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Abstract

Migratory patterns of Yukon River inconnu Stenodus leucichthys were evaluated using
otolith aging and microchemical techniques and radio telemetry. Research was
conducted each fall between 1997 and 1999, on inconnu captured at a study site 1,200
river km from the Bering Sea. Biological data were collected to establish maturity and
spawning condition. Sagittal otoliths were analyzed optically to determine age
distribution, and microchemically to determine amphidromy. Inconnu were tagged with
radio transmitters and located in upstream spawning destinations. Inconnu captured at
the study site were uniformly large, mature fish preparing to spawn. Age estimates
ranged from 7 to 28 years. Microchemical analyses suggested that the population was
amphidromous rather than freshwater only. Preliminary testing of radio transmitter
attachment methods showed that the internal method (pushed through the esophagus into
the stomach) was superior to the external method (attached behind the dorsal fin) for use
with migrating inconnu. Most radio-tagged inconnu were located during their spawning
time in a common region of the Yukon River. Inconnu captured at the study site each fall
were mature fish engaged in a spawning migration that originated in the lower Yukon
River or associated estuary regions, and continued towards a common spawning

destination in the Yukon River, approximately 1,700 river km from the sea.
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Introduction

Inconnu Stenodus leucichthys are large whitefish (Figure 1) found in both Asia and North
America (Berg 1962; Scott and Crossman 1973). Specimens exceeding 100 cm in length
and 15 kg in weight are not uncommon, and much larger individuals have been recorded
(Alt 1969; Scott and Crossman 1973). Their current taxonomic placement within the
bony fishes class is: Order: Salmoniformes; Family: Salmonidae; Subfamily: Coregoninae;
Genus: Stenodus; Species: Stenodus leucichthys (American Fisheries Society 1991;
Moyle and Cech, Jr. 1996). Two subspecies are recognized, S. I leucichthys, isolated in
the Caspian Sea drainage of western Asia, and the more broadly distributed S. /. nelma,
inhabiting Asian and North American river systems flowing into Arctic Ocean and Bering

Sea waters (Scott and Crossman 1973).

Inconnu are capable of traveling widely within their home drainages during their lives,
which may span two decades or more (Alt 1987; Howland 1997). They spawn in the fall,
broadcasting their eggs into flowing freshwater over a gravel substrate (Morrow 1980).
Fertilized eggs settle to the bottom, hatching several months later. Larvae emerge in the
spring when rising water levels distribute them downstream (Reist and Bond 1988;
Shestakov 1991). Juveniles feed on a wide variety of invertebrates initially, but soon
become piscivorous, feeding almost exclusively on fish for the duration of their lives
(Fuller 1955; Alt 1965). Inconnu are commonly found feeding in marine waters near the
mouths of their natal rivers (Petrova 1976; Alt 1987; Reist and Bond 1988), a migratory
behavior known as amphidromy, a specialized form of diadromy in which a fish migrates
between fresh and saltwater for reasons including, but not restricted to, spawning
(McDowall 1988). However, amphidromy is not obligatory, and non-amphidromous
populations have been described in some locations (Petrova 1976; Alt 1987; Howland
1997). Following several years of growth, inconnu become sexually mature and take part

in upstream spawning migrations every two or more years till death (Alt 1987; Reist and



Figure 1.-Inconnu Stenodus leucichthys are large whitefish in the Family:
Salmonidae, Subfamily: Coregoninae.
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Bond 1988).

The Yukon River, in northwest North America, harbors a substantial population of
inconnu. They are present from near-shore marine waters near its mouth to more than
2,500 km upstream, and in many of its tributary rivers (Scott and Crossman 1973;
Morrow 1980; Martin et al. 1987). Spawning locations have been identified in the
Koyukuk and Tanana river drainages, major tributaries to the Yukon, and are suspected
in several other areas as well (Alt 1987). Despite our knowledge of basic inconnu life
history and their distribution in the Yukon River drainage, uncertainty persists regarding
specific movement patterns along the river. For example, it is unclear whether an
inconnu captured 1,000 km from the sea is an amphidromous fish migrating to some
distant, upstream site, a non-migratory fish remaining in a localized region of the river, or
a non-amphidromous, migratory fish at some point along its range. This uncertainty,
coupled with unknown spawning and rearing locations, complicates any attempt to

effectively manage the fishery.

Currently, inconnu are harvested throughout their range on the river. Sport fishers
harvest a limited number each year (Mills 1989, 1994) and are restricted by regulation to
a certain number of fish per day. A much larger number are taken directly or incidentally
during net or fishwheel fisheries (Crawford 1978; Alt 1987) that are not regulated for
inconnu. The movement patterns of inconnu along the river must be understood to
develop a meaningful and effective management strategy for the fishery, if it is deemed

necessary.

This thesis describes an inconnu migration study conducted between 1997 and 1999. It
focuses on inconnu captured approximately 1,200 km upstream from the mouth of the
Yukon River (Figure 2) during August and September. The main objectives of the study

were to determine if they were migrating from marine environments near the river’s
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Figure 2.-Study site on the Yukon River in Alaska, located 1,200 river km
from the Bering Sea.
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mouth and to locate their spawning destinations. Otolith microchemical techniques were
used to determine whether fish were coming from marine environments, and radio
telemetry was used to accomplish the spawning destination work. Prior to the two
migration components of the study, the maturity and spawning condition of inconnu at

the study site were evaluated using biological data gathered from harvested inconnu.

The thesis is organized into chapters, each chapter describing a different component of
the study. Since different background information and methodology were required for
each component, the chapters are designed to stand alone. Each has an introduction,
methods, results and discussion section. The final chapter, a summary conclusion
section, synthesizes the results from all components of the project together. A general

introduction and a single references section bracket the body of the thesis.
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Study Area

The Yukon River flows more than 3,000 km from its headwaters in northern British
Columbia to its mouth on the Bering Sea in western Alaska. It drains an area of
approximately 855,000 km®. The study site is located 1,200 river km from the sea at
approximately 65°20' N latitude and 151°03' W longitude at an elevation of 67 m (Figure
2). Near the study site, the river can be over 1 km wide and 15 m deep, and flows from 8
to 12 km per hour. Due to the glacial origins of some tributaries, the water is silty during
the summer, but clears during the winter. The region experiences a continental climate
with long, cold winters and brief, warm summers. The river generally freezes by late

October or November and the ice remains until late April or May of the following year.
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Biological Sampling
Introduction

Inconnu can be captured throughout the summer season at the study site. However, their
apparent abundance, as determined by local fishers’ informal catch-rate assessment, is
relatively low early in the summer, and increases as the fall approaches. This pattern of
variable abundance suggests that a population of inconnu may be moving past, or moving
into, the study site each fall. Alt (1987) contends that a migration to upstream spawning
areas does occur in that area of the river each fall, although precise spawning locations
have not been identified. Additionally, it is unclear whether captured fish represent a
single spawning stock with a common life history, or multiple stocks with variable life

histories.

Inconnu engaged in spawning migrations exhibit certain detectable biological indicators
of their condition. In general, the gonads of seasonal spawning fish become enlarged as
spawning time approaches, increasing the ratio of egg to body mass (Snyder 1983). A
gonadosomatic index (GSI) is created when this ratio is measured for many fish in a
population and plotted over a period of time. Howland (1997) demonstrated the utility
of the procedure for inconnu when she documented an increasing GSI trend in female
inconnu preparing to spawn in the Mackenzie River drainage. The feeding condition of
inconnu can potentially reveal their intentions also. Alt (1969) reported that pre-
spawning inconnu fasted for several weeks or months prior to spawning. Evaluating the
GSI trend and feeding condition of inconnu captured at the study site would provide two

sources of supportive or refutatory evidence concerning their spawning condition.

This component of the study describes the basic inconnu sampling operation at the study

site. The primary objective was to compile a GSI trend chart and to assess the feeding
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condition of sampled inconnu to determine whether it was reasonable to assume that a
spawning migration was occurring. Secondary objectives were to describe captured
inconnu according to length and weight distribution, to determine the sex ratio of
sampled fish, and to evaluate whether the sex of whole fish could be reliably determined

by external examination.

Methods

Local fishers from the area near the study site provided inconnu from their catches for
sampling. Upon delivery, fish were placed in a cold-water bath (<5°C) until processed,
usually within 12 hours. A total of 266 fish were sampled between July 22 and
September 20, 1997. Fishing effort was not uniform over the time period, so access to
fish for sampling was not continuous, and sample numbers do not directly reflect their
abundance in the river. However, there was no attempt to preferentially sample or
segregate the catch by size or sex. As a result, the sample is assumed to be roughly
representative of the population. The fork length (length) of each fish was recorded to
the nearest 1 cm. Whole fish were then placed on a digital platform scale, and weights
were recorded to the nearest 10 g. Egg skeins from female fish were similarly weighed
and recorded. The feeding condition of each fish was evaluated by examination of the
stomach. Food was either present or absent. Prior to evisceration, the sex of each fish
was predicted, based solely on the relative distention of the belly, by the two to three
samplers present. Following evisceratioh, the true sex was recorded and the aécuracy of
the prediction was noted. Finally, sagittal otoliths were collected from each fish for aging
and otolith microchemical work. Details of this procedure are discussed in the next
chapter (Otolith Aging and Microchemical Analyses). Inconnu carcasses were ultimately

prepared for drying and returned to the local fishers after the sampling was completed.

Sampling data were used to create charts displaying information about the population of
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inconnu present at the study site. A GSI trend chart was prepared, with values calculated
as egg weight percentage of the whole body weight [(egg weight /whole body
weight)(100); Snyder 1983]. GSI values were analyzed against the Julian date of fish
capture, and plotted against the calendar date. The null hypothesis was that the slope of
the regression line fitted to the GSI data was equal to zero. This would happen if no
enlargement of gonads occurred over time, and would indicate that spawning was an
unlikely objective for the sampled fish. Lengths of female and male inconnu were
compared with a median test, and a chart displaying length distribution by sex was
prepared. Weights of female and male inconnu were similarly compared with a median
test. The weights of sampled inconnu were plotted against their lengths to demonstrate

the relationship between the two measures.
Results

Two hundred and sixty-six inconnu were sampled at the study site. Of these, 110 were
females and 156 were males, a ratio of approximately 0.7 to 1. Gonadosomatic index
trend data were collected from 108 of the females. All females examined appeared to be
gravid, each possessing great skeins of eggs filling the gut cavity (Figure 3). The percent
egg mass of sampled inconnu rose from about 11% in late July to about 23% in mid-
September (Figure 4). A linear regression of the data against the Julian date of capture
revealed a positive slope that was significantly different than zero (P < 0.001). The R?
value was 50%, suggesting that the date of capture explained approximately half of the
observed variation in GSI values. When GSI values were regressed against Julian date
and fish weight the R? value rose to 61%, revealing that fish weight was also a significant
contributing factor to GSI variation (P < 0.001).

All inconnu sampled appeared to be relatively large, mature adults. Median lengths and

weights of sampled female inconnu were significantly greater than those of males
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Figure 3.—Eviscerated female inconnu harvested at the study site. The relatively
large volume of eggs was typical of all female inconnu sampled during the 1997

study season.
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Figure 4.-GSI trend chart showing an increase in GSI values over time. The
least squares line of best fit for the data, along with the regression equation, are
presented. The positive slope (0.219) is significantly different than zero
(P <0.001). The R? value of 50%, suggests that the date of capture explains
approximately 50% of the observed variation in GSI values. (The regression
equation was calculated using Julian date rather than calendar date. July 19 is
Julian date 200, and September 27 is Julian date 270.)
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(P <0.001 in both cases). The median length of females was 80 cm (range 71-103 cm)
compared to 72 cm (61-85 cm) for males (Figure 5). The median weight of females was
5,485 g (range 3680-13,680 g) compared to 3,840 g (2,210-6,690 g) for males. Weight
was highly correlated with length for both female and male inconnu (R? female = 87%; R?
male = 88%). However, female weight increased at a significantly greater rate than male

weight with increasing length (P < 0.001; Figure 6).

Of the 266 inconnu sampled during the project, only two had food in their stomachs. In
one, the contents could not be identified. In the other, however, it was clear that a
juvenile longnose sucker Catostomus catostomus had been consumed. The stomachs of

all other sampled inconnu were empty.

Whole fish were sexed with great accuracy during the sampling study. Of the 266 fish
sampled, 264 were predicted correctly by unanimous consent of the two or three
samplers present. Neither eggs nor milt could be expressed from any fish by abdominal
palpation. Two fish had external features that were ambiguous, and there was

disagreement among the samplers as to the sex of these fish.

Discussion

Both the GSI trend (Figure 4) and the feeding condition data provide supportive evidence
for the notion that a spawning migration occurs at the study site in the fall. The gravid
appearance of all females (Figure 3), and the absence of immature fish further support the
notion, and additionally suggest that all sampled inconnu were members of a spawning
population, and not a mixture of spawning and non-spawning fish. The data fail to
provide information about whether sampled fish were from a common spawning stock or
from multiple stocks. Similarly, the direction of migration along the river cannot be

determined. This information must be obtained in other ways.
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Figure 5.-Length distributions of male and female inconnu sampled at the study
site, showing clearly that smaller fish were predominantly male, and larger fish
were predominantly female. Length data was organized in 3 cm length groups
for the figure.
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Figure 6.-~Male and female weight versus length scatterplot, with associated least
squares regression lines from the respective data. It is clear that small fish are
predominantly male and large fish are predominantly female. The high R
values for both fitted lines suggests that most of the variation observed in weight
can be directly explained by length.
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The demonstrated ability to distinguish female from male inconnu without eviscerating
them has potential utility for tagging projects, allowing sex-specific patterns of movement
to be evaluated. Strange (1996) contends that the ability to distinguish between the sexes
by external examination is contingent upon the examined population being mature and
preparing to spawn. In support of this contention, the only distinctive factor between
female and male inconnu in this study was the distention of the belly for females, and the
lack of it for males. Researchers considering the practice with populations of inconnu
whose spawning condition is unknown, or where pre-spawning and non-spawning
inconnu coexist, must proceed cautiously to avoid erroneous interpretation of sex-

specific movement data.

The distinctly shifted length distribution of female and male inconnu in the sample (Figure
5) is similar to that reported by Taube (1996) for inconnu on the Kobuk River in
northwest Alaska. It is clear from Taube’s (1996) data that Kobuk River fish attain
larger average sizes than those sampled at the Yukon River study site, a phenomenon Alt

(1969) reports as well.
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Otolith Aging and Microchemical Analyses

Introduction

Otoliths are mineral structures that lie within endolymphatic hollows associated with the
semi-circular canal network near the brain in teleost fish (Platt and Popper 1981). They
function in hearing and balance, and are composed primarily of calcium carbonate amid a
proteinaceous matrix (Degens et al. 1969). They grow throughout a fish’s life as material
precipitates on the outer surface, and are generally considered to be insoluble (Campana
and Neilson 1985). In many species, growth increments, similar to tree rings, are
apparent both on daily intervals for juvenile fish (Campana and Neilson 1985), and on
annual intervals for adults (McFarlane and Beamish 1995). Three pairs of otoliths are
found in most fish species. The largest pair, sagittae, is commonly used for producing

age estimates for a wide variety of fish species (Chilton and Beamish 1982).

Inconnu have traditionally been aged by counting annuli on their scales (Alt 1969; Taube
1996; Underwood et al. 1998), although Howland (1997) recently explored the utility of
using otoliths. Scale aging techniques are non-lethal and have a long history of use
(Chilton and Beamish 1982), but the structures are vulnerable to resorption and have
been shown to consistently underestimate the ages of older specimens of long-lived fishes
when compared to otolith age estimates (Barnes and Power 1984; Welch et al. 1993;
Lowerre-Barbieri et al. 1994). Consistent with this generalization, Howland (1997)
reports inconnu age estimates from otoliths in excess of 30 years in the Mackenzie River
drainage, while maximum age estimates from scales have not exceeded 23 years (Alt
1969; Taube 1996; Underwood et al. 1998). Despite the fact that growth increments on
inconnu aging structures have not been validated at this time, otoliths were used in this

study to produce age estimates.

In recent years, fisheries scientists have used trace element distribution within growth
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increments in otoliths to describe life history events and patterns of movement of many
fishes. Interpretations of these studies have been based on the assumption that the
environmental conditions a fish experiences (salinity, temperature, contamination) are
major determinants of the chemical composition of otoliths (Secor 1992; Babaluk et al.
1997; Tzeng et al. 1997). Laboratory experiments suggest that this is a valid assumption
(Mugiya and Tanaka 1995; Secor et al. 1995; Farrell and Campana 1996). While great
potential exists for examining a wide range of elemental markers that may confirm a fish’s
presence or absence in a given location or habitat (Severin et al. 1995; Thorrold et al.
1998), the clearest results in the discipline have been the documentation of fish
movements between fresh and saltwater by examination of otolith strontium (Sr)
distribution (Secor 1992; Babaluk et al. 1997; Tzeng et al. 1997), a procedure used

successfully by Howland (1997) on Mackenzie River inconnu.

Strontium is a 2+ ion in solution and precipitates in otoliths, replacing calcium (Ca) ions
in the mineral matrix, in direct proportion to its concentration in water (Radtke 1989;
Fowler et al. 1995; Secor et al. 1995). Strontium concentration in water varies with
salinity (Dietrich et al. 1980; Wells 1997), with ocean water worldwide relatively stable at
about 8.1 ppm (Lide 1990), and freshwater systems variable, but generally close to 0.1
ppm (Rosenthal et al. 1970). Diadromous behavior places fish in both fresh and
saltwater. Strontium distribution patterns within otoliths are expected to vary

accordingly.

Electron microprobe technology can be used to examine the Sr distribution in fish otoliths
(Campana et al. 1997; Reed 1997). The electron microprobe functions by bombarding
selected points on an otolith with a finely focused beam of electrons. Atoms struck by
the beam emit x-rays of a wavelength characteristic to the element. Spectrometers, tuned
to element-specific wavelengths, count emitted x-rays. The x-ray counts at each sample

site are roughly proportional to the number of atoms present. The concentration of Sr in
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the otoliths of diadromous fish varies widely along a core-to-margin transect, while in
otoliths of non-diadromous fish it varies little (Babaluk et al. 1997). Plotting Sr x-ray
counts from transects across otoliths produces a fish’s lifetime record of saltwater and
freshwater movements. Superimposing visible growth increments upon such a plot

reveals year-by-year movements.

This chapter describes an otolith aging and microchemical study of Yukon River inconnu.
The main objectives were to produce age estimates for sampled fish, and to use otolith
microchemical techniques to test Alt’s (1987) contention that inconnu found in the late
summer and fall at the study site are from an amphidromous stock. The establishment of
evaluative criteria upon which to judge the unknown life history sample fish was a
required preliminary step to the otolith microchemical work. It involved the examination
of otoliths from known amphidromous and freshwater-only inconnu. Additionally, the Sr
concentration in Yukon River water was tested to verify that it was actually much less
than in ocean water, a critical condition for the validity of the procedure. Secondary
objectives were to examine lifetime patterns of movement for selected inconnu between

fresh and saltwater, as indicated by Sr distribution across otoliths.
Methods

Sagittal otoliths (otoliths) were collected from 266 inconnu sampled at the study site in
the fall of 1997. The basic capture and handling methods are detailed in the previous
chapter (Biological Sampling). This section continues, detailing otolith removal
procedures and methodology used for aging, microchemical analyses, and other
associated activities. Each inconnu head was severed from the body just behind the gill
plates. The top of the head, from the dorsal margin of the gill plates to the dorsal margin
of the orbits, was removed with a sharp knife. The brain, exposed with this action, was

moved, revealing the otoliths lying beneath. Both otoliths were then removed with a
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forceps. Secor et al. (1991) refers to this technique as the “open-the-hatch method” (p.
15). The otoliths were cleaned by gently rubbing them between a finger and thumb in
water until all blood and other tissue fell away. They were then placed in a labeled coin

envelope and stored dry.

Dried inconnu otoliths were thin-sectioned (sectioned) and polished in preparation for
microscopic viewing and microprobe analysis. One otolith from each fish was ground on
a diamond grinding wheel in the transverse plane through the core (Secor et al. 1991),
mounted on a glass slide with thermoplastic glue and polished with 3 micron aluminum
oxide abrasive powder for optical viewing. Each otolith section was approximately 100
microns thick. Otoliths selected for microprobe analysis were further polished with 1
micron and 0.25 micron diamond abrasives. Preparation was completed with the

application of a 30-nm layer of conductive carbon.

Viewing of sectioned otoliths for aging was done with a dark-field (double polarizing
filters), transmitted light, compound microscope. With this equipment, opaque zones
appeared dark, and translucent (hyaline) zones appeared light. Annuli identification
criteria followed basic descriptions by Chilton and Beamish (1982) and illustrations by
Haas and Recksiek (1995). However, the specific interface between age-0 growth and
age-1 growth, essentially the first annulus, was determined by referencing known-age
juvenile otoliths from an in-progress, related study of broad whitefish Coregonus nasus
(Figure 7; unpublished data). The otoliths of these closely related species are similar in
outward appearance and in their patterns of opaque and translucent zones when
sectioned. Both the inconnu in this study and the broad whitefish in the related study
were harvested in the mid to late summer, so the stage of otolith deposition was expected
to be similar. The age-1 annulus was considered to be the interface between the first
translucent zone and the second opaque zone, the first opaque zone being the core

region. A translucent margin was not counted as an additional year, while an opaque
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Figure 7.—Sectioned otoliths from known-age juvenile broad whitefish. The
pattern of opaque and translucent regions were used as references to assist in
aging inconnu in the present study. The lengths referred to in the figure are
approximate fork lengths of sampled broad whitefish.
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margin was. Age distribution charts of male and female inconnu are presented, and age
estimates were associated with length data (see previous chapter, Biological Sampling) to

produce sex-specific, age-length keys (Devries and Frie 1996).

Twelve of the 266, sectioned otoliths were selected for microchemical analyses using a
stratified, random sampling procedure. Inconnu were stratified into four age groups: 9-
11 years; 12-14 years; 15-19 years; and those 20 years and older. The possibility of sex-
specific patterns of movement demanded that equal numbers of male and female fish be
selected. The greater potential for obtaining long-term movement information from older
fish than from younger fish influenced the selection distribution among age groups. Two
fish, a male and a female, were selected from both the 9-11 year group and the 15 to 19
year group, and four fish, two males and two females were selected from both the 12-14
year group and the 20 year plus group. Candidates for microchemical analyses were
chosen randomly from within these age and sex groups. Selected individuals were then
evaluated based on the clarity of the otolith growth increment marks. Those with

indistinct growth increments or obscured regions were rejected.

The otoliths of four other inconnu with known life histories were subjected to otolith
microchemical analyses to establish standard Sr x-ray distribution patterns from which to
judge the unknowns. Two mature inconnu from both freshwater-only and amphidromous
life histories were chosen. Freshwater-only inconnu were from the Great Slave Lake in
northern Canada (Howland 1997). Amphidromous inconnu were collected from the
northern mouth of the Yukon River, where brackish water is known to exist (Martin et
al. 1987). :

A Cameca SX-50 electron microprobe equipped with wavelength dispersive x-ray
spectrometers was used for microchemical analyses. Linear transects across the

specimens, from the core region (precipitated during the first year of life) to the margin
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(precipitated when the fish was older), were made with a 6 micron diameter, 15 kilo-
electron volt, 20 nano-ampere beam. Center-to-center distance between transect points
was approximately 10 microns. Counts were collected for 25 s at each point. Strontium
x-ray graphs (Sr graphs) were created from the data. They were plotted as Sr x-ray
counts versus transect points. Annual growth increments crossed by transects were

indicated by vertical lines on the Sr graphs of unknown life history subjects.

Strontium x-ray maps (Sr maps) provided graphic images of Sr distribution across entire
regions of otoliths. Strontium maps were created by sampling otolith sections in a grid
pattern with points approximately 9 microns apart. Each point, analogous to a pixel on a
computer screen, was examined with a 6 micron diameter, 15 kilo-electron volt, 200
nano-ampere beam, for 0.1 s. Strontium maps were composed of over 60,000 individual
points, and revealed banded patterns of elemental distribution across otolith sections.
High concentration regions in Sr maps (indicating that a fish was in saltwater) are bright
yellow, while low concentration regions (indicating that the fish was in freshwater) are
dark orange. In this study, Sr maps were used primarily to evaluate interpretation of
patterns within Sr graphs. They also revealed subtle patterns of Sr distribution that were

obscured or unclear for various reasons in the Sr graphs.

The Sr concentration in Yukon River water was tested at two different seasons of the
year. Water samples were collected in early April 1998, when the river was ice covered
and the water was clear, and in early September 1998, when the river was free of ice and
turbid. Samples of unfiltered water, for determining total Sr concentration, and of water
passed through a 0.63 micron filter to remove suspended solids for determining dissolved
Sr concentration. Samples were collected from the surface layer in mid-river locations.
They were sent to a professional contaminates analysis laboratory that determined Sr
concentrations using inductively coupled plasma emission spectroscopy, an analytical

method capable of detecting Sr in water at concentrations as low as 0.001 ppm.
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Results

At least one otolith from each of the 266 sampled inconnu was prepared for age analysis.
Most were readable (Figure 8), but a few were obscured and required the alternate
otoliths to be prepared as well. The median age of females was 11 years, and for males,
10 years. Females ranged between 7 and 28 years of age, while males ranged between 7
and 23 years of age. Age at length varied for female and male inconnu. For example,
female inconnu 80 cm in length varied between 9 and 16 years of age (Table 1).

Similarly, male inconnu 72 cm in length varied between 8 and 12 years of age (Table 2).

Strontium concentration in Yukon River water fell within the expected range (Rosenthal
et al. 1970). In April, when the river was clear, total and dissolved Sr concentrations
were similar, at approximately 0.164 ppm. In September, when the river was turbid, the
total Sr concentration was greater than dissolved, showing that some Sr was carried in
the suspended silt. Total Sr concentration was approximately 0.141 ppm and dissolved
Sr concentration was approximately 0.125 ppm. At greater than 100 times detection
limit for the analytical procedure, the error in measurement was considered by the testing

laboratory to be small, certainly less than 10%.

Strontium graphs from the otoliths of freshwater-only and amphidromous inconnu
revealed distinctly different patterns of Sr distribution. One Sr graph of each is presented
here. The Sr graph from the freshwater-only inconnu (Figure 9a) shows a relatively
constant low level of Sr x-ray counts across the core to margin transect. By contrast, the
Sr graph from the amphidromous inconnu (Figure 9b) displays several large peaks of high

Sr x-ray counts across its transect path.

A measure of the variability expected from machine counting error would be helpful for

interpretation of Sr graphs, allowing random counting errors to be distinguished from real
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Figure 8.-Sectioned otolith from a young inconnu harvested at the study site in
1997, demonstrating the aging method used in this study. Note the similarity of
the core region in this figure (labeled Age-0) with the image of the age-0 broad
whitefish otolith section (Figure 7). The arrows mark nine annuli. The
translucent margin, beyond the ninth annuli, is not interpreted as another year.




Table 1.-Female inconnu age-length key. Length is fork length to the nearest 1 cm. In the columns
with multiple ages represented, the first number is the number of fish in the cell, the numbers in
parentheses are the actual ages of fish in the cell.

Length  Number Sample Allocation Per Age Group
Group in Sample 7 8 9 10 11 12 13 14 15 16-19 20-23 24-28
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75
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Table 2.-Male inconnu age-length key. Length is fork length to the nearest 1 cm. In the
columns with multiple ages represented, the first number is the number of fish in the cell,
the numbers in parentheses are the actual ages of fish in the cell.

Length Number Sample Allocation Per Age Group
Group in Sample 7 8 9 10 11 12 13 14 1S 16-19 20-23

61 1 1

63 2 1 1

64 3 1 2

65 5 4 1

66 7 2 2 2 1

67 12 1 5 5 1

68 11 1 4 1 5

69 11 2 4 3 2

70 12 2 1 6 2 1

7 7 1 2 2 1 1

72 16 1 3 6 2 4

73 10 1 2 3 3 1

74 16 2 5 .3 1 1 2(17,17)
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