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INTRODUCTION
Recent Commercial Use

Interest in a commercid fishery for edachon Thaleichthys pacificus in the Copper River
began in 1995 because of the stegp decline in abundance of Columbia and Fraser River
eulachon in the early 1990s. In 1996 four permits were issued for the freshwater harvest
of eulachon with dip nets. Ore permit holder harvested a smdl amount to digtribute to
potentid buyers. In 1997 two permits were issued for a purse sane fishery in marine
waters with a quota of 55 metric tons (mt) or gpproximately 60 tons. No harvest occurred
due to arecord sockeye samon run.

Four permits were issued in 1998 for the dip net harvest of eulachon in the fresh waters
of the lower Copper River. The quota was again set a 55 mt, and the quota harvested in
only 7 days. Subsequently, a dally quota of 3.6 mt was ingtituted for the remainder of the
run and the tota harvest was 78.3 mt. As many as four people fished with al the Copper
River harvest occurring between 20 May and 2 June (14 days). The mgority of the
harvest occurred dong a 33 m length of the western dore of the western-maost channd of
the Copper River a the Copper River Highway. This channd (Fag Point Channd) is
aso referred to as 27-Mile Channd.  Fish were harvested from shore with 50 cm (~20
inch) diameter dip nets with 1.8 m (~ 6 ft) handles All harvest occurred in daylight
hours with between 1 and 8 h fished (average = 4 h).

The successes of the 1998 fishery lead to many requedts for information about the permit
process for 1999. Therefore, the depatment changed the fishery from an openaccess
Commissioners permit sructure to a department test fishery. A single permit would be
issued to the high bidder. This was a precautionary measure tha alowed us to 1) control
commercid effort while collecting data required for a better understanding of the biology
of the Copper River eulachon, and 2) fund the required research efforts.

The test fishery process started with the 1999 fishery; however, no fish were harvested
due to a smdl run in the Hag Point Channd of the Copper River. In 1999, the Board of
Fisheries edablished the Prince William Sound Eulachon Smet Management Plan (5
AAC 24.520). The management plan states that eulachon may only be harvested with dip
nets in the freshwaters of the Copper River downstream of Miles Lake from 1 May
through 15 June. It aso specifies the maximum annua harvest alowed as 272 mt (300
tons).

The harvest quota for the 2000 test fishery was reduced to 182 mt due to the apparent low
abundance of fish in 1999. The 2000 harvest of 59.2 mt occured between 19 May and
28 May (10 days). As in 1998, harvest occurred along the west beach of the western
most channel of the Copper River.

Because the department had not completed a biomass estimate, the harvest quota for 2001
was lowered to 136.5 mt. The 2001 fishery harvested 71 mt from 19 May through 30
May (11 days). In 2001, the river discharge shifted more to the middie channd a Fag



Point Channd, dong with the mgority of the migrating eulachon. The test fishery permit
holder moved to the middle channel on 26 May, about 6 daysinto the run.

In 2002 only one bid was received; however, the bid would not provide adequate funding
for research and was not accepted. Columbia River eulachon harvest increased to about
327 mt in 2002 (G. Bargmann Washington Depatment of Fish and Wildlife, Seditle,
Washington persond communication). This may limit the maket for Copper River
eulachon in the future. The Copper River commercid harvest has ranged from no fish in
1999 to 78.3 mt in 1998 (T&ble 1).

Table 1. Commercid eulachon harvests in the Copper River area, 1996-2002.
Harvest
Y ear Quota (mt) Gear Permits Harvest (mt)
1996 None Dip net 4 Smdl
1997 55 Purse Seine 2 None
1998 55 Dip net 4 783
1999 272 Dip net Test Fishery None
2000 182 Dip net Test Fishery 59.2
2001 136 Dip net Test Fishery 710
2002 No bid accepted None

Cordova subsistence users have expressed concerns about the commercia fishery for
eulachon in the Copper River. The Native Village of Eyak (NVE) filed a Specid Action
Request with the Federal Subsstence Board in 2001. NVE requested an emergency
closure of dl fresh waters of the Copper River to harvest of eulachon to al but federdly-
qudified subsstence fishers. The federa daff andyss by Buklis (2001) concluded that
given the gear redriction and harvest level, the test fishery did not thresten subsistence
usesin the Copper River.

Proposa 19 seeks to close commercid fishing for eulachon in waters currently closed to
sdmon fishing within the Copper River Digrict under 5 AAC 24.350 (1). The proposa
proponents, NVE, cite concerns about the sustainability of the harvest, availability of
eulachon for subsstence, and effects of the commercid harvest on populations of marine
mammadls, birds, and fishes that prey on eulachon.

Summary of Eulachon Biology

In the family Osmeridag, eulachon are a smdl (< 250 mm) forage fish. Eulachon is the
scientificaly accepted common name;, however, they have other common names, such as
hooligan and candlefish in Alaska They are anadromous and seasondly abundant in a
limited number of river sysems over ther range. Most documented eulachon spawning
rivers are large, mainland, glacid systems. There are probably other eulachon spawners
in dmilar gladd, mainland systems that have yet to be documented. In Alaska eulachon
goawn in a least 35 different river sysems including the Stikine, Taku, Chilkoot, Chilkat,
Copper, Kenal, Twentymile, Sudtna, Bear, Sandy, and Meshik. The only documented
spawning river on a large idand in Alaska is on Unimek Idand a the western extent of



eulachon range (R. Bercdi, ADF&G, Cordova, persond communicetion). This is
probably the only idand in Alaska with a glacid river of the type dmilar to manland
systems used for spawning. Eulachon use fewer sysems than sdmon over the same
range. In the Prince William Sound and Copper River area there are > 1,000 documented
samon spawning sysems and perhaps only sSx eulachon spawning systems (Copper
River, Martin River, Alaganik Slough, Scott River, Ibeck Creek, and Eyak River.

The marine digtribution of eulachon includes dmogt dl the west coast of North America
from Monterey Bay, Cdifornia through the esstern Bering Sea (Anderson 1976; Allen
and Smith 1988). The limited digribution of eulachon in the Bering Sea suggedts that
they survived the most recent glaciation in a southern refuge dong the Pacific coadt, and
expanded their range subsequent to the receding of the ice sheet (McPhal and Lindsey
1970). Recent work on eulachon genetics is consgtent with expanson from a southern
refuge area postglaciation (McLean et d. 1999).

In Alaska, eulachon enter river sysems from January through early July; darting earliest
in Southeast Alaska and generdly getting progressively later as you move north and west
to the north dde of the Alaska Peninsula  Entrance timing may be rdated to water
temperature because most studies have documented run entry between 2 and 10 degrees
C (Smith and Sadfeld 1955; Franzed and Nelson 1981; Barrett et a. 1984). However,
Vincent-Lang and Quera (1984) noted no relationship between water temperature and
migration timing in the Sustna River.

Spawning usudly occurs in glacidly occluded waters over sand and coarse grave
(Morrow 1980).  Eulachon are broadcast spawners whose eggs adhere to the bottom
substrate (McHugh 1940). The eggs hatch after 30 to 40 days at 4.4 to 7.2 C (Hart 1973),
and the amndl lavee (3-6 mm; Baraclough 1964) are quickly caried into the marine
environment. For example, larvee in the Copper River downstream of Miles Lake (river
km 35) would be flushed into the marine environment within 24 hours & current
veocities = 05 m/sec. Little is known of eulachon life higory after the larvae enter the
marine environment until they return to spawn.

Age a maturity is usudly reported as three years (Smith and Saalfeld 1955; Trent 1973,
Barrett et ad. 1984); However, Hart and McHugh (1944) reported most Fraser River
spawners as just completing their second year. Mogt fish die after spawning, but there is
some evidence for repeat spawning (Barraclough 1964).

Eulachon are an important food source for many birds and mammds (Marston et 4d.
2002; Willson and Marston 2002). Spawning runs of eulachon are preyed upon by
several bird species, including sesbirds (Laridaeg), raptors (Faconidae), waterfowl
(Anatidag), and Corvids (Corvidae).  Additiondly, severd marine mamma Species
including harbor sedls Phoca vitulin, stdlar sea lions Eumetopias jubatus, humpback
whaes Megaptera novaeangliae aso feed on spawning eulachon. Dogfish sharks
Sgualus suckleyi, hdibut Hippoglossus stenolepus, coho sdmon Onchorhynchus kisutch,
chinook samon O. tshawytscha, and numerous other predators may adso feed on
eulachon adults Eulachon eggs and larvee ae preyed upon by adult Dolly Varden



Salvelinus malma, as well as coho sdmon parr (M. Wippfli, U.S. Forest Service, Juneau,
persond communicetion). Also returning adult sockeye samon O. nerka in the Copper
River ddta have been found with adult eulachon in their somachs (J. A. Bernatowicz,
Washington Department of Fish and Wildlife, Y akima, persona communication).

Historical Harvests

There are subsistence, persona use, and sport fisheries for eulachon from Southeast
Alaska to the Alaska Peninsula Eulachon have been used by Aborigind peoples dong
the Pacific coast for food and oil for at least several centuries (Hart 1973). Payne et d.
(1997) reported that prespawning eulachon have a high oil content (>16%) and low
moidure content (<71%). These characteristics, dong with a high seasona abundance,
dlowed coastd Aborigind peoples to render large quantities of oil or “greass” for use as
food and as a trade item (Macnair 1971; Steward 1975). The people of Klukwan near
Haines may be the only Alaskans Hill harvesting large quantities of eulachon to render
for ail (Mills 1982).

In the Prince William Sound area, dmog dl the subsstence use of eulachon has been by
resdents of Cordova (Scott 2001). The Board of Fisheries has determined that smelt
(including eulachon) in the Prince William Sound area are customarily and traditionaly
harvested for subsistence use (5 ACC 01.616). However, no determination was made of
the amount reasonably necessary for subsistence uses. Subsistence harvest by Cordova
resdents was estimated for 6 years between 1984 and 1997. Harvest of smelt (eulachon
and unidentified smelt) ranged from 0.8 mt in 1993 to 4.3 mt in 1997. The harvest of
eulachon by NVE tribd members ranged from 15 to 57 liters per household in 1999
2001; however, one household was excluded because their harvest was much larger than
the others (Joyce et d. 2002). Using the converson of 1 liter ~ 04 kg, the use per
household has ranged from ~ 6.0-22.8 kg. Of the 98 households surveyed that use
eulachon in Cordova, Joyce et d. (2002) reported that the two major uses were food by
68 households, and bait by 11 households. Overdl in Alaska, the subsstence harvest of
eulachon gppears to be farly smal (Jm Fdl, Alaska Depatment of Fish and Game,
Anchorage, persona communicetion).

The sport harvest in Alaska averaged >210,000 smelt (eulachon and capdin Mallotus
villosus) from 1977-1997 (Mills 1991; Howe et d. 1998). Approximately haf (average =
54%) of the harvest occurred in the Twentymile River or the sdt waer immediady
adjacent to Turnagain Arm.  The Alaskan sport harvest gppears to be indgnificant in
most spawning systems in years of average abundance.

Commercid fisheries for eulachon Started as early as 1877 in the Nass River of Canada
(Scott and Crossman 1973) and 18%4 in the Columbia River (Smith and Saalfeld, 1955).
For mogt of this century the commercid fisheries south of Alaska have been limited to
the Columbia and Fraser Rivers (Hay et d. 1997). Columbia River harvests between
1960 and 1997 ranged from 1,520 mt in 1992 to only 18 mt in 1993 (Hay et d. 1997).
The average harvest, 1960-1992, was 805 mt with the minimum harvest of 206 mt
occurring in 1984, four years after Mt. St. Helens erupted (Hay et d. 1997). The Fraser
River harvests ae subdantidly smaler with a 1960-1992 mean of 50 mt (Hay et 4.



1997).

The only long-term commercid fisheries in Alaska include smdl harvests from rivers
near Ketchikan (P. Doherty, Alaska Department of Fish and Game, Ketchikan, persond
communication). The fishery is managed for guiddine havest leves (GHL) in the
Unuk/Chickamin (11,250 kg), Bradfidd (2,250 kg), and Stikine Rivers (2,250 kg).
Havests are usudly smdl (45 to 14 mt) and sporadic. Even after a century of
commercid harvests, knowledge of the life hisory of eulachon is limited (McPhal and
Lindsey 1970; Hart 1973, Scott and Crossman 1973). The precipitous decline of
eulachon abundance from British Columbia south to Cdifornia starting in the early 1990s
has generated more eulachon research than 100 years of commercid fishing.

Objectives

This report summarizes a portion of eulachon investigations on the Copper River ddta
for 1998-2002. Our genera objective was to gather basic biologica data about the
gpawning runs of eulachon on the Copper River deta  Specific objectives are listed
below:

@ Describe the age, sex, and size (AWL) of the spawning runs, 1998-2002;

2 Determine the tempord and spatid distribution of the spawning runs, 1998-2002;

3 Determine the fecundity of femaesin the spawning run in 2000 and 2001,

4 Egtimate the spawning biomass of eulachon in Hag Point Channd of the Copper
River, 2000 and 2001,

) Edtimate the mean and variance of larvd dengty at different river depths, 2002,

(6) Usethelarval density at depth to adjust spawning biomass estimates for 2001.

METHODS
Study Area

The study area was the Copper River ddta downsiream of Miles Lake (Figure 1). The
rivers of the Copper River deta drain into the centrd Gulf of Alaska. The sudy area
ranged from the Eyak River (9.7 km, Copper River Highway ) to the Copper River
channel a ~ 60 km of the Copper River highway; however, most of the research effort
focused on the FHlag Point Channedl. The Copper River highway first crosses the Copper
River a 43.5 km from Cordova, gpproximately 16 km upstream of the river mouth.

Downsgtream of Miles Lake, the Copper River becomes a low gradient (1.1 nvkm)
dluvid plain crossed by deven bridges between Flag Point and the Million Dallar Bridge
(Brabets 1997). The Copper River proper has the sixth largest drainage basin in Alaska
at 62,920 kn? and the second largest average discharge at 1,722 ni/sec (Brabets 1997).
The Copper River caries on an annual bass approximady the same amount of
suspended sediment as the Y ukon River with ~1/5 the average discharge (Brabets 1997).
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Figure 1. Copper River delta downstream of Miles Lake dong with selected
drainage systems.

Other systems crossed by the Copper River Highway from west to east include the Eyak
River, Ibeck Creek, Scott River, Elsner River, Sheridan River, and Alaganik Slough. The
Scott River, Elsner River, and Sheridan River are feed by glacid waters.  All the other
detarivers have increased turbidity from glacid inflow on a seasona or sporadic basis.

Age, Weight, Length, and Sex Ratio

In 1998 samples were collected daly from the commercia harvest at Flag Point Channdl.
We collected dally samples because we lacked information on the number of age classes
in the run and the extent of tempord changes. An examindion of the margind precison
gan with each dratum indicated very little incresse after three drata (< 2%; Cochrane
1977). Therefore, after 1998 we attempted to collect samples from the early, middle, and
late timing of each run. Sample szes (n = 450) were set to Smultaneoudy estimate al
the age proportions within + 5% of the true proportion, 90% of the time (Thompson
1992). This assumed random sampling from a multinomial population with less than 5%
of the otoliths being unreadable.

In 2000 and 2001, samples were collected near the beginning, middle, and end of the
mgor run in Hag Point Channed. Samples were aso collected a Alaganik Sough in
2000 and Ibeck Creek in 2001. In 2002 samples were collected near the beginning and



middle of the large run Hag Point channd with the same timing as in recent yeas.
Another sample was collected from a group of spawners that entered the river about 2
weeks later. Samples were aso collected from spawners in the channd & 60 km of the
Copper River highway (60- km channd) and the Eyak River.

Fish collected for biologicd sampling were messured to the neares mm (standard
length), and weighed to the nearest gram. Some fish were frozen 1-3 months prior to
sampling; however, no adjusments were made to Sze measurements. The sex of each
fish was determined by examination of the gonads or by externa charecterisics. Made
eulachon have much longer pectora and pelvic fins, and breeding tubercules on the head,
fins and scdes (Morrow 1980). In most cases the presence of eggs or milt in spawning
fish confirmed the sex.

Independent sex ratio samples were collected in 2000-2002. Sex ratio, S, was modeled as
a binomid digribution to estimate the proportion of femaes, p, where S = 1/p. Variance
of Sisesimated as

S(s-9

Var (S) = Y D

If sufficient fish were available we sampled 300 fish. This sample sze should dlow us to
edimate the proportion of femaes within £ 5%, 90% of the time (Cochrane 1977). Sex
ratios were edimated daly for most of the run a Flag Point Channd. We generdly
sxed live fish usng the externd, seconday sexud chaacteridtics. If externd
charecteristics were not sufficient, fish were squeezed to check gonad products for
evidence of sex. Fish were captured with dip nets and either counted and sexed out of the
net, or placed in atote with water and counted back into the river.

Ages were determined by examining the sagittae otoliths. We examined scaes, otoliths,
and vertebrate for age; however, otoliths had the only eadly discernible circuli patterns.
The otoliths were removed by making a ventrd cut through the transverse plane just
posterior of the preoperculum. They were removed with forceps, cleaned of the saccule
membrane, and dried. All otoliths were stored dry in depressons of black plagtic trays
covered with masking tepe. The file name, harvest date, tray number, and fish numbers
were written on the masking tape on each tray.

Binocular dissecting scopes with 10x eyepieces and variable objectives (0.8 to 4.0) were
used to examine the otoliths. Whole otoliths were read in water, convex sde up, on black
plagtic trays under reflected light. Submerging the otoliths in water reduces the glare and
improves the contrast between the tranducent (hyaine) and opague zones. Tranducent
zones gppear dark when using reflected light and a black background. Both otoliths were
examined if possble however, sometimes one otolith was missng or both otoliths were
crystalized, or too transparent for age determination.

In 1998 severd solutions were tested for reading otoliths including glycerin, a 50:50
solution of glycerin and water, and plain water. Many of the otoliths tended to clear out



quickly even with just water and became so transparent that they would have to be
cleaned and left to dry before attempting to read again. Therefore, otoliths were read by
placing plan water to cover on no more than 10 otoliths a a time. All otoliths were
examined by two readers. The fird reader would examine the 10 otoliths and then the
next reader. The two readers did not compare ages until between-reader differences were
examined.

To assgn an age to a fish, the tranducent zones were counted out from the primordium or
core. Readers counted the number of tranducent zones in regions that were the easest to
read and had the highest count. At least two regions were counted, and if the counts from
the first two regions did not agree, a third was counted. |If two of the three areas had the
same count, this count became the assgned age;, otherwise the reader started again with
aea one. A tranducent zone should be formed before spring spawning runs later than
May. Therefore, the otolith edge was generdly counted as a year; however, the timing of
trand ucent zone deposition in eulachon has not been vaidated.

After al samples were examined, readers reexamined otoliths that were interpreted for
age differently. The consensus age was used for any further andyss. If no consensus
was reached, an error code was assgned and the fish was not included in the age
compasition.

Temporal and Spatial Digtribution of Adult Spawners

Surveys were conducted from a jet kiff to map the digtribution of spawning eulachon in
the Copper River. Sites upstream of the bridge a Flag Point were sampled with a dip net
for the presence of spawning adult eulachon. Particular attention was given to areas of
bird activity and eddies where eulachon tend to concentrate. Locations sampled were
recorded on a globd podtioning sysem (GPS). Other rivers dong the Copper River
Highway were examined for eulachon; however, no sysematic program was in place for
1998-2002. Concentrations of bald eagles Haliaeetus leucocephalus, gulls, or harbor
seds were used as indicators of the presence of eulachon. This was confirmed if possble
using visud observetions or dip nets

Run timing in Hag Point Channd was edimated with caich or catch per unit effort
(CPUE) from the commercid fishery, test fishery, and project sampling. In 2002 we
esimated run timing with dip net CPUE. The number of dips required to fill a 15 liter
bucket was used as the measure of CPUE. Adult eulachon were sampled at a location
about 50 m downstream of the bridge a Hag Point. We used dip nets with 15 mm wire
mesh and a 50 cm diameter mouth mounted on a 1.8 m pole.

Fecundity

Fecundity was estimated using methods described by Pedersen et d. (1995). The eggs
were preserved and hardened by placing in individualy marked bottles containing 3.7%
formdin for 1-3 weeks. Ovaries were then rinsed well in clean seawater under a hood
until no fumes were detected. The ovaries were then weighed to the nearest 0.01 g, and
forceps were used to remove eggs from the ovary onnective tissue. A dissecting scope



was then used to separate out 100 eggs. The eggs were vacuum-dried for one minute on
damp filter paper and weighed to the nearest 0.1 mg. Three 100-egg samples were
examined for each fish, and the mean weight of a s$ngle preserved egg edtimated. As in
Pedersen et d. (1995), if the three estimates of the weight of 100 eggs were not within £
10%; three new 100-egg samples were weighed.

Fecundity (eggsfemade) was estimated as the preserved ovary weight divided by the
mean egg weight. Extra ovarian tissue (<5% of the totd) probably tends to bias the
fecundity estimate high. The reative fecundity (eggsgram of totad body weight) was
edimated as the total fecundity divided by the total body weight.

L arvae Sampling, 2000 and 2001

Larva samples were collected in the Flag Point Channel in 2000 and 2001 to estimate the
totd abundance of eggs and lavae. “Lava sampling” will be defined to include both
eggs and larvee for smplicity. Equipment problems limited our sampling in 2000 to four
days between 22 June and 1 August. In 2001 samples were collected on 16 days between
13 June and 31 July. Sampling gtarted in 2001 gpproximately 2 weeks after the end of
the spawning. The end of spawning was estimated from the proportion of spawned out
fish in the commercid harvest. All sampling was done during day light hours. The stage
of the tide was not consdered because the sample sites were > 8 km upstream of the
mean high tideline.

Methods used to collect larval samples were smilar to those described by Pedersen et d.
(1995). Samples were collected with a plankton net attached to a line, 1 meter above a
lead weight. We initidly tested a 350 pm mesh net with a 58 cm diameter mouth, but the
high river velocity kept it from fishing effectively, even with a 225 kg lead weght. All
2001 samples were collected with a 350 um mesh net, 65 cm long with a 195 cm
diameter mouth. A cdibrated flow meter was mounted in the net gperture to alow
edimation of the volume of water through the net. In 2000, six dtes were fished, three
upstream of the bridge a Fag Point and three downstream. We used only the
downgtream dtes to estimate biomass, and the upstream dStes will not be discussed
further. In 2001, only sSites downstream of the bridge were fished. The three Stes were
in aline perpendicular to the river flow and divided the river into thirds (Figure 2).

The generd Ste area was located with surveyors flagging on the west shore. After the
genera area was located, a GPS was used to locate the three sample sites. A skiff was
anchored at each Ste to use as the sampling platform. Water depth (m) was read from the
boat depth sounder. The plankton net line was matched to the river depth and attached to
a davit. Two samples were collected a each of the three stes during each sampling
event. The net was fished for 5 minutes, pulled up by hand, and rinsed well to gather dl
larvae in the net collection bucket. Each sample was placed in a labeled, 1-liter sample
bottle. Data recorded for each sample included date, time, flow meter revolutions, water
depth and sampling depth in meters.



Fve-percent Formain was used to preserve the firsg samples in 2000, but Ethanol diluted
1.1 with water was used to preserve dl other samples. Rose Bengd stain was added to
each sample at least 15 minutes prior to counting. Samples were then rinsed through a
fine mesh colander and examined under a dissecting microscope or magnification lamp.
Samples containing excess organic metter or glacid dlt were divided into smdler
portions and diluted with water to facilitate counting. The entire sample was examined
for lavae and eggs. After counting, eech sample was returned to the origind sample
bottle and diluted Ethanol was added. All samples were counted by two readers, and the
average number of eggs and larvae for each sample was used in dl further analysis.

Sand

Flag Point station

Sand

Larval sample
stations [sang

Fete Dahl
Slough

Sand

0.5 0 0.5 1 Kilometers

Figure 2. Location of eulachon larval sampling sitesin 2000-2002, and adult
sampling site in 2002..

Larvd dendties were estimated for each sample as the average count of eggs and larvae
divided by the volume of water through the net as measured with the flow meter. Dally
production was edimated as the mean lavd dendty times the edimated daly river
dischage in . We assumed the lava density in the water column was relaively
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congtant throughout the day. Larvd production for days not sampled was estimated as
the average of the two nearest adjacent days sampled.

Daly river dischage was edimated from the 1995 dage-discharge rdationship
determined by the U. S. Geologica Survey (USGS) for the Copper River a the Million
Dollar Bridge (Brabets 1997). The river profile at the Million Dollar Bridge has changed
litle between 1978 and 1995 (Brabets 1997); therefore, the 1995 stage-discharge
relationship should provide reasonable estimates of the totdl discharge. Stage height was
read each day between 16 May and 31 July by ADF&G employees a the Miles Lake
sonar dte. The readings were used to edtimate the daily discharge a Miles Lake using
the stage-discharge relationship. No adjustment was made to account for water entering
the Copper River downstream of the Million Dollar Bridge.

Biomass Estimation, 2001

The totd estimated egg and larval abundance was used to cdculate the spawning biomass
of adults smilar to Pedersen et a. (1995). Biomass was estimated as

8=/t 4(C) @
Where
B = esimated spawning biomassin mt,
T = estimated total production of eggs and larvee in the area,
f' = estimated overd| relative fecundity (no. eggs g+ of body weight), and
C = aconversion factor, 10°°, to convert grams to mt.

The overdl rdatve fecundity was cdculated assuming a sex ratio of 20 (equd
proportions). The biomass range was calculated using estimates of the proportion of totd
discharge a Miles Lake that passed through the three bridges a Flag Point (proportions
from 0.10 to 0.35). The spawning biomass range was st to account for the uncertainties
in the data.

Digtribution of Larvaein the Water Column, 2002

The study area was located about 1 km downstream of the Flag Point bridge over the
Copper River (Figure 2). A location >3 m deep was selected to dlow 3 separate depth
samples. The sample area had a flat sandy bottom about 75 m from the left bank (looking
upstream). A 500 pm mesh plankton net was used to sample three depths: 1 m off the
bottom, 2 m off the bottom, and just below the surface (~ 3 m off the bottom). The
plankton net was 135 cm long with a 25 cm diameter mouith.

Equa sample szes were collected at the three depths on 3 June (n = 3 x 3 depths), 8 June

(n = 5 x 3 depths), and 12 June (n = 10 x 3 depths). Fifty-four samples were collected,
eighteen at each depth. The line required a each Ste was determined with the boat depth
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sounder. The net was attached b the weighted line a the desired depth, and fished from
a davit on an anchored skiff. Sample collection and lab counting procedures are as
described earlier.

Prior to lavd sampling, we edimated the timing of adult eulachon spawning using
CPUE from dip ne sampling. This dlowed us to mach lavad sampling with
gpproximately the peak hatch chronology of eulachon (30-40 days, Hart 1973).

Analysis of 2002 L arval Data

We used a 2-way analyss of variance (ANOVA) to test for differencesin mean egg and
larva dengties among the three sampled depths (fixed effect) with sample day as random
effect. Datawas log transformed because an association was found with the variance and
the mean.

We recalculated the 2001 biomass estimates using the 2002 density differences at the
three depths. The 2001 daily larva and egg production estimates were originaly
caculated by assuming that egg and larva densities were the same at each depth. The
total egg and larva production on days sampled was recalculated as

p=4 5?3%%) €
i=1 j=1 @
Where
P = estimated total production of eggs and larvae on days sampled (j = 1 to n).
P = origind estimate of the total production of eggsand larvaeon day |.
d; = The proportion of the mean density at depth i divided by the mean bottom

density, i.e., the mean density from the middle and surface samplesasa
proportion of the mean bottom dengity.

For example, the mean near-surface dengity in 2002 was 56 percent of the bottom
dendty. Therefore, the dendty in the top third of the water column was estimated as one
third of the origina dengity times 0.56. Thetota production of eggs and larvae was then
estimated as the sum of the daily productions. Interpolations for days not sampled was as
described earlier.



RESULTS
Age, Sex, and Size

Flag Point Channel of the Copper River

Most of our age, sex, and Sze samples are from Flag Point Channd because the
commercid fishery and test fisheries fecilitated sampling. The age of eulachon based on
otolith samples ranged from 2 to 6. The mgority of the fish in al years sampled (1998,
2000-2002) were age 3, 4, or 5. One or two age classes predominated in dl years. The
1998 run was mogly age-5 fish (89.4%) while the 2002 run was modly age-4 fish
(96.1%: Figure 3).

i 96.1
100.0 89.4
Age 4 —»
<4+— Age5
g
g 55.0
o 480 48.2
S 500 420
() .
o Age3 —p
()
(@]
< 25.0 A
9.
0.3 3.3 13 1412
0.0 T T — T T 1
1998 1999 2000 2001 2002
Figure 3. Age percentages of eulachon sampled from Flag Point Channel

of the Copper River, 1998 -2002. The 1999 run was not sampled
because fish were only documented on one day.

The overal mean lengths ranged from 174 to 183 mm (Table 2). Mean lengths were
ggnificantly different among years for maes (ANOVA, F = 248.84, df = 5501, P <
0.0001) and femdes (ANOVA, F = 79.84, df = 1441, P < 0.0001). For mdes, dl
pairwise comparisons (Sheffe 95% CI) were sgnificant except 1998 vs. 2002. Pairwise
comparisons of female lengths indicated that the 1998 and 2002; and 2000 and 2001 were
not dgnificantly different (Sheffe 95% Cl).

The mean lengths of mdes and femdes were dso ggnificantly different within eech year
(Two-talled t-test, P< 0.001). Length-at-age was smdler for femdes in dl years by 48
mm for age clases with sample dzes > 30 fish (nondatisticad comparison = NSC).
Additiondly, mae and femde 4-year old fish from Hag Point Channd were Sgnificantly
gndler than mde and femde 4-year old fish from 60-km Channe further up the Copper
River (mae mean lengths = 183 mm; n = 1,128 and 187 mm; n = 593 respectivdy; t- test,
t = 6.26, P < .0001), (Femade mean lengths = 178 mm; n = 179 and 181 mm; n = 226
respectively; t-test, t = 2.45, P = 0.015).
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The mean weights ranged from 47 to 57 g (Table 3). The mean weights of maes and
femaes were dso ggnificantly different within each year (Two-taled t-test, P< 0.001,
Table 4). Age, sex, and Sze information by sample are in Appendix A.2, A4, A.6, and

A.7.
Table 2. Sample Sze, mean, $andard deviation, minimum, and maximum length of
eulachon from Flag Point Channd of the Copper River, 1998-2002.
Standard length (mm)
Year Sex n mean SD min max
1998 Mae 2,020 183 8 153 216
Femae 581 177 9 145 209
Total 2,601 181 9 145 216
2000 Mae 1,126 175 10 146 208
Femde 213 170 12 137 204
Total 1,339 174 10 137 208
2001 Mae 1,249 177 10 149 208
Femae 478 169 11 143 198
Total 1,727 174 11 143 208
2002 Mae 1,128 183 9 153 222
Femde 179 178 9 151 203
Total 1,307 182 9 151 222
Table 3. Sample sze, mean, Sandard deviation, minimum, and maximum weight of
eulachon from Fag Point Channel of the Copper River, 1998-2002.
Weight (g)
Y ear Sex n mean SD min max
1998 Mae 2,020 55 8 33 %
Femde 581 51 9 27 93
Total 2,601 54 9 27 %
2000 Mae 1,126 47 10 24 83
Femde 213 44 1 2 83
Total 1,339 47 10 22 83
2001 Mae 1,249 50 9 29 o1
Femde 478 46 9 28 78
Total 1,727 49 9 28 o1
2002 Mae 1,128 57 9 31 %}
Femde 179 52 8 35 2
Total 1,307 57 9 31 A
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Table 4. Reaults of heteroscedadtic t-test of mde and femae eulachon Szein
Flag Point Channel of the Copper River, 1998-2002.

Length (mm) Weight (g)
Year df t-statistic P-value? df t-statistic P-value?
1998 857 13.83 < 0.0001 1251 10.58 < 0.0001
2000 270 6.58 < 0.0001 287 3.74 0.0002
2001 842 13.88 < 0.0001 847 7.78 <0.0001
2002 237 6.38 < 0.0001 250 7.36 < 0.0001

& All P-values are two-tailed.

The mean annud percentage of mades, dl 4 years of sampling combined, was 67% and
ranged from 60% in 2002 to 78% in 1998 (Table 5). The percentages of maes in
commercid and test fishing havests were significantly higher than 50% in dl years (%,
P< 0.0001;, Table 6). The sex raio a the midpoint of the spawning run was not
ggnificantly different from 50:50 in 2001 and 2002; however, in 1998 and 2000 it was
ggnificantly different than 50:50 (Table 6). In 4 years of sampling, the run usudly
garted with approximately equa proportions of maes and femdes, but shifted to mostly
males sarting about the midpoint of the run (NSC: Figure 4).

Table5.  Eulachon sex ratios from sampling in Hag Point Channd of the Copper

River 1998-2002.

Y ear Made Femde Total Sex Ratio (S) Var (S

1998 Count 1,992 572 2564 448 0.0273
Percentage 78% 22% 100%

2000 Count 4,220 2,859 7,079 248 0.0013
Percentage 60% 40% 100%

2001 Count 2,805 1,088 3,893 358 0.0085
Percentage 72% 28% 100%

2002 Count 1479 668 2,147 321 0.0107
Percentage 69% 31% 100%
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Figure 4. Eulachon sex retio by day for samples collected in Hag Point Channel
of the Copper River in 1998 and 2000-2002.
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Table6. Chi-sguare tests of the year end and run midpoint mae:fema e proportions
and a hypothesized equa proportions.

Y ear end totals Run mid-point totals
Y ear ? value P-value 7 value P-value?
1998 786.43 >0.00001 54.49 >0.00001
2000 261.66 >0.00001 924.36 >0.00001
2001 757.28 >0.00001 0.57 04507
2002 306.34 >0.00001 11.97 0.0005

& The run mid-point P-value for 2002 is statistically significant, but probably not biologically significant
(55% madle).

60-km channel of Copper River

Eulachon samples were collected in the Copper River a kilometer 60 of the Copper River
highway on 29 and 31 May, 2002. The samples were predominated by age 4 fish (97%),
gmilar to FHag Point Channel samples in 2002 (Appendix A.7). Mades were 61% of the
sample on 29 May and 85% on 31 May.

Alaganik Sough

Fish were sampled for AWL data in Alaganik Slough in 1998 and 2000. In 1998, the
mgority of our sample, 91%, was age 5. There were a larger percentage of younger
femdes (age 3) than maes in 2000 (NSC), and most of the fish were age 3 and 4

16



(Appendix A.1 and A.3). Length-at-age was smilar for maes and femades in 2000, but
only one sample size was >30. The age-3 fish in 2000 were much smdler (>10 mm) a
age than age-3 fish from dl years of FHag Point Channd samples (NSC). Samples in both
years had a high proportion of maes, 91% in 1998 and 68.7% in 2000.

Ibeck Creek

Eulachon were sampled from Ibeck Creek in January and February, 2001. The combined
samples were 96% age 4 (Appendix A.4). Three samples collected for AWL data from
28 January to 1 February were >90% male. Three independent samples were collected to
edtimate the sex ratio. The percentage maes in the samples was 98% on 29 January, 82%
on 30 January, and 89% on 4 February. Datafor the Eyak River arein Appendix A.9.

Temporal and Spatial Digtribution of Adult Spawners

Flag Point Channel of the Copper River
Run timing of the eulachon in FHag Point Channd of the Copper River was estimated for
al years, 1998-2002 (eg., Figure 5. We documented the gpproximate beginning and
ending dates for the May run. Fish arived a the Hag Point Channel bridge as early as
19 May and as late as 25 May (Table 7). The runs lasted between 8 to 14 days, however,
in 1999 we only captured fish on 21 May.

We did occasond surveys of the river earlier in the year if road conditions alowed.
Prior to early May, the Copper River is generdly low and dear. In 2001, three eulachon
were captured on 17 March. A group of 15 bald eagles on the river bank suggested that
fish were present; however, the fish abundance appeared to be very low. On 29 and 30
April; and 3 May there were >200 gulls, ~ 5 bad eagles, and several harbor sedls a Flag
Point Channd, but no fish were documented.

100.0 A Shawning run .'.0-0.“.
o
80.0 A
.’o° Larval hatch outflow
60.0 A ; P
< 5/26 - 6/27 >o
40.0 A 32 days from 50% of ®
A spawning run o
2004 4 to 50% of hatch ®
A o
0.0 aat— T T "P!. T T T T T T
(o)) (o) N N (o) (92 o N~ < — e @)
S & 3 3 9 & 8 f & & 8
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Figure 5. Timing of spawning run and estimated larval hatch, 2001.
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Table7. Approximate run timing of eulachon in Hag Point Channd of the Copper
River at the bridge crossings, 1998-2002.

Date 1998 1999 2001 2002

Earliest 03/17
5/19
5/20
521

5/22

5/23
5/24
5/25
5/26
5127 3

5128 10 4
5/29 10 11
5/30 11 12
5/31 12

6/1 13

6/2 14
Latest 06/24

BQOCXJ\IO‘:I-wa\)I—\ §_<
cooo\JIm AW N R

kOOOIO)U'I-bOQI\)I—‘

0 N o O

In 2002, commercia fishers observed prespavn femde eulachon in the Copper River
Didrict during the 11 June sdmon fishery. An aerid survey of the lower Copper River
on 15 June saw large concentrations of gulls on the lower river. On 17 June, prespawn
fish were sampled with dip nets from Hag Point Channd of the Copper River.
Approximatey 20-50 fish were caught per dip net sweep, but fish were deeper (1.5-20 m
deep) than the earlier run. The latest that eulachon have been documented in Flag Point
Channd of the Copper River is 24 June 2002 (Heether Maxcy, Nationd Park Service,
Cordova, persona communication).

In 2000 and 2001 we surveyed Fag Point Channd upstream of the bridge for adult
eulachon. We captured eulachon with dip nets up to 8.1 km (5 miles) upstream of the
bridge in 2000 and 2001 (Figure 6). The farthest upriver fish were approximady 24 km
(15 miles) upstream of the mouth.
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Figure 6.
eulachon were present.
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Copper River channel at 60 km, Copper River highway

Eulachon were documented in the 60 km channel of the Copper River in 1998 and 2002.
This channd was examined intermittently, so timing and didribution information are
imprecise. The 60 km bridge is gpproximately 32 km (20.5 miles) upstream of the river
mouth. Fish were documented a 60 km channe in 1998 about 25 May on a sngle
survey. In 2002 fish were first noted on 28 May. Fish were 4ill present on 29 May, but
were gone by 1 June (Figure 7). On 28 May, fish were passng upriver of the bridge
adong the west bank. Along the east bank, fish were not documented upstream of the
upriver spur dike. Visud observations indicated that the high river velocity off the end of
the spur dike prevented passage. No fish were ceptured with dip nets or observed
upstream of the spur dike on 28 and 29 May.

60 1

First fish detected in the Copper River Last fish detection in Copper River
50 Spent fish
O Fsh di detected in
perdip Alaganik Slough
9_ 40 T //
© | Fish detected at 60 km channel, Copper River S
g
% 30 Fi - e
2 - ish gone from 60 km channel, Copper River ,
— 7
B
2 201 Fish detected Last fish detection
in Eyak River in Eyak River
10 A # § %
Oél T T T T T T T T T T T T T T T T T T T T T T T 1

05/28 ’\
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06/19
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Figure7. Eulachon CPUE a Fag Point Channe of the Copper River and fish
timing information for other Copper River ddta sysemsin 2002.

Other systems

On 28 May 2002, eulachon were captured with dip nets in sx river channels dong the
Copper River Highway between Flag Point and 60 km (Figure 7). This was the only
survey of the other river channds of the Copper River completed, 1998-2002.

Eulachon were documented in Alaganik Sough as early as 9 February in 2001 and as late
as 18 June in 2002. The maximum upriver extent was about 200 m upsiream of the
Copper River Highway bridge. The presence of gulls (>200 in March 2000) or bad
eagles (>100 in February 2001) near mile 20 of the Copper River Highway were
indicators that eulachon were present.
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The 2001 run of eulachon in Ibeck Creek arrived a the Copper River Highway bridge on
28 January and lagted until 17 March. Fish were observed 2.5 km upstream of the bridge,
or about 11 km upstream of the river mouth. No other fish were documented in Ibeck
Creek from 1998-2002. Concentrations of bald eagles and subsistence fishers were
indicators of fish availability.

In 2002 arun to the clear waters of the Eyak River reached as far as the Eyak Lake outlet.
Fish were observed from 15 June to 23 June. Eulachon were entering Eyak Lake over the
water control structure in the evenings of 15-18 June. There were severd mt of fish >3
km downstream of the bridge on 21 June, but dmost al were gone on 23 June and many
dead fish were on the river banks. Eulachon were dso documented in the Scott River as
far upstream as the Copper River Highway on 1 February 2001. The Scott River froze
up three days later, so the complete run timing is unknown.

Fecundity

In 2000, 50 prespawn femades were sampled for fecundity from Fag Point Channd of the
Copper River. The mean fecundity was 35,519 eggs, and the range was 12,202- 52,722
(Table 8). Mean rdative fecundity was 790 eggs g* of femae body weight. Assuming a
sex ratio of 50:50, the rdaive fecundity was 395 eggs g of body weight. Using the
edimated sex ratio from sampling in 2000 (30.5% femde), the rdative fecundity would
be 241 eggs g of body weight. The linear relationship between fish body weight and
fecundity had an r* = 0.79 (Figure 8), and the model was significant at p< 0.0001.

Forty-nine prespawn femaes were sampled in 2001 from Hag Point Channe. The mean
fecundity was 36,202 eggs and the range was 18,645-62,855 (Table 8). Mean relative
fecundity in 2001 was 792 eggs g’ femae body weight. Again, assuming a sex ratio of
50:50, the overal mesn rdative fecundity was 396 eggs g body weight. The relative
fecundity adjusted for the measured sex ratio in 2001 is 221 eggs g body weight. The
rddationship between body weight and fecundity has an r* of 0.71 (Figure 8). The
regresson modd fit issignificant a P < 0.0001.

No difference was found in weights of fish sampled for fecundity andyss (mean = 45q,

n= 49) and fish from independent samples to estimate populatiion weight (mean = 45g, n
= 429) (t-test, t = 0.3006, P = 0.764).
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Figure 8. Regression of body weight and fecundity for eulachon from Hag Point
Channd of the Copper River, 2000 and 2001.
Table 8. Fecundity data for eulachon from the Copper River in the Hag Point
Channdl, 2000 and 2001.
2000
Femade Egg 2 Total ® Ovary Relative®
Body weight (g) weight (g) Fecundity Weight (g) Fecundity
Count 50 50 50 50 50
Mean 45 3.04E-04 35519 u 790
Minimum 28 2.07E-04 12,202 4 407
Maximum 65 3.66E-04 52722 17 1,146
Standard error ¢ 1 3.26E-05 9,790 0 120
2001

Count 46 49 49 49 49
Mean 46 3.25E-04 36,202 © 792
Minimum 28 258E-04 18,645 6 570
Maximum 64 3.95E-04 62,355 17 1,014
Standard error ¢ 1 3.24E-05 8,179 0 oY}

& Eggweight is cal culated as the mean of three 100 egg sub-samples.

® Total fecundity is calculated as ovary weight divided by mean egg weight.
¢ Relativefecundity is calculated as total fecundity divided by body weight of female.

4 Standard errors shown as 0 are <0.5.
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Larval Dendty and Biomass Adjustment

Egg and lava densties of eulachon were ggnificantly different among depths within the
Copper River in 2002 (ANOVA, F =439, df =2, P =0.002). The uppermost net had
ggnificantly lower dendties then the lower two (Table 9), but no dgnificant difference
was found between the lower net and the middle net.  The mean dengties for each depth
were 260 eggs and larvae per n7 for the bottom samples, 230 for the middle samples, and
146 for the net fished just below the surface. The combined SE from dl three days of
sampling was larger for the middle and bottom nets.

Table9. Eulachon egg and larvae sampling summary data from Hag Point Channel
of the Copper River, 2002.

Larval counts(no.) Larval density (no. / n)
Date Depth (m) n Mean SE? Mean SE?
01 3 887 51 Q0 4
07/03/02 11 3 1,030 25 17 6
21 3 1,090 70 173 2
01 5 1,078 92 115 10
07/08/02 11 5 1531 217 174 23
21 5 1,460 130 206 22
0.1 10 1,702 59 178 8
07/12/02 11 10 2,345 102 292 18
21 10 2,180 63 313 13
Combined 01 18 1,393 A 146 10
Totals 11 18 1,899 149 230 21
21 18 1,798 118 260 17

aStandard Error

The edtimated 2001 eulachon spawning biomass was between 2,367 and 8,108 mt (Table
10). Thisis an edimate of the biomass that spawned in Flag Point Channd of the Copper
River. The estimate was adjusted based on results of the 2002 test for differences among
depths in egg and larval dendity. The percentage of the mean middle (88%) and mean
near surface (56%) dendties relative to the bottom density were agpplied to the daily
production estimates. Totd production of eggs and lavee was etimaed to range
between 9.09 X 10 and 3.18 X 10'%. The reaive fecundity assuming a sex ratio of
50:50 was 396 eggsg of body weight. The biomass was caculated by dividing the
edimated total production of eggs and larvee by the rdative fecundity. The range of
exploitation rates in 2001 given the 71 mt harvest is 0.87 % to 2.99% (T&ble 10).
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Table 10. Estimated total biomass, spawning biomass, and exploitation rate of eulachon in the Flag Point Channd of
Copper River, 2001. Therange of thetotad Copper River discharge through the three bridges at Flag Point
during the larval survey was probably between 10% and 35%.

Percentage of the total discharge estimated at Miles Lake that flows through Flag Point channels ®

10% 15% 20% 25% 30% 35% 40% 45% 50%

Total biomass (mt) 2,367 3,515 4,664 5812 6,960 8,108 9,256 10404 11,552
Harvest (mt) in 2001 70.8 70.8 70.8 70.8 70.8 70.8 70.8 70.8 70.8
Spawning biomass (mt) 2,296 3444 4,593 5,741 6,889 8,037 9,185 10,333 11481
Exploitation rate in 2001 2.99% 2.01% 1.52% 1.22% 1.02% 0.87% 0.76% 0.68% 0.61%

% Brabets (1997) estimated that in 1995, 51% of the total Copper River discharge at Miles Lake flowed through the three channels at Flag Point.



DISCUSSION
Age, Weight, Length, and Sex Ratio

The range of ages we found (age 2 to 6) is in agreement with estimates of age in other
aress. Mogt sudies have stated that age-3 and age-4 fish predominate the spawvning runs
(Smith and Sadfeld 1955; Langer et ad. 1977; Pedersen et d. 1995). McHugh (1939)
found modly age-2 fish with some age-3 fish in the Fraser River, while Higgins et 4.
(1987) egstimated mostly age-4 and age-5 fish in the Fraser River. In Alaska, Franzd and
Nelson (1981) reported mostly age-3 fish from the Stikine River and B. Kitto-Spangler,
USFS, Girdwood, persond communication) found mogly age-3 fish in the Twentymile
River.

Although the age range (2-6) we documented was sSmilar to other research, the age
proportions were not. Our 1998 samples were mostly age-5 fish (89.4%). Only Triton
(1991) found a smilar high proportion of age-5 fish in the Kemano and Wahoo Rivers of
B.C. The recruits from the 1998 brood year returned in 2002 as mostly (96.1%) age-4
fish. The 2000 and 2001 age proportions were estimated as amost evenly split between

age-3 and age-4.

Most sudies used otoliths to estimate age (Smith and Sadfeld 1955; Langer et d. 1977,
Pedersen et a. 1995; Higgins et a. 1987). McHugh (1939) used scales and thelr
edimates of age were less than others. Higgens et d. (1987) concluded that the burnt
surface of otoliths was easer to interpret than direct reading with reflected light or otolith
cross sections. Pedersen et a. (1995) aso used the burnt surface of otoliths to interpret
age. Mog other studies did not specify a method and were assumed to use surface
readings of otoliths. The method employed may have a large effect on the estimate of
age. Mog sudies dso used very smdl samples sizes (< 300) to edtimate age. A smadl
sample sze could lead to a very biased age compostion that does not represent the
population dructure.  Eulachon age has not been vdidated from any of the methods
employed and must be used with caution (Beamish and M cFarlane 1983).

The range of standard lengths (137-222 mm) and weights (22-96 g) documented in the
Copper River area are smilar to those found elsewhere. Please note that our reported
weights include some pod-spawn fish, and subsequently are not appropriate for
comparison to gravid fish. Smith and Sadfdd (1955) reported a mean length of 170.1
mm for mae fish from the Cowlitz River, but the type of length measurement is not dear.
Langler et d. reported a range of 112-226 mm, standard length, from samples in 1969
1971. B. Kitto-Spangler, USFS, Girdwood, persond communication and Franzel and
Nelson (1981) measured fork lengths, so no comparison was completed. Paired standard
and fork lengths were collected on Copper River eulachon, but the results are not
reported here.

We found a dgnificant difference in length among years by sex for Copper River fish.
The difference in the mean length of maes between 2000 and 2002 was dmost 8 mm.
We ds0 found dgnificant differences in length between mdes and femdes in dl years of
the study. Langer et d. (1977) and Triton (1991) reported no ggnificant difference in
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length by sex, except in age-2 fish for Langer et a. (1997). Higgins et d. (1987) reported
ggnificant differences in mean length between mdes and femdes  Differences in mean
length by sex may be rdaed to spawning behavior of eulachon. Langer et d. (1977)
suggests that as broadcast spawners, it is advantageous for maes to move further
upstream than femdes. A larger body sze would dlow mdes to swim further upstream
(Bernatchez and Dodson 1987). Larger body size may benefit both maes and femaes by
increesing ther upriver range and dlowing them to move through high veocity aress
(Higgins e d. 1987). We found a dgnificant difference in the length of both age-4 mae
and femde lengths between fish captured in a low velocity section of the Fag Point
Channd and the much higher velocity 60-km Channd in 2002, Finding larger fish
further upstream in a higher velocity area suggests that there are velocity bariers in the
Copper River for some eulachon sze classes. In 2002 we observed that the upstream end
of the east-bank spur dike at 60-km Channel crested a complete velocity barrier to
eulachon.

The length-at-age for eulachon in the Hag Point Channd was sgnificantly larger in 2002
and continued a trend of increesing length-at-age since 2000. The increase in length-at-
age is in contrast to Copper River sockeye sdmon, which have not increased in Sze a
age 1998-2002 (Richard Merizon, ADF& G, Cordova, persond communication). Length-
at-age changes in eulachon since 2000 may result from better marine conditions.

Sex Ratios

Sex rdios in eulachon have often been noted as highly variable or mae biased (Smith
and Sadfdd 1955; Franzel and Nelson 1981; Pedersen et a.1995; Higgins et a. 1987; B.
Kitto-Spangler, USFS, Girdwood, persond communicetion). Our results were smilar.
We found maes composed a mean of 68% of our 1998-2002 samples from Flag Point.
Samples from al the areas had a higher proportion of maes. In contrast to Flag Point
where we generdly had a baanced sex ratio prior to the pesk of the run, three samples
from Ibeck Creek in 2001 were al > 90% male (Appendix A.5).

The large number of maes is possbly a consequence of the broadcast spawning strategy
used by eulachon in a riverine ervironment (Smith and Sadfdd 1955). Vincent-Lang
and Quera (1984) and Triton (1991) documented eulachon spawning in river veocities
up to 0.75 msec®. In high velodity rivers, a large number of maes upsream may
incresse the probability of egg fertilization.

Langer et d. (1977) indicated that the proportion of males increased with distance upriver
and with time.  We did not examine sex ratio with distance upstream on the Copper
River, but we noted the sex ratio of eulachon in Ibeck Creek varied on a smdl spatid
scale. In 2001, three samples showed a decrease in the percentage of maes (91%,75%,
and 56%) as sampling moved downstream over a 200 m dretch of river. In Flag Point
Channd, the proportion of males increased to >90% by the end of the run for dl years of
our sudy. In contrast, both Higgins et d. (1987) and B. Kitto-Spangler (USFS,
Girdwood, persond communication) found no change in the proportion of maes through
time.
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All reported sex ratios for eulachon should be interpreted with caution. Eulachon sex
ratios in the literature probably vary because of gear sdectivity, low sample szes, and the
tempord and spatid scale of sample collections. Reported sex ratios have been collected
from gillnets in the Columbia River, Sikine River, and Nass River (Smith and Sadfeld
1955; Franzdl and Nelson 1981; Langer et d. 1977), and from beach saines in the Stikine
and Kitimat Rivers (Franzel and Nelson 1981; Pedersen et d. 1995). Franze and Nelson
(1981) tested gillnets for sex sdectivity, but they only used two mesh Szes.

We used dip nets from shore in the Copper River. There is probably no gear sdectivity
bias, but bias may enter because of temporad or spatid variation in migratory peatterns or
behavior differences by sex. Bernatchez and Dodson (1987) reported that usng the most
energy efficient travd corridor (bank and bottom orientation) is only important for fish
when dl energy reserves would be used during migration, e.g., sockeye sdmon. In years
of lower river flows and subsequent lower velocity (< 1.0 m-sec?), fish may trave
offshore and the catchability of shore-based sampling gear would decrease.

Shore-based sampling may be paticulaly biased after the initiation of spawning. The
sex ratio in the Copper River from dip net samples changes to mosly mdes at
goproximatdly the tempora midpoint of the run. The midpoint is dso when we usudly
dat to find post-spawn fish (ADF&G, unpublished data). We suspect that when
gpawning begins, femdes disperse to offshore spawning locations and do not return. The
downstream migration of spawned femaes may occur a night or away from the river
bank.

In 2000, we sampled eulachon in the Flag Point channd for sex rétio every 3 h for 24 h
folowing the dat of spawning. Nine samples averaged 1% femde, therefore, we
suggest that the femdes disperse offshore to spavn and migrate downstream offshore
post spawning. Maes may patidly spawn and continue to move upstream for future
gpawning events. Determining an accurate sex ratio for eulachon may require sampling
a night, usng only prespavn samples, and more intendve sampling a locations across
the river cross section.

Temporal and Spatial Digtribution of Adult Spawners

Spawning populations of eulachon use different rivers within the ddta, and different
channels within the Copper River among years. Mog notably, few fish returned to the
Hag Point Channel of the Copper in 1999, whereas in 1998, 2000, and 2001, large
amounts were harvested from large runs. In 1998 and 2002 spawning eulachon were
caught in the 60-km Channel of the Copper River, but not in 2000 and 2001. In 2001 a
large winter run occurred in January on lbeck Creek, and in 2002 a large spawning run
entered Eyak River, ascending into Eyak Lake. Runs were not found in dther Eyak
River or Ibeck Creek in other yearss The annud variability in spawning run locations is
consigtent with other studies of eulachon (Smith and Saalfdd 1955, Marston at a. 2002).
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Eulachon populations contain some genetic dructure within a paticular area, but the
mgority of the totd variaton is found within populations (McLean & d. 1999).
Eulachon populations in Alaska do not demondrate a strong population structure, and
given their life higory, they may not become adapted to a specific system as do some
sdmon species, eg., sockeye sdmon (McLean et d. 1999). Eulachon larvae are flushed
out of the Copper River probably within 24 h after incubating for gpproximately 25 to 60
days. This leaves little time to imprint on a specific river, but if larvae spend severd
weeks in an eduary aea there may be sufficient time to imprint on the generd water
chemigtry of an estuary (McLean et d. 1999). If eulachon do not imprint on a specific
system, that could help explan the gpparently large variation in spawning rivers and
gpawn timing on the Copper River delta

The Copper River eulachon population may be common to the delta, but may employ
gpecific run timing and locations dependent on environmenta conditions, and possibly
run sze. Temperaure, water velocity, and water chemistry Stuations have been shown to
impact eulachon and other smelt migrations (Smith and Sadfdd 1955, Snyder 1970,
Rodgers et d. 1990, Lyle and Maitland 1997). As such, years smilar to 1999, when few
fish showed up a Flag Point Channe of the Copper River may occur again. The 1999
Copper River stage height amost matched the 1983-1988 higtoricd low until 9 June, well
after the norma eulachon run timing. Extensve surveys for spawners at dterndive Stes
were not conducted in 1999, so the run may have spawned in another system, eg., the
eastern side of the Copper River below the Copper River Highway.

Fecundity

We edtimated fecundity of eulachon in the Flag Point Channe of te Copper River. Our
esimates of fecundity, 12,202- 52,722 with amean of 35,519 eggs, in 2000 and 18,645-
62,855 with a mean of 36,202 eggs in 2001, appear to match wel with other estimates.
Smith and Sedfeld (1955) reported fecundities from 18 Columbia River femaes of 20 to
60 thousand. Pedersen et a. (1995) showed a range of 3,242 to 47,798 eggs for fish from
149 to 187 mm sandard length. One hundred-twenty eight fish from the Kemano River
in B.C. had an average fecundity of 27,880 eggs (Triton 1991). An Alaskan study
estimated 18,137-43,620 eggs for Stikine River fish (Franzel and Nelson 1981).

Fecundity was found to be dgnificantly rdated to the naturd log of body weight (Triton
1991), preserved ovary weight (Pedersen et d. 1995), and fork length (Franzd and
Nelson 1981). We tested fecundity and body weight, and the relationship was significant
for 2000 and 2001. B. Kitto-Spangler (USFS, Girdwood, personal communication) noted
ggnificant relationships between fecundity and length, weight, and age.  Triton (1991)
did not find a relationship between fecundity and age. This may indicate problems with
the interpretation of age. It is dso possble that older fish may have larger, but fewer
eggs. Pedersen et d. (1995), however, did not find a relationship between egg weight

and body length.

28



Biomass Estimation

There ae few edimaes of the spawning biomass of eulachon (Pedersen et d. 1995;
Triton 1991) because most spawning rivers are glacia systems not amenable to methods
employed for other species. Depending on the characterigtics of the spawning system,
abundance could be estimated from aerid surveys or foot surveys, acoudtics programs,
egg depostion surveys, or lava surveys. Edimates of reaive abundance could be
based on CPUE for sysgems with a long time series of commercid harvests such as the
ColumbiaRiver (Hay et d. 1997).

All methods have inherent difficulties in obtaning a precise edimate of Spawning
biomass. Visud surveys introduce error from observer efficiency for sngle surveys and
obsarver efficiency, survey intervad, and stream life for multiple surveys (eg., Bue et 4.
1998). Acoudtics estimates require expensive equipment and knowledge of the migratory
behavior & a fixed location to prevent duplicate counting in turbid sysems. Egg
depostion surveys present difficulties with observer cdibration and egg loss (Willette et
d. 1998) and could not easly be ported from the marine, nearshore environment to
turbid, high velocity rivers. The use of CPUE may provide an index to abundance.
CPUE daa can be vey mideading because schooling forege fish may show
hypergability in the rdationship between CPUE and abundance (Hilborn and Walters
1992). The CPUE may stay high even as the stock size declines because eulachon are
concentrated in schools during upstream migration.  The larval survey method aso has
limitations including estimating the river discharge and the larva abundance.

Our edimate of biomass from larva surveys is an goproximation with a large amount of
uncertainty. The lower end of the range is probably consarvative because most of the
factors that introduce uncertainty would bias the estimate low. The basc data needed to
edimate biomass from a larvd survey include esimates of river volume discharge, larvd
production; and spawner length, weght, fecundity, and sex ratio. There is uncertainty
involved in the estimates of dl the parameters, but we tried to minimize any upward bias
in the estimate of spawning biomass.

We expanded our estimates of larval density (nomi®) to tota daily production using daily
estimates of river volume (nt-sec?) discharge a the Million Dollar Bridge  Brabets
(1997) edtimated that between 1991 and 1995, 51% of the discharge estimated at the
Million Dollar Bridge flowed through the three bridges closest to Hag Point.  Beginning
in about 2000, a larger proportion of the river discharge appears to be flowing through
channels further east. In the absence of recent estimates of river discharge a Hag Point,
we chose 10% of the total Copper River discharge as our lower bound. The lower bound
is probably avery conservative.

The edtimates of discharge were not corrected for water inflow downsream of the
Million Dollar Bridge Childs Glacier and Goodwin Glacier would provide additiond
water inflow that would not be measured a the Million Dollar Bridge. Brabets (1997)
developed a relaionship between the discharge a the Million Dollar Bridge and the other
bridges dong the Copper River Highway. Brabets (1997) reationship suggests that our
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estimates of the 2001 Copper River discharge are about 20% low. The daily production
of eggs and lavae was esimated as the daily discharge (n-secl) times the estimated
daily lava densty (no.m?®). This meens that our estimates of total larva production,
and subsequently biomass, are biased low by 20%.

The lavd survey was completed just upstream of the Pete Dahl fork. The biomass
edimae is assumed to only incude fish that migrated through Hag Point Channed and
spawned upsream of our larva sampling Stes in Flag Point Channel. The estimate would
be biased high if fish migrated up other channdls of the Copper River and spawned
upstream of the bridge at 60-km channd (Figure 5). Although adults were observed at or
dightly above the 60-km bridge in 1998 and 2002, no eulachon were observed above the
bridge in 2001. In 2002, the east-bank spur dike was observed to create a velocity barrier
to upsream eulachon migration.  This suggests that larvae from other channes are
probably minima a Hag Point. Additiondly, if eulachon from the Flag Point Channd
are spawning any further upstream than we documented in 2000 and 2001, larvae could
be flushed down Copper River channels further east.  This would bias our biomass
estimate low.

Our sampling sites were gpproximately 15 km above the mouth of the Copper River, 0
there may be condderable spawning below our sample stes (Figure 5). Downstream, the
Copper River gplits into three channds that woud be difficult to sample effectively for
lavee.  Eulachon spawning below our sampling Stes are not included in our biomass
esimate.

All of our larvd sampling occurred in day light hours. Severa researchers have found a
higher abundance of migrating eulachon larvee a night. Orr (1984) reported that Levings
(1980) found larger catches of eulachon larvae a night. B. Kitto-Spangler (USFS,
Girdwood, persond communication) found larvd abundance to be dgnificantly related to
light intengty in the Twentymile River. Migrdtion a night is a common life higory trait
for many fish species lavae (Kedso and Rutherford 1996). A larger abundance of
eulachon larvae migrating at night would bias our 2001 biomass estimate low.

We darted our larva sampling on 13 June about 26 days after the firg fish were
harvested in the Flag Point Channel.  We probably missed eggs that faled to adhere to
subgrate and moved downstream immediately after the main spawvning event. Langer &
al. (1977) and Samis (1977) found eggs on a variety of subdrates. Langer et d. (1977)
suggested eulachon may broadcast their eggs into the current rather than directly onto a
gpecific subdrate. Eggs may dso vay in thar ability to adhere to different substrates.  If
eggs were displaced downstream after spawning, this would bias our estimate low.

We captured larvae on both our first survey on 13 June and our last survey on 31 Jduly, a
goan of 49 days (Figure 5). The firs and last surveys had some of the lowest dengties in
our survey, but indicate that we missed larvee. Our estimate of a mean hatch timing of
32 days in 2001 matched Smith and Sadlfeld (1955) estimate of 30-40 days at 40-45 °F.
We firg captured eulachon larvae 26 days after adult eulachon were first detected at Flag
Point. However, in 2001 we documented adults in the channd as early as 17 March



(Table 7). Missing larvae at the beginning and end of our survey biased our estimate low.

Totd rdative fecundity (eggsg’ of body weight) is esimated as the rdative fecundity of
femdes times the edimated proportion of femades in the spawning population. The
edimate of sex ratio can have a large influence on the biomass etimate. We assumed
that the population was 50% females to caculate the relative fecundity because of the
inherent problems in edimating the proportion of femaes in the population. If we had
used our actuad season-totd femde percentage of 28% (Table 5), our biomass range
bounds would increase by amost 100%.

Our larva sampling in 2001 was al completed at a depth 1-m off the bottom. This depth
dlowed us to avoid debris and the low velocity area a the river bottom. In caculating
the production of larvae, we assumed tha the same densty was found throughout the
water column. However, eulachon larval dendty varies with depth (Hymer 1994; Smith
and Sadfdd 1955; B. Kitto-Spangler, USFS, Girdwood, persond communication). In
2002 we investigated the vertica didribution of eulachon larvee in the Flag Point
Channd of the Copper River. Our assumption that eulachon larval dengty is congtant
with depth was not supported with the 2002 data As such our biomass estimates for
2001 were probably too high. We cannot be sure that the same verticd digribution
occurred in 2001 as in 2002, but it is probable that some depth gradient of larva density
occurred.  Our adjusted 2001 biomass edtimates based on the observed densties
differences of larvae and eggs found in 2002, was 18% lower.

The sources of uncertainty in the edimate of spawvning biomass would mostly bias the
edimate low. Although the lower bound is a very consarvative, it is ill robust to an
eror of 50%, i.e, if the biomass was actually 50% lower than the lower bound, the
exploitation rate would have increased to ~ 6%.

In the future, more precise adult biomass estimates could be obtained with incressed
lava sampling effort on both tempord and spatia scdes. This would include shorter
time intervas between larva samples, multiple samples a different depths across the
river cross section, and more complete spatid didribution information on the adult
spawners.  In addition, daly determination of river volume discharge a Flag Point
Channed would sgnificantly reduce the uncertainty in the estimates.
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Appendix A.1  Length, weight, and sex ratio at age for eulachon sampled from Alaganik Slough, 1998.

Area Brood year and age class
Alaganic slough 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Total
Catch Date 06/02/98 Male Mean length (mm) 179 175 179 179
Standard error ? 3 2 0 0
Mean weight (g) 53 44 48 48
Standard error ? 4 1 0 0
n 0 6 35 377 0 0 418
% Mae 100.0 94.6 90.4 90.9
Female Mean length (mm) 172 175 175
Standard error ? 2 1 1
Mean weight (g) 345 39.9 39.7
Standard error ? 1 1 1
n 0 0 2 40 0 0 42
% Femade 54 9.6 9.1
Total Mean length (mm) 179 174 179 178
Standard error ? 3 2 0 0
Mean weight (g) 53 43 47 47
Standard error ? 4 1 0 0
N 0 6 37 417 0 0 460




Appendix A.2

Length, weight, and sex ratio at age for eulachon sampled from the Copper River at the Flag Point bridge, 1998.

Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Dates 05/20/98 Male Mean length (mm) 180 184 175 190 183
05/22/98 Standard error * 2 1 2 2 1
Mean weight (g) 57 59 50 66 59
Standard error # 2 1 2 4 1
n 0 0 32 232 2 2 268
% Mde 54.2 61.9 100 100 61.2
Femae Mean length (mm) 176 179 179
Standard error ® 2 1 1
Mean weight (g) 49 52 51
Standard error ? 2 1 1
n 0 0 27 143 0 0 170
% Female 45.8 38.1 38.8
Total Mean length (mm) 178 182 175 190 181
Standard error ® 1 0 2 2 0
Mean weight (g) 53 56 50 66 56
Standard error ? 1 1 2 4 0
N 0 0 59 375 2 2 438

Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Dates 05/23/98 Male Mean length (mm) 184 181 182 175 181
05/24/98 Standard error * 3 1 2 4 1
Mean weight (g) 63 58 62 56 59
Standard error ® 4 1 2 4 1
n 0 0 15 220 2 2 239
% Mde 30.0 54.6 100 66.7 52.0
Femae Mean length (mm) 181 172 175 185 174
Standard error ® 2 2 1 1
Mean weight (g) 56 51 52 54 52
Standard error ? 2 1 1
n 0 2 35 183 0 1 221
% Female 100 70.0 454 333 48.0
Total Mean length (mm) 181 176 178 182 178 178
Standard error ® 2 2 0 2 4 0
Mean weight (g) 56 55 55 62 55 55
Standard error # 8 2 0 2 2 0
N 0 2 50 403 2 3 460

Continued on next page
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Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Dates 05/25/98 Male Mean length (mm) 179 179 181 166 181
05/26/98 Standard error * 2 2 0 0
Mean weight (g) 55 57 56 39 56
Standard error ? 5 2 0 0
n 0 2 26 285 1 0 314
% Mde 100 53.1 714 333 69.0
Femae Mean length (mm) 177 178 186 183 178
Standard error * 3 1 11 1 1
Mean weight (g) 50 50 67 55 50
Standard error # 3 1 14 8 1
n 0 0 23 114 2 2 141
% Female 46.9 28.6 66.7 100 31.0
Total Mean length (mm) 179 178 180 179 183 180
Standard error * 2 2 0 9 1 0
Mean weight (g) 55 54 55 58 55 55
Standard error ? 5 2 0 12 8 0
N 0 2 49 399 3 2 455

Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Dates 05/27/98 Male Mean length (mm) 182 182 182
05/28/98 Standard error * 3 0 0
Mean weight (g) 54 54 54
Standard error # 3 0 0
n 0 0 25 277 0 0 302
% Mde 78.1 90.5 89.3
Femae Mean length (mm) 181 180 180
Standard error ? 4 1 1
Mean weight (g) 50 49 49
Standard error # 5 2 2
n 0 0 7 29 0 0 36
% Female 21.9 9.5 10.7
Total Mean length (mm) 182 181 181
Standard error ® 2 0 0
Mean weight (g) 53 54 54
Standard error # 2 0 0
N 0 0 32 306 0 0 338
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Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Dates 05/29/98 Male Mean length (mm) 181 186 183 176 192 183
05/30/98 Standard error * 5 2 0 1 6 0
Mean weight (g) 53 57 54 51 60 54
Standard error ? 4 2 0 1 5 0
n 0 3 22 418 2 3 448
% Mde 100 100 99.5 100 100 99.6
Femae Mean length (mm) 189 189
Standard error ® 4 4
Mean weight (g) 55 55
Standard error ? 5 5
n 0 0 0 2 0 0 2
% Female 0.5 0.4
Total Mean length (mm) 181 186 183 176 192 183
Standard error ® 5 2 0 1 6 0
Mean weight (g) 53 57 54 51 60 54
Standard error ? 4 2 0 1 5 0
N 0 3 22 420 2 3 450

Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Date 06/01/98 Male Mean length (mm) 178 184 184 184
Standard error ® 8 2 0 0
Mean weight (g) 49 54 53 53
Standard error # 3 2 0 0
n 0 2 31 416 0 0 449
% Mde 100 88.6 98.3 97.6
Femae Mean length (mm) 168 171 170
Standard error ® 3 2 2
Mean weight (g) 37 39 39
Standard error ? 4 2 2
n 0 0 4 7 0 0 11
% Female 114 17 24
Total Mean length (mm) 178 182 184 184
Standard error ® 8 2 0 0
Mean weight (g) 49 53 53 53
Standard error # 0 3 2 0 0 0 0
N 2 35 423 460
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Combined catch Totals

Area Brood year and age class

Flag Point Channel of Copper River 1996 1995 1994 1993 1992
2 3 4 5 6 Unknown Tota
Catch Dates  05/20/98 - Mae Mean length (mm) 179 182 183 176 187 183
06/02/98 Standard error * 3 1 0 2 4 0
Mean weight (g) 52 57 55 52 60 55
Standard error # 2 1 0 3 3 0
n 7 151 1,848 7 7 2,020
% Mde 77.8 61.1 79.4 77.8 70.0 7.7
Female Mean length (mm) 181 175 177 186 184 177
Standard error * 1 1 0 10 6 0
Mean weight (g) 56 49.6 51.1 67 54.7 50.9
Standard error ? 8 1 0 14 5 0
n 2 96 478 2 3 581
% Female 22.2 38.9 20.6 22.2 30.0 22.3
Total Mean length (mm) 180 180 182 178 186 181
Standard error ® 2 1 0 3 3 0
Mean weight (g) 53 54 55 55 59 54
Standard error ? 2 1 0 4 2 0
N 9 247 2,326 9 10 2,601

& Standard errors displayed as 0 are <0.5.
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Appendix A.3.  Length, weight, and sex ratio at age for eulachon sampled from Alaganik Slough, 2000.
Area Brood year and age class
Alaganik Slough 1998 1997 1996 1995 1994
2 3 4 5 6 Tota
Catch date 04/06/00 Mae Mean length (mm) 160 174 164
Standard error # 1 3 1
Mean weight (g) 37 48 40
Standard error # 1 3 1
n 0 47 21 0 0 68
% Male 65.3 77.8 68.7
Female Mean length (mm) 160 173 162
Standard error # 2 9 2
Mean weight (g) 35 43 37
Standard error # 2 6 2
n 0 25 6 0 0 31
% Female 34.7 22.2 31.3
Total Mean length (mm) 160 173 164
Standard error # 1 3 1
Mean weight (g) 36 a7 39
Standard error # 1 3 1
N 0 72 27 0 0 99

& Standard errors displayed as 0 are <0.5.
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Appendix A.4  Length, weight, and sex ratio at age for eulachon sampled from the Copper River at 27-mile bridge, 2000.
Area Brood year and age class

Flag Point Channel of Copper River 1998 1997 1996 1995 1994
2 3 4 5 6 Total
Catch date 05/21/00 Mae Mean length (mm) 182 175 175 176 175
Standard error # 1 1 6 1
Mean weight (g) 55 51 51 51 51
Standard error ? 1 1 6 1
n 1 130 106 6 0 243
% Male 100 55.3 52.5 545 54.1
Female Mean length (mm) 168 172 164 170
Standard error ? 1 1 5 1
Mean weight (g) 43 47 39 45
Standard error # 1 1 3 1
n 0 105 96 5 0 206
% Femde 4.7 47.5 455 45.9
Tota Mean length (mm) 182 172 174 171 173
Standard error # 1 1 4 1
Mean weight (g) 55 a7 49 45 48
Standard error ? 1 1 4 1
N 1 235 202 11 0 449

Area Brood year and age class

Flag Point Channel of Copper River 1998 1997 1996 1995 1994
2 3 4 5 6 Total
Catch date 05/25/00 Male Mean length (mm) 172 177 184 175
Standard error # 1 1 3 0
Mean weight (g) 45 a7 56 47
Standard error ? 1 1 4 0
n 197 231 13 0 441
% Male 0 98.5 98.7 100 98.7
Female Mean length (mm) 166 174 170
Standard error ? 0 6 3
Mean weight (g) 39 45 42
Standard error # 2 3 2
n 0 3 3 0 0 6
% Female 15 13 13
Tota Mean length (mm) 172 177 184 175
Standard error # 1 1 3 0
Mean weight (g) 45 47 56 47
Standard error ? 1 1 4 0
N 0 200 234 13 0 447
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Area Brood year and age class

Flag Point Channel of Copper River 1998 1997 1996 1995 1994
2 3 4 5 6 Total
Catch date 05/30/00 Male Mean length (mm) 174 176 184 192 176
Standard error ? 1 1 2 0
Mean weight (g) 47 45 52 60 46
Standard error * 1 1 2 0
n 0 207 210 24 1 442
% Male 99.5 100 100 99.8
Female Mean length (mm) 165 165

Standard error *
Mean weight (g) 40 40
Standard error ?
n 0 1 0 0 1
% Female 0.5 0.2
Total Mean length (mm) 174 176 184 192 176
Standard error ? 1 1 2 0
Mean weight (g) 47 45 52 60 46
Standard error ® 1 1 2 0
N 0 208 210 24 1 443
Combined catch totals
Area Brood year and age class

Flag Point Channel of Copper River 1998 1997 1996 1995 1994
2 3 4 5 6 Total
Catchdates 5/21/2000- Male Mean length (mm) 182 174 176 183 192 175
05/30/00 Standard error ? 0 0 2 0
Mean weight (g) 55 47 47 53 60 47
Standard error * 0 0 2 0
n 1 534 547 43 1 1,126
% Male 100 83.0 84.7 89.6 84.1
Female Mean length (mm) 168 172 164 170
Standard error * 1 1 5 1
Mean weight (g) 43 a7 39 45
Standard error ? 1 1 3 1
n 0 109 99 5 0 213
% Female 17.0 15.3 104 159
Tota Mean length (mm) 182 173 176 181 192 174
Standard error ? 0 0 2 0
Mean weight (g) 55 46 47 51 60 47
Standard error ® 0 0 2 0
N 1 643 646 48 1 1,339

& Standard errors displayed as 0 are <0.5.



Appendix A.5.  Length, weight, and sex ratio at age for eulachon sampled from Ibeck Creek, 2001.

Area Brood year and age class
Ibeck Creek 1999 1998 1997 1996 1995
2 3 4 5 6 Unknown Total
Catch date 01/28/01 Male Mean length (mm) 182 178 186 182 179
Standard error 3 0 5 3 0
Mean weight (g) 55 51 57 52 51
Standard error 3 0 8 4 0
n 0 17 417 3 0 4 441
% Mae 100 98.1 100 100 98.2
Female Mean length (mm) 175 175
Standard error 4 4
Mean weight (g) 49 49
Standard error 3 3
n 0 0 8 0 0 0 8
% Femae 47.1 1.8
Total Mean length (mm) 182 178 186 182 179
Standard error 3 0 5 3 0
Mean weight (g) 55 51 57 52 51
Standard error 2 3 0 8 4 0
N 0 17 425 3 0 4 449
Area Brood year and age class
Ibeck Creek 1999 1998 1997 1996 1995
2 3 4 5 6 Unknown Total
Catch date 01/30/01 Male Mean length (mm) 180 177 177
Standard error 3 0 0
Mean weight (g) 53 51 51
Standard error 3 0 0
n 0 11 277 0 0 0 288
% Mae 100 90.8 91.1
Female Mean length (mm) 171 171
Standard error 2 2
Mean weight (g) 49 49
Standard error 2 2
n 0 0 28 0 0 0 28
% Female 9.2 8.9
Total Mean length (mm) 180 176 176
Standard error 3 0 0
Mean weight (g) 53 50 50
Standard error 3 0 0
N 0 11 305 0 0 0 316

Continued on next page
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Area Brood year and age class
Ibeck Creek 1999 1998 1997 1996 1995
2 3 4 5 6 Unknown Total
Catch date 02/01/01 Male Mean length (mm) 178 176 187 176
Standard error 2 3 0 5 0
Mean weight (g) 51 49 66 49
Standard error 3 0 4 0
n 0 12 395 2 0 0 409
% Male 85.7 91.0 100 90.9
Female Mean length (mm) 164 170 170
Standard error 4 1 1
Mean weight (g) 38 44 44
Standard error 2 1 1
n 0 2 39 0 0 0 41
% Female 14.3 9.0 9.1
Total Mean length (mm) 176 175 187 175
Standard error 2 3 0 5 0
Mean weight (g) 49 49 66 49
Standard error 3 0 4 0
N 0 14 434 2 0 0 450
Combined catch Totals
Area Brood year and age class
Ibeck Creek 1999 1998 1997 1996 1995
2 3 4 5 6 Unknown Total
Catchdates  1/28/01- Male Mean length (mm) 180 177 186 182 177
02/01/01 Standard error 2 0 3 3 0
Mean weight (g) 53 50 60 52 50
Standard error 2 0 5 4 0
n 0 40 1,089 5 4 0 1,138
% Mae 95.2 93.6 100 100 93.7
Female Mean length (mm) 164 171 171
Standard error 4 1 1
Mean weight (g) 38 46 46
Standard error 2 1 1
n 0 2 75 0 0 0 77
% Femae 4.8 6.4 6.3
Total Mean length (mm) 179 177 186 182 177
Standard error 2 0 3 3 0
Mean weight (g) 52 50 60 52 50
Standard error 2 0 5 4 0
N 0 42 1,164 5 4 0 1,215

& Standard errors displayed as 0 are <0.5.

46



Appendix A.6.  Length, weight, and sex ratio at age for eulachon sampled from the Copper River at 27-mile bridge, 2001.

Area Brood year and age class

Flag Point Channel of Copper River 1999 1998 1997 1996
2 3 4 5 Unknown Tota
Catch date 5/21/01 Mae Mean length (mm) 170 179 178 188 174
Standard error ® 1 1 4 1
Mean weight (g) 45 52 50 68 48
Standard error ? 1 1 4 0
n 0 199 167 7 1 374
% Mde 95.2 98.2 100 100 96.6
Femade Mean length (mm) 163 178 167
Standard error ® 3 1 3
Mean weight (g) 38 a7 40
Standard error # 3 5 3
n 0 10 3 0 0 13
% Female 4.8 1.8 34
Tota Mean length (mm) 170 179 178 188 174
Standard error ® 1 1 4 1
Mean weight (g) 45 51 50 68 48
Standard error ? 1 1 4 0
N 0 209 170 7 1 387

Area Brood year and age class

Flag Point Channel of Copper River 1999 1998 1997 1996
2 3 4 5 Unknown Tota
Catch date 5/23/01 Mae Mean length (mm) 172 176 179 180 174
Standard error ® 1 1 4 4 1
Mean weight (g) 51 55 59 60 53
Standard error ? 1 1 7 4 1
n 0 124 101 4 6 235
% Mde 49.6 55.8 67 100 53.0
Femde Mean length (mm) 165 172 166 168
Standard error ® 1 1 3 1
Mean weight (g) 44 49 47 46
Standard error # 1 1 2 1
n 0 126 80 2 0 208
% Female 50.4 4.2 333 47.0
Tota Mean length (mm) 168 175 175 180 171
Standard error ® 1 1 4 4 0
Mean weight (g) a7 52 55 60 50
Standard error # 1 1 5 4 0
N 0 250 181 6 6 443
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Combined catch Totals

Area Brood year and age class

Flag Point Channel of Copper River 1999 1998 1997 1996
2 3 4 5 Unknown Tota
Catchdates 5/21/01- Made Mean length (mm) 174 180 179 179 177
5/31/01 Standard error * 0 0 2 2 0
Mean weight (g) 48 52 52 54 50
Standard error ? 0 0 2 2 0
n 0 643 571 21 14 1,249
% Mde 67.8 78.7 91 50.0 72.3
Femade Mean length (mm) 154 167 172 166 171 169
Standard error ® 1 1 3 4 0
Mean weight (g) 37 45 48 47 49 46
Standard error ? 1 1 3 4 0
n 1 306 155 2 14 478
% Female 100 32.2 21.3 8.7 50.0 27.7
Tota Mean length (mm) 154 172 178 178 175 174
Standard error ® 0 0 2 2 0
Mean weight (g) 37 47 51 51 52 49
Standard error # 0 0 2 2 0
N 1 949 726 23 28 1,727

& Standard errors displayed as 0 are <0.5.
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