64 years, the 6, group in 12 years,
and the 6, group in 12 years (Table 4-1). The fourth most
abundant age group was 7,, which occasionally (e.g. 1952)
appeared in larger numbers than the 6, or 6, age groups.
The age composition varied throughout the season
in Karluk River sockeye salmon. Gilbert and Rich (1927),
in analyzing 1922 scale data, found that the 6, group was
abundant in the spring run, but diminished as the sum-
mer progressed. The 6, group was initially present in low
numbers, but increased in abundance later in the spring
run and especially in the fall run. The 5, age group was
abundant throughout the season. Further, Rounsefell
(1958) reported that older ocean-aged fish (age groups

6., 75 7, and 8,) generally returned early in the season,
whereas older freshwater-aged fish (age groups 6, and
75) usually returned late in the season. Exceptions to this
generalization were the 8, 3, and 4, age groups.
Long-term changes in freshwater age composition
may also have occurred in the Karluk River sockeye
salmon. Barnaby (1944) presented graphical evidence
that indicated little or no change in ocean age, but a
decrease in 3-freshwater fish and an increase in 4-fresh-
water fish in most of the returns from the 1922 and the
192429 escapements. He suggested that a shortage of
phosphorus in Karluk Lake might have caused a de-
crease in phytoplankton, resulting in decreased growth
of sockeye salmon juveniles. This reduced growth
might have caused the juveniles to remain in Karluk
Lake for an extra year. Unless the relationship changed,
he predicted that the majority of the fish in the Karluk
sockeye run would be 4-freshwater, whereas formerly
the 3-freshwater age group was dominant. To test
whether or not this trend continued to present times,
we regressed the ratio of percentage occurrence of the
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two major age groups (5, and 6,) on year, from 1917 to
1995. Over the entire period, the ratio declined signifi-
cantly (P = 0.04), but the regression for the 1943-95 pe-
riod was not significantly different (P = 0.53) from zero
(Fig. 4-1). A cursory scan of Table 4-1 suggests that the
6, age group may replace the 5; group when the latter
are in low numbers. It is likely that cycles in freshwater
ages may be found that are similar to those reported by
Schmidt et al. (1998) for total age.

Size at Return

Size at return is an important life history aspect of Kar-
luk River sockeye salmon. Although lengths of tens of
thousands of adult sockeye salmon have been mea-
sured over the years, less weight data have been col-
lected. Most references to the weight of adults are from
the early years of the fishery, and many of these are
anecdotal (Table 4-2). During the 1884-1931 period,
Karluk River sockeye salmon averaged about 3.0 kg in
weight, with a range of 2.0 to 4.5 kg. Females were

somewhat smaller than males, and there may have
been a slight downward trend in weight during the pe-
riod. If we assume that 3.0 kg is a valid average weight
(which is questionable), Karluk River sockeye salmon
would rank among the heavier North American popu-
lations (Burgner, 1991). Chignik sockeye salmon adults
averaging 3.2 kg are the largest and Columbia River
sockeye averaging 1.6 kg are the smallest.

Sockeye salmon that spend o (actually a few
weeks) or 1 year at sea are called “jacks,” “grilse,” or
“Arctic salmon.” All o-ocean jacks and most 1-ocean
jacks are males. Zero-ocean jacks are in age groups 3,
44 or 5, and they are the smallest returning adults,
ranging from only 301 to 338 mm in average mideye-
fork length during the 1916-26 period (Table 4-3).
The 3, and 5, types were seen only once, but 4,’s oc-
curred on three occasions. One-ocean jacks (age
groups 2,, 3,, 45, 5,, and 6,), with the exception of the
rare 2,’s, appear more regularly, with the 4,’s and 5,’s
occurring most years. Most of these are small, averag-
ing from 399 to 532 mm in mideye-fork length (Table

Table 4-2
Early references concerning weight of adult sockeye salmon in the Karluk River.
Observer Year Avg. weight (kg) Fish per case Remarks
Petroff (1884) 1884 4.5 Sockeye salmon not specifically
identified.
Bean (1891) 1888 3.2-3.6 13 “Individuals of 15 Ibs [6.8 kg] are
occasionally seen, but they
1889 3.2-3.6 12 are uncommon.”
Luttrell (1898) 1893 14
Moser (1899) 1896 12 “...the early run usually consists
1897 12 of fish from 14 to |5 and even as
high as 17 to the case, but as the
season advances they come down
to |12 ...the general average is
probably 52 pounds
[2.5 kg] in weight.”
Moser (1902) 1900 13.6-13.9
Kutchin (1904) 1903 2.0 “...this season the fish were
remarkably small ...commonly
they run about 6 pounds [2.7 kg].”
Kutchin (1905) 1904 20 [Normally] “the common average
of 13 or 14”
Evermann and 1903 2.6 males Males averaged 64.0 cm.
Goldsborough (1907) 2.1 females Females averaged 60.7 cm.
Baker' 1922 13.5-14.5
Gilbert and Rich (1927) 1925 2.8 5; males
2.4 5; females
1926 2.8 5; males
2.5 5, females
2.9 63 males
2.5 6; females
2.8 6, males
2.5 6, females
Rich and Ball (1931) 1931 14 Used |4 fish/case to determine
number of fish caught from case
pack data.
ILetter (12 December 1922) from Shirley A. Baker, Assistant Agent, USBF, Cordova, AK, to Commissioner of Fisheries,Washington,
DC. Located at NARA, Anchorage, AK.
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Table 4-3
Mean mideye-fork length (mm) for male
jack sockeye salmon, Karluk Lake, 1916-26
(derived from Gilbert and Rich, 1927).
Male Mean length by age group for total run
sample
Year size 33 44 55 32 43 54 65
1916 148 — — — — 482 546 —
1917 363 - — — 39 — 505 —
1919 45 — — — — 53 — —
1921 % @ @9—- - - - - -
1922 1175 — 313 338 — 494 502 514
1924 2513 301 322 — — 482 525 —
1925 2548 _ = = = 512 526 —
1926 3523 — 30 —  — 464 524 551
Grand mean 301 315 338 399 495 521 532

4-3). The shortest of the 1-ocean jacks were the 3,’s,
which spent only two years in freshwater, and the lon-
gest were the 6.’s, which spent five years in freshwa-
ter; this shows that some growth occurs during each
year spent in freshwater.

Jacks arrive in the Karluk River predominantly to-
ward the end of the run season. A large run of 4, jacks
is often a harbinger of a large run of 5.’s, as well as a
large total run the following year. A good example of
this association occurred when a 5.2 percentage occur-
rence of 4, jacks in 1925 was followed by an 81.1 percent-
age occurrence of 5.’s and a run of 4,918,000 fish in
1926. Similar associations were evident in 1961-62 and
1984-85 (Table 4-1, Figs. 1-2, 1-3).

Two-ocean fish were longer than 1-ocean fish. For
the 191626 period, total runs of 2-ocean fish from age
groups 5, and 6, averaged 603 and 611 mm in length,
respectively (Table 4-4). Fish from age groups 4, and
5, averaged only 495 and 521 mm in length, respec-
tively (Table 4-3). Growth during the second year at
sea averaged 108 mm for the 5, fish and go mm for the
6, fish. It should be pointed out that we don’t know
how long the 5.’s and 6,’s were one year prior to their
capture, and we can only assume they were the lengths
of the 4;’sand 5,’s.

Table 4-4
Mean mid-eye-fork length (mm) by major age group for male sockeye salmon in spring, fall, and total runs, Karluk Lake.The
1916-26 data were derived from Gilbert and Rich (1927)' and the 1956-69 data were compiled by Benson Drucker.2
Sample Spring run Fall run Total run

Year size 55 6, 6,4 7, 53 63 6, 74 53 65 6, 74
1916 148 — — . — 606 611 599 — . — — .
1917 363 —_ — —_ —_ — —_ —_ — 611 635 624 6583
1919 45 — — — — 620 658 628 — — — — —
1921 96 — — —_ — 619 621 611 — —_ — — —_
1922 1175 558 — — — 592 — — — 587 600 588 5323
1924 2513 582 — . — 617 . — — 603 619 612 635
1925 2548 573 — —_ —_ 614 —_ —_ — 605 609 612 634
1926 3523 589 612 581 — 624 643 628 — 611 621 619 631
Grand mean 576 612 581 — 613 633 616 — 603 617 611 618
1956 485 501 562 534 581 543 560 547 592 512 561 542 584
1957 841 511 561 513 576 542 572 551 590 522 563 541 578
1958 752 498 541 490 534 547 576 549 574 529 558 535 565
1959 707 526 557 504 547 543 556 547 572 537 557 530 548
1960 1326 510 558 521 551 534 571 548 562 514 558 537 551
1961 475 526 557 520 562 548 576 571 597 532 560 552 571
1962 664 532 561 512 559 553 588 558 — 545 567 522 559
1963 825 520 568 508 552 519 577 531 574 520 575 527 573
1964 489 512 549 507 558 545 538 553 — 518 549 512 558
1965 248 512 553 499 544 542 577 562 570 525 558 548 545
1966 430 524 556 516 554 556 —_ 569 582 531 556 544 558
1967 553 517 571 526 559 553 593 566 593 531 576 547 564
1968 401 513 567 538 576 548 596 566 628 518 569 552 582
1969 172 - = = = >48 379 554 579 - = = =
Grand mean 516 558 514 558 544 574 555 584 526 562 538 564
" From 1916 through 1921 the fish were measured in inches. These were converted to mm by multiplying inches by 25.4. Also, all the lengths measured from 1916
to 1926 were snout-fork lengths. These were converted to mideye-fork lengths using the equation in Hartman and Conkle (1960:55) modified for mm.This was
Y = 23.9 + 0.924X.
2 Drucker, Benson. ca. 1969. Length frequency distribution by major age group for male and female sockeye salmon in spring, fall, and total escapements to Karluk
Lake, 1956-1969. U.S. Department of the Interior, FWS, BCF, Biological Laboratory, Auke Bay, AK. 27 unpubl. tables.
Copy in the personal papers of Richard Gard, Juneau, AK.
3 Only one fish was measured.
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In like manner, 3-ocean fish were longer than
2-ocean fish. During the 1916-26 period, 6, and 7, fish
averaged 617 and 618 mm in length, respectively (Ta-
ble 4-4). A comparison of these groups to the 5.’s and
6,’s shows that the 6,’s grew 14 mm and the 7,’s grew
only 7 mm during their third ocean year; both growth
increments were much less than those for the second
ocean year. Taft (1930) also reported little growth of
6,’sand 7,’s during their last year at sea. As pointed out
in the previous paragraph, we assume that one year
prior to their return the 6.’s and 7,’s were the lengths
of 5sand 6,’s.
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Male sockeye salmon from the Karluk River are usu-
ally longer than females. This difference is clearly evident
in Figure 4-2 where 2-ocean males were significantly
(P<o.01) longer than 2-ocean females in 1962 (Gard and
Drucker, 1963). However, if there is a large number of jacks
such as occurred in 1968 (Fig. 4-3), females may average
significantly (P<o.05) longer than males. In that year, 8%
of the sample was composed of jacks.

Season of return has a profound effect on length.
For the 1956-69 period, mean lengths of the major age
groups of fall-run males were longer than those for
spring-run males (Table 4-4). Similar differences oc-
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Sockeye salmon (no. sampled)

Figure 4-2. Length frequency of 2-year ocean

male and female sockeye salmon sampled at
the Karluk River weir, 1962 (from Gard and
Drucker, 1963).
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Figure 4-3. Length frequency of male and 30

female sockeye salmon sampled at the Karluk
River weir, 1968 (from Drucker, 1970).
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curred during the 1916-26 period between spring and
fall age groups 5, 6,, and 6, (Table 4-4).

Gard et al. (1987) found that fall-run females from
Karluk River weir and various spawning grounds were
significantly (t-test; P < o.01) longer than spring-run
females in 1962 and 1963 when the samples were not
stratified into age classes. In 1965, when the compari-
sons were made with 2-ocean females only, fall-run fish
were longer than spring-run fish, although the lengths
of spring- and fall-run fish from terminal streams did
not differ significantly (t-test; P > 0.05). This was at-
tributed to small sample sizes.

There appears to have been a substantial decrease
in size of Karluk River sockeye salmon between the 1916-
26 period and the 1956-69 period (Table 4-4). The grand
mean lengths of the major age groups decreased a mini-
mum of 54 mm in the total run of 7,’s, to a maximum of
77 mm in the total run of 5.'s. There was no overlapping
of mean lengths for individual years although the single
7, fish measured in 1922 was shorter than the mean for
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1916-26 and 1956-69 periods (data are
from Table 4-4).

any 7, sample from the more recent period and may have
been an error. These differences are quite apparent from
the plots of 1916-26 mean lengths (open circles) and
1956-69 mean lengths (solid circles) for the major age
groups and runs (Fig. 4-4). In a comparison of average
lengths of spring-run Karluk River sockeye salmon from
early (1925-41) and recent (1973-95) years, Martinson
(2004) also found a size reduction over time. Similarly,
Ricker (1982) reported that between 1950 and 1980 most
areas of British Columbia registered small decreases in
size of sockeye salmon.

The most significant findings concerning the size of
returning sockeye salmon adults were: 1) differences in
length from various spawning grounds and between
spring and fall runs were evidence supporting the exis-
tence of subpopulations (see Chapter 5), and 2) size was
primarily determined by the length of stay in the ocean.
Gilbert and Rich (1927) first showed that fish spending
the shortest time in the sea should have the shortest
lengths, and fish spending the longest time in the sea



should have the longest lengths, and 3) that size also var-
ied with freshwater age, sex, and from year-to-year.

Sex Ratio

In the past, it has been generally assumed that there
should be as many males as females on the spawning
grounds to assure fertilization of all eggs. However,
Barnaby (1944) reported that in the 1923-33 returns of
sockeye salmon to Karluk Lake, the average occurrence
of males was only 43% despite a 50% average occur-
rence of males in the smolt out-migration for the 1925-
34 period. Part of this decrease between the smolt and
adult stages was attributed to selection of males by a
gill-net fishery off the mouth of the river, but part of
the decrease was unexplained. With reference to the
earlier years of the same data, Gilbert and Rich (1927)
concluded that “This is an unusual condition among
red salmon races and appears the more remarkable
from the fact that, aside from the grilse, every impor-
tant year class shows a deficiency of males.” In fact, a
preponderance of females is neither “unusual” nor “re-
markable”; Foerster (1968:116) presents a table of sex
ratios from eight British Columbia sockeye systems for
the years 1950-58 that generally shows an excess of fe-
males. We now know that a modest excess of females
may not be harmful with respect to degree of egg fertil-
ization because Mathisen (1962) demonstrated that
one male can effectively fertilize the eggs of up to 15
females. However, the suggestion by some that “sur-
plus” males be selectively harvested could be detrimen-
tal as a surplus of males would help buffer females from
bear predation (see Chapter 10) and would increase
lake fertilization (see Chapter 7).

A more recent series of data (1956-68) shows a
male-dominated sex ratio for six years and a female-
dominated sex ratio for seven years (Table 4-5). Hence,
there has been a shift from total female dominance to
an almost even split between the sexes since Barnaby’s
period. Usually when males are substantially more nu-
merous than females, as in 1958, 1961, and 1968, jacks
are in abundance (Table 4-1).

As we have seen with length, sex ratio is also closely
associated with ocean age. Barnaby (1944) reported that
the percentage occurrence of males decreases with in-
creased ocean residence with 100% males in the 0-ocean
group and only 35-38% in the 3-ocean group. In the
2-ocean group, which includes the usually abundant
5,5 and 6,’s, the percentage occurrence of males ranges
from 32% to 62%. This group has the most balanced
sex ratio.

Table 4-5
Sex ratios of adult sockeye salmon in the spring,
fall,and total escapement, Karluk Lake, 1956-69."

Spring Total
escapement Fall escapement escapement?
Year (male : female) (male : female) (male : female)
1956 1:0.96 |:0.83 1:0.90
1957 I:1.04 |:0.89 1:0.95
1958 1:0.93 I :1.25 1113
1959 I1:1.23 1:0.95 1:1.04
1960 1:091 |:0.89 1:0.90
1961 I:1.10 119 1:1.14
1962 |:0.87 | :0.68 1:0.74
1963 I:1.20 l:1.33 1:1.28
1964 I :1.27 1:0.95 1:1.05
1965 1:0.86 |:0.84 1:0.84
1966 1 :1.73 1:0.97 1:1.08
1967 I :1.00 1:0.78 1:0.85
1968 I:1.26 | :1.04 1112
1969 3 1:0.83 3

' Drucker, Benson. ca. 1969. Length frequency distribution by major

age group for male and female sockeye salmon in spring, fall, and total
escapements to Karluk Lake, 1956-1969. U.S. Department of the Interior,
FWS, BCF, Biological Laboratory, Auke Bay,AK. 27 unpubl. tables. Copy in
the personal papers of Richard Gard, Juneau, AK.

2 Ratios weighted by escapement size.

3 Weir washed out.

Upstream Migration

Length of time required for the upstream migration of
the spring and fall subpopulations of Karluk River
sockeye salmon varies markedly. Both groups pass
through the fishery off the mouth of Karluk River and
enter the river at Karluk Spit (Fig. 1-4) in two large, dis-
tinct waves. The vanguard of the early run arrives at the
spit in mid May, and the first fish of the fall run arrive
there sometime in July depending on conditions. The
first 3 km of the river constitute a lagoon and the fish
swim through the lagoon and thence up the river proper
for another 34 km before reaching Karluk Lake and its
spawning grounds.

There is general agreement that spring-run fish re-
quire about 7 days to make the passage, but average
travel time for the fall run is longer and ranges from 10
to 28 days (Gard, 1973).3 Reasons why fall-run fish re-

31) Rutter, Cloudsley Louis. 1903. Field observations by
Cloudsley Rutter on his Karluk work of 1903. Unpubl. notes.
48 p. Copy provided courtesy of Mark R. Jennings (Davis, CA)
and located in Box 130, Barton Warren Evermann papers, Li-
brary Special Collections, California Academy of Sciences,
San Francisco, CA.

2) Simon, Robert J., Jack Lechner, Martin F. Eaton, Peter B.
Jackson, and Louis A. Gwartney. 1970. Kodiak area manage-
ment annual report, 1970. ADFG. Unpubl. report. Located at
ASA, Juneau, AK.
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quire more time than spring-run fish are that 1) pink
salmon are abundant in the fall in even years and they
impede the progress of the sockeye salmon by their
physical presence, and 2) a fairly high flow of water is
required to permit salmon to ascend the shallow Kar-
luk River. Sufficient flows are present throughout the
spring run because of snow melt, but adequate flows
during the fall run require rain, which is sporadic until
mid September.

During the early part of the fall run, fish often
enter the lagoon, mill around for a few days, and re-
turn to the sea apparently to await better conditions.
Unlike other salmon, sockeye tend to form schools in
the lagoon. After a good rain an entire school of many
thousands may head upstream in a group, leaving the
lagoon nearly devoid of fish temporarily. The range in
fall travel time from 10 to 28 days, reported in different
studies, may also be due to fluctuations in rainfall, or
it may depend on where in the lagoon the tagged fish
are released. Both Gilbert* and Barrett and Nelson
(1994) found that it requires an average of about 10
days in the fall for salmon to travel from the Karluk
Spit area to the lower weir. That distance is essentially
the length of the lagoon, which is over 3 km long.
Tagged fish released near Karluk Spit will require
more time to reach the lake than fish released near the
upper end of the lagoon.

Spawners arrive at the upper weir in two large
waves, repeating their pattern of arrival at the river
mouth. The first fish of the spring run enter the lake in
mid May. Daily escapements build to a peak in mid
June and decrease to a few fish in mid to late July. The
fall run then commences, tops out between late August
and late September and declines to a few fish by No-
vember. After reaching the lake, the spring-run fish
spend 3-5 weeks migrating and maturing before they
appear on the spawning grounds, whereas the fall-run
fish require only 1-3 weeks. Spring-run fish may spend
alonger time in the lake because they are not as mature
as fall-run fish when they enter the lake. Timing of the
spring run is precise and hence predictable within a few
days from year-to-year and timing of the fall run is im-
precise and unpredictable as a result of stream flow and
pink salmon escapement patterns. More detail is given
in Chapter 6. We do not know what routes the groups
of spawners take during their migrations from the lake
outlet to their respective spawning grounds.

4 1) Letter (18 August 1925) from Ray S. Wood to Fred R. Lucas.
2) Letter (11 September 1925) from Ray S. Wood to Fred G.
Morton. Both located at NARA, Anchorage, AK.
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Sexual Dimorphism

When sockeye salmon arrive at Karluk Spit they are
streamlined and silvery. There are no large dark spots
on the back or fins, but rather, a fine black stippling.
The dorsal surface is greenish blue grading into a darker
blue on top of the head. The gums are lightly pig-
mented. Both sexes are of similar coloration and form,
the main difference being that the snout and jaw of the
males are somewhat longer than those of the females.
At this stage of maturation a Karluk River sockeye
salmon has the appearance of a generalized salmonid.
Most of the fish entering the lake during the spring
run and a few that enter during the fall run appear as
described.

As the season progresses, there is a remarkable
change in color and form. These changes become evi-
dent toward the end of the spring run when a subtle
reddening of the body and elongation of the snout and
jaw of the males are evident in fish entering Karluk
Lake. The rate of change increases during the fall run.
By the time the fish from both runs reach the spawning
grounds they appear as follows: Males have bright red
backs, somewhat darker red sides, and red adipose,
anal, and dorsal fins. Their heads and opercula are
green. Spawning males acquire a hump between the
head and dorsal fin, become laterally compressed, and
develop elongate, hooked lower jaws and snouts with
enlarged upper teeth. Females have a coloration similar
to males except that their sides are darker. The form of
females is much the same as at sea, but their abdomens
become enlarged and there is a slight elongation of
snout and lower jaw.

Fry and smolts have uniform bluish-green backs
and silvery sides with 8-12 short, oval parr marks. No
dark spots are on the dorsal fin.

Spawning

Spawning Habitat

At least five distinct spawning grounds are used by Kar-
luk River sockeye salmon. These are 1) lateral streams
such as Cottonwood and Salmon creeks, 2) terminal
streams such as Thumb and O’Malley rivers, 3) lake
beaches especially near the mouths of Thumb and
O’Malley rivers, 4) Karluk River below the lake outlet,
and 5) Karluk Lagoon at the mouth of Karluk River
(Figs. 1-4, 1-5). Most lateral streams are short, shallow,
narrow, swift, and steep with thin rubble and gravel
substrates except in short stretches above their mouths
which are similar to terminal streams. Two lateral



Table 4-6
Physical characteristics of representative spawning habitats of sockeye
salmon of the Karluk system (from Owen et al., 962).
T . Streamflow
ype and location Area Length Mean - -
of spawning area utilized (m?)  utilized (m) gradient (%) (m/sec) (m3/sec) Type of gravel
Lateral streams
Grassy Point Creek 1,363 427 5.26 0.77 0.41 Shallow gravel of all sizes
Cottonwood Creek 2,425 396 4.13 0.35 0.14  thickly interspersed with
Others 12,935 —_ — — —_ rubble and small boulders.
Total 16,723
Terminal streams
Upper Thumb, East Fork 26,422 2,865 0.70 0.85 2.23 Uniform fine gravel and sand.
Others 40,719 — — — —
Total 67,141
Qutlet River (Karluk) 252,845 4,663 0.2! 0.55 18.21  Uniform fine gravel inter-
spersed with pockets of sand
in lower reaches.
Karluk Lake Beaches — — — — — Rubble, some rocky
Thumb, O’Malley areas 12,5422 outcrops.
! Mean gradient estimated.
2 Area utilized estimated.

streams, Little Lagoon and Spring creeks, are so differ-
ent from the others that they could be considered a
class by themselves: Little Lagoon consists of a pond a
few meters back from the lake, fed by little streams.
Spring Creek is composed of a few interconnected
ponds fed by springs and small streams. The terminal
streams are longer, deeper, wider, slower, with less gra-
dient than lateral streams and possess thick, gravel
substrates. Upper Karluk River is similar to the termi-
nal streams except that it is wider and has a greater vol-
ume flow. Beach spawning areas are generally in deeper,
slower moving water than tributary or outlet streams
and have a rubble substrate. The Karluk Lagoon spawn-
ing area is unique in that it is in brackish water near the
head of the lagoon. It may be the only sockeye salmon
spawning area in the world in brackish water.> Finally,
there are a few creeks that empty into Karluk River be-
tween the lake outlet and the lagoon that accommo-
date some spawning sockeye salmon. These are Silver
Salmon, Katzenjammer, and Barnaby creeks.

Physical data related to spawning are presented in
Table 4-6, which is reprinted from Owen et al. (1962).
Total spawning area for the Karluk River system is esti-
mated to be 349,251 m*. Using this area and the 1955-62
average escapement of 334,000, we determined that an
average of 9,543 spawners per hectare were accommo-
dated. This density of spawners is much higher than
that for Bristol Bay river systems for which comparable

5 Letter (5 January 1994) from Len Schwarz, ADFG, Division
of Sport Fish, Kodiak, AK, to Kevin Delaney, ADFG, Division
of Sport Fish, Anchorage, AK. Located at ADFG, Kodiak, AK.

data are available. The Kvichak River system with 4,557
spawners per hectare had the second highest spawning
density (Burgner et al., 1969, Tables 12, 15). Terminal
streams at Karluk Lake have about four times as much
spawning area as lateral streams and the upper 4.8 km
of Karluk River have three times as much spawning
area as do all the tributary streams together (Owen et
al., 1962). However, sockeye salmon may not spawn ef-
fectively in the lower part of the 4.8 km stretch because
the substrate there is seemingly compacted, fine mate-
rial under the top several cm of gravel.®

Timing and Distribution of Spawners

Distribution of spawners in the tributaries was deter-
mined by weekly or biweekly stream surveys. In 1963
spawning occurred between about 1 July and 1 Novem-
ber (Fig. 4-5). The peak of the spring run was about 19
July and the peak of the fall run was about 14 September
with the midseason low on 15 August. Ninety-one per-
cent of the lateral stream spawners were from the
spring run while terminal stream spawners were from
both runs. Canyon Creek and O’Malley River accom-
modated both runs. Upper Thumb River was occupied
by the spring run and Lower Thumb River by the fall
run. Most of the lake beaches were used by fall spawn-
ers. Although the prime beach spawning areas were
near the mouths of Thumb and O’Malley rivers, some
beach spawning occurred near lateral stream mouths
during the spring run. Upwelling usually was present at

¢ Wilmot, Richard L. Auke Bay, AK. 1996. Personal commun.
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Figure 4-5.
Lake, 1963 (from Gard and Drucker, 1965).

favored beach spawning sites. Ten percent of the total
escapement spawned in Upper Karluk River below the
former weir site during late spring and fall runs (Gard
and Drucker, 1965). Temporal and spatial distributions
of spawners in 1963 were similar to those in 1957, 1958,
and 1959 (Owen et al., 1962) and in 1962 and 1964 (Gard
and Drucker, 1963, 1966a). This general pattern has ex-
isted as far back as 1922.7

Spawning Process

After arriving at their natal spawning grounds, mature
sockeye salmon initiate the spawning process. The fol-

7 Rich, Willis H. 1922 notebook. Location of original note-
book unknown; copies at NARA, Anchorage, AK, and ABL
Library, Auke Bay, AK.
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Timing and distribution of sockeye salmon on the spawning grounds by weekly stream survey counts, Karluk

lowing sequence of events is for Wood River sockeye
(Mathisen, 1962), but it generally applies to Karluk
River sockeye salmon as well. The female selects a site
and starts to dig a nest. She is joined by a male who may
help some with the digging and fights off other males
who may take up “satellite” positions nearby. Digging is
accomplished when the female turns on her side and
rapidly flexes her body back and forth. Gravel and sand
are lifted from the nest by suction and the current car-
ries the particles away. There are periods of rest when
she tests the nest with her anal and pectoral fins. The
excavated nest is oblong and measures about 76 X 51cm
with the long dimension parallel to stream flow.

When the nest is ready, the dominant male and
female lie side by side quivering with their mouths



agape while eggs and sperm are released simultane-
ously. The spawning act takes 10-12 seconds, and dur-
ing this period a satellite male may dart in and also re-
lease sperm. Fertilization occurs rapidly with an
efficiency of nearly 100%. The female then digs on the
upstream side of the nest to bury the eggs quickly. She
now rests for several hours before excavating another
nest nearby and repeats the process until 3-7 nests are
completed, each accommodating 500-1,100 eggs. Fi-
nally, she covers the batches of eggs with gravel to a
depth of 15-23 cm and guards the completed redd until
near death.

Longevity of spawners on the spawning grounds
was determined at Grassy Point Creek, a lateral stream
at Karluk Lake (Gard and Drucker, 1966a). Maximum
longevity (time through the weir to time of disappear-
ance) decreased from 14 to 9 days and average longevity
decreased from 3.8 to 1.5 days as the season progressed.
Salmon entering the creek later in the season were
more mature and a progressive decline in longevity
would be expected.

Many factors affect the success of spawning, but
spawner density may be the most significant. As
spawner density increases, egg retention in the bodies
of the females, superimposition in the spawning grav-
els, competition for spawning sites, and mortality of
eggs in the gravel also increase. The Karluk River sys-
tem, with a density of 9,543 sockeye salmon per hect-
are of spawning area, accommodates the largest
known density of spawning sockeye in Alaska (com-
puted from information in Tables 12 and 15 in Burgner
etal., 1969).

What is there about Karluk sockeye salmon or
the environment they inhabit that permits such a
high density? First, the total run is divided into two
approximately equal, well-separated runs that ex-
tend over a four month period. Second, within each
major run there is wave spawning. This may be seen
best in the run configurations for the lateral streams
(Fig. 4-5). Division into runs and waves within runs
ensures that only a portion of the total escapement is
on the spawning grounds at any one time. Third,
spawners in Karluk lateral streams tolerate each
other in closer proximity (<1 m? per pair) than do
spawners in many other systems. Hartman et al.
(1964) suggest that abundant boulders on the bot-
toms of Karluk lateral streams block the vision of
neighboring pairs of spawners, giving them a sense
of privacy not present in streams with substrates of
uniform gravel. Finally, during years with large es-
capements, spawners go farther upstream and spawn

over a longer period of time than they do in years
with smaller escapements.

Although high densities of spawners at Karluk
seem to function well during most years, there are lim-
its. In 1926, when there was a huge escapement of
2.5 million sockeye salmon, many females died un-
spawned. Willis H. Rich observed this event and was so
appalled by the waste that he fertilized some eggs from
newly-deceased females, planted them in the gravel,
and later determined that some of the eggs survived at
least the early stages of development.?

Fecundity and Egg Size

Fecundity (number of mature eggs per spawning fe-
male) is an important life history characteristic. It is an
essential element in calculating freshwater survival
rates and is used in hatchery operations and in docu-
menting the existence of subpopulations.

Mean fecundity of Karluk sockeye salmon females
has been estimated for about 100 years. One of the ear-
liest records was in 1900 when Moser (1902) said that
the average fecundity of Karluk hatchery females was
3,000. With reference to a collection made between
5 August and 5 September 1903, Chamberlain (1907:101)
stated: “The sockeye carries between 2,500 and 4,000
eggs, an average, perhaps of 3,500.” The maximum
range of average fecundity for the Karluk system that
we found was from 2,145 at Cottonwood Creek to 3,792
at O’Malley River, both counts being obtained in 1965
(Gard et al., 1987). By themselves, the counts men-
tioned above are of limited value because fecundity
varies with size and ocean age of females, with season
and year, and with location.

The number of eggs contained in any female is
closely related to its length. Therefore, a mathematical
expression relating these variables is necessary when
fish of different lengths are compared. Smith (1947)
and Vladykov (1956) reported that the relationship is
curvilinear in salmonids that mature over a wide range
of lengths, but since sockeye salmon mature over a nar-
row size range, a linear equation adequately describes
the relationship (Forester and Pritchard, 1941; Roun-
sefell, 1957; Gard et al., 1987). Therefore, we use linear
regression techniques in this report.

That fecundity is related to size of sockeye salmon
was reported by Gilbert and Rich (1927): “It is apparent

8 Rich, Willis H. 1926 notebook. Location of original note-
book unknown; copies at NARA, Anchorage, AK, and ABL
Library, Auke Bay, AK.
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that the larger females have the greater number of eggs,
the relationship being such that a difference of 1 centi-
meter in the length of the fish is accompanied, on the
average, by a difference of 150 in the total number of
eggs.” Included in their report is the first graph known
to us of the regression of total number of eggs on length
for Karluk sockeye salmon. Data points and a regres-
sion line fitted by eye are shown (Fig. 4-6). Thus, Gil-
bert and Rich established the format which was fol-
lowed by subsequent studies of Karluk sockeye salmon
fecundity. For example, the regressions of fecundity on
length for the 1963 spring and fall samples from Canyon
Creek clearly show the dependence of fecundity on
length (Fig. 4-7).

To the extent that fecundity is related to size and
size isrelated to ocean age (demonstrated earlier in this
chapter), fecundity is also related to ocean age. For ex-
ample, 2-ocean females are longer and have more eggs
than 1-ocean females and 3-ocean females are longer
and have more eggs than 2-ocean females (Table 4-7).
However, if fecundities of Karluk fish of the same
length are compared, younger 2-ocean fish have more

?mPter 4

a terminal tributary of Karluk Lake, July and
September 1963 (from Gard and Drucker, 1965).

eggs than older 3-ocean fish (Rounsefell, 1957:458). He
attributed this to the fact that the younger fish are
faster growing than the older fish.

Fecundity also varies with season. Between 1963
and 1965 and in 1968, each fall sample of females from
the Karluk River weir had a higher mean fecundity and
length than each respective spring sample (Table 4-8).
Similar differences were evident between spring and

Table 4-7
Reproductive potential of the 1958 escapement at Karluk
Lake by age group (Hartman and Conkle, 1960).

Age Number Mean mideye- Mean Potential egg
group of females' fork length (cm) fecundity  deposition
43 814 43.5 1674 1,363,000
54 2,471 43.8 1717 4,243,000
5; 60,872 51.4 2810 171,050,000
64 53,601 51.3 2796 149,868,000
6; 8,695 54.3 3227 28,059,000
74 2,186 53.8 3155 6,897,000
Total 361,480,000

'Based on a sample of 2108 sockeye salmon from the 1958 experiment.




Table 4-8
Mean mideye-fork length, fecundity, and regression data for sockeye salmon from
the Karluk River weir and Grassy Point Creek, a lateral tributary of Karluk Lake
(1962, 1963, and 1965 data 