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ABSTRACT

In July 2000, we assessed Arctic grayling inhabiting a portion of Beaver Creek which is a nationally designated
“Wild” river, located north of Fairbanks. This population, unlike most previously assessed grayling populationsin
interior Alaska, has been considered a pristine, unexploited population. Alaska Department of Fish and Game and the
U.S. Bureau of Land Management staff conducted the mark-recapture assessment along a 30%2 mile section of Beaver
Creek that has become more accessible following construction of anew road. During the two 10-day sampling tripsa
total of 3,671 Arctic grayling were captured by angling and sampled. An estimated 40,421 Arctic grayling (3 150 mm
FL) were present in the study area during the mid-summer feeding period. In the study area we estimated the
population density to include 1,325 Arctic grayling per mile, which is higher than in other reported studies on summer
feeding populations of Arctic grayling in Alaskan rivers. Age-3 (29%) and age-4 (30%) fish were estimated to be the
predominant age classes after the sampled age composition was adjusted for size-selectivity. It was estimated that
grayling between 220 and 250 mm FL predominated the size composition following adjustments for size selectivity.

Separate stock assessments were conducted during June and July 2000, in two portions of Nome Creek, which is the
large road accessible tributary used by anglers and recreational floaters entering the Beaver Creek Wild River

corridor. Difficulty with the timing of mark-recapture experimentsin thistributary is discussed.

Key Words: Beaver Creek, Nome Creek, Arctic grayling, Thymallus arcticus, hook-and-line angling, age
composition, length composition, stock assessment.

INTRODUCTION

The Beaver Creek watershed, located in the eastern interior of Alaska, is gpproximately 50-ar miles
north of Fairbanks. It was desgnated a National Wild River on December 2, 1980 when Congress
amended the Wild and Scenic Rivers Act (P.L. 90-542) as part of the Alaska Nationa Interest Lands
Conservation Act (P.L. 96-487). The Bureau of Land Management (BLM), in its River Management
Plan for the Beaver Creek National Wild River (BLM 1983), proposed to “conduct an inventory of
fish, wildlife and habitat within the river corridor and continue to monitor the effects of river management
actions, population trends and habitat use”. The headwaters of Beaver Creek include Bear, Champion,
and Nome creeks and many other tributaries enter dong its course before entering the Y ukon River
about 290 miles downstream (Figure 1). Itissmilar to other runoff streamsin the Fairbanks area such
as the Chena, Chatanika, and Sacha rivers, which drain upland aress and terminate in glacidly
influenced rivers such as the Tanana. Fish species found in Beaver Creek include Arctic grayling
Thymallus arcticus, round whitefish Prosopium cylindraceum, northern pike Esox lucius, burbot
Lota lota, shefish Senodus leucichthys, longnose sucker Catostomus catostomus, dimy sculpin
Cottus cognatus, chum samon Oncorhynchus keta, and chinook salmon O. tshawytscha. The
relative abundance of each species varies over its length as the river’ s hydrologic characteristics change.
Arctic grayling are the most sought after species by sport fisherman accessing areas located in the upper
haf of the drainage, including the mainstem of Beaver Creek and adjacent tributaries (BLM 1983).

The watershed is generaly consdered pristine, but it dso includes previoudy disturbed habitats such as
Nome Creek, which enters Beaver Creek near river-mile 62 Nome Creek was extensvely placer
mined from the early 1900s to the late 1980s, and recreationa gold panning still occurs. Approximeately
8 miles of streambed and associated floodplain were disturbed. Since 1991, BLM has reclamed 4
miles of the Nome Creek channe and rehabilitated 500 acres of adjacent floodplain. This continuing
work has focused on increasing the Arctic grayling
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Figure 1.-The Beaver Creek drainage, including locations of access roads, trails, and
campgrounds (triangles).



population through habitat enhancement, condruction of pool habitat, and monitoring limnological
parameters resulting from the restoration activities.

Nome Creek has been the most frequently used route to gain floating access to Beaver Creek from the
Steese Highway and U.S. Creek Road. Excellent access for anglers and floaters has recently been
provided to lower Nome Creek by way of road improvements and new construction. 1n 1997, a 15 mi
two-lane gravel road was congtructed aong Nome Creek. Two public campgrounds were aso
congtructed at the time: one near the confluence of Ophir and Nome creeks and the other near the
Quartz Creek trail (Figure 1). Statewide sport fisheries surveys conducted by the Alaska Department
of Fish and Game (ADF&G) have indicated increased use of the Nome and Beaver creek sport
fisheries in recent years (Table 1; Mills 1992-1994; Howe et al. 1995-2000; Waker In prep).
Between 1991 and 2000, estimates of angler-days increased from 149 to a peak of 1,101 in 2000. In
the same period, estimated catches of Arctic grayling increased from about 200 in 1991 to 4,000 fish in
1996 and 1997, and estimates of harvest ranged to over 600 in 1996 and 2000. Concern over
increased fishing effort and a potentidly high levd of exploitation of the Arctic grayling prompted
ADF&G and BLM to propose increasingly restrictive regulations for Nome Creek in 1994. At that
time, it was expected that the access improvement and development surrounding Nome Creek would
lead to greater recregtional use of both creeks. These concerns culminated in the current catch and
release regulation for Nome Creek that was adopted in the winter 1994-95.

It is anticipated that recrestional fishing in Nome and Beaver Creeks will continue to increase as the
improved access and new campgrounds become more popular and attractive to the public seeking new
opportunities in the Fairbanks area.  Even though catch-and-release regulations protect fish that resde
or spawn in Nome Creek, angling regulations in Beaver Creek prior to 2001 had alowed a 10 fish daily
bag limit with no Sze redtrictions. This regulaion has usudly been applied as abackground regulation
for remote areas, without road access, and where effort levels are low.

The Bureau of Land Management has periodically fielded studies on Arctic grayling in both Nome and
Beaver creeks since 1988. These studies have included biologica sampling, influences of habitat and
habitat enhancements, and life history studies. Carufel (1988; 1989) conducted studies aong Beaver
Creek that included collection of age and sSze sample data from Arctic grayling a index Stes, water
quaity measurements, aerid surveys of river users, and habitat enhancement in areas disturbed by
mining. Between 1991-1995, basdine length and weight samples from Beaver Creek indicated Arctic
grayling were of smilar Szes and weights to other Interior Alaska rapid-runoff rivers near Fairbanks. In
1994, a study was conducted on winter habitats utilized by Arctic grayling in the Beaver Creek
watershed (Lubinski 1995). Overwintering habitats were identified within the upper 30 mi of Beaver
Creek using radiotdlemetry. The purpose of this study was to characterize the physical attributes of
overwintering areas used by adult Arctic grayling. In 1996, BLM conducted an investigation on Arctic
grayling in Nome Creek to examine population abundance and structure.  The project incorporated 50
permanent dtations for dratified sampling dong Nome Creek in a 13 mi section upstream of Ophir
Creek (Ingrid McSweeney, BLM, Steese White Mtn. Didrict, persond communicetion). A
combination of this dratified gpproach of sub-sampling and the likdy movements by marked Arctic
gayling resulted in an  edimae @ of about 9500 fish, which was



Table 1.-Summary of angling effort and Arctic grayling catches and harvests from Beaver
and Nome Creeks?2

Fishing
Year Effort’ Catch Harvest
1991 149 219 141
1992 929 1,375 338
1993 535 2,711 171
1994 952 2,621 326
1995 886 957 53
1996 752 4,030 665
1997 1,059 4,065 122
1998 446 1,747 371
1999 966 1,427 311
2000 1,101 2,405 672

a Edimates for Nome and Beaver creeks have been combined since 1991.
b Number of angler-days fished.



believed to be biased high. The most recent BLM sampling on Nome and Beaver creeks has focused
on collecting length and sex data from Arctic grayling migrating between Beaver and Nome creeks
during the early spring spawning period. A cursory examingtion indicated that male and female Arctic
grayling may initiate spawning a lengths near 200 mm FL (Ingrid McSweeney, BLM, Steese White
Mtn. Didrict, persond communication). In addition to assessng Beaver Creek Arctic grayling, there
has been interest in the stock gtatus in Nome Creek following effects from past mining and the more
recent habitat enhancemen.

Asde from immediate management actions on Beaver Creek, informetion on this lightly exploited, or
nearly pristine population of Arctic grayling will be of value as the department develops aregiond Arctic
grayling management plan, or evauates other grayling fisheries. Few populations of Arctic grayling have
hed higtorical baseline population data collected prior to increases in angler use and impact. An
additional assessment of the Nome Creek grayling population was aso sought to relate to its no-harvest
regulation to habitat rehabilitation efforts by BLM. ADF&G and BLM entered into a Challenge Cost
Share agreement (CCS) to collectively undertake these stock assessments in 2000.

The research objectives for 2000 to be addressed in this report under Federal Aid contract were to
edimate:

1. abundance of Arctic grayling ¢ 150 mm FL) in the upper 34 mi of Beaver Creek, such that this
estimate is within 25% of the true abundance 95% of thetime

2. age compodgtion of the Arctic grayling (° 150 mm FL) in the upper 34 mi of Beaver Creek, such
that al proportions are within 5 percentage points of the true proportions 95% of the time; and,

3. length compostion of the Arctic grayling ¢ 150 mm FL) in the upper 34 mi of Beaver Creek,
such that al proportions are within 5 percentage points of the true proportions 95% of the time.

Additional research objectives associated with a Chalenge Cost Share agreement with BLM, were to
edimate:

4. abundance of Arctic grayling ¢ 150 mm FL) in the lower 13 mi of Nome Creek, such that this
estimate is within 25% of the true abundance 95% of thetime;

5. age compodgtion of the Arctic grayling ¢ 150 mm FL) in the lower 13 mi of Nome Creek, such
that all proportions are within 5 percentage points of the true proportions 90% of the time; and,

6. length compostion of the Arctic grayling ¢ 150 mm FL) in the lower 13 mi of Nome Creek,
such that al proportions are within 5 percentage points of the true proportions 90% of the time.

The results of the Beaver Creek study are reported in the body of this report, while results from the
Nome Creek study are reported in Appendix B.

METHODS

BEAVER CREEK STUDY AREA

The Beaver Creek study area is located within a Wild River corridor and administered by the BLM’s
Northern Feld Office White Mountains Team. The river corridor and the surrounding area provides a
large and popular year-round recregtiond area, that includes multi-use trails and public-use cabins. The
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river and stream corridor is used for angling, hunting, boating, and in some cases recregtiond gold
panning.

Beaver Creek is formed &t the confluence of Bear and Champion creeks. In the first 20 mi, Beaver
Creek’s channel is approximately 1 to 3 ft deep, 50 to 150 ft wide, and flows through a gravel
streambed a an average river gradient of 20 ft/mi. Except for occasona shalow riffles, sufficient water
levels are present throughout the summer for canoes and rafts. Mgor tributaries entering Beaver Creek
aong this segment include Nome, O’ Brien, and Trail creeks. At severa locations, Beaver Creek splits
into two main channds that flow separatedly for nearly amile before rgoining.

From river-mile 20 to 100, Beaver Creek’s channel depth ranges from 1 to 9 ft, widens to over 200 ft,
and flows with a amilar river gradient. Mgor tributaries entering Beaver Creek dong this segment
include Wickersham, Fossl, and Victoria creeks. The mgority of angling and floating parties using this
area exit by whed-plane a an airstrip near Victoria Creek. The remaining 190 mi of Beaver Creek
flows dowly through the Y ukon Hats National Wildlife Refuge before entering the Y ukon River.

The 30¥2 mi study area that we sdected for Arctic grayling stock assessment included two digtinctive
segments of Beaver Creek: one segment was remote and is believed to be accessed by overland trave,
while the other segment was in the commonly floated portion of Beaver Creek (Figure 2). The remote
portion was located between the confluence of Bear and Champion creeks and the confluence with
Nome Creek, and was 6 ¥2 mi in length (Figure 2). In this section, unofficid trails dlow anglers to
access areas Where bag limits' have alowed the sport harvest of 10 fish per day. A generally accepted
life history paradigm for Arctic grayling is that larger and older fish spend the summer feeding period in
headwater areas and tributaries of rapid runoff rivers of interior Alaska (Armstrong 1982). This pattern
has previoudy been observed during BLM sampling conducted during surveys of the Beaver Creek
headwater areas (N. Collins, BLM, Steese White Mtn. Didtrict, personal communication). The
incluson of this section dlowed assessment of a rdaively remote population of larger adult fish, which
could be more sengtive to angling exploitation with increased use of overland trals.

1 Bag limits of Arctic grayling in portions of Beaver Creek have been reduced following the 2001 Alaska Board of Fish meeting,
which occurred after the stock assessment was completed, but prior to this report’s completion. Bag and possession limits were
reduced to five (5) Arctic grayling per day in the upper 13 mi of the Beaver Creek study area, while anglers can harvest 10 fish daily
in areas further downstream.



) | ,
N L> el i
v ‘

("

Bear Creek

| Upper Boundary e
2. ,
L / Beaver Creek study area Champion,
Creek
| Beaver Creek I( ........................................... by </
......... o TT
N
12 /
................................. J
CAR 15 ....-¢4 """ 4
Wz, & LS b _ R Nome Creek
'V ’._'.'f' danand ‘ ..................... : *N el et L e
Lower oundary ' ~il A
Beaver Creek study area T
V4
. Y.
Wickersham 3 r el
L aN? 43, m\?
Creek o lr? Ko
Q
/s
. 3
r
0 - 5 10 Miles . 0
B ess—— ;
To Fairbanks
0 . 5 10 15 Killometers Q A - BLM Campground
Map projection: Albers Conic Equal Area

Figure 2.-Map of the Beaver Creek study area showing sequentially numbered two-mile sampling sections, sampling
boundaries, and geographic sampling strata (circled).



The commonly floated portion of the study area started at the confluence of Beaver and Nome creeks,
where floaters first enter Beaver Creek after floating down lower Nome Creek. This part of the study
area extended downstream an additional 24 mi. The lower sampling boundary coincided with a seldom
used airgtrip located 1 mi upstream of Wickersham Creek near a public access cabin erected by BLM,
known as the Boredis Le Fevre Cabin.

SAMPLING ACTIVITIES

To address the study objectives, a single-sample mark-recapture sampling study was conducted aong
Beaver Creek and timed to correspond with the summer feeding period of Arctic grayling. Past stock
asessment and tagging studies on fluvid stocks of grayling have found theat they move little during the
summer feeding period, and thereby support assumptions of closed-population abundance models
(Fleming et a. 1992; Ridder et al. 1993; Roach 1995). This project was undertaken in two 10-day
sampling trips that were separated by a 20-day sampling histus. As part of the CCS agreemert,
ADF& G and BLM each supplied a crew of three persons, and necessary field equipment and supplies
for the project. Additiondly, ADF&G prepared and provided a detalled Operationd Plan and
biometric support for the project while BLM provided remote helicopter trangportation, mapping
expertise, historica information, and past biological datafor the Operationa Plan.

On duly 5, 2000, an ADF&G crew of three fird traveled by vehicle to Nome Creek and then on to
Beaver Creek in aBell 212 hdlicopter contracted by BLM’ s Alaska Fire Service. At the confluence of
Bear and Champion creeks, the crew assembled an inflatable raft and Started the marking event
sampling (Figure 2). Hook-and-line gear was used throughout the project to capture Arctic grayling for
mark-recapture sampling. The ADF& G crew traveled downstream and systematicaly sampled Arctic
grayling in the upper 62 mi of Beaver Creek over athree-day period. In this portion of Beaver Creek,
the field crew generdly traveled on foot, while the raft was tended by one of the crew members.

Fishing pressure was ddiberately spread over available habitat, and not concentrated in locations
believed to contain fish. To achieve this, crew members started angling a locations about 50 meters
gpart, and moved downstream covering the water between their sarting locations. Captured fish were
briefly held in 6.5 gdlon plagtic buckets fitted with aeration vents. After the passage of ether 20
minutes of holding time for 1 or more fish, or upon the capture of 5 fish by the crew members, angling
was suspended and the catches were sampled. After each batch of fish was sampled, the crew moved
downstream about 100 m before they resumed angling. This measure was taken to avoid recapturing
previoudy sampled fish.

On July 8, 2000, a three-person BLM crew joined the ADF& G crew at the confluence of Beaver and
Nome creeks to sample the remaining 24 mi portion of Beaver Creek. The two crews sampled
downgtream in an offset, or staggered fashion through this portion of the Sudy area. At the gart of each
day, the two crews were each assigned a predetermined 2-mi section to sample as they moved
downstream. Starting and stopping locations, and intermediate waypoints were found using topographic
maps and hand-hedd Globa Postioning System (GPS) units. One crew (dternaing dally) initidly
traveled downstream about 2 mi to a predetermined location to gart sampling. After flagging the
location, the crew started sampling for the day. Sampling was terminated when this crew reached a
predetermined location where both crews could camp during the upcoming night. The other crew
sarted the day’s sampling immediately downstream of the previous night's campdte.  This crew



sampled in adownstream fashion until they had reached the other crew’ s flagged starting location, which
was approximately 2 mi downstream. The crew then suspended sampling and traveled downstream to
the campste location. Collectively, the two sampling crews sampled fish in about 4 mi of Beaver Creek
each day, until reaching the lower sampling boundary near Wickersham Creek on July 13, 2000.
Crews sampled atotal of 15 sections that were approximatdly 2 mi in length (Figure 2).

As the overdl sze of Beaver Creek increased with additiona inputs of water from tributaries and
changes in its channed morphology (width, length of runs and pools, and depth), the distribution of
angling effort required adjustment. The raft was actively used to dlow the soread of sampling effort to
both shordines and mid-river habitat. Often the crew member that was rowing the raft would
sequentidly drop-off crew members, then land the raft further downstream. After the crew had angled
and sampled fish between the drop-off locations and the raft, the cycle was repeated. After reaching
the lower sampling boundary, the crews were flown by heicopter to either the Nome Creek road, or
directly to the Alaska Fire Service Helibase, located at Ft. Wainwright, in Fairbanks.

During the first sampling trip, each fish was measured, tagged, and given an upper cauda finclip before
releese. To lessen the impacts of marking with anchor tags, smal fine-fabric Hoya FD-68b anchor
tagswereused. The tag color was dark green, and tag numbers ranged between 1 and 2,999. After
a 20-day sampling hiatus, the second sampling trip was conducted in identica fashion, with changes only
to the sampling protocol and severd staff members. The second sampling trip was conducted between
Jduly 25 and August 2, 2000. During this sampling event, commonly referred to as the recapture event,
fish were measured, examined for tags and dlips, and scae samples were collected. Two to three
scales were taken from each fish sampled for age. Scales came from an area on the fish gpproximately
gx scade rows above the latera line and just podterior to the insertion of the dorsd fin (W. Ridder
Unpublished; Brown 1943). Scaes were pgaced on gum cards in the fidd and retained for age
determination.

Because of the high caich rates in the firsd sampling event, scde samples were collected by
geographicaly sub-sampling in the lower 24 mi of the study area. Each day, one crew collected scales
to efficiently gather sufficient age information. This was to reduce time spent sampling fish in the fidd,
preparing scae samples in the laboratory, and assigning estimated ages to sampled fish. After the
completion of field activities, impressons of the scales were made on triacetate film using a scale press
(30 s; 137,895 kPa; 97°C). Ages were determined by counting annuli from impressons of scaes
magnified to 40X with the ad of a microfiche reeder. Criteria for determining the presence of an
annulus were: 1) when complete circuli cut across incomplete circuli; 2) when clear areas or irregularities
in circuli dong the anterior and posterior fields were present; and, 3) when regions of closdly spaced
circuli were followed by a region of widely spaced circuli (Kruse 1959). Determination of age was
performed at least twice for each readable set of scales, and one reader read all scales.

ABUNDANCE ESTIMATION
The assumptions necessary for accurate estimation of abundance in Beaver Creek were (Seber 1982):

1. the population was closed (no change in the number of grayling in the populaion during the
edimation experiment);



2. dl grayling had the same probability of capture in the marking sample, or in the recapture sample, or
marked and unmarked grayling mixed completely between marking and recapture events,

3. marking of grayling did not affect their probability of capture in the recapture sample;

4. grayling did not lose their mark between the marking and recapture events, and,

5. dl marked grayling were reported when recovered in the recapture sample.

To meet assumption 1, the study was conducted during the summer feeding period when Arctic grayling
are less prone to migrate. To further reduce the risk of significant immigration or emigration (a violation
of population closure) we sdected a large study area (30 ¥2 miles). In order to lessen risks of gear
avoidance during the second sampling event (assumption 2), a 20-day sampling hiatus separated
sampling events.  However, this could increase the likelihood of movement, particularly if the study’s
sampling period overlgpped with the timing of an unknown, late-summer, or early fdl migration toward
ovewintering arees.  To validate use of the longer hiatus, information on movements were gathered
from the mark-recapture data.  Movements by recgptured fish and emigration/immigration were
inferred through the examination of tagging histories from recovered fish, recgpture-to-catch (R/C)
ratios, and recapture-to-mark (R/M) ratios.

The study addressed assumption 2 in severd ways. Firdt, the hook-and-line gear included smdl-sized
feather and pladtic jigs, spinners, and flies so that al sizes of Arctic grayling could be caught. Second,
we spread angling effort over much of the available habitat in each section (including poals, riffles, runs,
ingde and outside bends) and regulated downstream progress during each day to achieve more uniform
sampling effort through the section. Assumptions 2 and 3 were addressed by the long sampling hiatus
(20 d). This dlowed time for marked and unmarked fish to mix localy or completely, aswell astimeto
reduce effects such as gear shyness or avoidance following initia hooking.

The vaidity of assumptions 2 and 3 were examined by datistical inference using the mark-recapture
data A series of two-sample Kolmogorov-Smirnov (KS) tests examined difference in Sze selectivity
within the mark-recapture experiment (Appendix Al). The firsg KS test compared the cumulative
length frequency distributions of marked and recaptured Arctic grayling. This tested the hypothesis that
the digribution of length of fish sampled during the first event was smilar to the digtribution of lengths
recaptured during the second event. The second KS test examined the length frequency of fish
captured during the firgt (marking) sample compared to fish captured in the second (recapture) sample.
This tested the hypothess that fish captured during the marking sample have the same length frequency
digribution as fish captured in the recapture sample.  The results from these tests then determined
whether Sze drdification of the mark-recapture experiment was necessary (Appendix Al). Since size
selectivity was detected in the mark-recapture data, the next step was to partition the mark-recapture
data into gppropriate Sze strata. A series of chi-square tests determined the length strata where the
differences in capture probabilities were grestest, as indicated by the largest Sgnificant chi-square test
datigtic.

Since capture probabilities can differ dgnificantly among sampled areass because of differentid
population dengity or by movements of marked fish, assumption 2 was further examined with chi-square
tests on recapture-to-catch ratios (R/C), recapture-to-mark (R/M) ratios, and tests for mixing. These
three tests for consistency of a Petersen estimate (Appendix A2) were performed following Seber
(1982: page 438).
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Assumptions 4 and 5 were ensured by the sampling methods.  Assumption 4 was ensured because dl
fish were double marked using atag and a partid finclip, which could not grow back during the studly.
Assumption 5 was ensured through examination of al captured fish for tags and finclips.

If any of the three tests for consstency (R/C, R/M, or mixing) were not sgnificant, Baley’'s estimator
would remain as an gppropriate estimator of abundance. The modified Petersen estimator of Bailey
(1951, 1952), when used to estimate abundance of Arctic grayling in Beaver or Nome creeks, was
caculated as.

ni(ny +1)

T &)
(ma +1)

where: N =the abundance of Arctic grayling in Beaver or Nome cregks ¢ 150 mm FL); n=the

number of Arctic grayling marked and released during the first event; ny=the number of Arctic grayling

examined for marks during the second event; and, my=the number of Arctic grayling recaptured in the

second event.

Variance of this estimator was calculated as (Seber 1982):

N =

v = () (o2 * Y - o)
(m, +1)2(m2 +2)

2

If dl three tests were sgnificant (meaning the null hypothesis of equa r/m, r/c, or complete mixing was
regected), abundance would be estimated by the Darroch dratified estimator. Maximum likelihood
(ML) etimates of the Darroch likeihood would be found by a direct searching agorithm (M.
Wallendorf, Alaska Department of Fish and Game, Fairbanks, personal communication). The ML
estimator required that for each tagging location, the movement probabilities were restricted to sum to 1
(conagtent with the closure assumption). The objective function for the natura log of the Darroch
likelihood was:

L=af{(a-clogll- & Q;pt+a & ¢ log(Q,p,). 3

where:
a. = number of fish tagged & location i;

¢; = number tagged fish from location i recaptured at location j;
— o .
Cix_ a Cij ’
J

p; =second sample capture probability for location j; and,
Q;; = probability of movement from tagging location i to recapture location j.

The estimate of untagged fish in the jth location of the second sample was.
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- v
n;=b,/ p, 4
where b; was the number of untagged fish caught in the second sample.

Total abundance was;

N=&n+8a. ®)

i i

The covariance matrix for the capture probabilities and movement probabilities were estimated using the
observed information matrix. The variance for the abundance estimate was then gpproximated using the
deltamethod (Seber 1982).

Population estimates were generated based on the appropriate choices of each sze or area strata when
necessary, before summing the independent estimates to yield an estimate of the entire population.

AGE AND SIZE COMPOSITION

Apportionment of fish populations among age or Sze groupings depends on the extent of sampling
biases and needed adjustments. When adjustments are not required, the proportion of fish at age would
be calculated as:

& _ Yk
=Yk 6
P == (6)

where: P = the proportion of Arctic grayling that were age k; y, = the number of Arctic grayling
sampled that were age k; and, n = the total number of Arctic grayling sampled.

The unbiased variance of this proportion would be estimated as.

N Pi(Ll- P
VWHZB%T%Q' (7)

Size composition is estimated in a Smilar manner, replacing age class with 10 mm FL incrementd Sze
classes.

When gze-sdlectivity or area differences in cgpture probability resulted in the use of Sratification for the
mark-recapture experiment, age and size composition estimates for the overdl population would be
adjusted or corrected. To adjust age and sze estimates, the proportion of fish a age would be
caculated by summing independent abundances for each age or sSize dlass and then dividing by the
summed abundances for dl sze srata. Fird, the conditiona proportions from the sample are caculated:

LN
Pjk = % )

where: n = the number sampled from sze sratum j in the mark-recapture experiment; Nk = the
number sampled from size stratum j that were age k; and, p jk = the estimated proportion of agek fish

in 9ze stratum j. The variance cdculation for p jk would be identical to equation 7 (with appropriate
subdtitutions).
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The estimated abundance of age k fish in the population would then be:

. s .
Nk = a pjkN; ©)
=1
where: N; = the estimated abundance in size stratum j and s = the number of size strata
The variance for N in this case would be approximated by the delta method (Seber 1982):
A~ S, 1~ ~ 1.
V[ ]> al(V[ij]NJZ +V[NJ]p12k) (10)
J:
The estimated proportion of the population that were age k (py) would then be:
Pk =Ny /N (12)
A S A
wheret N= 3 N;.
=1
Variance of the estimated proportion can be gpproximated with the delta method (Seber 1982):

S
e 2 a1 VIN;|(jk- p
V[ﬁk]» ;i?@ \7[|@k]§+j=1{ [ l(A]k k) % )
=4&N g b N?

Equations 8 through 12 are adso used to adjust biased sSze composition estimates, replacing the number
sampled at age k that were also in size strata j () with the number sampled per 10 mm FL incrementel

size category k (k = 155,165,175...395) that were also in Size strata j.

RESULTS
FIELD SAMPLING

ADF&G and BLM crews, each with three persons, conducted two 10-day sampling tripsin a 30%2 mi
study area during July and early August 2000. On July 5, the marking event began at the confluence of
Bear and Champion creeks, and was completed on July 14, 2000. During the nine sampling days, a
tota of 1,589 fish were captured and sampled, of which 1,547 were released with individualy
numbered tags and upper cauda finclips. In the upper 6 ¥2 mi section of Beaver Creek, the crew’s
downstream sampling progress was briefly impaired by downed trees and an impassable channel. The
crew resorted to dragging the raft and equipment through the previous main channd, which was mostly
dry grave bed. Trave in the remaining 24 mi of the study areawas not impaired. During the marking
event unsettled weather conditions prevailed with frequent rain showers. Water conditions were
moderately low and clear through the first 7 days. However, on July 12, sampling was impaired for part
of the day when risng water levels and poor water clarity impaired angling success, but conditions
improved by the sart of the next day.

On July 25, the second sampling event was initiated. During the second event, the crews captured and
ingpected 2,229 fish in nine days of sampling which included the recovery of 146 grayling that were
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tagged during the earlier sampling event. Wesather conditions were variable, but water conditions
remained lower than those experienced during the marking event.

In the course of the overdl mark-recapture sampling project, 70 Arctic grayling were significantly
wounded or died from hooking injuries, which represented a 1.9% acute rate of mortality for Arctic
grayling captured in the study.

ABUNDANCE ESTIMATION

The relative ease of catching grayling throughout the study area dlowed the crews to meet sample size
objectives for the closed population modd. During the marking event, daily sampling catches for the
crews ranged from 58 to 145 fish and median daily catch was 107 fish. In the recapture sampling event
dally catches ranged from 66 to 212 fish and the median daily catch was 146 fish. The pattern of gear
use and sampling effort was consistent between sampling events.

Of the 146 fish recovered during the second sampling event, 29 fish had moved between 2 and 16 mi
downstream, and 5 fish moved 2 to 10 mi upstream (Table 2). However, of the 29 fish that moved, 22
(76%) were within 4 mi of the area of initid release after 20 days. The movements and redistribution
folowing the 20-day sampling hiatus indicated that some mixing occurred, dthough a large-scae
seasona migration had not occurred, thereby suggesting closure was maintained.

The mark-recapture data from the 15 sections were collapsed into three areas or strata based on smilar
capture probability (R/C). Resulting strata included an upper drata (sections 13: R/C = 0.15), a
middle strata (sections 4-7: R/C = 0.08), and a lower drata (sections 8-15: R/C = 0.04). Examination
of Seber’s three tests for consistency for these drata indicated unequa mixing among strata (c2 =393,
df = 6, P < 0.0001), recapture rates (R/M) varied by area (02 =64.3, df = 2, P < 0.0001), and
probabilities of marking dso varied by area (R/C.: c?= 56.1, df = 2, P < 0.0001). These results
indicated that Darroch’s partidly dratified estimator would be appropriate to use, unless sze sdlectivity
was present in the mark- recapture experiment.

Kolmogorov-Smirnov (KS) two-sample tests were conducted within each of the three area-based
strata (Figure 3. The resulting interpretation of the test statistics (Appendix Al) suggested that size-
dratified estimates would not be required in the upper strata (Appendix Al: Casel) or the middle Strata
(Appendix Al: Casell), but would be necessary for the lower strata (Appendix Al: Case V).

The Sze drata selected for further examination included small fish (<250 mm) and large fish ¢ 250
mm). This was based on differences in recapture-to-catch ratios (02250mm =61.7,df =1, P<0.01)
and the obsarvation that no fish smdler than 250 mm were sampled in the upper draa
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Table 2.-Numbers of recovered and not recovered Arctic grayling ¢ 150 mm FL) marked
over a 30% mi portion of upper Beaver Creek that were captured, released, and recaptured in 15
sequentially sampled sections during the 2000 Beaver Creek stock assessment.

Marking Recovery Section Not
Section 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 Recovered  Total
1 7 17 24
2 7 10 65 82
3 1 21 2 1 77 102
4 2 1 4 1 50 58
5 1 14 1 129 145
6 1 1 9 116 127
7 1 1 2 9 105 118
8 2 116 118
9 9 130 139
10 1 1 1 5 99 107
11 1 2 2 9 99
12 1 1 2 122 126
13 1 1 5 85 92
14 12 105 117
15 1 1 92 94
1,402 1,548
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Figure 3.-Cumulative sampled proportions and resultant Kolmogorov-Smirnov (KS) test
statistics for comparisons of lengths of Arctic grayling that were marked, examined for
marks, and recaptured within upper, middle, and lower geographic strata.
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Each of the two size dtrata were then reexamined by the three tests for consstency (Seber 1982) using
the previoudy determined geographic strata (upper, middle, and lower):

Mark Catch Recap
Sze-Stratum (M) © (R) Consgtency test results:

150 to 249 mm FL 682 895 19 Test 1 mixing: c?=190, df =2, P<0.01
Test 2 (R/IM): c?=157,df =1, P=021
Test 3(R/C): ¢?=004.df =1. P=0.83

3 250 mm FL 863 1,330 127 Test 1 mixing: c¢*=239, df =6, P<001
Test 2 (R/IM): c?=162, df =2, P<0.01
Test 3(R/C): ¢c2=26.3,df =2, P<0.01

Total 1545 2,225 146

Within the smdl fish stratum, the undratified Petersen estimator was selected, since at least one test of
consstency was not significant. The estimated abundance of smal fish was 30,554 fish (SE = 6,592
fish; 21.5% CV) in sampling sections 4 through 15, corresponding to a 24 mi portion of Beaver Creek.
The estimated dengty of smdler Arctic grayling for this section of Beaver Creek was 1,273 fish per
mile. Since the Sze of the smalest recaptured fish was 180 mm FL, the estimate represents fish 3 180
mm FL, roughly 8 inchestota length (TL).

However, since dl three test datistics corresponding to the large fish strata were sgnificant, a partialy
dratified gpproach (Seber 1982) was selected to estimate abundance of the larger fish. The smilarity of
estimates of capture probabilities for the middle and lower section (0.11, 0.12) alowed pooling these
two sections, which resulted in a smpler esimation modd. The find ML estimate of abundances for
largefish (3 250 mm FL) and capture probabilities were based on the history of recovery:

Recovery History Marked Fish
Marking Area Upper L ower Recovered Not Recovered
Upper (6.5 mi): 46 2 48 157
L ower (24 mi): 3 76 79 323
Total 49 78 127 256
Unmarked 325 973

The patidly-dratified ML estimate for large Arctic grayling ¢ 250 mm FL) in the upper area strata
was 1,328 fish (SE = 159 fish; CV =12%) and a capture probability of 0.24 (SE=0.03). This portion
of the estimate was germane to the 6%z mi section between the start of Beaver Creek, at the confluence
of Bear and Champion creeks, downstream to the confluence with Nome Creek (Figure 2). In this
section the estimated dengity was 204 fish per mile. The partidly-dratified ML estimate for large Arctic
grayling ¢ 250 mm FL) in the pooled middle and lower strata was 8,539 fish (SE = 959 fish; CV

=11%) with a capture probability of 0.12 (SE= 0.01). This portion of the estimate was gpplicable to
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the section of river between the Nome Creek confluence and the lower study boundary, approximetdy
1 mi upstream of Wickersham Creek (Figure 2). The estimated dendty was 356 fish per mile @ 250
mm FL) in the lower 24 mi of the Sudy area.

Combined estimates of abundance across size (smal and large fish) and area drata indicate the
presence of an estimated 40,421 Arctic grayling (SE = 6,663 fish; CV = 16.4%) > 180 mm FL inthe
30% mi study section of Beaver Creek at the time of the second sampling event in late-July, 2000. The
overdl averaged estimated dendity for fish 2 180 mm FL was 1,325 fish per mile.

AGE AND SizE COMPOSITION

Scale samples were collected by only one sampling crew each day in order to sub-sample the catch.
However, due to a misunderstanding on sampling protocols relevant age information was only available
from 6 of the 15 sections. Scale samples were successfully collected from dl fish in the upper 62 mi
(sections 1-3), but only gathered from fish sampled within three sections (5, 9, 13) downstream of the
confluence of Beaver Creek with Nome Creek (Figure 2. To examine whether the age data was
representative of the entire study area, lengths of sampled fish were compared from sections with, or
without complete age samples. Results of atwo-sample KStest did not indicate a gatisticaly significant
difference (D = 0.03; P = 0.73), which gave reason to believe that the two sampleswere smilar. Asa
result of this ad-hoc test, the age sample was believed to characterize the assessed population.

Ages determined from scale patterns ranged from 2 to 12 years. The find number of usesble age
samples was 714, after accounting for 93 scale samples that were either regenerated or illegible. The
median age was 6 years, the average length of which was 283 mm FL. Ages were determined from
710 fish > 150 mm FL, of which 274 represented fish in the upper 6%2 mi, and the remaining
represented fish in the lower 24 mi.

Edtimates of sze and age composition were adjusted following the process of dratifying the abundance
esdimates. After adjusment, the predominant age classes were age-4 (30%) followed by age-3fish
(28%) and age-5 fish (19%; Table 3).

The lengths measured from the 3,671 sampled Arctic grayling ranged from 115 to 386 mm FL. The
median (and mean) szed grayling sampled during the second sampling event was 263 mm FL.
Individua lengths and the median lengths from each of the 15 sections clearly indicated a predominance
of larger fish in the upper areas and awider range of sizes were esewhere (Figure 4).

Edtimates of the length compostion of Arctic grayling within the 30%2 mi study area were adjusted for
Sze sectivity. Three drata were sdected for adjusting the length compaosition. They included small
fish (middle and lower), and two drata for large fish which were the pooled middle and lower aress
(sections 4-15), and the upper area (section 1-3). The adjustment calculation led to a doubling of the
proportiona contributions (100% relative increase) for fish smdler than 250 mm FL, and a having of
the proportions associated with larger fish (Figure 5). Moreover, it was estimated that fish smdler than
12 in Totd length (TL) make-up 85% of the population within the 30.5 mi assessment area, while fish >
12 in (> 270 mm FL) represent only 15%. Thetota estimated dengity of Arctic grayling was 1,325 fish
per mile, which included 204 fish per mile that were 12 in or larger (> 270 mm FL).
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Table 3.-Sampled and adjusteck composition and abundance by age class for Arctic
grayling 3 150 mm FL in Beaver Creek during July 2000.

Number Proportion Abundance
Age Sampled () SE[p] N’ SE[NT]
2 8 0.03 0.01 456 454
3 80 0.29 0.03 4,561 2,255
4 98 0.30 0.03 5,587 2,310
5 105 0.19 0.02 5,986 1,515
6 134 0.10 0.02 7,640 942
7 126 0.05 0.01 7,183 527
8 94 0.03 0.01 5,359 348
9 44 0.01 0.00 2,508 171
10 9 0.00 0.00 513 58
11 0.00 0.00 456 40
12 3 0.00 0.00 171 3
Totas 709 1 na 40,421 na

a Adjusted proportions (p') resulted from corrections made to the sampled composition because of
differentid capture probability by sze (sze sdectivity bias) and geographic area within the mark-
recapture experiment.
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Figure S.-Length composition of Arctic grayling by size class, plotted by adjusted
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Beaver Creek study area, July 2000.
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DISCUSSION

The mark-recapture stock assessment at Beaver Creek will be vauable in severd ways for the
management of Arctic grayling within interior Alaskan waters. Fishery and land managers now have
basdline population data to include in their evauations of the effects of increased public access through
road and campground congtruction into this area. At the 2001 meeting, the Board of Fish supported a
proposa by the Fairbanks Advisory Committee to reduced the daily bag and possession limit to 5
Arctic grayling. This regulation applies to dl areas of the Beaver Creek drainage upstream of O'Brien
Creek, except in Nome Creek. Prior regulations for Arctic grayling (10 fish per day, and in possession)
will remain in effect downstream of O’ Brien Creek, and catch-and-reease fishing will remain in Nome
Creek, which is road accessble. The Challenge Cost Share (CCS) project between ADF&G and
BLM dlowed both agencies to participate and ultimatdy share resulting information for a smaller
investment than could be otherwise accomplished. Didtributing field work between the two agencies
permitted stock assessment to occur over alarge enough study area to reduce the likelihood of violating
the closure assumption during the mark-recapture study. However, in the process of conducting the
assessments in Beaver and Nome creeks study over a broad time scae, we could not successfully
estimate abundance in Nome Creek. In the Nome Creek study (Appendix B), we found that we could
not maintain geographic closure in the 5 mi lower Nome Creek study area over the 19-day sampling
hiatus. In the future, stock assessment along Nome Creek should be designed with a shorter sampling
hiatus, and not be conducted in conjunction with alarge project such as Beaver Creek.

The average population density we estimated in Beaver Creek (1,325 fish per mile) appears to have
been higher than other reported dengties for fluvia, summer-feeding populations of Arctic grayling.
There have been instances when smilar or higher dengties of summer feeding grayling were observed in
short sections of Alaskan streams, but only in areas between or downstream from productive lakes
(Roguski and Tack 1970). This populaion may be near or at its carrying capacity and largely removed
from influences that might adversely impact the population, such as habitat losses or increasing levels of
exploitation by anglers.  Within the Tanana River basin, other populations of grayling inhabiting deer
runoff rivers have been assessed, such as the Chena River, near Fairbanks. Populations of Chena River
Arctic grayling have cycled in response to factors including heavy exploitation rates and sgnificant
vaiations in recruitment bvels. Annud stock assessments of Arctic grayling conducted during the
summer feeding period between 1991 and 1997 tracked a recovery following a sgnificant decline in
abundance from the late 1980s (Clark 1993, 1994, 1995; Ridder and Fleming 1997; Ridder 1998).
The upper 50 mi of the past Chena River study area is physicaly smilar to the Beaver Creek study
area, however, recent densities have ranged from 360 to 580 fish per mile, or approximately 27 to 44%
of the Beaver Creek density (1,325 fish per mile). It is unknown whether the contrast in dengties is
based on greater production of sub-adult grayling in Beaver Creek, or suppressed production within the
Chena. In the future it may be of interest to compare other stock assessment findings with the estimated
stock dengity observed in Beaver Creek, using the pristine population as a benchmark. However, it
would be advisable to repeeat the Beaver Creek stock assessment to characterize interannual variation of
the adult population before using it as an evauation tool.

In the course of the two sampling trips, crew members were aware of declining sSizes of grayling as they
moved from the headwaters of Beaver Creek to areas downstream of Nome Creek. Etimates of mean
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length-at-age indicated the growth d Beaver Creek grayling may be smilar to other assessed interior
Alaska stocks, including the Chena, Jm, and Chatanika rivers (Figure 6). Upstream of Nome Creek,
al but one of the captured fish were 3 250 mm FL. This observation mirrored a commonly held
paradigm about inherent Size digtribution patterns for Arctic grayling populationsin interior Alaska. This
pattern includes a predominance of larger individud grayling feeding in the heedwaters of rapid-runoff
streams and rivers, with increased presence of smdler fish rearing in areas downstream. The pattern
has been examined and reported within the Chena and Goodpaster rivers (Hughes 1999), observed
during assessments along the Chatanika (Heming 1998), and reported by anglers fishing the heedwaters
of the Sdlcha. Although we did not set out to test or examine this pattern, we observed the change in
sampled lengths. Knowledge of a size-dratified digtribution pattern may be ussful for anglers in the
Beaver Creek fishery seeking different opportunities whether harvesting abag limit of pan-sze grayling,
or those seeking an opportunity to fish in the more remote headwater areas to catch larger fish.
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Appendix A
STATISTICAL EXAMINATION AND CORRECTION FOR SAMPLING BIAS IN MARK-
RECAPTURE STUDIES
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Appendix Al.-M ethodologiesto compensate for bias due to unequal catchability by length.

Result of first K-S test@ Result of second K-S testD

Cae|C
Fail to rgject H, Fail to rgect H,
Inferred cause: Thereis no Sze-sdectivity during ether sampling event.
Case lid
Fail to rgect H, Reect H,

Inferred cause: There is no Sze-sdectivity during the second sampling event, but there is during the first
sampling event.
Caselll®
Reect H, Fail to rgect H,
Inferred cause: Thereis Sze-sdectivity during both sampling events.
Case Ivf
Reject H, Reject H,

Inferred cause: There is Sze-sdectivity during the second sampling event; the status of size-sdectivity
during the first event is unknown.

& The first K-S (Kolmogorov-Smirnov) test is on the lengths of fish marked during the first event versus the lengths of fish
recaptured during the second event. H_for thistest is: The distribution of lengths of fish sampled during the first event is the same
as the distribution of lengths of fish recaptured during the second event.

b The second K-S test is on the lengths of fish marked during the first event versus the lengths of fish captured during the second
event. H_ for thistestis: The distribution of lengths of fish sampled during the first event is the same as the distribution of lengths

of fish sampled during the second event.

Case I: Calculate one unstratified abundance estimate, and pool lengths and ages from both sampling event for size and age

composition estimates.

d Casell: Calculate one unstratified abundance estimate, and only use lengths and ages from the second sampling event to estimate
size and age composition.

€ Case Ill: Completely stratify both sampling events and estimate abundance for each stratum. Add abundance estimates across
strata. Pool lengths and ages from both sampling events and adjust composition estimates for differential capture probabilities.

f case IV: Completely stratify both sampling events and estimate abundance for each stratum. Add abundance estimates across
strata. Estimate length and age distributions from second event and adjust these estimates for differential capture probabilities.
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Appendix A2.-Tests of consistency for the Petersen estimator (from Seber 1982, page 438).

The following two assumptions must be fulfilled:
1. Caching and handling the fish does not affect the probability of recapture; and,
2. Marked fish do not lose their mark.

Of the following assumptions, only one must be fulfilled:
1. Every fish hasan equd probability of being marked and released during event 1;
2. Every fish has an equd probability of being captured during event 2; or,
3. Marked fish mix completely with unmarked fish between events.

To evaduate these three assumptions, the chi-square datistic will be used to examine the following
contingency tables as recommended by Seber (1982). At least one null hypothesis needs to be
accepted for assumptions of the Petersen model (Chapman 1951) to be vdid. If dl three tests are
regjected, a geographically dratified estimator (Darroch 1961) should be used to estimate abundance.

First Event Second Event

River Section River Section Recaptured

Released Upper L ower Not Recaptured
TEST I Upper

Lower

Second Event: River Section
Upper Lower

TEST I1° Recaptured
Not Recaptured

Captured During Second Event
Upper Lower

TEST I11° Marked
Unmarked

@ This tests the hypothesis that movement probabilities are the same among sections: H,: g; =¢q;. Thetaappliesto
both marked and unmarked fish.

b This tests the hypothesis of homogeneity on the columns of this 2by-s contingency table with respect to
recapture probabilities between the three river areas: H,: Sq;p; = d. Thetaapplies to both marked and unmarked
fish.

C This tests the homogeneity on the columns of the 2by-t contingency table with respect to the probability of
movement of marked fish in stratum i to the unmarked fractioninj: H,: Saq; =kU;. Thetaonly appliesto marked
fish.
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Appendix B
NOME CREEK ASSESSMENT STUDY
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Appendix B1.-Stock assessment of Nome Creek Arctic grayling stock during June and July
2000.

The U.S. Bureau of Land Management’s White Mountains Team has been working towards improving
dream and riparian habitat conditions dong Nome Creek, with the intent of dlowing Arctic grayling
populations to expand and colonize previoudy mined areas. These activities are consigtent with a
mandate to provide for outdoor recreation and to conserve the fish, wildlife, and scientific vaues of
Nome Creek as required by ANILCA (title X111; sec. 1312).

NOME CREEK STUDY AREA

The headwaters of Nome Creek flow from ardatively narrow, steep valey draining the 3,900 to 5,200
ft high ridges and dopes abutting Mt. Prindle. Further downstream, Nome Creek enters a broader
vadley where post-mining reclamation has been initiated. At this point the stream is rdatively shalow,
has a high stream gradient, and is composed of coarse cobble and boulders. Farther downstream, an
undisturbed section of Nome Creek flows 12% mi through a narrow twisting channel that is 1 to 6 ft
deep, approximately 5 to 20 ft wide, and hosts numerous over-hanging trees, adjacent riparian growth
congding of willow Salix sp., and isolated stands of spruce Picea sp. Most of the Nome Creek study
area is accesed from the recently constructed gravel road that runs parald to Nome Creek and
terminates at Ophir Creek. Within this upper portion of the study area, BLM has continued efforts to
rehabilitate degraded habitat from past mining activities. This has included riparian vegetation plantings
and current efforts to improve the active channd habitat. Downstream of Ophir Creek, the channd
draightens and widens for much of the remaining 3 mi before entering Beaver Creek.

Anglers utilize Nome Creek to fish for Arctic grayling ether by accessing it directly from the road, or
from canoe or raft trips to and along Beaver Creek. The recently constructed public campgrounds will
likely attract increasing numbers of anglers and campers to this area. The study area selected in 2000
included al portions of Nome Creek beginning about one-haf mile below Moose Creek and ending a
the confluence of Nome and Beaver creeks.

Sampling Activities

Arctic grayling stock assessment was completed by BLM personnd from June 19 to July 27, 2000.

Due to logistica redtraints, the project was completed in two parts. Nome Creek was divided into
upper and lower sampling reaches. The upper portion of the Nome Creek study areaiincluded an 11 mi
segment of river that started one-haf mile from the confluence of Nome and Moose creeks (l&titude 65
20.059 north, longitude 146 50.037 west) and ended at an airstrip located dong the river (latitude 65
21.914 north, longitude 147 02.715 west). The lower portion of the study area included a 5 mi

segment of river that started at the airstrip and ended at the confluence of Nome and Beaver creeks
(latitude 65 23.319 north, longitude 147 08.168 west).

-continued-
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The upper Nome Creek mark-recapture sampling was completed in June by a two-person crew. The
mark event began on June 19 and ended June 22, 2001. The recapture event ran from June 26-29,
2000. There was a seven-day sampling hiatus between events. In the month of July, a three-person
crew completed the lower Nome Creek mark-recapture study before joining the ADF&G crew at
Beaver Creek. The mark event was conducted on July 7-8, 2000 and the recapture event occurred
July 26-27, 2000. There was a 19-day sampling hiatus between sampling events.

For dl sampling events, an inflatable raft was used to float the stream and carry sampling gear.  All fish
were collected by angling with light spinning rods rigged with smdl spinners or mini jigs. All habitatsin
the drainage were sampled (pooal, riffle, and glide). Sampling effort was determined by a fixed-time
schedule that called for angling to cease & alocation after the passage of 5 min without capturing afish.
All pogt-capture sampling methods were identica to those detaled in the previous Methods Section,
however, data was recorded in a DURA Rite Waterproof notebooks and later transferred to ADF& G
mark/sense forms.

RESULTS

Upper portion of Nome Creek: During the initid sampling event, the two-person crew captured a
totd of 95 grayling, of which 93 fish were rdeased with tags after sampling. Anchor tag numbers for
this sample of grayling ranged between 2,001 and 2,091. Three fish had been previoudy tagged during
past efforts to sample. Following a 7-day sampling hiatus, 89 fish were captured during the recapture
sampling event, that included the recover of 19 previoudy tagged grayling. Weether conditions were
mild and clear, except for the last day of the marking event, in which it rained. No fish died as aresult
of hooking injuries during sampling in the upper portion of Nome Creek.

Of the 19 tagged fish that were later recovered during the recapture event, 12 fish were captured in the
same genera location and the remaining 7 fish had moved downstream. No Sze sdectivity was
indicated from Kolmogorov-Smirnov (KS) two-sample tests (marks v. recaptures. D = 0.21; P=0.51;
caich v. marks: D = 0.10; P = 0.66 ). The resulting interpretation of the test Satistics (Appendix Al)
suggested that size-dratified estimates would not be required (Appendix Al: Case 1).  The mark-
recapture data set was then tested for consistency (Seber 1982; page 438). The three consistency tests
resulted in findings that suggested unequal mixing (c2 =15.2; df = 6; P=0.02), and unequa recapture
rates (R/M) by area (c2 =7.7, df = 2; P=0.02), but capture probabilities during the marking event that
were amilar by area (R/C: c?= 52, df = 2; P=0.07). The undratified Petersen estimator was
selected, Snce a least one test Satistic was not Sgnificant at a = 0.05 (Appendix A2). The estimated
abundance of Arctic grayling was 419 fish (SE = 81fish; 19.2% CV) > 250 mm FL in the 11-mi upper
section of Nome Creek, which indicated a dengty of 38 fish per mile. The sampled population was
composed of older Arctic

-continued-

33



Appendix B1.-Page 3 of 4.

grayling, and 74% of the sampled fish were determined age-6 and 8 (n=105 ages). Nearly dl grayling
captured during the mid-to-late June sampling period were in excess of 250 mm FL (Appendix B2).

Lower portion of Nome Creek: On July 6, the BLM crew started mark-recapture sampling in the
lower 5 mi section of Nome Creek, as they traveled downstream to join ADF& G for the Beaver Creek
project. A three-person sampling crew captured 146 grayling, of which 140 were released with tags
after sampling. Sampling effort was split between two sections, corresponding to the two days sampling
required to reach the confluence with Beaver Creek. The first day’s section paraleled the road along
Nome Creek, while the second day of sampling was located between the road end and Beaver Creek.
Anchor tag numbers for this sample of grayling ranged between 2,100 and 2,248. Following a 19-day
sampling hiatus, 132 fish were captured and sampled during the recapture sampling event, that included
the recover of 6 previoudy tagged grayling. Wesather conditions were mixed through sampling activities
aong the lower portion of Nome Creek, and no substantial rainfall occurred. Four fish died as result of
hooking injuries during this part of the study.

After the 19-day sampling hiatus, four of the recaptured fish were captured in the same section in which
they were marked and released. The remaining two recovered fish were located upstream of thelr initid
sampling section.  Given the low number of recaptured fish, meaningful examinations for Sze seectivity,
or resulting gratification for abundance and compogtion estimates was not possble. By default, the
undratified Petersen estimator was sdected. Due to the low number of recaptures a point estimate of
abundance is not given here. However, the 95% confidence interva suggests that there was between
878 and 4,522 grayling > 180 mm FL. Only 17 usegble ages were available from sampling conducted
in the lower section of Nome Creek, which precluded any meaningful information about age
composition. Unlike the upper section of Nome Creek, many fish were smdler than 250 mm FL; 235
mm was the median length sampled during the marking event and 196 mm was the smalest length of a
recaptured fish (Appendix B2).

DiscuUssIiON

In the process of planning a large-scae stock assessment project for Nome and Beaver creeks, we
introduced severa problems that could not be resolved, and resulted in only partid success with the
Nome Creek study. The mid-late June timing of sampling in the upper 11 mi area of Nome Creek
corresponded to the time when a portion of the adults remained after spawning, yet the smdler juvenile
grayling may not have entered the area for summer feeding. The study timing resulted in what is likely to
be a patid esimate of the spawning population. In effect, the estimate did not include the summer
feeding population that was the target population In the future, summer feeding populations of Arctic
grayling of Nome Creek should be assessed in mid-July to alow sufficient time for the summer feeding
population assemble.

A second problem occurred in the lower portion of Nome Creek when we allowed along sampling
hiatus (19-day). Sampling in the lower section of Nome Creek was conducted by the BLM crew as
they traveled downstream to join the ADF& G sampling crew a Beaver Creek.

-continued-
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This was undertaken because no road access is available to the lower 3 mi of Nome Creek, and crews
otherwise would have had to drag rafts or canoes back upstream to the Ophir Creek campground. Itis
likey that smdler fish were actively entering or moving upstream through the lower portions of Nome
Creek. Sincethe lower Nome Creek sampling areawas smdl (5 mi) and the hiatus was long (19 days),
it is possble that marked fish migrated outsde of the samdl study area, unmarked fish moved into the
Sudy area, or both. The limited number of recaptured fish and the change in median length between
sampling events hampered the estimation process. Future assessments should be conducted in mid-July.

Current regulations a Nome Creek should continue to afford protection to fish that are seasondly
present for gpawning, and those remaining during the summer months. This regulation will aso protect
fish that may colonize aress reclaimed after mining.
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Appendix B2.-Sampled lengths of Arctic grayling plotted for upper and lower Nome Creek study areas by sampling event

during June and July 2000 (arrows denote median sampled length).
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Appendix C
DATA FILE LISTING
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Appendix Cl.-Data file listing for Arctic grayling captured in Beaver and Nome creeks

during 2000.
Year Files Contents
2000 Y-020201L012000 Beaver Creek, early July marking sample
2000 Y-020202L.012000 Beaver Creek, late July recapture sample
2000 Y-020201L.022000 Nome Creek mark recapture data from June

(upper section) and July (lower section) sampling
trips.
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