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ABSTRACT

Radiotelemetry methods were used to document spawning locations, describe the timing of upstream and
downstream spawning migrations, and estimate the spawning frequency of inconnu (sheefish) Stenodus
leucichthys in the Kobuk River. In 2008 and 2009, 150 mature sheefish were captured each year and
radiotagged from 17 July to 28 August. Aerial and stationary tracking data were used to document their
spawning area, estimate the proportion that returned annually to spawn, and record their upstream and
downstream migrations before and after spawning. Aerial tracking surveys were completed annually
between July and October, 2008-2014. Numerous models were explored to estimate the annual
proportion of sheefish that returned to spawn from each tagging year. The model chosen produced return
proportion estimates that ranged from 0.33 (SE = 0.05) to 0.63 (SE = 0.07) for fish tagged in 2008, and
0.14 (SE = 0.03) to 0.80 (SE = 0.05) for fish tagged in 2009. The mean date of downstream passage
(2008-2009, 2011-2014) ranged from 28 September in 2009 and 2014 to 5 October in 2012. The mean
date of upstream passage (2009, 2011-2013) ranged from 21 August in 2011 to 4 September in 2013.
Tracking station data from 2010 were lost because spring floods damaged the equipment. Sequential year
spawning was documented for males and females in all years of the study. Sheefish exhibited a variety of
spawning strategies but 32%—-42% of males and 32%-37% of females spawned at least every other year.

Key words: Kobuk River, inconnu, radiotelemetry, sheefish, spawning frequency, spawning location, spawning

migrations, Stenodus leucichthys

INTRODUCTION

Inconnu Stenodus leucichthys, commonly known
as sheefish in Alaska, are found in large rivers
and associated lakes of northwestern North
America and northeastern Asia as well as the
White and Caspian Sea drainages (Berg 1948;
Morrow 1980; Lee et al. 1980). Sheefish are an
extremely important resource in northwest
Alaska; their importance stems from their
extensive use as a subsistence food, their value
as a commercial resource, and their reputation as
a trophy sport fish (Georgette and Loon 1990).
There are only 2 known spawning populations
that support the Northwest Alaska sheefish
fisheries: one in the Upper Kobuk River; and the
other in the Upper Selawik River near the
confluence of Ingruksukruk Creek (Alt 1987;
Figure 1). Over 20,000 sheefish are harvested
annually throughout the Kobuk and Selawik
River drainages; however, the majority of the
harvest occurs during the winter subsistence
fishery in Hotham Inlet and Selawik Lake where
both stocks are mixed (Figure 1; Taube 1997;
Savereide 2002).

Sheefish are the largest member of the whitefish
subfamily Coregoninae and can be distinguished
by their relatively large size, streamlined body,
and extended lower jaw (Morrow 1980). They
are iteroparous and usually mature around 8 to

12 years of age and can live for more than 30
years (Brown 2000; Howland et al. 2004). Their
life history typically includes fall upriver
migrations to freshwater spawning areas
followed immediately by a downriver migration
to overwintering and feeding areas within an
estuary system; however, there are some stocks
that do not exhibit these migrations and are
considered resident populations (Alt 1987
Howland 1997; Brown 2000; Stuby 2012).

In particular, Kobuk River sheefish are estuarine
anadromous, which means the majority of their
life is spent in the brackish waters of Hotham
Inlet (locally known as Kobuk Lake), Selawik
Lake, and Kotzebue Sound (Smith et al. 2015).
They are also known to be amphidromous,
which means they migrate back and forth from
the sea to fresh water looking for food. Young
sheefish hatched in the Kobuk River do so
during early spring before ice-out. After
hatching, they are carried downstream by high
spring flows to a wide array of destinations that
include backwaters along the river, off-channel
lakes, and the estuary regions mentioned above
(Alt 1987). Juvenile sheefish feed mainly on
insects and other small prey, but as they mature,
they feed almost exclusively on fish including
herring Clupea pallasi, smelt Osmerus mordax,
lamprey Lampetra camtschatica, juvenile Dolly
Varden Salvelinus malma, and various species of
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juvenile whitefish and Pacific salmon. Once
mature, typically between age 5-9 for males and
7-12 for females, they return to their spawning
grounds, which is described as a 90 km stretch
of the mainstem Kobuk River from Kalla (an
area ~10 km downstream from the Mauneluk
River) upstream to the Reed River (Alt 1969;
Figure 1). After spawning, the stock migrates
back to the estuary system to overwinter and the
cycle starts over.

Considerable research has been conducted on
these stocks, with the first directed efforts
initiated by the University of Alaska in the
1960s (Alt 1969). Since that time projects have
been conducted to enumerate both spawning
populations (Taube and Wuttig 1998;
Underwood 2000; Hander et al. 2008), monitor
region-wide harvests (Georgette and Loon 1990;
Taube 1997; Savereide 2002), determine the
composition of the mixed-stock winter fishery
(Hander et al. In prep) and gather life history
information (Miller et al. 1998).

Even with all of this information, the
exploitation of these stocks is poorly understood.
This is due to incomplete estimates of total
annual harvest and unknown total exploitable
stock abundance. The annual harvest (sport,
commercial, and subsistence) is not assessed on
a consistent basis (Table 1). In addition, the
distribution of juveniles and adults throughout
the estuary system coupled with the inability to
differentiate stocks using genetics (Hander et al.
In prep) makes it unfeasible to estimate total
abundance using mark—recapture methodology.

An understanding of these basic elements is
necessary to describe the population dynamics
of each stock and identify sustainable harvest
levels. However, before conducting additional
spawning population assessments, a better
understanding of spawning locations, run timing,
and spawning frequency is required. The general
consensus among  scientists who  study
iteroparous fish in high latitudes is that most
skip a year or more between spawning events
because the energetic requirements of spawning
in sequential years are too high (Alt 1969; Reist
and Bond 1988; Lambert and Dodson 1990).
Evidence of skip spawning has been observed in
the Kobuk, Selawik, Yukon, and Kuskokwim

River populations (Alt 1987, Taube and Wuttig
1998, Underwood 2000; Brown and Burr 2012;
Stuby 2012). Some Russian populations are
believed to spawn every 3-4 years (Nikol’skii
1954), and Scott and Crossman (1973) suggested
that some Canadian populations may spawn
every 2-4 years. Because of this life history
trait, estimates of spawning frequency are
critical in determining whole population sizes
based on spawning population estimates. In
addition, describing the spawning locations and
calculating estimates of run timing will provide
the basis for improving and/or assessing the
design of population assessment techniques like
mark-recapture experiments or sonar.

OBJECTIVES

The objectives for this study were to use
radiotelemetry techniques to:

1. document spawning locations within the
Kobuk River upstream of the village of
Kobuk;

2. describe the timing of spawning
migrations (upstream and downstream)
for mature sheefish within the Kobuk
River drainage;

3. estimate the proportion of the sheefish
spawning population in 2008 and 2009
that return annually to spawning areas
upstream of the village of Kobuk from
2009 to 2014; and

4. identify and characterize different
spawning frequency strategies used by
adult sheefish in the Kobuk River,
estimate the proportion of adults using
each strategy, and estimate the potential
variation in the proportion of adult
sheefish spawning in any given year.

METHODS

Radiotelemetry techniques were used to estimate
spawning frequency, document spawning areas,
and estimate run timing (upriver and downriver
migrations) of mature sheefish in the Kobuk
River. Migrating fish were captured and
radiotagged upstream of the village of Kobuk
(Figure 2) to ensure that all fish sampled were
mature and bound for upriver spawning areas.
The duration of the migratory period past the



Table 1.—Reported and estimated commercial, sport, and subsistence sheefish harvests from Northwest Alaska communities and fisheries (sport and winter
gillnet harvests were estimated, all other harvests were reported).

Subsistence

Sport Community

Northwest Kobuk Selawik Kobuk  Kotzebue  Winter
Year Commercial AK?®  River River Selawik Kobuk Noorvik Kiana Ambler Shungnak Drainage  District”  Gillnet
1996 308 485 360 6,953 15,161
1997 0 906 304 9,805 13,704
1998 254 414 145 5,350
1999 635 621 8,256
2000 1,195 361 119 7,446 14,533
2001 19 1,305 552 59 3,838
2002 30 500 352 58 2,020 3,882
2003 122 2,509 676 0 7,823
2004 37 1,634 477 0 10,163
2005° 393 393 0
2006 0 810 566 0 5,129 1,298
2007 0 1,066 742 0
2008 0 61 0 0
2009 0 946 747 0
2010 0 595 86 221
2011 0 385 257 0 6,190
2012 0 104 50 0 1,062 6,032 1,156 1,556
2013 0 218 188 0

% Northwest Alaska includes all waters north of the Yukon River drainage in Norton Sound, the Seward Peninsula, and Kotzebue Sound.
> Kotzebue District includes all waters flowing into Kotzebue Sound including the Kobuk, Noatak, and Selawik river drainages.
¢ Less than 4 commercial deliveries, which is confidential under Alaska Statute 16.05.815. Prior to 2005, confidentiality was waived by permit holders.
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capture site is known to last ~6 weeks from mid-
July to late August, with the majority of the run
passing during the first 3 weeks of August.
Efforts were made to distribute radio
transmitters over the entire duration of the run
and in proportion to run strength to guard
against potential differences in run-timing
related to spawning areas (e.g., upper vs. lower
reaches of spawning area) or spawning
frequency. Sex-related differences in spawning
behavior are more likely because of the higher
energetic demands of producing eggs; therefore,
attempts were made to distribute radio
transmitters equally among males and females.
Data related to movements, run timing, and
spawning locations were collected using a
combination of aerial tracking surveys and
stationary tracking stations.

A 3-person crew was used to capture, sample,
and radiotag 150 sheefish each year in 2008 and
2009. All sheefish were captured with hook and
line gear. Radio transmitters were surgically
implanted following the surgical methods
detailed by Brown (2006) and Morris (2003).
Radio transmitters were deployed in a
systematic manner, and 2 h of fishing effort was
expended at the capture site during each
sampling day. For each sheefish radiotagged,
data collected included:

1) measurement of fish length to the
nearest 5 mm FL;

2) sex;

3) location (river-kilometer and GPS
coordinate); and

4) date.

The 2008 deployment schedule (Table 2) was
based on the approximate upstream migration
past Kobuk village, which is just downstream of
the capture site, and the 2009 schedule was
based on catches observed in 2008. The first day
of the run corresponded to the first day the crew
caught a sheefish. The daily tagging schedule,
angling effort, and sampling goals required
adjustments based on perceptions of run timing
and run strength using catch rates (current and
prior years) and local knowledge.

Radio transmitters were distributed by sex and
size. Sex was identified by inspecting external
characteristics (i.e., gravidness and presence of
swollen vent for females) or by examining the
gonads through the incision. Because all fish
were in spawning condition with fully developed
gonads, all gonads were generally identifiable.
In cases where sex could not be determined, no
radio  transmitter was inserted. Radio
transmitters were nearly equally partitioned into
3 length categories, but because length
composition can vary annually, minor
adjustments to the length categories were
needed. The categories were as follows: for
males, <799 mm FL, 800-849 mm FL, and >850
mm FL; and for females, <899 mm FL, 900-974
mm FL, and >975 mm FL.

Implanted radio transmitters operated on
1 frequency for each year with individual
transmitters digitally coded for identification.
Transmitters were programmed to operate for 18
weeks per year (July through mid-November)
transmitting 24 hours per day. Guaranteed
transmitter operational life was 4 years, but
potentially they could last up to 6 years.

Radiotagged sheefish were located using a
combination of stationary tracking stations and
aerial surveys. A combination of techniques is
required to maximize the number of tagged
sheefish detected on the spawning grounds and
their upstream and downstream migration
timing. Typically, a majority of the tagged fish
are detected by the tracking stations and aerial
surveys; however, fish can be detected on the
aerial survey and not by the tracking stations and
vice versa. For these reasons, multiple tracking
stations and aerial surveys were conducted each
year.

Three tracking stations were erected in 2008 to
ensure that all fish migrating to and from
spawning areas were identified. The farthest
downstream station was located across from
Kobuk and local students monitored and
downloaded the information as part of their class
work; the remaining 2 stations were located just
upstream of Kobuk and downstream from the
sampling site (Figure 2). In 2010, the farthest
upriver station was removed and never replaced
because spring flood conditions washed away



Table 2.—Number of radio transmitters deployed by day of run in 2008 and 20009.

2008 2009
Day of Run®  Scheduled Actual Cumulative Scheduled Actual  Cumulative
1 1 1 1 1 1 1
2 2 2 3 2 2 3
3 2 1 4 2 2 5
4 2 3 7 2 2 7
5 2 2 9 2 2 9
6 2 2 11 2 2 11
7 2 2 13 2 2 13
8 2 2 15 2 2 15
9 2 2 17 2 2 17
10 2 2 19 2 2 19
11 2 2 21 2 3 22
12 3 3 24 3 1 23
13 3 3 27 3 4 27
14 3 3 30 3 5 32
15 3 3 33 3 5 37
16 3 3 36 3 4 41
17 3 3 39 3 4 45
18 3 3 42 3 3 48
19 3 3 45 3 2 50
20 4 4 49 4 4 54
21 4 4 53 4 4 58
22 4 4 57 4 2 60
23 4 3 60 4 1 61
24 4 5 65 4 9 70
25 4 4 69 4 6 76
26 5 5 74 5 5 81
27 5 5 79 5 5 86
28 5 5 84 5 5 91
29 5 5 89 5 7 98
30 5 5 94 5 6 104
31 5 5 99 5 7 111
32 5 5 104 5 7 118
33 5 5 109 4 7 125
34 4 4 113 4 6 131
35 4 4 117 4 6 137
36 4 4 121 4 5 142
37 4 4 125 4 3 145
38 4 4 129 4 2 147
39 4 4 133 4 2 149
40 4 4 137 4 1 150
41 4 4 141 3 0 150
42 3 3 144 3 0 150
43 3 6 150 3 0 150
44 3 0 150 2 0 150
45 0 0 150 2 0 150
46 0 0 150 1 0 150

® Day 1 corresponded to the first day a sheefish was caught.



the cut-bank where the station was located and
the remaining 2 stations located all of the fish
recorded on the third. Each station included a
deep-cycle battery, a solar array, an antenna
switch box, a steel housing box, 2 Yagi
antennas, and a Lotek SRX 600 receiver and
data logger. The tracking stations were
operational between July and November. The
receiver monitored the frequencies continuously
and received from all antennas simultaneously.
When a signal of sufficient strength was
encountered, the receiver would pause for 8 s on
each antenna, and then transmitter frequency,
transmitter code, signal strength, date, time, and
antenna number were recorded on the data
logger. Depending on the swimming speed of
the tagged fish, this configuration allowed the
data logger to record multiple radiotagged
sheefish migrating past the tracking station at the
same time.

A series of aerial tracking surveys (2-5 each
year) over the spawning area during the
spawning period, which were believed to extend
from Kalla to the Reed River during late
September through early October (Alt 1987;
Taube and Wouttig 1998; Figure 1), were
conducted from a small fixed-wing aircraft from
mid-July to early October. Tracking surveys in
July and August were performed to document
the upstream migration of radiotagged sheefish
from Hotham Inlet to spawning and/or feeding
areas. Tracking surveys were done in
cooperation with the U.S. Fish and Wildlife
Service.

Site visits to the lower and middle reaches of the
spawning area were conducted in 2008 and 2014
to collect water quality data. Spawning habitat
characteristics were measured using a HACH
HQ Series portable meter and a Flow Probe
FP101 to acquire water temperature, flow rate,
dissolved oxygen, pH, and conductivity. A
Secchi disk was wused to discern water
transparency. In addition, 6 Hobo v2
temperature data loggers were deployed to
record temperature changes before, during, and
after the spawning period.

DATA ANALYSIS
Spawning Locations

From 2008 through 2014, aerial surveys
conducted throughout the spawning area were
used to document the maximum upstream extent
sheefish were located. The spawning area was
partitioned into 6 sections of river ~15 rkm and
each section was weighted by the proportion of
transmitters present to identify patterns in fish
densities (Figure 2). Contingency table analysis
using chi-square tests were performed to explore
for independence of spawning location and year.
The partitioning was examined for each year and
over all years pooled to identify any variation in
the selected spawning area.

Run Timing

For all fish migrating past the tracking stations,
an upstream and downstream run-timing profile
was constructed. Contingency table analysis
using chi-square tests were performed to explore
for independence of migratory timing and sex.
For example, the ratio of males to females from
the beginning of the downstream migration until
the mean date of passage were compared to the
ratio from the mean date of passage to the end of
the downstream migration. A generalized
description of migratory patterns along the
length of their migration from Hotham Inlet to
their spawning area and back (i.e., from July
through October) was developed using data from
all aerial surveys and tracking stations.

Run timing profiles were described as time-
density functions, where the relative abundance
of sheefish migrating upstream and downstream
of the tracking stations during time interval t
were described by (Mundy 1979):

R
f(t)=—" (1)
R’[
t=1
where:
f(t) = the empirical temporal

probability distribution over
the total span of the
spawning migration
(upstream and downstream)



for sheefish spawning in the
Kobuk River; and,

R, = the subset of radiotagged

sheefish that migrated past
the tracking stations during
day t.

The mean date of passage (f ) past the tracking

stations (upstream and downstream) were
estimated as:

t=>tf(t), 2

the variance of the mean date of passage was
estimated as:

> -1 1 )
Var (f) =24——. (3)

2R

t=1
Spawning Frequency

To facilitate data analysis, all radiotagged
sheefish were assigned a “fate” (Table 3). The
known fates of all radio transmitters are required
to attain unbiased parameter estimates. Fates
were determined from a combination of
information collected from tracking stations,
aerial tracking surveys, “ground-truthing” of
radio transmitters with suspect fates (harvested
and not reported), and harvested fish for which
radio transmitters were returned.

Mortality can be easily inferred because sheefish
are highly migratory. In other words, if a
sheefish is located twice and fails to move a
significant distance (e.g., 10 rkm) over a period
of 1 month or greater, then it is likely to have
died or lost the transmitter. In contrast,
accounting for all non-spawners could be
problematic because radio transmitters cannot
transmit through the brackish waters of Hotham
Inlet where they seasonally reside for foraging
during years when they do not spawn. However,
a number of non-spawning sheefish enter the
lower portions of the Kobuk River and Selawik
Lake during the open-water period to forage (Alt
1987), which makes it possible to locate them
from the air. Because natural mortality is

thought to be minimal during summer, fish that
were located at least once would have likely
survived to the fall, and therefore would be
considered to have been alive at the time of
spawning for that year. Non-reporting of a
radiotagged sheefish in the subsistence and sport
fisheries could occur, but tagging studies in the
area indicate that the majority of fishermen
report tagged fish in their harvest. In addition,
unreported harvested fish were easily deduced
during aerial surveys. Radio transmitters
removed from the water have a sharp increase in
their signal strength and range, and a non-
reported harvest was inferred if such a
transmitter was located from the air within a
village, established fish camp, or cabin.

To further aid in accounting for all fates, radio
transmitters had return information printed on
them and a monetary reward was offered. Local
residents voiced their support for this project and
good cooperation and reporting was expected if
transmitters were caught. Informational flyers
and posters describing the project and
encouraging transmitter returns were posted in
all villages where harvests may have occurred
and announcements were made at appropriate
stakeholder meetings and over the radio.

Attaining unbiased estimates assumes that the
behavior expressed by radiotagged sheefish is
the same as that of the untagged population.
There was no explicit test for this assumption
because we cannot observe the behavior of
unhandled fish. However, sheefish surviving
until the following open-water period would be
used as evidence that the stress of bearing radio
transmitters had abated and spawning-related
behavior (run timing, selection of spawning
area, and spawning  frequency)  was
representative of the population.

To estimate the proportion of sheefish spawning
in a given year, we explored 3 different models.
The first, considered the basic model, estimated
the proportion of sheefish spawning in a given
year and its variance (Cochran 1977) as:

Pe=— (4)



Table 3.—List of possible fates of radiotagged sheefish in the Kobuk River.

Fate

Description

Unknown (U)

Tagging Mortality (TM)

Fishing Mortality (FM)

Indefinite (1)

Spawner (S)

Non-Spawner (NS)

A fish that was never located because of radio transmitter failure or could never be located after
tagging. Fish with this fate were culled from the data set.

A fish that died in response to transmitter implantation prior to the first aerial survey. Fish with this
fate were culled from the data set.

In a given year, a fish reported harvested in one of the fisheries prior to passing the tracking station
near the village of Kobuk.

A sheefish that was alive the prior year but was never located during a subsequent year. These fish
were either alive or dead but not enough information existed to designate them as S or NS.

In agiven year, afish that migrated past the tracking station near Kobuk and either died immediately
thereafter due to fishing or natural mortality, a fish that completed its upstream and downstream
spawning migration, or based on several observations (e.g., 4 surveys during the summer/fall), afish
that displayed an obvious migration pattern towards the spawning area.

In a given year, a fish that was located at least once during the summer in the lower portions of the
Kobuk or Selawik rivers but did not pass the tracking station at Kobuk, a fish that did not display an
obvious migration pattern towards the spawning area, or a fish that was not located and judged to be

aive (e.g., returned to spawn) in subsequent years.

I [ A ﬁt(l_ﬁt)
V(p,) =
t n, -1

(5)

where:

P, = the proportion of sheefish spawning in

year t;
X, = the number of sheefish with fate (S) in
year t; and
n, = al sheefish with fate (S), (NS), and (1) in
year t.

Ninety percent confidence intervals around p,

were calculated using exact binomial confidence
limits (Cochran 1977). These estimates account
for fishing mortality because al harvested fish
were accounted for and culled from the analysis;
however, the estimates could be biased low
because fish with fate (1) can be alive or dead
from natural mortality. Brown and Burr (2012)
estimated Innoko River sheefish annual survival
using historical age data and a catch curve
procedure outlined by Robson and Chapman
(1961). Even though this procedure is logical
and relatively accurate, the derived estimate of
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total mortality (37%) would not be plausible for
sheefish in the Kobuk River. In fact, applying a
fixed total mortality rate of 20% results in
culling radiotagged sheefish from the analysis
that are known to still be alive.

Fitting mark and recapture models to our data
was a second way we estimated spawning and
mortality rates. The Cormack-Jolly-Seber (CJS)
model for open populations is a restricted
version of the Jolly-Seber model that allows for
specific estimates of apparent survival ¢ and the
probability of capture/recapture p. The model
assumptions are as follows: 1) tagged fish are
representative of the population; 2) fish must
retain their tags, 3) tagging does not affect the
behavior of fish; and 4) every fish must have an
equal probability of being tagged/recaptured
during each event or al tagged fish mix
completely with unmarked fish. The capture
history takes the form of LLLLL depending on
the number of occasions and whether an
individual is captured (L = 1) or not (L = 0). For
example, a capture history of 10101 means afish
was captured during the first, third, and fifth
occasions and was not captured during the
second and fourth. In our case, we assumed the



probability of a radiotagged fish being detected
on the spawning grounds was 100%; therefore,
the capture probability depicted in the CJS
model is equivalent to the probability of a
sheefish returning to spawn given that it
survived the previous year. The CJS model data
only reflect live encounters. This means that
individuals with a 0 or multiple 0 designations in
their capture history were just not present on the
spawning grounds; however, over the course of
our study we know some of these fish were
captured in the subsistence fishery or died from
natural mortality, and this information cannot be
incorporated in the CJS model.

The third model we used was a joint live and
dead encounters (JLD) model developed by
Burnham (1993) and contained within the
program MARK (White and Burnham 1999)
that incorporated dead recovery information into
the estimation of spawning frequency. The
assumptions of this model are the same as the
CJS model. The difference between the joint
model and the live recaptures model is the
recapture history for the joint model is in pairs
for each occasion. The input data takes the form
of a mark-recapture experiment where sheefish
encountered on the spawning grounds in any
particular year are considered a live encounter
and any known mortality between spawning
events is a dead encounter. The data input takes
the form of LDLD, where L = 1 when a fish is
encountered alive on the spawning grounds and
L = 0 when not encountered, and when a fish is
not encountered between spawning events D = 0
and when found dead D = 1. For example, a
sheefish found on the spawning grounds in year
1 and 2 but reported dead after spawning in year
2 would have a capture history of 10 in year 1
and 11 in year 2, or 1011. A schematic of the
model and its parameters illustrates the model
structure (Figure 3).

There are 4 parameters in the JLD model: S for
survival probability, F for fidelity to the area, p
for recapture probability, and r for the
probability of being reported if a fish is dead. In
the context of this study, the recapture
probability p equates to the proportion that
returns to spawn and 1-S equals the probability a
radiotagged sheefish does not survive to the next
spawning event.
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Two scenarios of the JLD model were explored
(constant S and varying S) in a maximum
likelihood (MLE) and Bayesian (implemented
by Markov Chain Monte Carlo MCMC)
framework. The r parameter in the last year was
fixed at zero because there was no information
available after that time to determine whether a
fish was alive or dead. In other words, the r
parameter is derived from reported mortalities
between spawning events and there were no
efforts to acquire mortality information after the
last spawning event, so the probability of
reporting fish mortality is set to zero. Fidelity to
the spawning area F was fixed at 1.0 because
multiple tagging studies, including this one,
have shown that Kobuk and Selawik River
sheefish stocks only spawn in their respective
natal streams (Taube and Wuttig 1998;
Underwood 2000).

The most appropriate scenario in the maximum
likelihood setting was chosen using the Akaike
Information Criterion (AIC) that measures the
relative quality of statistical models for a given
set of data; the model with the lowest AIC score
is considered to best represent the data with the
fewest parameters.

The program MARK has 4 options for
estimating the variance-covariance matrix of the
model’s parameters: 1) the inverse of the
Hessian matrix obtained from a numerical
optimization of the likelihood function; 2) an
information matrix determined by the numerical
derivatives of the probabilities of each capture
history; 3) an information matrix determined by
the expected values of the probabilities of each
capture history; and 4) an information matrix
using central difference approximations of the
second partial derivatives (White and Burnham
1999). The second partial derivative method is
preferred because it provides more accurate
estimates of the standard errors, and the program
sets it as the default method.

The program also has a number of functions that
“link” the linear model specified in the design
matrix to the parameters of the model. The link
functions allow parameters between zero and
one to be transformed, so they can vary between
+ infinity, in order to fit the linear regression
model in MARK.
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Figure 3.—A schematic of the joint live and dead encounters model (Burnham 1993).

Three link functions were explored during the
analysis and the results revealed that they only
affected parameter estimates of variance. The
logistic link function was chosen because it was
the most appropriate function based on the data.

Spawning Frequency Strategies

If distinct spawning frequency strategies were
observed (i.e., some fish consistently skip 1 year
between spawning events while others appear to
spawn more regularly skipping every 3rd or 4th
year), then the individual patterns were
described. The proportion of adults exhibiting
each strategy and its variance were calculated
by:

=2

= 5
Ps n 6]
P P.(1-p)
V(p,)=— > (6)
n, -1
where:
P, = the proportion of sheefish (sex )
spawning Y times over t years;
X, = the number of sheefish (sex S)
spawning Y times over t years; and
Ny = total number of sheefish (sex ).
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RESULTS

A total of 150 mature sheefish were captured
and surgically implanted with radio transmitters
from 17 July to 30 August 2008 and another 150
were implanted during 18 July to 28 August
2009 (Table 2). Length compositions of the
radiotagged sheefish from each year illustrate
the difference in length between mature males
and females (Figure 4). The ratio of males to
females was similar before and after the 2008
downstream mean date of passage (x°=0.03,
d.f.=1, p=0.86) and the 2009 upstream and
downstream mean dates of passage (y°=0.49,
d.f.=1, p=0.48 upstream; X2=0.O7, df.=1,
p = 0.80 downstream).

Spawning Locations

A number of annual aerial tracking surveys were
conducted from 2008 to 2014 to determine the
inriver spawning and feeding locations of
radiotagged fish (Table 4; Figure 5). The
number located varied each year but spawning
sheefish were found as far upstream as the Reed
River and downstream to an area just below
Kalla (Figure 5). Only 2 tracking flights were
conducted in 2014 because radio transmitters
were expected to start shutting down and the
time and money required for 3 to 5 flights was
not justified. The 2014 flights only found 14
radiotagged fish, so this assumption turned out
to be justified.
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Table 4.—Tracking flights, dates, and number of
sheefish located by year.

Number Date Number

of flights range located
2008 5 9/3-9/30 81
2009 5 7/23 - 9/30 70
2010 4 7/26 - 9/29 44
2011 3 7/22 - 9/28 47
2012 5 7/3-10/9 71
2013 4 7/19 - 10/4 24
2014 2 7/21-10/3 14

Table 5.-P-values from contingency tests
comparing radiotagged fish located in the 6 reaches of
the spawning area from year to year and combined
(bold values are significant).

2008 2009 2010 2011 2012 2013 2014
2009 0.07 - - - - - -
2010 <0.00 0.82 -
2011 0.02 080 096 -
2012 <0.00 0.26 0.69 0.69 -
2013 0.14 096 097 099 0.76 - -
2014 0.07 081 096 092 082 097 -
All Years 0.67 0.58 0.07 0.18 <0.00 0.58 0.33

14



qT

2008 7\

@ 2009
¥ 2010 S o,
2011 &
W2012 &
2013
2014 &
&
o
7]
0> &
]
%
X
« § G
5/8 B ¥
X/2 » 9 2
S/ i (\a\é Nall;vak Nutuvukti
Gl 5 Lake Lake
X i \gb %
'--_‘;l,r-‘m I y : §f§' ' f -
e Sy Lyl I Selby {
1 o i Lake | 7
I > :
2 R ’
15y 1 @ j
I I \% e <
1 1 \Q AT N\
1 : I I CT! = ! \_"‘///
e b ] 4
o ". 3 I ., v __\‘ KOBUK I ‘ y 6 I
3 ' g 1 TS
| I
5 I
= 012 4
£ . Miles
2 0255 10
.<‘?‘ N Kilometers

————- Approximate 15 km sections

Figure 5.—Map of the spawning area in the Upper Kobuk River demarcating the 2008-2014 spawning locations of sheefish radiotagged in 2008 and 2009
(vertical lines indicate ~15 km sections).



A series of contingency tests indicated the
number of radiotagged fish located in the 6
reaches of the spawning area were similar from
year to year and across all years more often than
they were different (Table 5). The largest
proportions of radiotagged sheefish were located
in sections 3, 4, and 5 (Table 6).

Radiotagged fish located inriver during July
(2009-2013) were either migrating up to their
spawning grounds or feeding at or near the
mouths of a number of chum salmon
Oncorhynchus keta, whitefish, and Dolly Varden
spawning/rearing tributaries (Figure 6). Sheefish
that did not spawn in a particular year were
located in the same areas as sheefish that

continued upstream to spawn that year
(Figure 6).
Basic water quality characteristics were

collected from the middle and lower reaches of
the spawning area in 2008 and 2014. Three of
the 6 temperature loggers deployed in the
spawning area during 2008 were lost due to ice
scouring during spring breakup; however, 3
were retrieved during August 2009 (Figure 7).
The temperature profiles from these loggers
illustrate the temperature drop that triggers the
spawning event (Figure 8). Seven sampling sites
revealed that pH values ranged from 7.75 to
8.57, conductivity ranged from 76.4 to 168.7
puS/cm, and temperature ranged from 6.70 to
8.63 °C (Figure 7; Table 7). Turbidity measured
from a Secchi disk revealed that depths greater
than 1.5 m were easily achieved (Table 7).

Run Timing

Tracking stations were downloaded 2 to 3 times
during late September and early October, using
satellite  modems, which worked very well
except in 2010; a blown fuse in one modem and
an animal-damaged power cord on the other
modem precluded remote data collection. The
situation worsened the following spring when an
early ice breakup and strong winds prevented the
project leader from retrieving the tracking
station equipment before an ice jam near Kobuk
village caused serious flooding; the equipment
was recovered and repaired but unfortunately all
the run-timing data for the 2010 season was lost.
In 2014, a conflict between the radio
transmitters and software in the receivers
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recorded nonsensical data during the upstream
migration from 15 July through 4 September; the
software conflict was corrected on 5 September.

The mean date of downstream migration from
2008 to 2014 varied from 29 September to 6
October (Table 8; Figure 9). The mean date of
upstream migration from 2009 to 2013 varied
from 22 August to 5 September (Table 8, Figure
10). The longest downstream migration was in
2013 and lasted 50 days, whereas the longest
upstream migration was in 2011 and lasted 85
days (Table 8). Upstream and downstream
migration timing was also determined by sex
where mean dates of passage were similar, but
females did tend to arrive later to the spawning
grounds (Table 8; Figures 11-14).

Spawning Frequency

Proportion estimates of sheefish from each
tagging year that returned to spawn in 2014 are
not presented because the number that returned
was small and biased low due to the radio
transmitters’ life span. The transmitters were
guaranteed to transmit for 4 years; the number
returning from each tagging year suggests that
the majority of the 2008 transmitters effectively
lasted 5 years whereas the majority of 2009
transmitters only lasted 4 (Figure 15 Panel A).

Sequential year spawning was observed by
males and females in all years of the study. After
their year of tagging, 60-67% of males returned
to spawn the following year. In contrast, only
33-40% of females returned to spawn the year
after being radiotagged (Figure 15 Panel B).

The return proportion estimates from the basic
model varied by return year and sex with a
higher proportion of males returning annually to
spawn (Table 9, Figure 15 Panel C). Annual
return proportions for all fish ranged from 0.13
to 0.68, whereas return proportions for females
ranged from 0.26 to 0.51 and 0.49 to 0.74 for
males.



Table 6.-Number and percentage of radiotagged sheefish located by section within the spawning area,

2008-2014.

2008 2009 2010
Area #Located Percentage # Located Percentage # Located Percentage
1 4 4.9% 8 11.4% 7 15.9%
2 6 7.4% 9 12.9% 6 13.6%
3 25 30.9% 20 28.6% 10 22.7%
4 9 11.1% 15 21.4% 13 29.5%
5 30 37.0% 13 18.6% 6 13.6%
6 7 8.6% 5 7.1% 2 4.5%
Total 81 70 44

2011 2012 2013
Area #Located Percentage # Located Percentage # Located Percentage
1 6 12.8% 5 7.0% 3 12.5%
2 6 12.8% 9 12.7% 4 16.7%
3 9 19.2% 17 23.9% 5 20.8%
4 14 29.8% 28 39.4% 6 25.0%
5 10 21.3% 10 14.1% 5 20.8%
6 2 4.3% 2 2.8% 1 4.2%
Total 47 71 24

2014
Area #Located Percentage
1 2 14.3%
2 3 21.4%
3 3 21.4%
4 4 28.6%
5 2 14.3%
6 0 0%
Total 14
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Table 7.—Habitat characteristics recorded from the Kobuk River spawning area, 2014.

Secchi
Temperature  Conductivity Depth? Flow Rate
Date/Time Site pH °C pS/cm m m/sec
Pah River
9/14/14 13:40 1 7.75 6.70 76.4 - -
Kobuk River

9/14/14 14:00 2 8.01 8.25 154.6 1.2+ -
9/14/14 14:30 3 7.90 7.40 88.6 1.5+ 0.50
9/14/14 15:20 4 8.54 8.57 146.1 1.5+ 0.50
9/14/14 14:00 5 8.57 8.63 153.3 1.5+ -
9/14/14 14:00 6 7.95 8.20 166.5 1.5+ -
9/14/14 14:00 7 8.23 8.10 168.7 1.5+ -

@ It was not possible to keep the Secchi disk vertical in the water column because of strong current; however, Secchi depths of
1.5 m were easily discernable.
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Table 8.—Mean dates of upstream and downstream passage, dates of first and last fish, and duration of migration in days for all fish, females, and males from

2008 to 2014.
Downstream Migration Upstream Migration

All Fish Mean Date First Fish  Last Fish  Duration All Fish Mean Date First Fish Last Fish Duration
2008 2-Oct 14-Sep 17-Oct 33 2009 3-Sep 1-Aug 29-Sep 59
2009 28-Sep 5-Sep 8-Oct 33 2011 21-Aug 7-Jul 30-Sep 85
2011 2-Oct 4-Sep 8-Oct 34 2012 3-Sep 11-Aug 28-Sep 48
2012 5-Oct 17-Sep 18-Oct 31 2013 4-Sep 28-Aug 19-Sep 22
2013 29-Sep 16-Sep 5-Nov 50
2014 28-Sep 13-Sep 5-Oct 22

Female Mean Date First Fish ~ Last Fish ~ Duration Female Mean Date First Fish Last Fish Duration
2008 1-Oct 17-Sep 15-Oct 28 2009 5-Sep 8-Aug 29-Sep 52
2009 27-Sep 5-Sep 8-Oct 33 2011 22-Aug 7-Jul 24-Sep 79
2011 30-Sep 4-Sep 8-Oct 34 2012 6-Sep 11-Aug 27-Sep 47
2012 5-Oct 17-Sep 17-Oct 30 2013 6-Sep 30-Aug 17-Sep 18
2013 4-Oct 22-Sep 5-Nov 44
2014 28-Sep 16-Sep 5-Oct 19

Male Mean Date First Fish Last Fish  Duration Male Mean Date First Fish Last Fish Duration
2008 2-Oct 14-Sep 17-Oct 33 2009 3-Sep 1-Aug 29-Sep 59
2009 29-Sep 11-Sep 8-Oct 27 2011 20-Aug 7-Jul 30-Sep 85
2011 3-Oct 22-Sep 8-Oct 16 2012 1-Sep 11-Aug 28-Sep 48
2012 5-Oct 25-Sep 18-Oct 23 2013 2-Sep 28-Aug 19-Sep 22
2013 27-Sep 16-Sep 2-Oct 16
2014 28-Sep 13-Sep 2-Oct 19
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Figure 9.-Downstream migratory timing of radiotagged sheefish past tracking stations, 2008-2009,
2011-2014.
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Figure 10.—Upstream migratory timing of radiotagged sheefish past tracking stations, 2009, 2011-2013.
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Figure 12.-Downstream migratory timing of male radiotagged sheefish past tracking stations, 2009,
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Figure 15.—Number (Panel A) and proportion estimates without natural mortality, and 95% Cls
(Panels B and C) of sheefish from each tagging year returning to spawn by return year and sex.
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Table 9.-Number and proportion estimates from each tagging year of sheefish returning to spawn from the basic
model by return year and sex.

Tagged in 2008

All Fish Females Males
Return Year  Number Proportion SE Proportion SE Proportion SE
2009 64 0.56 0.05 0.33 0.06 0.67 0.06
2010 32 0.29 0.04 0.34 0.09 0.66 0.09
2011 40 0.37 0.05 0.35 0.08 0.65 0.08
2012 51 0.47 0.05 0.39 0.07 0.61 0.07
2013 38 0.35 0.05 0.26 0.07 0.74 0.07

Tagged in 2009

All Fish Females Males
Return Year  Number Proportion SE Proportion SE Proportion SE
2009
2010 15 0.13 0.03 0.40 0.13 0.60 0.13
2011 56 0.50 0.05 0.48 0.07 0.52 0.07
2012 75 0.68 0.04 0.51 0.06 0.49 0.06
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The proportion returning annually to spawn
from the JLD models also varied by return year,
but  similar  patterns  were  observed
(Tables 10-11, Figures 16-17). Return
proportion estimates ranged from 0.13 to 0.80
for all fish. The estimates from the JLD models
were not broken down by sex because of the
similarities across years compared to the basic
model and the fact that the length compositions
and run-timing patterns suggest that radiotagged
sheefish of both sexes were representative of the
spawning stock.

The survival probability estimates from both
scenarios and estimators of the JLD model are
similar for each tagging year (Tables 10-11).
They range from 0.88 to 0.91 for the constant S
scenarios and 0.78 to 0.98 for the varying S
scenarios (Tables 10-11). Even though these are
not estimates of apparent survival, they do
reflect the probability that a fish survived
between spawning events, while accounting for
all forms of mortality.

The model with the lowest AIC score using the
MLE was the constant S scenario. The varying S
scenarios were unable to estimate SEs for some
of the estimates of S, p, and r (Tables 10-11),
which is why the AIC scores indicated that the
constant S scenarios fit better. In contrast, the
Bayesian (MCMC) estimator was able to
produce sensical variance estimates for all
parameters, but with larger Cls in later years
(Tables 10-11).

Spawning Frequency Strategies

The proportion of sheefish that exhibited a
particular spawning strategy illustrates that
males spawn more often, whereas the majority
of females spawn every other year (Figures 18
and 19). The proportion that spawned at least
50% of the time ranged from 0.32 to 0.42 for
males and 0.31 to 0.37 for females. The
proportion that returned to spawn at least 80% of
the time was ~0.17 for males and females
(Figures 18 and 19).

DISCUSSION

Previous studies and local knowledge have
established that sheefish in the Kobuk River tend
to reach spawning areas upstream from Kobuk
village by late August (Alt 1987, Taube and
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Wuttig 1998). Capturing and radiotagging 150
sheefish in 2 consecutive years just upstream
from Kobuk for approximately 6 weeks before
the end of August ensured that a representative
proportion of the spawning population was
sampled (Table 6).

Efforts were also made to deploy radio
transmitters in proportion to their upstream
migration, sex, and length. Length compositions
of the radiotagged sheefish (Figure 4) are
normally distributed and suggest a representative
sample of the spawning stock. In addition,
contingency tests revealed that the ratio of males
to females before and after the mean dates of
passage were similar, which implies both sexes
were tagged proportionally to their downstream
and upstream migrations.

Spawning Locations

Habitat characteristics like water temperature
and substrate composition limit available
spawning areas. Sheefish have specialized
spawning habitats that possess similar geologic
landscapes among  different tributaries
throughout their natural range (Alt 1987,
Howland 2005; Gerken 2009; Stuby 2012). The
areas all contain specific geologic features that
are associated with specific water quality

characteristics like pH, temperature, and
conductivity (Brabets et al. 2000). A
combination of limestone, dolomite, and

sandstone is common to all of the known
spawning areas on the Alatna, Selawik, Sulukna,
Kuskokwim, Selawik, and Kobuk rivers
(Beikman 1980; Gerken 2009; Stuby 2012).

Studies have shown that sheefish prefer habitat
composed of differentially sized sediments with
varying degrees of distribution, area, and
proportions of cobble, gravel, and sand, which
describes the composition in the Kobuk River
spawning area (Alt 1987; Gerken 2009;
Stuby 2012). In addition, Alt (1987), Howland
(2005), Gerken (2009), and Stuby (2012) have
all noted that sheefish prefer water temperatures
between 0°C and 6°C for spawning; the
temperature profiles (Figure 8) collected during
this study coupled with estimates of run timing
(Figures 9-14) demonstrate that this is also true
for the Kobuk River spawning stock.



Table 10.-Number and proportion estimates from the JLD model of sheefish returning to spawn from tagging
year 2008.

Maximum Likelihood Estimator
Scenario 1; Constant S, F =1

Tagged in 2008

All Fish Survival Reported Dead
Return Year Number Proportion SE S SE r SE
2009 64 0.57 0.05 0.79 0.17
2010 32 0.32 0.05 0.23 0.13
2011 40 0.47 0.06 0.88 0.02 0.15 0.11
2012 51 0.64 0.07 0.10 0.10
2013 38 0.53 0.08 0.000000012 0.000039

Scenario 2: Varying S,F=1

Tagged in 2008

All Fish Survival Reported Dead
Return Year Number Proportion  SE® S SE® r SE
2009 64 0.58 0.05 0.85 0.04 0.70 0.17
2010 32 0.30 0.05 0.97 0.02 0.99 0.13
2011 40 0.48 0.06 0.78 0.07 0.08 0.11
2012 51 0.63 0.08 092 0.11 0.19 0.10
2013 38 0.58 0.00 0.78 0.00 0.000000041 0.000049

Bayesian Estimator
Scenario 1: Constant S, F =1

Tagged in 2008

All Fish Survival Reported Dead

Return Year Number Proportion SD S SD r SD
2009 64 0.57 0.05 0.77 0.13
2010 32 0.33 0.05 0.28 0.14
2011 40 0.46 0.06 0.88 0.02 0.22 0.13
2012 51 0.63 0.07 0.18 0.13
2013 38 0.52 0.08 0.11 0.09

Scenario 2: Varying S,F=1

Tagged in 2008

All Fish Survival Reported Dead

Return Year Number Proportion  SD S SD r SD
2009 64 0.58 0.05 0.85 0.04 0.72 0.15
2010 32 0.32 0.05 092 0.05 0.48 0.25
2011 40 0.47 0.06 0.83 0.07 0.19 0.16
2012 51 0.62 0.07 090 0.14 0.3 0.24
2013 38 0.54 0.13 0.86 0.30 0.19 0.23

& Numbers in bold designate parameter estimates without SEs.
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Table 11.-Number and proportion estimates from the JLD model of sheefish returning to spawn from tagging
year 2009.

Maximum Likelihood Estimator
Scenario 1; Constant S, F =1

Tagged in 2009

All Fish Survival Reported Dead
Return Year Number Proportion  SE S SE r SE
2010 32 0.13 0.03 0.96 0.24
2011 40 0.55 0.05 091 0.02 0.20 0.14
2012 51 0.80 0.05 0.0000000003 0.0000029
2013 38 0.45 0.06 0.35 0.21
Scenario 2: Varying S,F=1
Tagged in 2009
All Fish Survival Reported Dead
Return Year Number Proportion ~ SE? S SE*® r SE*
2010 32 0.15 0.04 0.82 0.04 0.52 0.13
2011 40 0.56 0.05 098 0.01 1.00 0.00
2012 51 0.78 0.06 0.96 0.07 0.000000077  0.00014
2013 38 0.60 0.00 0.66 0.00 0.09 0.00
Bayesian Estimator
Scenario 1: Constant S, F =1
Tagged in 2009
All Fish Survival Reported Dead
Return Year Number Proportion  SD S SD r SD
2010 32 0.14 0.03 0.82 0.12
2011 40 0.55 0.05 091 0.02 0.29 0.17
2012 51 0.80 0.05 0.11 0.11
2013 38 0.44 0.05 0.44 0.21
Scenario 2: Varying S, F =1
Tagged in 2009
All Fish Survival Reported Dead
Return Year Number Proportion  SD S SD r SD
2010 32 0.15 0.84 0.05 0.62 0.16
2011 40 0.56 095 0.03 0.52 0.26
2012 51 0.78 095 0.04 0.23 0.23
2013 38 0.56 0.75 0.18 0.29 0.26

& Numbers in bold designate parameter estimates without SEs.
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Figure 16.-MLE proportion estimates from the JLD model (Panel A-Constant S; Panel B-
Varying S) and 95% Cls of sheefish from each tagging year returning to spawn by return year.
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Varying S) and 95% Cls of sheefish from each tagging year returning to spawn by return year.
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female, and all radiotagged sheefish from 2008.
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Alt (1969) believed the likely spawning grounds
stretched from an area on the river known as
Kalla upstream to the Reed River. Radiotagged
sheefish located during spawning from 2008
through 2014 were distributed downstream from
Kalla all the way up to the Reed River, which is
essentially the same area described by Alt
(1969). Even though sheefish are distributed
throughout this area, the majority of spawning
takes place around the Pah River and a series of
unnamed creeks just downstream from Akpelik
Creek (Figure 5).

Sheefish exhibit a high degree of fidelity to
these spawning areas and the data collected on
the Kobuk River are similar to spawning areas in
the Kuskokwim and Sulukna rivers (Gerken
2009; Stuby 2012). In fact, the contingency tests
show that sheefish exhibit fidelity not only to
their spawning area as a whole but also within
the spawning area itself (Tables 5 and 6). Every
year the range was similar but aggregations of
sheefish were centered on 3 specific areas of the
river. Even though the habitat throughout the
spawning area is suitable for spawning, it is
possible these concentrated areas are preferred
because they are beneficial to production. This
implies density dependence because the stock
could be limited in production from the size and
quality of the spawning area. In other words,
these particular areas provide a suite of habitat
characteristics that are more beneficial to
production than others but that can only support
a limited number of fish.

Run Timing

Local residents have known for years the general
up and downstream migration of spawning
sheefish because their subsistence lifestyle relies
on the resource. In addition, Taube and Wuttig
(1998), Underwood (2000), Howland et al.
(2000), Brown and Burr (2012), and Stuby
(2012) verified that post-spawning sheefish
migrate quickly back to overwintering areas in
the lower rivers or estuaries. Estimates of
downstream migration from this study support
these findings with a rapid increase in number
and compressed timing toward the end of
September (Figures 9, 11-12). The only
exception was in 2013 when the last radiotagged
fish to leave the spawning area was on
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5 November; however, 95% of the radiotagged
fish were gone by 8 October (Figure 9). Note
how the run timing patterns vary each year but
the mean date of passage regardless of the
environmental conditions only varied by 8 days
over 6 years (Table 8; Figure 9). This makes
sense because sheefish are broadcast spawners
and it is likely that spawning success is directly
related to the number of mature adults in the
area with the appropriate water temperature;
therefore, the spawning event would take place
during the point of highest abundance and over
the shortest amount time.

In contrast, upstream migration takes place over
a prolonged period with a relatively consistent
increase in number over time (Figures 10,
13-14). This pattern has also been observed in
the Kuskokwim and Yukon River stocks and the
Mackenzie River in Canada (Howland et al.
2000; Brown and Burr 2012; Stuby 2012).
Again, notice how the duration varied
substantially from year to year but the mean date
of passage only varied by 15 days. The
substantial differences in duration stem from the
early first fish arrival in 2011 and the late arrival
in 2013.

Previous work on the Kobuk River documented
immature sheefish feeding as far upstream as the
village of Kiana at the same time mature
sheefish were migrating to their spawning
grounds (Alt 1969). Since that time, it was
believed that only mature spawning sheefish
continued farther upstream. However, in early
July of 2008 and 2009, on our way upriver to set
up the tagging camp, a number of sheefish were
captured by hook-and-line at the mouth of the
Salmon River and not all of these sheefish were
spawners. Visual inspection of the internal
organs from a few fish that died from handling
proved that immature and mature (spawning and
non-spawning) sheefish were feeding in this
area. This is evidence that immature and non-
spawning mature sheefish migrate farther
upriver to feed then Kiana. These feeding areas
tend to be located at the mouths of major
spawning and rearing tributaries for chum
salmon, northern pike, Dolly Varden, and
whitefish. This pattern of summer feeding near
the mouths of major tributaries was also seen in
the Kuskokwim River (Stuby 2012).



Kirilov (1962) noted that mature sheefish
continue to feed during their spawning
migration, but other studies have documented a
feeding cessation until after spawning (Vork
1948; Nikol’skii 1954). During 2009-2011,
mature radiotagged sheefish that were known
not to spawn that particular year were noted
upstream from Ambler (Figure 6). In addition,
mature radiotagged sheefish that did spawn that
particular year were found in the same areas as
these mature feeding fish. This evidence coupled
with the visual evidence from the Salmon River
proves that spawning sheefish in the Kobuk
River are feeding alongside the non-spawning
fish as they migrate to their spawning area. In
fact, 3 fish that did not survive the radiotagging
process near Kobuk, which is much farther
upriver than the Salmon River, all had stomachs
containing remnants of juvenile fish.

Spawning Frequency

It is commonly accepted among scientists who
study iteroparous fish in high latitudes that most
fish skip a year or more between spawning
events because the energetic requirements of
spawning in sequential years are too high. This
is considered especially true for females.
Evidence of non-sequential spawning has been
observed in the Kobuk and Selawik River
sheefish populations (Alt 1987, Taube and
Wuttig 1998, Hander et al. 2008) as well as
some Russian (Nikol’skii 1954) and Canadian
stocks (Scott and Crossman 1973). This study
has shown that a significant proportion of
sheefish spawn every other year; however, a
substantial proportion also exhibit sequential
year spawning, including males and females. A
year after being radiotagged on their way to
spawn, 60-67% of males and 33-40% of
females retuned the following year to spawn
again. In fact, one female sheefish tagged in
2008 spawned 5 out of 6 years and one female
tagged in 2009 spawned 5 out of 5 years. This
evidence implies that Kobuk River sheefish
choosing a particular spawning strategy are not
limited by the energetic requirements needed to
spawn.

Typically, the model chosen that best describes
the data uses the fewest number of parameters
and produces plausible parameter estimates. The
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fact that all models explored produced similar
results suggests that all model parameter
estimates are robust. The basic model that
includes known mortalities from fishing
possesses the fewest parameters but does not
incorporate natural mortality, which we know is
occurring. The JLD models estimate either
constant or varying survival probabilities
between spawning events, and incorporates all
sources of mortality. Parameter estimates from
the JLD models were plausible but the scenarios
that allowed S to vary over time were unable to
estimate SEs for some of the parameters. The
main reason for this is that the amount of data
available to estimate the model’s parameters
diminishes through time, which increases the
uncertainty around the parameter estimates. This
was reflected in the AIC scores for models using
the MLE because constant S scenarios (i.e.,
fewer parameters) consistently described the
data better than the varying S scenarios. In
contrast, the Bayesian procedure was able to
estimate parameters and their subsequent SEs
for both constant and varying S scenarios.
MCMC parameter estimation is proved to be
most useful for estimating variance components
in program MARK.

We believe the most appropriate model is the
Bayesian constant S model because parameter
estimates are similar to the varying S approach
and fewer parameters are used. However, it is
likely that the spawning stock from each tagging
year were subjected to differing environmental
conditions that would lead to different survival
probabilities. Both scenarios estimated relatively
high survival probabilities, but this makes sense
because applying an annual generic mortality
rate of 20% to the actual data culls fish from the
analysis that are known to be alive. Whatever
model is chosen, Kobuk River sheefish are
known to be longer-lived and larger than stocks
from the Yukon and Kuskokwim rivers (Hander
et al. 2015; Stuby 2012), and the estimates of the
survival probabilities from both scenarios reflect
these life-history traits.

The return proportion estimates varied for each
tagging year (except 2010), but they were
relatively comparable. Sheefish tagged in 2008
returned at a much higher proportion the



following year than fish tagged in 2009. It is
possible this was caused by a combination of
spawning and poor overwintering conditions;
however, return proportions from fish tagged in
2008 never experienced this decline and they
were subjected to the same overwintering
conditions because both stocks are mixed during
the winter (Smith et al. 2015). This suggests that
the significant decrease was a combination of
being radiotagged during their spawning
migration, spawning, and a particularly hard
winter.

Estimates of the proportion that returned to
spawn in 2010 could be biased low because the
migratory timing data was lost due to damaged
equipment during spring floods. Typically, the
aerial surveys locate a substantial portion of the
spawning sheefish, but tracking stations run 24
h/d and can record fish entering and leaving the
spawning grounds that the aerial tracking survey
may have missed. However, results from this
study and others have shown that even if this
happens the bias would be relatively small
because the number missed is typically not
substantial (Savereide 2005; Stuby 2005).

Spawning Frequency Strategies

Sonar studies on the Kobuk and Selawik rivers
(Hander et al. 2015; Wauttig et al. 2015) have
successfully enumerated the outmigration of
spawning sheefish, but their complex life-history
makes it difficult to estimate the total stock
abundance. First of all, during the majority of
their lifespan, the spatial and temporal
distribution of mature sheefish throughout the
estuary complex of Hotham Inlet, Selawik Lake,
and the Lower Kobuk River makes it feasibly
impossible to use traditional mark-recapture
techniques. Second, the Selawik and Kobuk
River stocks are mixed throughout the estuary
(Smith et al. 2015) and current genetic
techniques are unable to decipher between these
2 stocks (Hander et al. In prep), so stock-
specific harvests cannot be determined. Finally,
there is very little information on the spatial and
temporal distribution of juvenile sheefish, which
are even more difficult to capture with
traditional fishing gear.

Even though these life-history traits deter
estimates of total stock abundance, if the sex
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composition and spawning frequency of the
annual spawning stock were relatively consistent
then a reliable index of total stock abundance
could be established. This study has shown that
the sex composition is similar across years
(Figure 4) and that approximately 30-40% of all
mature sheefish spawn at least 50% of the time
(Figures 18-19). Couple this information with
spawning abundance estimates and an index
could be derived. In other words, an
outmigration of 25,000 sheefish that was 30% of
the spawning stock would equate to 83,000
mature sheefish in the population.
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