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ABSTRACT 
A two-event Petersen mark-recapture experiment for a closed population was used to estimate the abundance and 
composition of Arctic grayling within a 136-km study area in the Chena River within two geographic strata during 
July 2005.  The study area was divided at Moose Creek Dam into upper (74 km) and lower (62 km) sections and 
boat electrofishing was used to capture fish.  Estimated abundance of fish ≥150 mm FL in the upper section was 
19,967 (SE = 3,557), lower section was 7,731 (SE = 865), and entire study area was 27,698 (SE = 3,661).  
Estimated abundance of fish ≥270 mm FL in the upper section was 5,203 (SE = 543), lower section was 2,963 (SE 
= 290), and entire study area was 7,393 (SE = 3,606).  Of fish ≥150 mm FL in the entire study area, age-4 fish 
comprised the largest proportion (0.31, SE = 0.8), followed by age-2 (0.20, SE = 0.06), age-3 (0.15, SE = 0.05) and 
age-5 (0.14, SE = 0.02).  The current management objective designed to satisfy angler demands for good catch rates 
of larger sized fish is to maintain an abundance of 8,500 Arctic grayling ≥12 TL (270 mm FL) in the upper section 
of the assessment area.  Given that the abundance estimate from this study was substantially less than the 
management objective and current levels of angler effort are relatively large, a regulation allowing harvests in the 
Chena River is not recommended under the current management strategy. 

Key Words: Arctic grayling, Thymallus arcticus, abundance, mark-recapture, age composition, length 
composition, electrofishing, Chena River. 

 

INTRODUCTION 
The Chena River is a clear-water tributary to the Tanana River originating in the Tanana 
Uplands approximately 150 km east of Fairbanks.  The river flows approximately 252 km from 
the uppermost reach in the East (Middle) Fork to the confluence with the Tanana River at 
Fairbanks.  The river drains a watershed of 5,130 km2 and includes five major tributaries: North 
Fork, West Fork, South Fork, East (Middle) Fork, and the Little Chena River (Figure 1).  
Collectively, these major tributaries and the mainstem are over 470 km in length.  Urban 
development is extensive along the lower 40 km of the river, and road accessibility extends up to 
the North Fork Chena River. 

The Chena River provides habitat for at least 14 fish species: Arctic grayling Thymallus arcticus, 
Chinook salmon Oncorhynchus tshawytscha, chum salmon O. keta, round whitefish Prosopium 
cylindraceum, slimy sculpin Cottus cognatus, burbot Lota lota, longnose sucker Catostomus 
catostomus, Arctic lamprey Lampetra japonica, northern pike Esox lucius, sheefish Stenodus 
leucichthys, humpback whitefish Coregonus pidschian, broad whitefish C. nasus, least cisco C. 
sardinella and lake chub Couesius plumbeus. 

Due to its proximity to Fairbanks and road accessibility, the Chena River historically supported 
the largest Arctic grayling fishery in North America.  The fishery occurs almost exclusively in 
the mainstem Chena River from the Tanana River upstream to its confluence with the Middle 
Fork Chena River, and those remaining upstream portions of the drainage that parallel or are 
crossed by Chena Hot Springs Road (Figure 1).  This fishery represents approximately 30% of 
the collective drainage. 
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Figure 1.-The Chena River drainage. 

2 

 



 

 3

The status and character of the fishery has changed since 1985.  From 1977 through 1984, the 
annual harvest of Arctic grayling averaged 30,000 fish and annual angling effort for all species 
averaged 34,000 angler days (Mills 1979-1985).  For 1985 and 1986, average harvest declined 
dramatically to 7,000 Arctic grayling while effort decreased to 24,500 angler days (Mills 1986, 
1987).  Concomitant with the rapid decline in harvest was a decline in abundance.  Stock 
assessment projects that estimated abundance using expansions of small 3.3-km long sampling 
areas in 1986 (Clark and Ridder 1987) and 1987 (Clark and Ridder 1988) indicated a near 50% 
decline in population abundance of fish ≥ 150 mm FL between these 2 years.  The sudden 
declines in the fishery and population prompted fishery managers to process emergency 
regulations for the 1987 season to reduce harvest.  The emergency regulations were adopted by 
the Alaska Board of Fisheries (BOF) and were in effect through 1990.  These regulations 
instituted: 

1. catch-and-release fishing from 1 April to the first Saturday in June; 

2. a 12-inch minimum length limit (12 in TL or 270 mm FL) from the first Saturday in 
June until 31 March; 

3. restriction of terminal gear to unbaited, artificial lures throughout the Chena River 
except downstream of the Moose Creek Dam where bait was allowed only with hooks 
having a gap larger than 0.75 inch (19 mm); 

4. only catch-and-release fishing from river kilometer (rkm) 140.8 downstream to rkm 
123.2 (a historical catch-and-release test area); and, 

5. a reduction in bag and possession limit from 10 to five fish (Tanana River drainage-
wide regulation). 

By 1990, annual estimates of abundance suggested that these new regulations were not effective 
in increasing the population.  This prompted the BOF to implement a daily bag limit of two fish 
drainage wide and adopt single-hook regulations upstream of the Moose Creek Dam.  On 1 July 
1991, fishery managers issued an emergency order (EO) and reduced the daily bag limit to zero 
fish throughout the Chena River drainage.  This EO remained in effect through 1994.  In 1994, 
the BOF passed a regulation to keep the Arctic grayling fishery restricted to catch-and-release 
for the entire year.   

In addition to prompting regulatory changes, the concern over the population size initiated a 
more rigorous assessment program in the 136-km assessment area that sought to improve 
precision.  Prior to 1991 expansion methods were used based on subsampling approximately 3.2-
km reaches within the assessment area (Clark 1991) and from 1991 to 1998 the entire length of 
the assessment area was sampled (Tables 1 and 2).  The assessment area extended from river 
kilometer (rkm) 8 upstream to rkm 144 and was divided at Moose Creek Dike at rkm 70 into 
lower and upper sampling sections.  This index area comprises approximately 70% of the fished 
portion of the drainage and 30% of the entire drainage complex in terms of linear distance 
(Ridder 1999).  

Once the fishery became catch-and-release, estimated abundance of Arctic grayling ≥ 150 mm 
FL cycled from a low of 27,400 fish in 1991 to a high of 45,100 fish in 1995 then down to 
27,500 in 1998 (Table 1).  Contrastingly, abundance of fish ≥ 270 mm FL showed an increase 
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Table 1.-Estimated abundance of Arctic grayling ≥150 mm FL within the 136-km 
study area of the Chena River, 1990 - 1998. 

Year Estimated Abundancea SE 

1990 31,815 4,880 
1991 26,756 2,547 
1992 29,348 2,055 
1993 39,618 4,289 
1994 44,375 2,647 
1995 45,145 3,852 
1996 41,463 3,363 

1997b ≥21,707c 2,916 

1998b 27,563 2,459 

a Data from Clark (1991) and Ridder (1999). 
b  One boat used to fish the upper section. 
c Abundance estimate does not include fish 150 to 239 mm FL for the upper section. 

 

 

 
Table 2.-Estimated abundance of Arctic grayling ≥270 mm FL in the 136-km study 

area and within lower and upper sections of the Chena River during July, 1991- 1998. 

 Combined Study Area  Lower Section  Upper Section 

 
Year   N̂  

 
SE 

 N̂  
 

SE 
 N̂  

 
SE 

1991 6,399 580  1,366 187  5,033 829 
1992 5,765 717  1,823 337  3,942 633 
1993 7,362 1,449  1,420 309  5,942 1,464 
1994 7,762 857  2,191 271  N/A N/A  
1995 8,249 1,254  1,982 293  6,297 1,272 
1996 12,374 1,226  2,610 242  9,764 1,203 
1997 10,141 1,708  1,899 372   8,252 1,667 
1998 14,322 1,840  1,804 427  12,519 2,051 

Data from: Clark (1991, 1993-1995); Ridder and Fleming (1997); Ridder (1999). 
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from a low of 5,765 fish in 1992 to a high of 14,322 fish in 1998 (Ridder 1999).  Estimated 
angling effort (all species) in the Chena River has shown variability with a low of 12,633 angler 
days in 1992, to a high of 45,928 angler days in 1996, then back down to 19,177 angler days in 
2001 (Doxey In prep).  Arctic grayling catches followed a similar trend in this period, with a 
catch of 21,196 in 1992 to a high of 98,628 in 1997, then back down to 35,881 in 2001 (Table 3). 

Management objectives for this fishery have been developed and are outlined in the Chena River 
Arctic grayling Management Plan (Doxey In prep).  The management goal is to regulate the 
Chena River Arctic grayling fishery to maintain characteristics that users presently consider to 
be producing a high quality sport fishery.  The objectives stipulate maintaining a minimum 
abundance of 2,200 Arctic grayling ≥12 TL (270 mm FL) in the lower river section downstream 
of Moose Creek Dike and 8,500 Arctic grayling in the upper section from the dike upstream to 
rkm 144 while concurrently maintaining angling opportunity.  Abundance of Chena River Arctic 
grayling has not been estimated since 1998, and therefore, the goal for this study was to provide 
information on the status of the population in the index area to evaluate the management 
objectives and to adequately address anticipated regulatory proposal(s) submitted for the 
December 2007 BOF meeting requesting some level of harvest.   

 

 

Table 3.-Estimated angler effort (number of angler-days) and Arctic grayling 
catch from the Chena River, 1991 - 2005. 

Year Total Effort Total Catch 

1990 25,906 32,831 
1991 21,138 29,548 
1992 12,633 21,196 
1993 21,589 44,033 
1994 27,061 60,539 
1995 37,220 39,816 
1996 45,928 50,083 
1997 28,873 98,628 
1998 27,910 87,243 
1999 40,435 86,220 
2000 22,029 43,844 
2001 19,177 35,881 
2002 20,315 51,065 
2003 21,828 36,098 
2004 31,485 55,376 
2005 17,491 31,026 

Data from: Brase (2006). 
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OBJECTIVES 
The research objectives for this study were to: 

1. estimate the July abundance of Arctic grayling ≥ 150 and ≥ 270 mm FL (≥ 12 inches TL) 
in the 136 km study area of the Chena River from rkm 8-144, such that the estimates are 
within 25% and 30%, respectively, of the true abundance 95% of the time; 

2. estimate the July abundance of Arctic grayling ≥ 150 and ≥ 270 mm FL (≥ 12 inches TL) 
in the lower section (rkm 8-72) of Chena River study area, such that the estimates are 
within 25% and 30%, respectively, of the true abundance 95% of the time; 

3. estimate the July abundance of Arctic grayling ≥ 150 and ≥ 270 mm FL (≥ 12 inches TL) 
in the upper section (rkm 72-144) of Chena River study area, such that the estimates are 
within 30% and 35%, respectively, of the true abundance 95% of the time; 

4. estimate the length composition (in 10-mm intervals) of the Arctic grayling population ≥ 
150 mm FL in the 136-km study area of the Chena River from rkm 8-144, and in each the 
lower (rkm 8-72) and upper sections (rkm 72-144) of Chena River study area during July 
2005, such that the estimates are within five percentage points of the true value 95% of 
the time; and,  

5. estimate the age composition (age-1 to -6 and ≥ age-7) of the Arctic grayling population 
≥ 150 mm FL in the Chena River from rkm 8-144 and in each the lower (rkm 8-72) and 
upper sections (rkm72-144) of Chena River study area during July 2005 such that the 
estimates are within five percentage points of the true value 95% of the time. 

The 150-mm FL size limit corresponds to the minimum size that is sufficiently susceptible to the 
sampling gear (electrofishing) and is considered a minimum size for tagging.  The 270-mm FL 
limit is equivalent to 12 in TL, which is used as a management criterion.   

METHODS 
STUDY DESIGN 
The research objectives and experimental design for this study were similar to successful 
experiments conducted from 1991 to 1998 in terms of the precision criteria, length strata of 
interest (≥150 and ≥270 mm FL), timing of the experiment (July), geographic strata (upper and 
lower river sections), and capture gear (electrofishing), which helped to ensure project success 
and also accommodated historical comparisons.  In 2005, the study was designed to estimate 
abundance and length and age composition of Arctic grayling within the study area and 
respective strata of the Chena River (Figure 1) using two-event Petersen mark-recapture 
techniques for a closed population (Seber 1982) designed to satisfy the following assumptions:  

1. the population was closed (Arctic grayling did not enter the population, via growth or 
immigration, or leave the population, via death or emigration, during the experiment); 

2. all Arctic grayling had a similar probability of capture in the first event or in the second 
event, or marked and unmarked Arctic grayling mixed completely between events; 

3. marking of Arctic grayling did not affect the probability of capture in the second event; 
4. marked Arctic grayling were identifiable during the second event; and, 
5. all marked Arctic grayling were reported when recovered in the second event. 
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The estimator used was a modification of the general form of the Petersen estimator:  

2

21ˆ
m
nnN = , (1) 

where: 

n1 = the number of Arctic grayling marked and released during the first event; 

n2 = the number of Arctic grayling examined for marks during the second event; and, 

m2 = the number of marked Arctic grayling recaptured during the second event. 

The sampling design and data collected allowed the validity of the five assumptions to be 
ensured or tested. The specific form of the estimator was determined from the experimental 
design and the results of diagnostic tests performed to evaluate if the assumptions were met 
(Appendices A1, A2, and A3). 

The study area was 136 km in length and divided into two sections: 1) the upper section 
extended from rkm 144 (first bridge crossing on Chena Hot Springs Road downstream to Moose 
Creek Dike at rkm 70, and 2) the lower section extended from the dike downstream to rkm 8 
near the Parks Highway Bridge (Figure 1).  For the upper section, the first event occurred from 
July 5 to July 8, and the second event occurred from July 12 to July 15.  For the lower section, 
the first occurred from July 19 to July 22 and the second event occurred from July 26 to July 29.  
This schedule resulted in a 3-day hiatus between events or a 7-day hiatus for each specific reach 
of river sampled. 

The timing of sampling and selection of the sampling area helped to ensure that the movement of 
fish did not violate the assumption of closure.  July corresponds to the summer feeding period for 
Arctic grayling in the Chena River when, in general, only localized movements (e.g., < 2.5 rkm) 
are expected for a large majority (e.g., >90% of the population), as has been observed during 
previous experiments from 1991 to 1998. (Clark 1993 – 1995; Ridder and Fleming 1997; Ridder 
1998, 2000).  During these experiments, the observed movement was judged to be 
inconsequential because the duration of the experiment was short and the scale of movements 
was very small compared to the large size of the sampling sections.  Moreover, the lower 
boundary of the Chena River is located in an area of very low fish densities; therefore, the 
number of fish immigrating and emigrating across this boundary due to local movements was 
anticipated to be insignificant.  The short duration of the experiment within each section 
rendered growth recruitment and mortality insignificant in terms of potential bias. The hiatus 
between events was designed to promote localized mixing of marked and unmarked fish, and to 
allow marked fish to recover from the effects of handling between events.  Lastly, conducting 
sampling in the upper section first served to minimize disruption of Chinook salmon spawning in 
the upper Chena River that peaks in late July and early August, and not sampling on weekends 
served to minimize disruptions to boaters and anglers. 

Two boats equipped with electrofishing gear were used to capture Arctic grayling.  Each boat 
consisted of a three-person crew; two to capture fish with dip nets, and one to pilot the boat and 
operate the electrofishing gear.  In an attempt to distribute effort uniformly, the entire sampling 
area was fished in a downstream progression with both boats operating simultaneously on 
opposite sides of the river seeking areas of highest fish densities.  The boats were operated for 
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20-min intervals, defined as a run, and captured Arctic grayling were held in an aerated tub until 
they were sampled and returned to the river approximately 100 to 200 m upstream from the 
lower boundary of a run.  The run boundaries were defined in the first event by the end of a 20-
minute fishing interval or the confluences of major tributaries (i.e., South Fork Chena River, 
Little Chena River, and Badger Slough).  During the first event, run boundaries were flagged and 
locations recorded using a GPS.  The same boundaries were used during the second event to 
evaluate variability of capture probabilities and movement throughout the study area at a scale of 
a run.  The length of a run ranged between 2 and 2.5 km depending on water velocities. 

The electrofishing boats were equipped with a pulsed-DC variable-voltage pulsator (Coffelt 
Model VVP-15) powered by a 3,500-watt single-phase gasoline generator.  Anodes consisted of 
four 15-mm diameter steel cables (1.5-m long) spaced 1 m apart and arranged perpendicular to 
the long axis of the boat and 2.1 m forward of the bow.  The unpainted bottom of the boat served 
as the cathode.  The electrical output (voltage, amperage, and duty cycle) was adjusted based on 
observed response of shocked fish.  To minimize fish mortality and injury, electrical output 
values were adjusted to minimize exposure to zones of tetany (Snyder 1992).  Initially, settings 
on the pulsator were set at 50% duty cycle and 30 Hz.  Because output amperage varied at a 
given voltage due to conductivity, substrate, and water depth, the boat operator attempted to 
keep amperage constant to minimize injury to fish.  Voltage was adjusted to keep output 
amperage between 2 and 4 amperes.   

Sample size objectives for estimating abundance were established using methods in Robson and 
Regier (1964) and for length and age compositions using criteria developed by Thompson (1987) 
for multinomial proportions. 

DATA COLLECTION 
At the completion of each run, all captured fish were measured for length (mm FL) and carefully 
examined for marks.  In the first event for both sections, fish ≥ 150 mm FL were tagged with an 
individually numbered Floy FD-94 internal anchor tag (gray in color and numbered between 
11,001 and 13,000) and received a section-specific fin clip to identify tag loss (upper section 
received an upper caudal clip, and lower section received a lower caudal clip).  To eliminate 
duplicate sampling in the second event, fish in the upper section received a left pelvic clip versus 
a right pelvic in the lower section.  All fish were carefully inspected for attendant Floy tags and 
fin clips.  Fish captured in the first event that exhibited signs of injury, excessive stress, or 
imminent death were not marked and censored from the experiment. 

For all fish ≥150 mm FL sampled in the first and second events, two scales from each fish were 
removed for aging and placed on gummed scale cards.  Scales were taken from six scale rows 
above the lateral line just posterior to the insertion of the dorsal fin (Brown 1943).  After 
completion of fieldwork, the gummed 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 as described by Yole 
(1975). 



 

 9

DATA ANALYSIS 
Abundance Estimate 
A stratified design was used to estimate abundance and length and age compositions of Arctic 
grayling for the two adjacent river sections (upper and lower) within the study area.  When 
capturing fish in a river using electrofishing boats it is inherently difficult to approximate the 
taking of a simple random sample (i.e., a random sample without replacement).  Therefore, 
samples from the Chena River were taken systematically in the sense of progressively moving 
downstream and sampling proportionally to the abundance of fish present (discussed above with 
respect to Assumption 2).  Under these circumstances the Bailey-modified Petersen estimator 
(Appendix A1; Bailey 1951, 1952) is preferred over the Chapman-modified Petersen estimator 
(Chapman 1951) for estimating abundance. 

Violations of Assumption 2 relative to size effects were tested using two Kolmogorov-Smirnov 
(K-S) tests.  The tests were performed within each section (i.e., stratum).  There were four 
possible outcomes of these two tests relative to evaluating size selective sampling (either one of 
the two samples, both, or neither of the samples were biased) and two possible actions for 
abundance estimation (length stratify or not).  The tests and possible actions for data analysis are 
outlined in Appendix A2.  If stratification by size was required, capture probability by location 
were examined for each length stratum. 

Within each section the tests for consistency of the Petersen estimator (Seber 1982; Appendix 
A3) were used to determine if, for each identified length stratum, stratification by location was 
required due to spatiotemporal effects and to determine the appropriate abundance estimator: the 
pooled Bailey-modified Petersen estimator, the completely stratified Bailey-modified Petersen 
estimator, or a partially stratified estimator (Darroch 1961).  Documentation of release location 
for each fish permitted the examination of multiple geographic stratification schemes for 
purposes of assumption testing, and testing was performed at the scale of a subsection defined by 
grouping three adjacent runs.  This grouping strategy generally provided a sufficient number of 
recaptures for diagnostic testing to ensure negligible statistical bias in N̂  (Seber 1982), 
accommodated localized movements of Arctic grayling, and because fish were released near run 
boundaries it helped to discriminate fish that moved a distance greater than one run. 

Movement 
Relative to Assumption 1, closure was not tested directly but inferred from examination of the 
movement of recaptured Arctic grayling within the study area.  The data were examined for 
evidence of movement away from or towards the boundaries of the study area to provide 
evidence of immigration and emigration.  Monte Carlo simulations were performed to estimate 
the bias due to these larger-scale movements and/or combined immigration and emigration at the 
boundaries (Appendix B1 in Gryska and Taras In prep).  These simulations assumed that the 
observed movements of recaptured fish were representative of Arctic grayling in and near the 
study area.  Because of uncertainties inherent in the simulations stemming from the assumptions 
made, these estimates of bias were not used to adjust abundance estimates.  Rather the bias 
estimates were taken to reflect the potential for bias to be considered when interpreting results, 
designing experiments, and evaluating whether or not the management objectives were achieved.   
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Length and Age Compositions 
Length and age composition of the population were estimated using the procedures outlined in 
Appendices A2 and A4.  Length composition was estimated in 10-mm length categories. Age 
composition was described for individual age classes 1-6, but fish 7 years and older were lumped 
into a single age category (7+) because of error associated with assigning ages to older Arctic 
grayling (DeCicco and Brown 2006). 

RESULTS 
MOVEMENT  
Because fish were released relatively close to the lower boundary of a run, downstream 
movement was defined if a fish was recaptured beyond the adjacent downstream run and 
upstream movement was defined if a fish had moved into or beyond an adjacent upstream run.  
Using this definition of movement, 209 of the 242 (86%) recaptured Arctic grayling sampled in 
the second event for both the upper and lower section had moved one or more runs (Figure 2).  
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Figure 2.–Proportions of recaptured Arctic grayling (n = 252) that remained in the run where tagged 

(0), or moved upstream (positive values) or downstream (negative values) one or more runs in the upper 
and lower sections of the Chena River study area, 2005. 

 

Of these, 18 moved downstream and 15 moved upstream.  Fourteen of 242 (6%) recaptured 
Arctic grayling moved one run, 98% were captured within 3 runs, and no recaptured fish moved 
between the upper and lower sections.  Lastly, very low densities of fish were observed near the 
lower boundary of the study area as only 9 fish were captured in the lower most run during both 
events combined.  Monte Carlo simulations estimated the potential for bias due to fish 
movements to be less than 5% for all estimates of abundance. 
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ABUNDANCE ESTIMATE 
In the upper section of the Chena River 2,523 Arctic grayling ≥ 150 mm FL were captured and 
included in the experiment (n1 = 1,082, n2 = 1,441, m2 = 123) and the length of the smallest 
recaptured fish was 150 mm FL.  In the lower section 1,874 Arctic grayling ≥ 150 mm FL were 
captured and included in the experiment (n1 = 778, n2 = 1,096, m2 = 119) and the length of the 
smallest recaptured fish was 161 mm FL.  No recaptured fish were observed to have lost their 
primary mark (Floy tag). 
Based on the diagnostic procedures outlined in Appendix A2, K-S test results indicated that for 
both the upper and lower sections, stratification by length was required because sampling was 
size selective (Table 4; Figure 3).  Therefore, capture data from the upper section were stratified 
at 270 mm FL and in the lower section were stratified at 245 mm FL.  These strata breaks were 
chosen because they were in a range of lengths that were related or linked to: 1) more extreme 
vertical separation between cumulative relative length frequency curves (Figure 2); and, 2) more 
extreme differences in 1st and 2nd event capture probability (as determined by contingency table 
analysis) when selected as break points defining large and small fish categories.  Within 
identified strata, K-S tests results confirmed strata selection and identified the appropriate 
sample event(s) from which to estimate length and age composition (Table 4). 
With the exception of fish ≥270 mm FL in the upper section, first and second event capture 
probabilities among subsections within identified length strata were not significantly different 
(Tables 5-9) and the Bailey-modified Petersen estimator was used to calculated abundance.  For 
fish ≥270 mm FL in the upper section, capture probabilities among subsections were 
significantly different in the first event and test results were marginal when second event capture 
probabilities were tested (P-value =0.09; Tables 5-9).  Therefore a partially stratified estimator 
(Darroch 1961) was used to calculate the abundance of fish ≥270 mm FL in the upper section.   
The abundance estimates (and variances) for fish ≥150 mm FL in the upper and lower sections 
were calculated by adding the respective estimates for the two size strata within each section.  
Because the stratum break did not correspond with the desired abundance estimate in the lower 
section (i.e., 245 mm vs. 270 mm) the abundance estimate was separately determined for fish 
≥270 mm FL.  The same testing procedures and diagnostics described in the methods section 
were performed and indicated that the Bailey-modified Petersen estimator was appropriate.  Test 
results were not presented due to their similarity to those for fish ≥245 mm FL in the lower river.  
Finally, estimates for the abundance (and associated variance) of fish in the entire river were 
calculated by adding the respective estimates obtained for the upper and lower sections.   
Estimated abundances of Arctic grayling were:  

1) upper section: 
a. ≥ 150 mm FL was 19,967 (SE = 3,515); and, 
b. ≥270 mm FL was 5,203 (SE = 543); 

2) lower section: 
a. ≥ 150 mm FL was 7,731 (SE = 865); 
b. ≥270 mm FL was 2,190 (SE = 268); 

3) entire study area: 
a. ≥150 mm FL was 27,698 (SE = 3,661); and, 
b. ≥270 mm FL was 7,393 (SE = 606). 
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Table 4.–Results of diagnostics used to detect and correct for size-selective sampling 
(Appendix A1) for estimating abundance and length and age compositions of Arctic grayling 
in the upper and lower sections of the Chena River study area, 2005. 

  Comparison and Test Statistic   

Section and Length Strata  M vs. R C vs. R  Result 

      
Lower Section      
      
≥ 150 mm FL  D = 0.11 D = 0.25  

  P-value = 0.00 P-value = 0.16  
  Reject H0 Fail to reject H0  

C vs. R result suspect, 
Case IV, stratify; 245 mm 
selected as break point 

      
150-244 mm FL  D = 0.18 D = 0.22  

  P-value = 0.26 P-value = 0.08  
  Fail to reject H0 Fail to reject H0  

Case I, do not stratify, use 
lengths from both events 
for composition analysis 

      
≥ 245 mm FL  D = 0.11 D = 0.04  

  P-value = 0.35 P-value = 0.99  
  Fail to reject H0 Fail to reject H0  

Case I, do not stratify, use 
lengths from both events 
for composition analysis 

      
Upper Section      
      
≥ 150 mm FL  D = 0.31 D = 0.32  

  P-value = 0.00 P-value = 0.00  
Case IV, stratify, 270 mm 
selected as break point 

  Reject H0 Reject Ho   
      

150-269 mm FL  D = 0.23 D = 0.25  
  P-value = 0.32 P-value = 0.24  
  Fail to reject H0 Fail to reject H0  

Case I, do not stratify, use 
lengths from both events 
for composition analysis 

      
≥270 mm FL  D = 0.10 D = 0.07  

  P-value = 0.28 P-value = 0.66  
  Fail to reject H0 Fail to reject H0  

Case I, do not stratify, use 
lengths from both events 
for composition analysis 
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Figure 3.-Cumulative relative frequency (CRF) of Arctic grayling ≥ 150 mm FL marked, 
examined and recaptured for the upper and lower sections of the study area in the Chena River, 
2005. 
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Table 5.–Results of consistency tests for the Petersen estimator (Appendix A2) for estimating 
abundance of Arctic grayling in the Chena River for the upper and lower sections, 2005. 

   Consistency Test  

  I II III 

Length and 
Geographic Strata 

 
Complete Mixing 

Equal probability of 
Capture, 1st Event 

Equal Probability of 
Capture, 2nd Event 

Lower Section     

150 - 244 mm FL  χ2 = 570.20 χ2 = 5.26 χ2 = 12.30 

  P-value = 0.00 P-value = 0.81 P-value = 0.20 

     

≥245 mm FL  χ2 = 480.1 χ2 = 7.58 χ2 = 0.25 

  P-value = 0.00 P-value = 0.58 P-value = 0.19 

     

Upper Section     

150 - 269 mm FL  χ2 = 648.83 χ2 = 10.67 χ2 = 7.65 

  P-value = 0.00 P-value = 0.22 P-value = 0.47 

     

≥270 mm FL  χ2 = 655.74 χ2 = 20.31 χ2 = 13.78 

  P-value = 0.00 P-value = 0.01 P-value = 0.09 
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Table 6.–Number of Arctic grayling ≥270 mm FL marked (n1), examined (n2), and recaptured 
(m2) by subsection (3-run groupings) in the upper section of the Chena River study area, July 
2005. 

  Subsection where recaptured    
  1 2 3 4 5 6 7 8 9 m2 n1 m2/n1

b 

1 16 2 0 0 1 0 0 0 0 19 103 0.18 
2 1 6 0 3 0 0 0 0 0 10 54 0.19 
3 0 0 9 5 0 0 0 0 0 14 105 0.13 
4 0 0 0 8 0 0 0 0 0 8 32 0.25 
5 0 0 0 0 14 0 0 0 0 14 56 0.25 
6 0 0 0 0 1 7 1 0 0 9 76 0.12 
7 0 0 0 0 0 1 5 0 0 6 55 0.11 
8 0 0 0 0 0 0 0 8 0 8 78 0.10 Su

bs
ec

tio
n 

w
he

re
 m

ar
ke

d 

9 0 0 0 0 0 0 0 0 18 18 73 0.25 
m2 17 8 9 16 16 8 6 8 18    
n2 171 106 85 99 106 41 76 68 68    

(m2/n2) a 0.10 0.08 0.11 0.16 0.15 0.20 0.08 0.12 0.26    
a  Probability of capture during first event. 
b  Probability of capture during second event. 

 

 

Table 7.–Number of Arctic grayling 150-269 mm FL marked (n1), examined (n2), and 
recaptured (m2) by subsection (3-run groupings) in the upper section of the Chena River study 
area, July 2005. 

  Subsection where recaptured    
  1 2 3 4 5 6 7 8 9 m2 n1   m2/n1

b 

1 4 0 0 0 0 0 0 0 0 4 64 0.06 
2 0 1 1 0 0 0 0 0 0 2 47 0.04 
3 0 0 1 0 0 0 0 0 0 1 47 0.02 
4 0 0 0 1 0 0 0 0 0 1 35 0.03 
5 0 0 0 0 1 0 0 0 0 1 50 0.02 
6 0 0 0 0 0 0 0 0 0 0 62 0.00 
7 0 0 0 0 0 0 3 0 0 3 33 0.09 
8 0 0 0 0 0 0 1 3 0 4 74 0.05 Su

bs
ec

tio
n 

w
he

re
 m

ar
ke

d 

9 0 0 0 0 0 0 0 0 1 1 38 0.03 
m2 4 1 2 1 1 0 4 3 1    
n2 110 72 99 85 74 28 43 71 39    

(m2/n2)a 0.04 0.01 0.02 0.01 0.01 0.00 0.09 0.04 0.03    
a Probability of capture during first event. 

b Probability of capture during second event. 
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Table 8.–Number of Arctic grayling 150-244 mm FL marked (n1), examined (n2), and 
recaptured (m2) by subsection (3-run groupings) in the lower section of the Chena River study 
area, July 2005. 

  Subsection where recaptured    
  1 2 3 4 5 6 7 8 9 10 (m2) (n1) (m2/n1)b

1 1 0 0 0 0 0 0 0 0 0 1 10 0.10 
2 0 1 0 0 0 0 0 0 0 0 1 14 0.07 
3 0 0 0 1 0 0 0 0 0 0 1 3 0.33 
4 0 0 0 1 0 0 0 0 0 0 1 4 0.25 
5 0 0 0 0 4 0 0 0 0 0 4 14 0.29 
6 0 0 0 0 0 4 0 0 0 0 4 25 0.16 
7 0 0 0 0 0 0 5 0 0 0 5 87 0.06 
8 0 0 0 0 0 0 0 7 0 0 7 71 0.10 
9 0 0 0 0 0 0 0 0 8 0 8 51 0.16 Su

bs
ec

tio
n 

w
he

re
 m

ar
ke

d 

10 0 0 0 0 0 0 0 0 0 0 0 9 0.00 
m2 1 1 0 2 4 4 5 7 8 0    
n2 31 19 12 38 56 65 109 69 142 19    

(m2/n2) a 0.0
3

0.0 0.0
0

0.0 0.0 0.0
6

0.0 0.1
0

0.0
6

0.0
0

   
a Probability of capture during first event. 

b Probability of capture during second event. 

 

Table 9.–Number of Arctic grayling ≥245 mm FL marked (n1), examined (n2), and recaptured 
(m2) by subsection (3-run groupings) in the lower section of the Chena River study area, July 
2005. 

  Subsection where recaptured    
  1 2 3 4 5 6 7 8 9 10 (m2) (n1) (m2/n1)b 

1 3 0 1 0 0 0 0 0 0 0 4 34 0.12 
2 0 6 1 1 0 0 0 0 0 0 8 55 0.15 
3 0 1 9 0 0 0 0 0 0 0 10 61 0.16 
4 0 0 1 5 1 0 0 0 0 0 7 38 0.18 
5 0 0 0 0 4 1 0 0 0 0 5 44 0.11 
6 0 0 0 0 0 11 0 0 0 0 11 44 0.25 
7 0 0 0 0 0 0 17 0 0 0 17 79 0.22 
8 0 0 0 0 0 0 1 3 0 0 4 50 0.08 
9 0 0 0 0 0 0 0 1 12 1 14 48 0.29 Su

bs
ec

tio
n 

w
he

re
 m

ar
ke

d 

10 0 0 0 0 0 0 0 0 0 7 7 37 0.19 
m2 3 7 12 6 5 12 18 4 12 8    
n2 26 42 42 52 33 75 96 39 80 51    

(m2/n2) a 0.1
2

0.1 0.2
9

0.1
2

0.1 0.1
6

0.1
9

0.1
0

0.1 0.1
6

   
a Probability of capture during first event. 

b Probability of capture during second event. 
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LENGTH AND AGE COMPOSITION 
Length and age composition of Arctic grayling in the upper and lower sections of the study area 
exhibited only slight differences with the upper section containing slightly older and larger fish.  
Of the population ≥150 mm FL, the proportion that was ≥270 mm FL was similar between the 
upper section (0.261) and lower section (0.268).  However, the upper section contained a larger 
proportion (0.074) of “large” (≥330 mm FL) Arctic grayling than the lower section (0.024), and 
the abundance of fish ≥270 mm FL was much greater in the upper section (Figure 4; 
Appendix B1).  Both the upper and lower sections had similar proportions of age-5 and older 
Arctic grayling (0.332 and 0.326, respectively).  Although we were unable to assign ages beyond 
age-7, the fact that the upper section had a larger proportion of “large” Arctic grayling makes it 
likely that it supported older fish as well.  Age-4 was the dominant age class (0.348) in the upper 
section and age-3 was the dominant age class (0.228) in the lower section (Appendix B2).  

DISCUSSION 
The goal of this study was to current information on abundance of Arctic grayling in the Chena 
River to evaluate whether management objectives were being met and to address regulatory 
proposals requesting some level of harvest.  The draft management plan (Doxey In prep) has two 
primary objectives that are measured and evaluated with mark-recapture stock assessments and 
lists a number of constraints on any considerations of harvest restoration.  The objectives 
stipulate maintaining minimum levels of abundance of Arctic grayling over 12 inches in the 
upper and lower assessment areas.  The objectives are designed to preserve what is recognized as 
the most important characteristic of the Chena River Arctic grayling fishery: that is to maintain 
the presence of a high proportion of larger, older Arctic grayling in the greatest possible 
abundance upstream from river mile (RM) 71 (25-mile Chena Hot Springs Road).  An additional 
management goal is to maintain availability of older age classes throughout the river system, 
including the lower assessment area.  If these objectives are met, then harvest scenarios could be 
entertained with the constraints (among others) that harvest would only occur downstream of 
RM 90, that harvest scenarios would be structured so that harvest does not take place when 
upriver fish are present in the area open for harvest, and that harvest would minimize recruitment 
impacts on upriver stocks.   

In this study, abundance of Arctic grayling ≥12 inches TL in the lower river was consistent with 
the management objective (objective = 2,200; estimate = 2,190), but abundance in the upper 
section was substantially less than the objective (objective = 8,500 ≥12 inches TL; estimate = 
5,203).  Even though proposals to allow harvest of Arctic grayling would target fish in the lower 
section, any regulation allowing harvest is not recommended given the current management 
objectives because abundance in the lower section was very near the objective threshold and 
because it is likely that at least some of the Arctic grayling residing in the lower river will recruit 
into the upper river population at some point in their life.   
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Figure 4.–Length composition estimates (±95% CI) of Arctic grayling ≥150 mm FL 
in the Chena River study area for the upper section, lower sections, and both sections 
combined, 2005. 
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The current catch-and-release regulation was developed, in part, from results of a risk analysis 
conducted in 1999 that modeled the risk of abundance of  age-5 and older fish (i.e., which 
roughly corresponds to >270 mm FL) downstream of RM 71 falling below an unacceptable 
population size of 7,500 fish under different (and relatively conservative) harvest scenarios 
(Roach Unpublished).  The model, which incorporated estimates of natural mortality, 
recruitment, survival, and maturity-at-age collected during 10 years of stock assessments, 
projected a probability range of 0.02 to 0.14 for abundance falling below 7,500 age-5 fish after 
25 years of catch-and-release regulations.  Risk of falling below this minimum acceptable 
population size was substantially greater (0.30-0.74) for the three harvest scenarios considered 
under a minimal fishing mortality rate (F0.1).   

Interestingly, the estimated abundances of fish ≥150, ≥270, and ≥340 mm FL were generally 
within in the ranges observed from 1990 to 1992 (Figure 5).  After 14 years of catch-and-release 
fishing regulations, it was expected that the population of larger sized fish would be greater from 
what was observed during 1990 and 1991 when the population was influenced by an annual 
harvest that averaged approximately 6,000 fish from 1985 to 1991.  For example, a larger 
population of fish ≥270 mm FL was expected in 2005 based on the observed increase from 1992 
to 1998, which at the time was partially attributed to the elimination of harvests and was 
interpreted as evidence that the decision to implement catch and release was appropriate.   

Several related variables could help explain why significant increases in the abundance of fish 
≥270 mm FL or even ≥340 mm FL did not occur after the elimination of harvest including, but 
not limited to, natural variation in survival and recruitment, and compensatory responses to a 
change in the harvest regime.  Clark (1992) demonstrated that recruitment of fish can be highly 
variable leading to large fluctuations in population size, that high water flows at emergence can 
significantly reduce recruitment, and that a series of relatively low recruitment in and of itself 
could easily explain the 2005 results independent of fishing effort.  Compensatory responses that 
operate to offset losses due to fishing mortality including growth, survival, reproduction and 
movement are not fully understood for the Arctic grayling population within this drainage.  For 
example, because of thermal preferences of larger-sized Arctic grayling for colder water (Hughes 
1994), a shift towards more larger-sized fish may have occurred outside of the study area but 
may not have been measurable within the assessment area because of movements upriver.   

Considerable efforts have been made to better understand the population dynamics of Arctic 
grayling in the Chena River.  One measure taken was to incrementally increase the size of the 
area assessed annually from subsampling four relatively short reaches (e.g., 4 to 25 km) in the 
assessment area during the 1970s and early 1980s to sampling its entire length.  Implicit in these 
latter studies was that the assumption of closure was satisfied because of the short duration of the 
experiment and the large size of the study sections (Clark 1994; Ridder 1998).  The results of 
this study affirm prior assumptions that any positive bias that resulted from combined 
immigration and emigration at the boundaries or due to larger scale movement was likely 
insignificant (i.e., < 5%) for both the upper and lower sections.  The assumption of closure was 
supported by Monte Carlo simulations and the following observations:  <11% of all recaptured 
fish moved more than one run, and only 2% of recaptured fish moved a distance that exceeded 
5% of the length of a section, no fish were observed moving between the sections, and catches in 
the lower most runs reflected low fish densities suggesting a somewhat closed lower boundary. 
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Figure 5.–Estimated abundance (± 95% C.I.) of Arctic grayling ≥ 150, 270, and 340 mm FL 

in the Chena River study area from 1990 to 2005. 
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Even though accurate estimates of abundance can be obtained within the assessment area, there 
is not a clear measure of the population upstream of RM 71.  There is, however, anecdotal 
information that indicates angler demands for good catch rates of larger sized Arctic grayling, 
easy access, and a scenic environment are being met.  It is not possible to sample the upper river 
above the assessment area using electrofishing boats because it is too shallow and there are 
numerous channel obstructions (e.g., overhanging and submerged trees). 

A mark-recapture experiment using hook-and-line gear was conducted in 2002 to characterize 
the population upstream of the assessment area in a relatively short (20-km) section of the North 
Fork Chena River bounded by the Middle Fork and West Fork Chena rivers (Wuttig 2004).  The 
project was successful in estimating abundance of Arctic grayling ≥270 mm FL.  However, 
performing a mark-recapture experiment with hook-and-line gear on a much larger reach of the 
upper river fishery and attempting to estimate abundance of fish <270 mm FL would be 
impractical.   

Alternatively, stock assessments of the spring spawning population in the Chena River may give 
information useful to understanding the population above RM 71.  A spring assessment would 
sample a higher proportion of the entire Arctic grayling population within the Chena River 
drainage because more fish are lower in the river during spawning and because the higher water 
levels in spring would permit a larger assessment area by extending it higher up the drainage.  
Shifts in biomass towards larger fish are more likely to be observed by monitoring the spawning 
population because a significant number of larger fish that reside above the summer assessment 
area are likely to be in the assessment area during spring.  Because it is probable that a higher 
proportion of the Chena River Arctic grayling population would be assessed in the spring, 
monitoring the spawning population in the assessed area may provide an improved index for 
those larger-fish that occur upstream of the South Fork Chena River and may also improve 
parameter estimates relative to modeling population dynamics.  Finally, the assessment could be 
done efficiently using a single electrofishing boat as was done in 1998 and 1999.  The results 
from a spring assessment in 1998 (Ridder 2000) were compelling because, for example, it 
demonstrated that for fish ≥270 mm FL there were substantially more fish in the lower section of 
the assessment area (7,704 fish; SE=1,673) in May than during July (1,804, SE=427).  Although 
it is not fully understood where those fish go after spawning, some do go above RM 71. 

Prior to incorporation of a spring stock assessment program, a more rigorous telemetric study of 
the spring spawning population in the Chena River would be needed.  From 1997 to 1998, 
Ridder (2000) monitored the movements of 54 Arctic grayling that were radio-tagged in mid 
summer inhabiting the four forks of the Chena River and the mainstem upstream of the 
assessment area.  The results showed that in 1998, 37% of the radio tagged fish utilized the 
assessment area for spawning and that by extrapolation there was potentially 34,717 (SE = 
10,011) fish ≥ 270 mm FL upstream of the assessment area during July.  Ridder’s (2000) study 
was, however, problematic because it was likely that fish in the upper most reaches of the 
drainage received a disproportionately larger number of radio tags and as a result the proportion 
of population in the upper river using the assessment area for spawning was likely biased low.  
An integrated study that incorporates radiotelemetry and a stock assessment of both spring and 
summer populations similar to those conducted on the Salcha River in 2004 (ADF&G 
Unpublished-a) and Goodpaster River during 2006 (ADF&G Unpublished-b) may help to better 
understand the dynamics of Arctic grayling above RM 71.   
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Future management strategies considered by managers based on risk analyses and adaptive 
management practices will benefit from an improved understanding of the population dynamics 
for the Arctic grayling population in the Chena River.  It is recommended that consideration be 
given to assessing the spring spawning stock and to begin by undertaking the suggested 
telemetric study.   
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Appendix A1.–Equations for calculating estimates of abundance and its variance using the Bailey-
modified Petersen estimator. 

The Bailey-modified Petersen estimator (Bailey 1951 and 1952) was used because the sampling design called for a 
systematic downstream progression, fishing each pool and run and attempting to subject all fish to the same 
probability of capture while sampling with replacement.  The Bailey modification to the Petersen estimator may be 
used even when the assumption of a random sample for the second sample is false when a systematic sample is 
taken provided: 

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

2) all fish, whether marked or unmarked, have the same probability of capture (Seber 1982). 

The abundance of Arctic grayling was estimated as: 
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where: 

n1 = the number of Arctic grayling marked and released alive during the first event; 

n2 = the number of Arctic grayling examined for marks during the second event; and, 

m2 = the number of Arctic grayling marked in the first event that were recaptured during the second event; 
and 

The variance was estimated as (Seber 1982): 
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Appendix A2.-Procedures for detecting and adjusting for size or sex selective sampling during a 2-
sample mark recapture experiment.  

Overview 
Size and sex selective sampling may result in the need to stratify by size and/or sex in order to obtain unbiased 
estimates of abundance and composition.  In addition, the nature of the selectivity determines whether the first, 
second or both event samples are used for estimating composition.  The Kolmogorov-Smirnov two sample (K-S) test 
(Conover 1980) is used to detect significant evidence that size selective sampling occurred during the first or second 
sampling events and contingency table analysis (Chi-square test) is generally used to detect significant evidence that 
sex selective sampling occurred during the first or second sampling events.   

K-S tests are used to evaluate the second sampling event  by comparing the length frequency distribution of all fish 
marked during the first event (M) with that of marked fish recaptured during the second event (R), using the null test 
hypothesis (Ho) of no difference.  The first sampling event is evaluated by comparing the length frequency 
distribution of all fish inspected for marks during the second event (C) with that of R.  Chi-square tests are used to 
compare the counts of observed males to females between M&R and C&R according to the null hypothesis that the 
probability that a sampled fish is male or female is independent of the sample.  When the proportions by gender are 
estimated for a subsample (usually from C), rather than observed for all fish in the sample, contingency table analysis 
is not appropriate and the proportions of females (or males) are compared between samples using a two sample test 
(e.g. Student’s t-test).  

Mark-recapture experiments are designed to obtain sample sizes sufficient to 1) achieve precision objectives for 
abundance and composition estimates and 2) ensure that the diagnostic tests (i.e., tests for selectivity) have power 
adequate for identifying selectivity that could result in significantly biased estimates.  Despite careful design, 
experiments may result in inadequate sample sizes leading to unreliable diagnostic test results due to low power.  As a 
result, detection and adjusting for size and sex selectivity involves evaluating the power of the diagnostic tests.   

The protocols that follow are used to classify the experiment into one of four cases.  For each case the following are 
specified: 1) whether stratification is necessary, 2) which sample event’s data should be used when estimating 
composition, and 3) the estimators to be used for composition estimates when stratifying.   The first protocols assume 
adequate power.  These are followed by supplemental protocols to be used when power is suspect and guidelines for 
evaluating power.   

 

Protocols given Adequate Power  
Case I: 

M vs. R    C vs. R  

Fail to reject Ho   Fail to reject Ho 

There is no size/sex selectivity detected during either sampling event.  Abundance is calculated using a Petersen-type 
model from the entire data set without stratification.  Composition parameters may be estimated after pooling length, 
sex, and age data from both sampling events but do not include recaptured fish twice.   

 

 

-continued- 
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Case II: 

M vs. R    C vs. R  

Reject Ho   Fail to reject Ho 

There is no size/sex selectivity detected during the first event but there is during the second event sampling.  
Abundance is calculated using a Petersen-type model from the entire data set without stratification.  Composition 
parameters may be estimated using length, sex, and age data from the first sampling event without stratification.  If 
composition is estimated from second event data or after pooling both sampling events, data must first be stratified to 
eliminate variability in capture probability (detected by the M vs. R test) within strata.  Composition parameters are 
estimated within strata, and abundance for each stratum needs to be estimated using a Petersen-type formula.   

Overall composition parameters are estimated by combining stratum estimates weighted by estimated stratum 
abundance according to the formulae below.   

Case III: 

M vs. R    C vs. R  

Fail to reject Ho   Reject Ho 

There is no size/sex selectivity detected during the second event but there is during the first event sampling. 
Abundance is calculated using a Petersen-type model from the entire data set without stratification.  Composition 
parameters may be estimated using length, sex, and age data from the second sampling event without stratification.  If 
composition is estimated from first event data or after pooling both sampling events, data must first be stratified to 
eliminate variability in capture probability (detected by the C vs. R test) within strata.  Composition parameters are 
estimated within strata, and abundance for each stratum needs to be estimated using a Petersen-type type formula.  
Overall composition parameters are estimated by combining stratum estimates weighted by estimated stratum 
abundance according to the formulae below.    

Case IV: 

M vs. R    C vs. R  

Reject Ho   Reject Ho  

There is size/sex selectivity detected during both the first and second sampling events. The ratio of the probability of 
captures for size of sex categories can either be the same or different between events.  Data must be stratified to 
eliminate variability in capture probability within strata for at least one or both sampling events.  Abundance is 
calculated using a Petersen-type model for each stratum, and estimates are summed across strata to estimate overall 
abundance.  Composition parameters may be estimated within the strata as determined above, but only using data 
from sampling events where stratification has eliminated variability in capture probabilities within strata.  If data from 
both sampling events are to be used, further stratification may be necessary to meet the condition of capture 
homogeneity within strata for both events.  Overall composition parameters are estimated by combining stratum 
estimates weighted by estimated stratum abundance. 

 

 

 

-continued- 



 

 29

Appendix A2.-Page 3 of 4. 
 

Protocols when Power Suspect (re-classifying the experiment) 
When sample sizes are small (guidelines provided in next section) power needs to be evaluated when diagnostic tests 
fail to reject the null hypothesis.  If this failure to identify selectivity is due to low power (that is, if selectivity is 
actually present) data will be pooled when stratifying is necessary for unbiased estimates.  For example, if the both 
the M vs. R and C vs. R tests failed to identify selectivity due to low power, Case I may be selected when Case IV is 
true.  In this scenario, the need to stratify could have been overlooked leading to biased estimates.  The following 
protocols should be followed when sample sizes are small. 

Case I: 

M vs. R         C vs. R            Implication 

Fail to reject Ho        Fail to reject Ho           re-evaluate both tests 
 

Power OK/retain test result Power OK/retain test result Case I 

Power suspect/change to Reject Ho Power OK/retain test result Case II 

Power OK/retain test result Power suspect/change to Reject Ho Case III 

Power suspect/change to Reject Ho Power suspect/change to Reject Ho Case IV 

 

Case II: 

M vs. R         C vs. R            Implication 

Reject Ho        Fail to reject Ho           re-evaluate C vs. R 
 

 Power OK/retain test result Case II 

 Power suspect/change to Reject Ho Case IV 

 

Case III: 

M vs. R         C vs. R            Implication 

Fail to reject Ho        Reject Ho            re-evaluate M vs. R 
 

Power OK/retain test result  Case III 

Power suspect/change to Reject Ho  Case IV 

 

 

 

-continued- 
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Guidelines for evaluating power: 
The following guidelines to assess power are based upon the experiences of Sport Fish biometricians; they have not 
been comprehensively evaluated by simulation.  Because some “art” in interpretation remains these guidelines are not 
intended to be used in lieu of discussions with biometricians when possible.  When the evaluation does not lead to a 
clear choice, a stratified estimator should be selected (i.e., the experiment should be classified as Case IV) in order to 
minimize potential bias.  

The reliability of M vs. R and C vs. R tests that fail to reject Ho are called into question when 1) sample sizes M or C 
are < 100 and the sample size for R is < 30, 2) p-values are not large (~0.20 or less), and the D statistics are large (≥ 
0.2).  If sample sizes are small, the p-value is not large, and the D statistic is large then the power of the test is suspect 
and, when re-classifying the experiment, the test should be considered as having rejected the null hypothesis.  If for 
example, sample sizes are marginal (close to the recommended values), the p-value is large, and the D-statistic is not 
large then the test result may be considered reliable.  It is when results are close to the recommended “cutoffs” that 
interpretation becomes somewhat more complicated.  

Apparent inconsistencies between the combination of the M vs. R and C vs. R test results and the M vs. C test results 
may also arise from low power.  For example, if one of the tests involving R rejects the null hypothesis and the other 
fails to reject one could infer a difference between M & C; however, the M vs. C test may still fail to reject the null 
indicating no difference between the M & C.  In this case, the apparent inconsistency may be due to low power in the 
test involving R that failed to reject the null.  Finally, an additional Case I scenario is flagged by an apparent 
inconsistency between test results, this time resulting from power being too high.  Under this scenario both the M vs. 
R and C vs. R tests fail to reject the null hypothesis and their power is thought to be sufficient; however, the M vs. C 
test rejects Ho:  no difference between the M & C.  The apparent inconsistency may result from the M vs. C test being 
so powerful as to detect selectivity that would result in insignificant bias when estimating abundance and 
composition.  The reliability of M vs. C tests that reject are called into question when 1) sample sizes M or C are > 
500, 2) p-values are not extremely small (~0.010-0.049), and the D statistics are small (<0.08).  In general all three K-
S tests should be performed to permit these evaluations. 
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Appendix A3.-Tests of consistency for the Petersen estimator (from Seber 1982, page 438). 

 

The following two assumptions must be fulfilled: 

1. catching 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. marked fish mix completely with unmarked fish between events; 

2. every fish has an equal probability of being marked and released during event 1; or, 

3. every fish has an equal probability of being captured during event 2. 

To evaluate these three assumptions, the chi-square statistic 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 (Bailey 1951, 1952; Chapman 1951) to be valid.  If all three tests are rejected, a geographically stratified 
estimator (Darroch 1961) should be used to estimate abundance. 

 

 First Event Second Event
 Sampling Area Sampling Area Recaptured Not Recaptured
 Released A B … S (total)
 A   

TEST I a B      

 …   
 S   

 

  Second Event: Sampling Area
  A B … S 

TEST II b Recaptured     

 Not Recaptured  
 

  Captured During Second Event
  A B … S 

TEST III c Marked     

 Unmarked  
 

a This tests the hypothesis that movement probabilities are the same among sections:  H1:  θij = θj.  Theta applies to 
both marked and unmarked fish. 

b This tests the hypothesis of homogeneity on the columns of this 2-by-s contingency table with respect to recapture 
probabilities between the three river areas:  H2:  Σjθijpj = d.  Theta applies to both marked and unmarked fish. 

c This tests the homogeneity on the columns of the 2-by-t contingency table with respect to the probability of 
movement of marked fish in stratum i to the unmarked fraction in j:  H4:  Σiaiθij = kUj.  Theta only applies to 
marked fish. 
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Appendix A4.-Equations for estimating length and age composition and their variances for the 
population. 

For Case I-IV scenarios (Appendix A2), the proportions of Arctic grayling within each age or length class k were 
estimated:  

  
n
np k

k =ˆ   (1) 

where:  

kn  = the number of Arctic grayling sampled within age or length class k and,  

n  = the total number of Arctic grayling sampled.   

When calculating n and nk the diagnostic test results were used to determine the fish were included 
(Appendix A2).  For Case I, used fish from both events. 

The variance of each proportion was estimated as (from Cochran 1977): 
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The abundance of Arctic grayling in each length or age category, k, in the population was then estimated: 
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where: 

N̂  = the estimated overall abundance (Appendix A1); and, 

s = the number of age or length classes. 

The variance for kN̂  was then estimated using the formulation for the exact variance of the product of two 
independent random variables (Goodman 1960): 
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For the Case IV scenario (Appendix A2), that requiring stratification by size or sex, the proportions of Arctic grayling 
within each age or length class k were estimated by first calculating:  

-continued- 
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j

jk
jk n

n
p̂ =  (5) 

where:   

nj = the number sampled from size stratum j in the mark-recapture experiment;  

n
jk 

 = the number sampled from size stratum j that are in length or age category k; and,  

jkp̂  = the estimated proportion of length or age category k fish in size stratum j.   

When calculating nj and njk the within stratum diagnostic test results were used to determine which fish were 
included in the analysis following the rules for n and nk provided above. 

The variance calculation for jkp̂  is equation 2 substituting jkp̂  for kp̂  and nj for n. 

The estimated abundance of fish in length or age category k in the population is then: 

 ∑
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=
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where: 

jN̂  = the estimated abundance in size stratum j; and, 

s = the number of size strata. 

The variance for kN̂  will be estimated using the formulation for the exact variance of the product of two independent 
random variables (Goodman 1960): 
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The estimated proportion of the population in length or age category k ( )kp̂  is then: 

 NNp kk ˆˆˆ =  (8) 

where:  ∑
=

=
s

j
jNN

1
ˆˆ . 

Variance of the estimated proportion can be approximated with the delta method (Seber 1982): 
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APPENDIX B: LENGTH AND AGE COMPOSITION ESTIMATES 



 

 36

Appendix B1.-Number of representative fish sampled (n), estimated proportion ( kp̂ ), and estimated 
abundance ( kN̂ ) by length category for the population of Arctic grayling (≥150 mm FL) in the upper 
section, lower section, and both sections combined in the Chena River study area, July 2005. 

 Upper Section Lower Section Combined 

Length 

(mm FL) n kp̂  [ ]kpES ˆˆ  kN̂  [ ]kNES ˆˆ n kp̂  [ ]kpES ˆˆ
kN̂ [ ]kNES ˆˆ n kp̂  [ ]kpES ˆˆ  kN̂ [ ]kNES ˆˆ

150 - 159 66 0.046 0.006 925 245 26 0.020 0.048 152 39 92 0.039 0.009 1,076 248
160 - 169 85 0.060 0.007 1,191 308 78 0.059 0.063 456 92 163 0.059 0.012 1,647 321
170 - 179 82 0.058 0.007 1,149 298 108 0.082 0.067 631 121 190 0.064 0.012 1,780 322
180 - 189 44 0.031 0.005 616 171 79 0.060 0.063 462 93 123 0.039 0.007 1,078 195
190 - 199 28 0.020 0.004 392 117 51 0.039 0.057 298 65 79 0.025 0.005 690 134
200 - 209 39 0.027 0.005 546 155 73 0.055 0.062 427 87 112 0.035 0.006 973 177
210 - 219 67 0.047 0.006 939 248 114 0.086 0.068 666 127 181 0.058 0.010 1,605 279
220 - 229 120 0.084 0.009 1,681 424 111 0.084 0.068 649 124 231 0.084 0.016 2,330 442
230 - 239 145 0.102 0.010 2,031 507 117 0.088 0.069 684 130 262 0.098 0.019 2,715 523
240 - 249 143 0.100 0.010 2,003 500 118 0.069 0.068 531 79 261 0.091 0.018 2,534 506
250 - 259 113 0.079 0.009 1,583 401 98 0.040 0.038 309 42 211 0.068 0.015 1,892 403
260 - 269 122 0.086 0.009 1,709 431 126 0.051 0.041 398 51 248 0.076 0.016 2,107 434
270 - 279 131 0.025 0.002 506 67 119 0.049 0.040 376 49 250 0.032 0.003 882 83
280 - 289 151 0.029 0.003 584 75 129 0.053 0.041 407 52 280 0.036 0.003 991 92
290 - 299 197 0.038 0.004 762 94 112 0.046 0.040 353 47 309 0.040 0.004 1,115 105
300 - 309 198 0.038 0.004 765 94 108 0.044 0.039 341 45 306 0.040 0.004 1,106 105
310 - 319 158 0.031 0.003 611 78 74 0.030 0.036 234 35 232 0.030 0.003 844 86
320 - 329 131 0.025 0.003 506 67 55 0.022 0.034 174 28 186 0.025 0.003 680 73
330 - 339 110 0.021 0.003 425 59 27 0.011 0.028 85 18 137 0.018 0.002 510 62
340 - 349 101 0.020 0.002 390 55 16 0.007 0.025 50 13 117 0.016 0.002 441 57
350 - 359 79 0.015 0.002 305 46 8 0.003 0.021 25 9 87 0.012 0.002 331 47
360 - 369 44 0.009 0.001 170 31 4 0.002 0.018 13 6 48 0.007 0.001 183 31
370 - 379 34 0.007 0.001 131 26 2 0.001 0.015 6 4 36 0.005 0.001 138 26
380 - 389 7 0.001 0.001 27 11 1 0.000 0.013 3 3 8 0.001 0.000 30 11
390 - 399 5 0.001 0.000 19 9 1 0.000 0.013 3 3 6 0.001 0.000 22 9
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Appendix B2.-Number of fish sampled (n), estimated proportion ( kp̂ ), and estimated abundance ( kN̂ ) 
by age category for the population of Arctic grayling (≥150 mm FL) in the upper section, lower section, 
and both sections combined in the Chena River study area, July 2005. 

 Upper Section  Lower Section Combined 

Age n kp̂  
 

[ ]kpES ˆˆ  kN̂  [ ]kNES ˆˆ
 

 

n kp̂  [ ]kpES ˆˆ
kN̂ [ ]kNES ˆˆ

n kp̂  
 

[ ]kpES ˆˆ  kN̂ [ ]kNES ˆˆ

1 13 0.010 0.003 198 71 2 0.002 0.001 14 8 15 0.01 0.00 211 71

2 254 0.193 0.017 3,862 941 258 0.225 0.012 1,736 1294 512 0.20 0.06 5,598 1,600

3 155 0.116 0.012 2,313 572 271 0.228 0.011 1,766 1269 426 0.15 0.05 4,080 1,392

4 516 0.348 0.021 6,956 1,589 330 0.220 0.010 1,699 847 846 0.31 0.07 8,654 1,800

5 434 0.144 0.012 2,876 395 252 0.125 0.008 963 163 686 0.14 0.02 3,839 428

6 514 0.125 0.019 2,497 262 279 0.131 0.008 1,010 119 793 0.13 0.01 3,507 288

≥7 281 0.063 0.011 1,266 148 151 0.070 0.006 544 71 432 0.07 0.01 1,810 164
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APPENDIX C: DATA FILE LISTING 



 

 40

Appendix C1.-Data filesa for all Arctic grayling captured in the Chena River, July 2005. 

File Namea  

Chena grayling data files for archeive-2005.xls 

a Data files are archived at and are available from the Alaska Department of Fish and Game, 
Sport Fish Division, 1300 College Road, Fairbanks, Alaska 99701-1599. 
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