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ABSTRACT 
A mark-recapture experiment was conducted along the lower 14 miles of the Delta Clearwater River during July 
2000 to estimate abundance and composition of Arctic grayling Thymallus arcticus.  This study was performed to 
evaluate effectiveness of catch-and-release regulation in place since 1997 due to a concern about a declining 
population.  Hook-and-line methods using jigs and flies as terminal gear captured 1,529 fish.  Estimated abundance 
of Arctic grayling ≥ 240 mm FL was 7,991 fish (SE = 940).  Quality-sized and larger fish (≥ 270 mm FL) 
predominated (95%) the sample.  Age-5 fish were fully recruited to the sampling gear.  Age-5, -6, and -7 fish 
composed 22%, 32%, and 21% (SE 2%) of the sample ≥ 240 mm FL. 

Key words: Arctic grayling, Thymallus arcticus, abundance, age composition, size composition, hook-and-line 
sampling, mark-recapture, Delta Clearwater River, Alaska. 

INTRODUCTION 
The Delta Clearwater River (DCR) is a 21 mi spring-fed system located 110 mi southeast of 
Fairbanks and 14 mi northeast of Delta Junction in the middle Tanana River drainage (Figure 1).  
It is the largest and most accessible of a number of spring-fed systems, which originate in 
alluvial deposits on the south side of the drainage.  The larger of these systems provide quality 
summer feeding habitat for Arctic grayling; however, these fish neither spawn nor overwinter in 
these systems (Reed 1961; Tack 1980; Ridder 1991).  The DCR Arctic grayling fishery is unique 
among the major road accessible fisheries in the drainage because it is composed of fish that 
spawn in at least eight different systems (Ridder 1998a).  Arctic grayling immigrate into the 
DCR begins in April with juvenile fish, followed by adults, and continues into June.  Emigration 
out of the DCR begins in August and is completed by December. 

Since development of road access in 1953, the DCR has offered a small but productive and 
popular Arctic grayling fishery, which is known for its high catch rates, pristine water quality, 
and more recently large Arctic grayling.  In the past (1977-1990), harvest of Arctic grayling was 
predominantly age-5 and older fish (Clark and Ridder 1994).  Prior to 1987, The DCR had a 
supplemental stocking program and average annual harvests of 5,700 fish, which ranked the 
DCR in the top five Arctic grayling, harvest fisheries in the Tanana drainage (Appendix A1 and 
Table 1).   

Drainage-wide declines in harvest and abundance indices in the middle 1980s led to restrictive 
regulations for the DCR and other drainage fisheries in 1987.  These regulations included a catch 
and release season from 1 April to the first Saturday in June, a 305-mm TL (12 in) minimum-size 
limit, a no-bait restriction, and five-fish daily bag and possession limit (limits were 10 fish daily 
and 20 fish in possession prior to 1977 and then five fish daily and 10 fish in possession through 
1986).  From 1987 through 1994, average annual harvest declined to 1,800 fish (Table 1).  
Results from catch-age analysis (CAGEAN) modeling of the fishery from 1977-1990 and other 
studies in 1995 and 1996 led to further restrictions to the fishery in 1995 and 1997.  A two-fish 
bag and possession limit from July 1995 through 1996 lowered average annual harvest to 940 
fish.  The fishery was restricted to catch-and-release in June of 1997. 

Two stocking programs to enhance the Arctic grayling fishery in the DCR ran from 1974 
through 1979 and 1983 through 1987.  Through these enhancement programs, the river was 
stocked with 567,786 Arctic grayling (Appendix A1).  The majority, 400,000 fish, was stocked 
as fry in 1974 and 1975.  Subsequent stockings were of fish reared for three months (164,355 
fish) and one year (3,431 fish) in shallow ponds at Clear Hatchery prior to release.  Between 
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Table 1.-Number of anglers, angler days, harvest, and catch of Arctic grayling from the Delta Clearwater 
River, 1977-1999.  

Year Anglersa Angler Daysa Harvest Catch 
1977 nab 6,881 6,118 na 
1978 na 7,210 7,657 na 
1979 na 8,398 6,492 na 
1980 na 4,240 5,680 na 
1981 na 4,673 7,362 na 
1982 na 4,231 4,779 na 
1983 na 5,867 6,546 na 
1984 2,024 5,139 4,193 na 
1985 2,947 8,722 5,809 na 
1986 3,693 10,137 2,343 na 
1987c 3,068 5,397 2,005 na 
1988c 2,413 5,184 2,910 na 
1989c 2,845 5,368 3,016 na 
1990c 2,498 4,853 1,772 12,424 
1991c 3,171 5,594 2,165 7,998 
1992c 1,770 3,756 797 6,086 
1993c 1,491 4,909 437 5,712 
1994c 2,100 3,984 1,411 9,306 
1995c,d 2,927 6,261 926 5,974 
1996d 2,286 3,424 1,210 8,978 
1997e 1,680 2,161 54 6,089 
1998 1,548 3,415 0 15,990 
1999 1,859 5,705 0 11,772 

Averages 
1977-1999 2,395 5,457 3,204 9,033 
1977-1986 2,888 6,550 5,698 na 
1987-1994c 2,420 4,881 1,814 8,305 
1995-1996d 2,607 4,843 969 7,476 
1997-1999e 1,696 3,760 18 11,284 

Data from: Mills 1979-1994 and Howe et al. 1995, 1996, 2000 a, b, c, d. 
a Anglers and days fished represents effort on all species. 
b na = not available. 
c Regulations prior to 1987 were no closed season and a daily bag limit of five fish and a possession limit of 10 

fish.  
d Regulations for 1987 through June 1995 changed to catch-and-release fishing from 1 April until the first Saturday 

in June, a 305 mm (12 inch) minimum length limit; a five fish bag and possession limit; and, a restriction of 
terminal gear to unbaited artificial lures. 

e The daily bag and possession limits were reduced from five fish to two fish in July 1995 through 1996. 
f In June 1997, the Delta Clearwater River and its tributaries were closed to possession of Arctic grayling from 1 

January through 31 December. 
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1978 and 1990, stocked fish1 accounted for at least 2 to 24% of the harvest and averaged at least 
13% (Ridder 1985; Ridder Unpublished), but may have accounted for more if even a small 
fraction of the 400,000 fry stocked in 1974 and 1975 contributed to the creel.  Unlike wild fish, 
fish stocked as yearlings were more vulnerable to harvest at ages 2, 3, and 4.  This was due either 
to a larger size at age or because there was a lack of wild fish of these ages.  Fish ≥ age-5 stocked 
as yearlings averaged 4% of all fish harvested and 10% of fish age-5 and older in the harvest.  
Little is known about the 400,000 fish stocked as fry in 1974 and 1975. 

Stock assessments on the DCR have historically consisted of monitoring programs centered on 
creel surveys, age and length sampling, and relative abundance indices (the catch rate from one 
downstream pass of an electrofishing boat; Peckham and Ridder 1979; Ridder 1985). Even 
though these assessments may have detected population trends, they did not yield estimates of 
abundance, recruitment, survival, and exploitation from which to actively manage the fishery.  
CAGEAN modeling (Clark and Ridder 1994) provided the first look into the dynamics of the 
DCR population.  A study was conducted from 1995 through 1997 to investigate the major 
assumption of geographic closure needed for use of the CAGEAN model (Ridder 1998a).  The 
study demonstrated a high level of fidelity to the DCR as a summer feeding area (98%; SE = 3%; 
Ridder 1998a), but it did not decipher the dynamics of recruitment, particularly what ages Arctic 
grayling are initially recruited as immigrants.  Studies estimating the abundance of Arctic 
grayling in the DCR using Peterson mark-recapture methodology were conducted annually 
(1996-1999) to document abundance and length and age composition (Ridder 1998b; 1999a; 
Ridder and Gryska 2000).   

Specific objectives for 2000 were to estimate: 

1. abundance of Arctic grayling (≥150 mm FL) in the lower 17 mi of the Delta Clearwater 
River, such that this estimate is within 25% of the true abundance 95% of the time;  

2. length composition of the Arctic grayling (≥150 mm FL) in the lower 17 mi of the Delta 
Clearwater River, such that all proportions are within 5 percentage points of the true 
proportions 95% of the time; and, 

3. age composition of the Arctic grayling (≥150 mm FL) in the lower 17 mi of the Delta 
Clearwater River, such that all proportions are within 5 percentage points of the true 
proportions 95% of the time. 

METHODS 
Arctic grayling were historically present up to mile 17 of the Sawmill Creek fork of the DCR but 
few, if any, Arctic grayling have inhabited the north fork of the DCR (Peckham and Ridder 
1979; Figure 2).  However, information from creel interviews and intermittent surveys by Alaska 
Department of Fish and Game (ADF&G) personnel indicated that some Arctic grayling were 
present in the Sawmill Creek fork from the late 1980s through 1995 (Ridder Unpublished).  Less 

                                                 
1   Fish stocked as yearlings and older were discriminated from wild fish by physical characteristics of fin clip (for brood years 1983-86) and high 

circular counts on scales from brood years 1975-1979; (Ridder 1985). 
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than 30 Arctic grayling were observed visually from a boat in the between miles 17-14 in July 
2000.  Given the absence of fish, the upper boundary for the mark-recapture experiment was set 
at mile 14 for this experiment similar to prior years (Ridder 1998b; Ridder 1999a; Ridder and 
Gryska 2000). The lower boundary was set at river-mile 1 where a side slough of the silt-laden 
Tanana River enters the river during the summer and causes the lower river to become turbid and 
not fishable. 

The study area was divided in two different ways for comparison to historical information and 
for investigating bias.  For comparisons to historical data, catch and effort data that is presented 
in the appendices are stratified into two sections, upstream and downstream of mile 8.  Above 
mile 8, the river is distinctly more shallow and narrow than below.  River-mile 8 is also the 
location of the only state campground and public boat launch on the river.  Creel surveys from 
1976 through 1990 have used the boat launch as a boundary in recording angler use, preference, 
catch rates, and age and length compositions of the harvest.  For investigating bias due to 
movement and capture probabilities, the river was divided into three sections: Section 1 was 
river miles 2 – 5; Section 2 was river miles 6 – 10 and; Section 3 was miles 11 – 14. 

Two 5-d sampling events were conducted in 2000.  The first event (marking) occurred 10-14 
July and the second event (capture) occurred 24-28 July.  The two events of the Peterson mark-
recapture experiment were separated by a 9-d hiatus.  During each event, five two-person crews 
made up of volunteer and ADF&G personnel were each assigned a mile each day.  Hook-and-
line was used to capture fish.  During the first event, flies were the only terminal gear used.  
During the second event, a variety of terminal gears (flies or jigs) was utilized at each angler’s 
discretion.  Each crew proceeded downstream fishing each pool and run in a systematic manner 
usually covering less than a mile per day.  For each river mile in each section, a sample goal was 
estimated based upon an assumed abundance of 7,000 Arctic grayling ≥ 240 mm FL (abundance 
in 1999 was estimated as 6,977; SE = 401 fish ≥ 240 mm FL; Ridder and Gryska 2000).  For 
Section 1 (miles 2-5), the sample goal was 66 fish/mi.  For Section 2 (miles 6-10) the goal was 
42 fish/mi and for Section 3 (miles 1-14), the goal was 40 fish/mile.  Therefore, it was necessary 
to mark 636 Arctic grayling (≥240 mm FL) and examine 636 fish for marks to estimate 
abundance with sufficient accuracy and precision (see Robson and Regier 1964).   

All captured Arctic grayling were processed immediately or soon after capture, marked with a 
Floy FD 94 anchor tag, given a partial fin-clip to control for tag loss, and then released at, or 
very near the capture site.  Data on date, location, crew, tackle type (fly or jig), fork length, scale 
samples, old finclips, tag number, tag color, recapture status, and mortality were recorded.  Data 
were recorded on scale-sample envelopes or field forms and later transferred to mark-sense 
forms.  These were transformed into an electronic (ASCII) data file for analysis and archival 
(Appendix B1). 

Estimates of abundance were derived for three components of the population.  The first 
component was estimated abundance for fish ≥ 150 mm FL.  However, this minimum size was 
constrained to fish within the size-class of the smallest fish recaptured.  The second component 
was for fish > 270 mm FL and was necessary for comparisons to historical sample and harvest 
data.  This length is approximately equal to the previous minimum length limit for the fishery 
(305 mm TL) and approximates the adult component of the population (Clark 1992a).  The third 
component was for age-5 and older fish.  This component was used for CAGEAN estimates and 
was based on the age at full recruitment to the sampling gear and fishery (Clark and Ridder 
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1994).  Estimates of the latter two components were estimated proportionately from the first 
component. 

ESTIMATION OF ABUNDANCE 
The mark-recapture experiment was designed to satisfy the assumptions of a Petersen mark-
recapture experiment (Seber 1982).  These assumptions were that: 

1. the population was closed (no change in the number or composition of Arctic grayling in 
the population during the experiment); 

2. all Arctic grayling had the same probability of capture in the first sample or in the second 
sample, or marked and unmarked Arctic grayling mixed uniformly between the first and 
second samples; 

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

4. Arctic grayling did not lose their mark between sampling events; and, 

5. all marked Arctic grayling were reported when recovered in the second sample. 

Testing of Assumptions 
Assumption 1 was assumed because of the size of the study area, the short duration of the 
experiment (three weeks), and results from other studies.  Tack (1973) reported little movement 
of Arctic grayling during the summer feeding period during a six-month study of a 150-mi 
section of the Goodpaster River.  In a two-year radiotelemetry study of larger (>339 mm FL) fish 
(Ridder 1998a; Ridder Unpublished), post-spawning movements to the DCR were completed by 
5 June for 37 of 39 Arctic grayling that summered in the DCR and by 23 June for 38 of the 39 
fish.  In the same study, movement out of the DCR was not detected until 6 August 1995 and 15 
August 1996.  Conducting this experiment during July and using a large section of the river as 
the study area reduced the probability of fish entering or leaving the study area between 
sampling events.  The short duration of the experiment reduced the likelihood that mortality or 
recruitment due to growth occurred between sampling events.   
The validity of assumptions 2 and 3 was tested by comparing recapture rates and movements of 
fish between events with tests of consistency designed to detect unequal catchability by area and 
by size of fish (Seber 1982).  Distinct, double marking (unique tag and partial fin clip), virtually 
permanent marking, and rigorous examination of all captured fish ensured the validity of 
assumptions 4 and 5. 

Calculation of Abundance 
Estimated abundance was calculated from numbers of Arctic grayling marked, examined for 
marks, and recaptured (Bailey 1951; Seber 1982): 

1
)1(ˆ

+
+=

R
CMN , (1) 

where: 

M = the number of Arctic grayling marked and released alive during the first sample; 

C = the number of Arctic grayling examined for marks during the second sample; 
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R = the number of Arctic grayling recaptured during the second sample; and 

N̂  = estimated abundance of Arctic grayling during the first sample. 

Variance was estimated as (Seber 1982): 

)2()1(
))(1(]ˆ[ˆ 2

2

++
−+=

RR
RCCMNV   (2) 

Bailey’s (1951; 1952) modification was used instead of the more familiar modification by 
Chapman (1951) because of the sampling design (systematic) used on each river section.  Seber 
(1982) found that if the assumption of a random sample for the second sample was false and a 
systematic sample was taken, then the binomial model will hold in this situation when: 

1. there is uniform mixing of marked and unmarked fish; and, 

2. all fish, whether marked or unmarked, have the same probability of capture. 

During the previous studies, the sample design used in each river section did not allow for 
thorough mixing of fish marked at the uppermost reaches with those marked in the downstream 
reaches, although local mixing of marked and unmarked fish has occurred (Ridder 1998b, 1999; 
Ridder and Gryska 2000). 

ESTIMATION OF LENGTH AND AGE COMPOSITION 
For aging, scales were taken from the area approximately six scale rows above the lateral line 
just posterior to the insertion of the dorsal fin (Ridder Unpublished; Brown 1943).  Scales were 
processed by wiping slime and dirt off each scale and mounting on gummed cards.  The gum 
cards were used to make triacetate impressions of the scales (30 s at 137,895 kPa, at a 
temperature of 97ºC).  Ages were determined by counting annuli from the triacetate impressions 
magnified to 40X with a microfiche reader.  Criteria used in determining an annulus were when: 
1) complete circuli cut over incomplete circuli; 2) clear areas or irregularities in circuli were 
present along the anterior and posterior fields; and, 3) regions of closely spaced circuli were 
followed by a region of widely spaced circuli (Kruse 1959).  Age composition was described 
with proportions of the stock contained in each age class.  Length composition of Arctic grayling 
was described with the incremental Relative Stock Density (RSD) indices of Gabelhouse (1984).  
The RSD categories of Gabelhouse are: "stock" (150 to 269 mm FL); "quality" (270 to 339 mm 
FL); "preferred" (340 to 449 mm FL); "memorable" (450 to 559 mm FL); and, "trophy" (greater 
than 559 mm FL).  Tests of assumptions 2 and 3 for estimation of abundance indicated which 
sample data were appropriate for use in estimating length and age compositions.   

The proportions of fish by age class or length category were estimated as (Cochran 1977): 

 
n

np k
k =ˆ  with ( )1/1V

^^^
−�

�

�
�
�

� −=�
�

�
�
�

� nppp kkk  (3) 

where: 

kp̂   = the estimated proportion of fish in age or length category k; 

kn   = the number of fish sampled in age or length category k; and,  

n   = the number of fish sampled.  
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Next the abundance of each age class or length category was estimated from the proportions and 
abundance in each stratum: 

 NpN kk
ˆˆˆ =  (4) 

where: 

kN̂  = the estimated abundance of age or length category k fish.  

 

Variance of the abundance of each age or length category was estimated as a variance of the 
product of two independent variables (Goodman 1960):   

 

[ ] [ ] [ ] [ ] [ ]kkkk pNpNNpN ˆV̂ˆV̂ˆV̂ˆˆV̂ˆˆV̂ 22 −+= .  (5) 

 

RESULTS 
During two sampling events in 2000, 1,529 unique Arctic grayling (≥ 150 mm FL) were captured 
with 552 angler-hours of effort (Table 2; Appendices A2 and A3).  Angling effort by fifteen 
ADF&G personnel (79%) and seven volunteers (21%) was similar between events and resulted 
in an overall CPUE of 2.77 fish/h (Table 2; Appendices A2 and A3).  Twenty-one (1%) of these 
fish were caught twice within the same event.  Of the 1,508 fish that were unique to the events, 
65 fish (4.3%) were recaptures of fish released in the first event and 317 fish (21%) carried 
marks from other studies.  Although the smallest recaptured fish was 250 mm FL, the data set for 
estimating abundance was truncated to fish ≥ 240 mm to conform to previous estimates of 
abundance (Table 2).  Fish less than 240 mm FL (n = 23) accounted for only 1% of the unique 
catch from the two events.  Tag loss was not detected. 

 

Table 2.-Hours fished (effort), number of fish caught, unique, killed, ≥≥≥≥ 150 mm FL, ≥≥≥≥ 
240 mm FL, and recaptured by event during the mark-recapture experiment, Delta 
Clearwater River, July 2000. 

  Number of Fish 

Event Effort Caught Unique Killed ≥ 150 mm FL ≥ 240 mm FL Recaps 

1 263 608 593 0 593 586 --- 

2 289 921 915 0 915 899 65 

Totals 552 1,529 1,508 0 1,508 1,485 65 

 
ABUNDANCE 
Size stratification was not necessary in the experiment because length composition was not 
significantly different between fish released in the first event and fish recaptured from the first 
event (D = 0.14; P = 0.18; Figure 3).  Recapture rates by jigs and flies were not significantly 
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Figure 3.-Cumulative distribution functions (CDF) of 10 mm FL groups of Arctic 

grayling ≥≥≥≥ 240 mm FL marked and recaptured (top) and marked and captured (bottom),  
Delta Clearwater River, July 2000. 
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different (P = 0.37; Table 3).  Tests of consistency by area indicated that there was unequal 
mixing of fish between areas (P < 0.01; Tables 4 and 5) and unequal catchability by area during 
the marking event (P = 0.01; Table 6), however, there was not a significant difference in 
catchability by area of fish during the recovery event (P = 0.44; Table 7).  Therefore, a Bailey 
estimate of abundance without spatial stratification was used to calculate abundance of Arctic 
grayling ≥ 240 mm.   

During the first event, 586 fish ≥ 240 mm FL were captured and released alive with marks 
(Table 2).  During the second event, 899 ≥ 240 mm FL were captured, and 65 fish recaptured 
from the first event (Table 2).  The estimated abundance of fish > 240 mm FL was 7,991 (SE = 
940; Table 8).  Abundance of fish ≥ 270 mm FL was 7,591 fish (SE = 895; Table 8) and for fish 
age-5 and older was 6,990 fish (SE = 831; Table 9). 

LENGTH AND AGE COMPOSITION 
The length of fish caught during the two events ranged from 210 mm FL to 464 mm FL.  The 
length composition of fish ≥ 240 mm FL captured in each event was significantly different (D = 
0.90; P = 0.01; Figure 3).  However, lengths of marked and recaptured fish were not significantly 
different (D = 0.14; P = 0.18; Figure 3), which indicates that fish during the second event had 
similar probabilities of capture by length.   Because there was size selectivity during the first 
sampling event but not the second, one unstratified abundance estimate was calculated.  
Composition was estimated utilizing lengths and ages from the second sampling event only.  
Most fish captured in each event were greater than 270 mm FL (96.7 % and 95.0 %; Figure 4). 

RSDs were not estimated because the data had been truncated to fish ≥ 240 mm FL only which 
excluded data for the stock RSD category (150 – 269 mm).  Abundance was estimated for four 
size (mm FL) groups: 1) 240 – 269, 2) 270 – 339, 3) 340 – 449, and 4) 450 – 559.  Most (95 %) 
observed fish were ≥ 270 mm FL and estimated abundance was 7,591 (SE = 895; Table 8).  Ages 
ranged from age-3 to age-11.  For the estimated population, age-5, -6 and –7 fish were 
represented in the greatest proportions (22%, 32%, and 21%; SE = 2%; Table 9).   

Age and length composition of all captured fish from 1996 through 2000, hook-and-line catch 
rates for 2000, and a summary of estimates of abundance and recruitment from 1977 through 
2000 are given in Appendices A2 – A10 to provide comparisons with historical data. 

MOVEMENTS 
Among 65 fish with known release and recapture locations, 44 (68%) were recaptured within the 
same one-mile section in which marked.  Of the 21 fish that moved outside their original one-
mile marking locations, 14 moved downstream (Tables 4 and 10). 

DISCUSSION 
This study represents the fifth consecutive year in which sufficient numbers of Arctic grayling 
were marked and examined for marks to successfully estimate abundance of Arctic grayling in 
the DCR using mark-recapture techniques.  Prior to this, large catches were difficult to obtain by 
sampling the harvest, electrofishing, trapping, or seining.  The success this year and in the four 
previous years was a result of using hook-and-line methods and a large number of crew 
members.  The probability of catching a fish in the DCR depends on many variables that cannot 
be held constant over the course of a study.  Angling ability, choice of terminal gear, location of 
fishing, time of day, depth of the fish, and feeding patterns may influence catches.  These 
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Table 3.-Chi-square statistics, recapture rates, number marked, examined for marks, 
and recaptured by gear type for Arctic grayling ≥≥≥≥ 240 mm FL marked and captured in the 
Delta Clearwater River, July 2000. 

Capture 

Gear 
Ma Cb Rc R/M SE[R/M] 

  
All gear: 586 899 65 0.11 0.01 

  
  

Jig:  411 29 0.05 0.01 
  

Fly:  488 36 0.06 0.01 
    
 χ2 = 0.71, df = 1, P = 0.40, accept H0: pjig = pfly with respect to R/M 

a M = number of marked fish released alive in first event.  All marked fish 
captured with flies. 

b C = number of fish examined in second event.  
c R = number of marked fish from first event and recaptured in second 

event. 
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Table 4.-Number and proportion of Arctic grayling ≥≥≥≥ 240 mm FL recaptured by mile, 
distance from marking location, and direction from marking location in the Delta 
Clearwater River, July 2000. 

All
n p SE

Miles Moved
>-5 1 0.02  

-2 - -5 5 0.08 0.13
-1 - -2 8 0.12 0.12

0 44 0.68 0.07
1 - 2 1 0.02 0.00
2 - 5 4 0.06 0.14

> 5 2 0.03 0.17
Total 65 1.00 ---

Direction Moveda 
DS 14 0.22 0.05

NM 44 0.68 0.04
US 7 0.11 0.03

Total 65 1.00 ---
a. Direction moved:  DS = downstream;  NM = no movement;  US = 

upstream. 
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Table 5.-Numbers of Arctic grayling marked in lower (miles 2-5), middle (miles 6-10), 
and upper (miles 11-14) areas and recovered in lower, middle, and upper areas of the Delta 
Clearwater River, or not recovered, July 2000. 

Marking Recover History 

Area Lower Middle Upper Not 
Recovered 

Total 

Lower 13 6 0 176 195 

Middle 1 19 1 185 206 

Upper 0 3 22 160 185 

Total 14 28 23 521 586 

χ2 = 76.51, df = 4, P < 0.01, reject H0 

 

 

Table 6.-Numbers of marked and unmarked Arctic grayling captured during the 
recapture event by lower (miles 2-5), middle (miles 6-10), and upper (miles 11-14) areas of 
the Delta Clearwater River, July 2000. 

 Capture Area 

Arctic Grayling Lower Middle Upper Total 

Marked 14 28 23 65 

Not Marked 335 235 264 834 

Total 349 263 287 899 

χ2 = 10.23, df = 2, P = 0.01, reject H0 

 

 

Table 7.-Numbers of marked Arctic grayling recovered and not recovered during the 
recapture event by lower (miles 2-5), middle (miles 6-10), and upper (miles 11-14) areas of 
the Delta Clearwater River, July 2000. 

 Marking Area 

History Lower Middle Upper Total 

Recovered 19 21 25 65 

Not Recovered 176 185 160 521 

Total 195 206 185 586 

χ2 = 1.76, df = 2, P = 0.42, accept H0 
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Table 8.-Estimated relative densities, abundances, and standard errors of Arctic 
grayling sampled for fish ≥≥≥≥ 240 mm FL, Delta Clearwater River, July 2000. 

Length (mm FL) n p SE[p] N̂  SE[ N̂ ]
240 – 269 45 0.05 0.01 400 75
270 – 339 364 0.40 0.02 3,236 413
340 – 449 487 0.54 0.02 4,329 523
450 – 559 3 <0.01 <0.01 27 17

≥560 0 --- --- --- ---
� ≥ 240 899 1.00 --- 7,991 940

  
� ≥ 270 854 0.95 0.01 7,591 895

 
 

Table 9.-Estimates of age composition and abundance by age class  for Arctic grayling (≥≥≥≥ 
240 mm FL), Delta Clearwater River, July 2000. 

 Age Composition Abundance 
Age Class  n p SE[p] N̂ SE[ N̂ ] CV

3  8 0.02 0.01 135 50 37%
4  54 0.11 0.02 912 158 17%
5  101 0.21 0.02 1,706 250 15%
6  153 0.32 0.02 2,585 349 14%
7  103 0.22 0.02 1,740 254 15%
8  31 0.07 0.01 524 104 21%
9  16 0.03 0.01 270 73 27%

10  6 0.01 0.01 101 43 42%
11  1 <0.01 0.01 17 17 100%

Total  473 1.00 --- 7,991 940 12%
    

� 5+  411 0.87 0.02 6,944 826 12%
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Figure 4.-Length frequencies of Arctic grayling (≥≥≥≥ 240 mm FL) captured in two 
sampling events, Delta Clearwater River, July 2000. 
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Table 10.-Number of Arctic grayling ≥≥≥≥ 240 mm FL recaptured 9 days after release by 
river mile by location of mark and recapture (boundaries of study sections depicted by 
borders), Delta Clearwater River, July 2000. 

Mile at Recapture
Mile at Mark 2 3 4 5 6 7 8 9 10 11 12 13 14 Total

2       0
3 4 2    1        7 
4  1 4  1  1 1 1     9 
5    2   1       3 
6     6   6
7      4        4 
8       3       3 
9        1      1 
10    1    1 4 1    7 
11     1 2   3
12           7   7 
13         1  1 3  5 
14         1 2  1 6 10 

Total 4 3 4 3 7 5 5 4 7 5 8 4 6 65
 



 

 18

concerns were addressed over the past four years by soliciting experienced anglers, 
spreading daily effort throughout the river, mixing crew assignments, and applying the 
majority of effort during the time of day (11 a.m. – 7 p.m.) when fish were most actively 
feeding (Ridder 1998b, 1999; Ridder and Gryska 2000).  

During this experiment, hook avoidance was minimized by utilizing flies only during the 
marking event and using flies and jigs during the second event.  The appearance and use 
of flies and the manner in which Arctic grayling take flies compared to jigs are distinctly 
different.  When Arctic grayling are not rising, jigs are more effective than flies in 
catching fish.  This is attributed to the aggressive behavior of Arctic grayling towards jigs 
and the angler being able to present jigs to fish that are holding in deep water.  Flies are 
more effective when fish are actively rising to the surface or in shallow water.  The 
comparison between recapture rates of jig- and fly-marked fish has not always indicated 
that jig-marked fish are less likely to be recaptured than fly-marked fish (Ridder and 
Gryska 2000) but in one study it was conclusive (Ridder 1999).  Differences in recapture 
rates may be the result of behavior of the fish or of the anglers.  Biased estimates result 
when the marking of fish affects the probability of recapture in the second event.  To 
minimize potential bias, only flies were used during the marking event, and the hiatus 
between events was lengthened from 2 to 9 days, as recommended by Ridder (1999). 

Potential bias due to emigration was probably not a significant factor in this experiment, 
because observed movement of most recaptured fish was small relative to the length of 
the stream (Tables 4 and 10) and most (68%) marked fish that were recaptured were 
recaptured within the same one-mile sampling area in which they were marked.  
Movement that did occur was predominantly downstream.  Emigration out of the study 
area during the experiment was unlikely because the experiment was during the summer 
feeding period when Arctic grayling move little (Ridder 1998a).  Furthermore, the lower 
boundary of the study area is a distinct habitat transition, silt laden and inhospitable to 
feeding.  However, movements out of, into, and within the study area during the summer 
are not fully understood. 

Similar mark-recapture experiments have been conducted annually (1996 – 2000) on the 
DCR Arctic grayling population during July (Ridder 1998b; 1999; Ridder and Gryska 
2000).  During the same period, harvest regulations were changed.  From July 1995 
through June 1997, the DCR had a two fish ≥ 12 in TL/day bag and possession limit, and 
annual harvest averaged 940 fish (Table 1).  From June 1997 through January 2001, the 
regulations allowed catch-and-release only.  During January 2001, these regulations were 
changed to allow a limited harvest of one fish less than 12 in TL/day between July 10 and 
August 9.  Therefore, it is enlightening to examine the experimental results to identify 
trends of abundance, length and age compositions over time, and characterize them 
within the context of the various regulations. 

Estimated abundance was significantly lower during 1996 as compared to any subsequent 
year (Table 11).  The estimated abundance in 1997 was over twice as great as 1996 but 
decreased in 1998.  From 1998-2000, estimated abundance increased annually and point 
estimates of 1998 and 1999 and of 1998 and 2000 are significantly different (p=0.024 and 
p=0.044).  The apparent correlation between the point estimates and the catch-and-release 
regulations has resulted in a statistically detectable difference. 
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Table 11.-Estimates of abundance, SE, and confidence intervals for Arctic 
grayling ≥≥≥≥ 240 mm FL, Delta Clearwater River, during July, 1996-2000. 

  Confidence Interval 

Year N̂  SE( N̂ ) Lower 95% Upper 95% 

1996 3,000 370 2,275 3,725 

1997 7,420 920 5,617 9,223 

1998 5,570 780 4,041 7,099 

1999 6,977 401 6,191 7,763 

2000 7,991 940 6,148 9,833 



 

 20

Observed length frequencies were not significantly different among 60-mm FL groups 
among sampled years (Figure 5).  However, Bonferroni pair-wise tests (Neter and 
Wasserman 1974) did detect differences in frequencies of fish < and ≥ 270 mm FL (12 in 
TL; Figure 5).  Of six pair-wise tests, three were significantly different (Table 12).  Ages 
among years were not significantly different as well, but the sample sizes or each age 
during each year were not large.   However, there is an apparent increase in proportions 
of ages 5-7 (Figure 6). 

Together, the trends in abundance, length, and age indicate that the more restrictive 
regulations have had an effect on the population of the DCR.  Without harvest, the 
population increased and fish survive longer to become older and larger.  In the continued 
absence of harvest, it is expected that an equilibrium of abundance and age and size 
composition will be reached in this stable environment.   

The DCR is used seasonally by Arctic grayling as a summer foraging area.   It is a prime 
foraging area that is attractive to grayling and fish have shown strong fidelity to the river 
as summer feeding area (Ridder 1998a).  However, as a small area it probably reaches 
capacity in terms of biomass.  Replacement of fish probably occurs when a larger fish 
displaces a smaller one or when mortality (natural or fishing) occurs.   

Replacement by immigration rather than by reproduction is the peculiar form of 
recruitment for the DCR (Tack 1980; Ridder 1991; 1998a).  The DCR population of 
Arctic grayling is composed of fish originating elsewhere in the Tanana River drainage 
(Peckham and Ridder 1979; Ridder 1991; 1998a).  A small proportion of the large 
spawning population of the Tanana River drainage Arctic grayling migrate to the DCR 
during summer to forage and larger grayling have demonstrated strong fidelity to the 
DCR each summer (Ridder 1991; 1998a).  Recruitment of grayling to the river has been 
thought to largely occur by age 5 (Clark and Ridder 1994), but fish of all ages immigrate. 

The equilibrium population abundance and composition (fewer fish but larger and older) 
can be disturbed easily by increasing fishing mortality (Wallendorf and Roach 2000).  
Harvest will reduce the abundance of grayling from equilibrium abundance.  Length 
limits will affect the size and age composition of the population in several ways.  A 
minimum length limit will result in many small, young fish, and a maximum length limit 
will result in fewer but older, larger fish in the population.  Catch-and-release will more 
closely approximate pristine conditions when capacity biomass is reached and then may 
be composed of fewer but larger and older fish. 

The present regulations (creel limit of one fish < 12 in TL) will likely result in a smaller 
population but a population of larger and older fish, which is similar to pristine or catch-
and-release conditions.  At approximately 615 fish per mile, of which 95% are greater 
than 12 in TL, it is an ideal fishery for many anglers.  If angler preferences and 
regulations change in the future, trade-offs in abundance and size and age composition 
should be considered.  
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Figure 5.-Proportions of sampled Arctic grayling for each 60 mm FL group and ≥≥≥≥ 
270 mm FL for each sample year 1996 – 2000, Delta Clearwater River. 
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Table 12.-Bonferroni pair wise comparisons of frequencies of fish < and ≥≥≥≥ 270 
mm FL for each year, where the significance is 0.008 (number pair wise tests/αααα), 
Delta Clearwater River, July 2000. 

Year < 270 mm FL ≥≥≥≥ 270 mm FL χχχχ2 P 

2000 45 854 

1999 38 851 

0.54 0.46 

     

1999 38 851 

1998 96 684 

36.31 < 0.001 

     

1998 96 684 

1997 85 594 

0.15 0.90 

     

1997 85 594 

1996 36 352 

2.58 0.11 

     

1999 38 851 

1997 85 594 

36.19 < 0.001 

     

1999 38 851 

1996 36 352 

12.39 < 0.001 

  



 

 23

0

50

100

150

200

250

4 5 6 7 8 9 10

Age

N
um

be
r o

f F
is

h 
at

 A
ge

1996 (n=500) 1997 (n=550) 1998 (n=580) 1999 (n=499) 2000 (n=464)

      
Figure 6.-Proportions of sampled Arctic grayling ≥≥≥≥ 240 mm FL of each age, 1996-2000, 

Delta Clearwater River. 
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APPENDIX A 
Data Summaries  



 

 

Appendix A1.-Summary of Arctic grayling stock
Year Brood Rearing Location Date N

1974 Moose Hatchery 14-Jun 30
1975 Moose Hatchery 26-Jun 10
1975 Moose ponds 2-Oct 
1976 Moose ponds 20-Sep 1
1977 Moose ponds 28-Sep 
1977 Moose ponds 28-Sep 
1978 Moose ponds 21-Sep 
1979 Moose ponds 26-Sep 
1983 Jack Hatchery 31-Aug 
1983 Jack Hatchery 30-Sep 
1983 Moose ponds 26-Aug 
1983 Moose ponds 23-Sep 
1984 Moose ponds 8-Jun 
1984 Moose ponds 21-Sep 
1984 Jack Hatchery 26-Sep 1
1985 Moose ponds 14-Jun 
1985 Moose ponds 3-Oct 
1985 Goodpaster ponds 1-Oct 1
1985 Goodpaster Hatchery 20-Sep 2
1986 Goodpaster ponds 29-Aug 
1986 Goodpaster Hatchery 27-Aug 
1986 Goodpaster ponds 26-Sep 
1986 Goodpaster ponds 3-Oct 
28

ed into the Delta Clearwater River, 1974 through 1987.  
umber Location Age Fish/lb Weight Length Mark Number 

0,000 Cl Lake fry --- --- --- no --- 
0,000 DCR springs fry --- --- --- no --- 
9,100 DCR springs yearlings 35 --- --- no --- 
2,096 DCR springs yearlings 40 --- 104 no --- 
6,684 DCR springs yearlings 38 --- 109 no --- 

371 DCR 1+ 3.6 --- --- no --- 
6,558 DCR springs yearlings 33 --- 117 no --- 

651 DCR 1+ 2.6 --- 247 tag all 
2,503 DCR springs yearlings 194 2.3 60 RP all 
2,983 DCR springs yearlings 82 5.5 86 RV all 
2,189 DCR springs yearlings 40 11.4 108 Ad/LV all 
3,292 DCR springs yearlings 18 25.3 120 Ad all 
1,009 DCR 1+ --- --- 170 tag all 

122 DCR 1+ 2.3 198 232 tag all 
7,380 DCR springs yearlings 209 2.2 62 LV 8,038 

551 DCR 1+ --- --- 172 tag all 
638 DCR 1+ --- --- 211 tag all 

2,744 DCR springs yearlings 41 11.1 103 LP all 
0,950 DCR springs yearlings 97 4.7 76 Ad 10,468 
4,273 DCR springs yearlings --- 7.3 88 Ad/LV all 
5,748 DCR springs yearlings --- 3.7 76 LV all 
6,940 DCR springs yearlings --- --- --- Ad/RP all 
2,928 DCR springs yearlings --- --- --- Ad/RP all 

-continued- 

 



 

 

Appendix A1.-(Page 2 of 2). 
Year Brood Rearing Location Date 

1986 Goodpaster Hatchery 24-Sep 
1987 Goodpaster ponds 4-Sep 
1987 Goodpaster ponds 4-Sep 
1987 Goodpaster Hatchery 28-Aug 
1987 Goodpaster ponds 3-Oct 
1987 Goodpaster ponds 3-Oct 
1987 Goodpaster Hatchery 7-Oct 
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Number Location Age Fish/lb Weight Length Mark Number 

6,016 DCR springs yearlings --- 7.5 90 RP all 
1,310 DCR springs yearlings --- --- --- Ad/RV all 

35 DCR 1+ --- --- --- tag all 
5,040 DCR springs yearlings 105 12.1  RV all 
3,442 DCR springs yearlings --- --- --- Ad/LV all 

54 DCR 1+ --- --- --- tag all 
5,010 DCR springs yearlings 77 4 --- LV all 

Totals 
400,000  fry      
164,355  yearlings      

3,431  1+      

567,786  Total      
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Appendix A2.-Number of angler days, angler hours, unique fish caught, and CPUE of 
Arctic grayling > 240 mm FL during the mark-recapture experiment by river mile, river 
section, and event, Delta Clearwater River, July 2000. 

Section River Mile Angler Days Angler Hours Catch CPUE
Mark Event, July 10 – 14 

Upstream 14 4 19 40 2.1
 13 4 15.5 41 2.6
 12 9 53.3 40 1.3
 11 2 11 64 5.8
 10 11 27.8 39 1.4
 9 2 14.5 40 2.8
Subtotal --- 32 154 264 1.9

Downstream 8 8 28 40 1.4
 7 2 13.5 45 3.3
 6 2 12 42 3.5
 5 4 22 66 3.0
 4 4 19 72 3.8
 3 8 27.8 61 2.2
 2 --- --- --- ---
Subtotal --- 28 122.3 326 2.7
Mark Total --- 60 263.4 590 2.2

Catch Event, July 24 – 28: 
Upstream 14 2 13 62 4.8
 13 2 16 88 5.5
 12 2 14 48 3.4
 11 6 31.5 89 2.8
 10 4 22.5 68 3.0
 9 7 28.5 44 1.5
Subtotal --- 23 125.5 399 3.2

Downstream 8 4 24.5 42 1.7
 7 4 18.5 52 2.8
 6 3 17.8 57 3.2
 5 6 36.5 77 2.1
 4 6 36 72 2
 3 2 12 62 5.2
 2 2 18 138 7.7
Subtotal --- 27 163.3 500 3.1
Catch Total --- 50 288.8 899 3.1

Total for Experiment --- 110 552.2 1,489 2.7
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Appendix A3.-Hours fished, catch, and CPUE of Arctic grayling ≥≥≥≥ 150 mm FL by angler 
during the mark-recapture experiment, Delta Clearwater River, July 2000. 

Angler Hours Catch CPUE 
1 31.5 279 8.86 
2 17.5 112 6.40 
3 18 87 4.83 
4 15.8 67 4.25 
5 22.3 81 3.64 
6 70.8 215 3.04 
7 7 21 3.00 
8 17.1 49 2.87 
9 45.2 126 2.79 
10 23.5 57 2.43 
11 7 16 2.29 
12 6.5 14 2.15 
13 6.5 13 2.00 
14 29.3 58 1.98 
15 14.3 25 1.75 
16 20.1 35 1.74 
17 52.8 78 1.48 
18 59.8 84 1.41 
19 38 53 1.39 
20 24.3 27 1.11 
21 11 12 1.09 
22 14.3 12 0.84 

Total 552.1 1,529 2.77 

Average 25.1 69 2.95 
Median 19 55 2.29 
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Appendix A4.-Age composition and SE and mean length-at-age and SD of all Arctic 
grayling captured by hook and line, Delta Clearwater River, 24-28 July 2000. 

 Age Composition Length (mm FL) 
Age Class N p SE[p] Mean SD Min Max

3 8 0.02 0.01 289 20 262 326
4 54 0.11 0.02 311 32 260 360
5 101 0.21 0.02 340 31 273 397
6 153 0.32 0.02 351 27 290 412
7 103 0.22 0.02 370 30 284 432
8 31 0.07 0.01 384 31 315 454
9 16 0.03 0.01 393 19 355 430
10 6 0.01 0.01 418 10 404 432
11 1 <0.01 <0.01 375  375 375

Totals 473 1.00 --- 351 37 260 454
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Appendix A5.-Age composition and SE and mean length-at-age and SD of all Arctic 
grayling captured by hook and line, Delta Clearwater River, 19-23 July 1999. 

 Age Composition Length (mm FL) 
Age Class N p SE[p] Mean SD Min Max

3 11 0.02 0.01 259 20 232 300
4 39 0.07 0.01 287 23 241 338
5 118 0.22 0.02 303 22 250 355
6 136 0.26 0.02 330 24 250 386
7 82 0.16 0.02 352 23 282 402
8 60 0.11 0.01 378 22 320 433
9 39 0.07 0.01 393 20 345 428
10 25 0.05 0.01 406 22 361 454
11 13 0.02 0.01 407 31 345 454
12 6 0.01 <0.01 435 12 421 450
13 2 <0.01 <0.01 426 23 410 454

Totals 531 1.00 --- 341 46 232 454
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Appendix A6.-Age composition and SE and mean length-at-age and SD of all Arctic 
grayling captured by hook and line, Delta Clearwater River, 13-17 July 1998. 

 Age Composition Length (mm FL) 
Age Class N p SE[p] Mean SD Min Max

2 1 0.00 0.00 196 --- 196 196
3 29 0.05 0.01 250 22 209 286
4 93 0.15 0.01 274 23 205 351
5 189 0.30 0.02 304 28 239 379
6 85 0.13 0.01 328 39 250 415
7 94 0.15 0.01 358 32 268 443
8 72 0.11 0.01 369 26 293 422
9 30 0.05 0.01 378 29 308 444
10 17 0.03 0.01 379 29 331 423
11 15 0.02 0.01 395 25 352 435
12 7 0.01 0.00 412 10 395 428
13 6 0.01 0.00 422 27 382 452
14 1 0.00 0.00 406 --- 406 406

Totals 639 1.00 --- 328 50 196 452
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Appendix A7.-Age composition and SE and mean length-at-age and SD of all Arctic 
grayling captured by hook and line, Delta Clearwater River, 21-25 July 1997. 

Age Class n p SE[p] mean Std min max
1 2 0.00 0.00 146 6 142 150
2 46 0.06 0.01 184 10 158 204
3 109 0.15 0.01 230 18 190 293
4 195 0.27 0.02 279 22 224 353
5 64 0.09 0.01 317 27 259 372
6 139 0.19 0.01 343 22 290 405
7 71 0.10 0.01 358 22 310 405
8 48 0.07 0.01 373 26 312 419
9 21 0.03 0.01 393 24 348 443

10 12 0.02 0.00 399 25 354 445
11 7 0.01 0.00 395 46 304 462
12 1 0.00 0.00 434 --- 434 434
13 2 0.00 0.00 431 25 413 449

Totals 717 1.00 --- 306 63 142 462
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Appendix A8.-Age composition and SE and mean length-at-age and SD of all Arctic 
grayling captured by hook and line, Delta Clearwater River, 19-31 July 1996. 

 Age Composition Length (mm FL) 
Age Class n p SE[p] mean SD Min Max

1 1 0.00 0.00 134 --- 134 134
2 5 0.01 0.00 191 16 174 210
3 72 0.12 0.01 247 20 208 300
4 51 0.09 0.01 283 20 243 323
5 124 0.21 0.02 313 23 246 382
6 147 0.25 0.02 339 23 291 402
7 87 0.15 0.01 366 23 310 410
8 36 0.06 0.01 382 23 326 426
9 40 0.07 0.01 397 18 354 428

10 15 0.03 0.01 401 19 373 438
11 8 0.01 0.00 421 14 399 439
12 5 0.01 0.00 426 28 391 464

Total 591 1.00 --- 334 52 134 464
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Appendix A9.-Relative Stock Density (RSD) indices of Arctic grayling  (≥≥≥≥ 150 mm FL) 
captured during mark-recapture experiments, Delta Clearwater River, July 1996 - 2000. 

Category Length (mm FL) n RSD SE[RSD]
1996 

Stock 150 - 269 96 0.12 0.01
Quality 270 - 339 328 0.41 0.02

Preferred 340 - 449 372 0.47 0.02
Memorable 450 - 559 1 <0.01 <0.01

Trophy ≥560 0 --- ---
Total 797 1.00 ---

1997 
Stock 150 - 269 347 0.24 0.01

Quality 270 - 339 557 0.39 0.01
Preferred 340 - 449 528 0.37 0.01

Memorable 450 - 559 1 <0.01 <0.01
Trophy ≥560 0 --- ---
Total 1,433 1.00 ---

1998 
Stock 150 - 269 240 0.16 0.01

Quality 270 - 339 681 0.44 0.01
Preferred 340 - 449 616 0.40 0.01

Memorable 450 - 559 5 <0.01 <0.01
Trophy ≥560 0 --- ---
Total 1,542 1.00 ---

1999 
Stock 150 - 269 92 0.05 0.01

Quality 270 - 339 812 0.44 0.02
Preferred 340 - 449 915 0.50 0.02

Memorable 450 - 559 12 <0.01 <0.01
Trophy ≥560 0 --- ---
Total 1,831 1.00 ---

2000 
Stock 150 - 269 43 0.05 0.01

Quality 270 - 339 347 0.41 0.02
Preferred 340 - 449 449 0.53 0.02

Memorable 450 - 559 3 <0.01 <0.01
Trophy ≥560 0 --- ---
Total 842 1.00 ---



 

 

Appendix A10.-Summary of estimates of abundance and
recruited fish (age-5), Delta Clearwater River, 1977 - 2000. 

   

Year N̂  [150] SE[ N̂ 150] N̂ [240] SE[ N̂

1977 nd --- nd
1978 nd --- nd
1979 nd --- nd
1980 nd --- nd
1981 nd --- nd
1982 nd --- nd
1983 nd --- nd
1984 nd --- nd
1985 nd --- nd
1986 nd --- nd
1987 nd --- nd
1988 nd --- nd
1989 nd --- nd
1990 nd --- nd
1991 nd --- nd
1992 nd --- nd
1993 nd --- nd
1994 nd --- nd
1995 nd --- nd
1996 nd --- 3,000
1997 9,000 920 7,420
1998 nd --- 5,570
1999 nd --- 6,977
2000 nd --- 8,045

Average 9,000 --- 6,203
a Estimates for 1977 - 1990 are from CAGEAN modeling (Clar

are from mark-recapture experiments and reflect population in
nd = no data 
38

 SE for Arctic grayling ≥≥≥≥150 mm FL, ≥≥≥≥ 240 mm FL, ≥≥≥≥ 270 mm FL, ≥≥≥≥ age-5, and for 

 Recruitment 

240] N̂  [270] SE[ N̂ 270] N̂  [Age 5+]a SE[Age 5+] N̂  [Age 5]a SE[Age 5]

--- Nd --- 9,702 1,234 5,862 1,335
--- Nd --- 8,826 1,279 4,461 1,484
--- Nd --- 6,258 885 4,134 1,146
--- nd --- 6,175 832 3,467 856
--- nd --- 9,829 1,461 6,907 1,640
--- nd --- 9,369 1,159 4,554 1,173
--- nd --- 12,760 1,746 7,828 1,999
--- nd --- 11,063 1,276 4,931 1,295
--- nd --- 10,767 1,388 4,458 1,267
--- nd --- 7,840 1,148 2,724 708
--- nd --- 7,684 1,289 3,571 933
--- nd --- 8,845 1,962 1,957 578
--- nd --- 6,482 1,751 2,420 601
--- nd --- 4,477 1,766 2,301 619
--- nd --- nd --- 1,754 686
--- nd --- nd --- 2,219 1,066
--- nd --- nd --- 945 692
--- nd --- nd --- 1,179 1,491
--- nd --- nd --- Nd ---

370 2,750 340 2,490 310 670 100
920 6,490 800 4,600 590 810 140
780 4,740 480 4,500 630 1,820 300
401 6,684 211.3 6,271 369 1,760 140
946 7,634 900 6,891 821 1,748 255

--- 5,660 --- 7,622 --- 3,153 ---

k and Ridder 1994) and reflect population at start of fishing season.  Estimates for 1996 - 1999 
 July (Ridder 1998b; 1999a; Ridder and Gryska 2000; and this report). 
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APPENDIX B 
DATA FILE LISTING 
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Appendix B1.-Data filesa for all Arctic grayling captured in the Delta Clearwater River, 
July 2000. 

Data file Description 

U-000600L012000 Sample data from 10-14 July 2000. 

U-000600L022000 Sample data from 24-28 July 2000. 
a Data files are archived at and are available from the Alaska Department of Fish and Game, 

Sport Fish Division, Research and Technical Services, 333 Raspberry Road, Anchorage, 
Alaska 99518-1599. 
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