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ABSTRACT 
As part of an ongoing stock assessment program, burbot were sampled in two river sections (approximately 25 km), one 
each in the Tanana and Chena rivers, representing the area where most fishing harvest occurs.  These sections have been 
sampled annually since 1986 and 1988, respectively.  A systematic sampling design was used, whereby hoop traps were 
set and moved daily.  Estimates of mean catch per unit effort, mean length, length distributions, and proportions of catch 
for three size categories were calculated.  Estimates for each were within the range of observed values from previous 
sampling years.  Seasonal variations in catch rate and composition was cited as a problem in interpreting these annual 
estimates.  Due to the difficulty in interpreting estimates of mean catch per unit effort, an alternative stock assessment 
method was investigated.  Catch-age analysis was used to combine harvest estimates from the statewide harvest survey 
and age composition from catch sampling with auxiliary information in the form of angler effort to estimate exploitable 
abundance of burbot in the Tanana River drainage.  The CAGEAN model results showed a decreasing trend in exploitable 
abundance from 1987 to 1993. Catch-age analysis appears to be a promising method for estimating abundance of burbot 
in the Tanana River drainage. 

Key words: burbot, Lota lota, hoop traps, Tanana River, Chena River, catch per unit effort, mean length, catch-age 
analysis, CAGEAN, exploitable abundance. 

CHAPTER 1.  CPUE ESTIMATES OF BURBOT IN THE CHENA 
AND TANANA RIVERS, 1994 

INTRODUCTION 
Research concerning burbot Lota lota stocks in flowing waters of the Tanana River system has been 
ongoing since 1983.  The objectives of this research program have been to determine biological 
characteristics such as size, age, and density distributions, identify migratory and reproductive 
behavior, examine spawning characteristics, monitor harvests, and determine characteristics of the 
sport fishery.  Results of this research have been published in a number of documents (Hallberg 1984 
- 1986; Hallberg et al. 1987; Guinn and Hallberg 1990; Evenson 1988, 1989, 1990a, 1990b, 1991, 
1992, 1993a, 1993b, 1994; Evenson and Hansen 1991; Clark et al. 1991; Bernard et al. 1991).   

Initially, this research sought to identify individual stocks by identifying movements throughout the 
system.  This was accomplished through a rigorous sampling program which marked and 
subsequently recaptured burbot in the mainstream Tanana River and in many tributary streams.  
More recently (Evenson 1993b), radio telemetry was used to monitor seasonal movements and 
identify spawning concentrations in attempt to refine stock definitions.  This information indicated 
that movements were frequent and extensive throughout the system, and that for management 
purposes, the entire drainage should be considered a single stock (Evenson 1989 and 1990b). 

Assessment of this stock has been accomplished by estimating abundance, relative abundance 
through mean catch per unit effort (CPUE), and length compositions for many river sections 
throughout the system using a standardized design.  These estimates have been obtained annually or 
semi-annually for important river sections (areas of large harvest such as the Chena and Tanana 
rivers near the city of Fairbanks)  This assessment has indicated that annual exploitation is low 
relative to abundance for the entire system.  Thus, the stock assessment research has been reduced, 
and is focused toward those river sections where a substantial harvest occurs. 

Since 1986, when extensive stock assessment sampling began, a number of estimates of abundance, 
CPUE, and mean length have been obtained.  Estimates from 1986 through 1992 are summarized by 
Evenson (1993a); estimates for 1993 are presented by Evenson (1994).  The purpose of this 
investigation was to continue stock monitoring in the Tanana and Chena rivers near Fairbanks.  The 
specific objectives was to estimate mean CPUE for all burbot 450 mm total length (TL) and longer 



one 24 km section of the Tanana River and in one 27 km section of the Chena River. In addition, other 
statistics regarding length compositions are presented and compared to previous years data. 

STUDY AREA 
The Tanana River is of glacial origin flowing over 900 km and draining 115,255 square kilometers. 
The study area in this investigation included a 24 km section of the Tanana River extending 
downstream from the confluence of the Chena River, and a 27 km section of the Chena River 
extending upstream from it’s confluence with the Tanana River (Figure 1). These same two sections 
have been sampled annually since 1986 and 1988, respectively, using a similar sampling design. 

METHODS 
Gear Description 
Burbot were captured in commercially available hoop traps. Two sizes of traps have been during the 
past eight years. The larger of the two traps were used during all years prior to 1988, while the smaller 
traps were used in all following years. Bernard et al. (1991) provides a comprehensive account of the 
efficacy of both large and small traps. In general, both sizes are effective at catching burbot greater 
than 300 mm total length (TL), however burbot do not fully recruit to either gear until 450 mm ‘IL. 
For all lengths 800 mm and larger, large traps are more effective than small traps. Small hoop traps 
were chosen as a sampling gear beginning in 1988 because they are more easily transported, and more 
traps can be deployed during a sampling day. 

Small hoop traps were 3.05 m long with seven 6.35 mm steel hoops (Figure 2). Hoop diameters 
tapered from 0.61 m at the entrance to 0.46 m at the cod end. Each trap had a double throat (tied to the 
second and fourth hoops) which narrows to an opening 10 cm in diameter. All netting was knotted 
nylon woven into 25 mm bar mesh, bound with No, 15 cotton twine, and treated with an asphaltic 
compound. Each trap was kept stretched with two sections of 19 mm polyvinyl chloride (PVC) pipe 
attached by snap clips to the end hoops. 

Large hoop traps were of similar design, but were 3.66 m long, and had fiberglass hoops with inside 
diameters tapering from 91 to 69 cm (Figure 2). Throat diameters were 36 cm. Spreader bars made 
from PVC were also used to keep the traps stretched. 

Hoop traps were baited with cut Pacific herring Clupea harengus placed in perforated plastic 
containers. One end of a five to 10 m section of polypropylene rope was tied to the cod end of each 
trap, while the other end was tied off to shore. The traps then fished on the river bottom near shore 
with the opening facing downstream. An outboard-powered riverboat was used to set, move, and 
retrieve the traps. 

Study Design 
The sampling design used this year was modified slightly from the design used in previous years. In 
past years, sampling was conducted by two crews for a period of one week (five days and four nights), 
while this years sampling was conducted by one crew over a period of two weeks. A systematic 
sampling design was used in which traps were set along both shores at near equal intervals beginning 
at the most downstream end of the section and progressing to the most upstream end of the section. In 
previous years, traps were set at a density of three traps per kilometer per day, while during 1994 traps 
were set at half this density. Catch per unit effort can be quite variable over short periods of time 
(Evenson 1994). It was believed that extending the sampling period from one week with two crews to 
two weeks with one crew would provide an estimate of mean CPUE which would be more comparable 
across years without increasing sampling cost. All traps were fished for approximately 24 h, were 
rebaited, and were moved to a slightly upstream area. All trap locations were marked on a 1:63,360 
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USGS maps and were recorded to the nearest kilometer. All burbot captured were measured for total 
length (TL) to the nearest millimeter, and were tagged using individually numbered Floy internal 
anchor tags. All fish were released at the capture sight. 

Data Analysis 
Due to the size selectivity of hoop traps described above, estimates of mean CPUE and length 
composition statistics described below are given for three length strata: “small” (1450 mm TL) 
“medium” (450-799 mm TL) and “large” (2800 mm TL). 

Catch per Unit Effort 
Mean CPUE for each river section and its associated variance were calculated from the number of 
burbot caught per net-night for all traps set during each sampling period based upon the following 
equations from Wolter (1984): 

(2) 

where: 

X ch = catch of burbot of size class c in hoop trap h (where h=l to t where h=l the 
most downstream set and h=t the most upstream); and, 

t = the total number of hoop traps in a river section, 

All estimates of mean CPUE are given in units of number of burbot per net per overnight set, or burbot 
per net-night (bb/nn). 

Length Composition 
Length compositions of burbot sampled in these two sections were examined using three methods. 
Mean lengths and proportions of total catch for each of the three size categories were calculated. In 
addition, length distributions for various sampling years were plotted and compared. 

Mean length and its associated variance was also calculated for three length categories as: 

where: 
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1 ab = length of burbot b in category a; and, 

na = number of samples in length category a. 

All estimates of mean length are expressed to the nearest lmm TL. 

Proportions of total catch for each length category and associated variances were calculated as: 

fJz = “z 
n 

vi)p = [ 1 
&(I- PZ) 

n-l 

(5) 

(6) 

& = the estimated proportion of burbot in category z; 

nz = number of samples in length category z; and, 

n = the total number of burbot in the sample. 

RESULTS 

In the Tanana River during 1994,344 burbot were caught and 33 1 were measured for length with 3 17 
net-nights of effort. Estimates of mean CPUE were 0.50 bb/nn (SE = 0.05) for small burbot, 0.55 
bb/nn (SE = 0.05) for medium burbot, and 0.01 bb/nn (SE = 0.01) for large burbot. In the Chena 
River, 179 burbot were caught and 178 were measured for length with 200 net-nights of effort. 
Estimates of mean CPUE were 0.19 bb/nn (SE = 0.01) for small burbot, 0.65 bb/nn (SE = 0.08) for 
medium burbot, and 0.02 (SE = 0.01) for large burbot. 

A summary of annual CPUE estimates for these two sections is shown in Table 1. In general, the 
CPUE estimates from 1994 in the Tanana River section are within the range of estimates from previous 
years. In the Tanana River, the mean CPUE estimate for small burbot was slightly higher than the 
previous four years, while the estimate for medium burbot was slightly lower than the previous four 
years. Mean CPUP estimates for large burbot are typically low compared to those of medium and 
small burbot, however the 1994 estimate was at the lower end of observed values. Mean CPUE 
estimates from 1994 in the Chena River were also within the observed range of estimates from 
previous years for all size categories, but were all higher than the previous two years estimates. 

Estimates of mean length for burbot sampled from the Tanana River section were 382 mm TL (SE = 4) 
for small burbot, 529 mm TL (SE = 6) for medium burbot, and 864 mm TL (SE = 23) for large burbot. 
Estimates of mean length for burbot sampled from the Chena River section were 395 mm TL (SE = 7) 
for small burbot, 573 mm TL (SE = 6) for medium burbot, and 839 (SE = 28) for large burbot. A 
summary of annual mean length estimates for these two sections is shown in Table 2. Mean lengths for 
burbot in all three size categories in 1994 were within the range of estimates from previous years. 

Due to size selectivity of the hoop traps, proportions of total catch attributed to each of the three size 
categories do not represent true population proportions, but do provide a means of comparison. Large 
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burbot are caught in low proportions in both sections (less than 6%), but are slightly more predominant 
in the Tanana River section than in the Chena River section (Table 3). In the Tanana River section, the 
proportion of medium burbot has ranged from 0.47 to 0.78 since 1986. The 1994 estimate of 0.51 (SE 
= 0.03) is at the lower end of this range. Estimates of the proportions of medium burbot in the Chena 
River section are generally higher than those in the Tanana River section, and have ranged from 0.53 to 
0.86 since 1988. The 1994 estimate was 0.76 (SE = 0.03). 

Statistical comparisons among cumulative length frequency distributions for sample years 1988-l 993 
indicated that distributions were not homogenous in either river section (Evenson 1994). Plotted length 
frequencies indicate that distributions are more variable in the Tanana River section than in the Chena 
River section (Figures 3 and 4). This is likely attributed to the more variable times of sampling in the 
Tanana River section (See Table 1 for dates of sampling). 

DISCUSSION 
Accurate stock assessment of burbot in this system is difficult for a number of reasons. Because it is 
so large, only a small portion can be sampled during the open water period. Information from tag 
recoveries and from radio telemetry investigations have indicated that there is substantial interchange 
among burbot in river sections over the span of one year or more (Evenson 199Oa., 1993b). Thus, stock 
structure (size composition and density) can vary annually as well as seasonally within a section as a 
result of movements into and out of the section Also, there are seasonal fluctuations in both catch 
rates and in size composition of sampled catches which can be attributed to changes in catchability. 
Similar fluctuations occur in lacustrine systems as well (Bernard et al. 1991) where immigration and 
emigration are unlikely. 

Using mark-recapture methods to obtain estimates of abundance in index sections, while a more 
accurate method of stock assessment, has met with limited success in past investigations. Due to the 
low probability of capture using hoop traps, abundance estimates require substantial effort (twice as 
much as is needed to estimate mean CPUE) and in the past have been marginally precise (relative 
precision of seven estimates has ranged between 58%-87%; Evenson, 1993a). 

To alleviate problems associated with seasonal fluctuations in catch rates, sampling was modified to 
cover a two week period instead of a one week period as was the case in past years. Standard errors of 
1994 estimates were similar to those obtained in previous years. It is believed that this slightly longer 
sampling period will mitigate the effects of the seasonal variation in catchability and will provide 
CPUE and length composition estimates which are more comparable between years. 

Sampling also needs to be conducted during the same time each year. In the Tanana River section 
sampling times have varied from early June to late August since 1986. Beginning in 1993, a standard 
sampling time of early to mid June was established in the Tanana River section. In the Chena River 
section, sampling times have been more consistent. With the exception of one sampling event in 1990, 
all sampling has taken place between late August and late September. If CPUE estimates are 
continued, these same time frames should be used in future years. 

The presence of large burbot in a given area (especially in areas such as the sections in this study where 
substantial fishing harvest occurs) is a good indicator that stocks are not being over exploited. 
However, small hoop traps are not efficient at catching large burbot. In order to accurately estimate 
proportions of large burbot, larger samples than have been obtained in the past need to be collected. 
Large hoop traps, which are more efficient at catching large burbot, but more difficult to set should be 
considered for use. Set lines are also effective at catching large burbot. Monitoring the set line harvest 
may also provide a means for estimating proportions of large burbot. 
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CHAPTER 2. CATCH-AGE ANALYSIS OF BURBOT IN THE 
TANANA RIVER DRAINAGE 

Estimates of mean CPUE are difficult to interpret due to seasonal variations in catch rate and 
composition. Additionally, estimates of mean CPUE for burbot in the Tanana River have not 
correlated well with mark/recapture estimates of abundance (Evenson 1993a). Catch-age analysis was 
examined as an alternative method of estimating abundance of burbot in the Tanana River. Catch-age 
analysis uses an age-structured approach to population abundance estimation by combining harvest at 
age information with auxiliary data to generate abundance estimates by year and age class. 

METHODS 
The computer program CAGEAN (Deriso et al. 1985) was used to solve for a non-linear least-squares 
solution (Marquardt 1963) to parameters related to the population and sport fishery. CAGEAN 
couples a simulation model of the population dynamics with data generated from various estimation 
procedures, and compares predicted parameters with observed data. Using a minimization criterion, 
CAGEAN seeks the set of parameters that minimize differences between predicted and observed 
values. Standard deviations of calculated parameter estimates are obtained using Monte Carlo 
(bootstrap) simulation. Two data sources were used: harvest estimates for the Tanana River from 1987 
- 1993 ’ (Mills 1988 - 1994); and estimated age composition of the harvest (ages 4 - 16+) from angler- 
returned carcasses, and catch sampling. Auxiliary information in the form of fishing effort (angler 
days; Mills 1988 - 1994) was introduced to stabilize parameter estimation. Initial values generated by 
CAGEAN were used for initial parameter estimates. Input files for the CAGEAN analysis are given in 
Appendix B. 

Notation 
Notation used to define parameters follows. A caret (^) is used to denote parameter estimates from 
data (such as observed age composition, and harvest from the statewide harvest survey); parameter 
estimates from catch-age models are topped with (-) . 

harvest by age in year y as estimated from samples of otoliths and information from the 
statewide harvest survey, 

observed proportion of age a fish in the sample, 

length at age a, 

asymptotic length of burbot, 

von Bertalan& growth coefficient, 

theoretical age at length zero, 

0.38 of the maximum observed age, 

instantaneous natural mortality, 

estimated total mortality, 

’ No harvest samples were collected for 1990 so harvest at age information is missing for that year. 
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estimated fishing mortality, 

calculated fishing effort in year y for burbot, 

estimated angler days from the statewide harvest survey, 

error in relationship between fishing mortality and fishing effort in year y, 

catchability coefficient, 

estimated number of fish in the cohort at age a in year y in the catch-age model, 

effort lambda or weighting factor for effort, 

exploitation fraction or rate, and 

estimated harvest of fish of age a in year y from the catch-age model. 

Harvest at Age 
Total harvests estimated from the statewide harvest survey (Mills 1988 - 1994) were computed by 
summing harvests from all discrete flowing waters draining into the Tanana River’ (see Figure 5). 
Harvest at age from 1987-89 and from 1991-93 was estimated by multiplying the estimated proportion 
by age class from angler-returned carcasses and catch sampling (Table 4) and the estimated harvest 
from the statewide harvest survey (Table 5): 

Ages were determined from otoliths collected from burbot harvested primarily in the winter fishery. 
Most samples were collected from the middle mainstem Tanana River near Fairbanks and the lower 
Chena River. The majority of the annual harvest (ranging from 60 to 80%) occurs in the middle 
portion of the Tanana River drainage (see Figure 6 and Appendix C). For this analysis, it was 
assumed that these age samples were representative of the total annual harvests within the Tanana 
River drainage. 

Age Determination 
A pair of otoliths (sagittae bones) were removed from each fish for age analysis. A randomly chosen 
sample of 56 otolith pairs was used to compare precision of whole surface readings versus readings 
from sectioned and toasted otoliths. Surface-read otoliths were stored in a glycerin and alcohol solution 
for one day prior to reading. To prepare toasted sections, otoliths were broken through the origin along 
the latitudinal axis. The broken surface was polished using a grinding tool. The otolith was then 
dipped in cedar wood oil and passed over an alcohol flame and toasted until a uniform brown color was 

Areas in the statewide harvest survey which were summed to provide estimates of total harvest were: upper and lower Chena River, lower, middle and 
upper Tanana River, Nenana River, Sal&a River, Shaw Creek, Goodpaster River, Piledriver Slough, Chatanika River, Delta Clearwater River, Mint0 
Flats, and other streams in the Tsnana River drainage not specifically listed in the statewide harvest survey. 
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achieved. Both whole and sectioned otoliths were viewed under a binocular dissecting microscope 
under reflected light. 

Each pair was read by the same reader three times using each technique. Otolith pairs were chosen 
randomly during each reading without knowledge of prior age assignments. Ages assigned to 
sectioned and toasted otoliths were significantly more variable than were ages assigned examining 
whole surfaces (F test of equal variance, Fss,ss = 3.47, P c 0.001). Mean ages derived from each 
method (all readings combined) did not differ significantly (8.9 years for sectioned and toasted vs. 8.7 
years for whole surface readings). Therefore, the remaining otoliths were all aged by examining whole 
otolith surfaces. 

Gear Description and Vulnerability 
Anglers typically use fish bait to capture burbot. The baited hook and lines are fished both actively 
(rod and reel) or passively using lines set over night. Regulations require a minimum hook size 
(distance between point of hook and shank) of 19 mm (3/4 inch). Most samples for this analysis were 
collected from anglers fishing during the winter using set-lines. 

The range of ages used in the analysis was 4 - 16+. Although not fully recruited to the fishery, burbot 
of age 4 begin to show in significant numbers in harvest samples. Bias in determining age increases 
with age. Therefore, burbot of age 16 and older were pooled into a single 16+ group (Deriso et al. 
1989). Foumier and Archibald (1982) recommend pooling older age classes for catch-age analysis. 
The age of full vulnerability to the fishery was determined to be 9 from initial CAGEAN model output 
(Figure 7). 

Catchability 
Regulations (i.e. gear restrictions, seasons, and bag limits) for this sport fishery were constant during 
all years of analysis (1987-1993). Additionally, because the fishery occurs year round, environmental 
factors which might influence catchability are minimal compared to discrete fisheries. For these 
reasons catchability was assumed to be constant among all years. 

Instantaneous Natural Mortality 
The von Bertalan@ growth model (von Bertalan@ 1938) was used in the estimation of the following 
life history parameters: K, L,, and t,. Estimates of these parameters were obtained using a modified 
Marquardt non-linear least squares procedure contained in a FORTRAN program. The equation used 
was: 

ia = i, (1 - e-Qa-% 1). (8) 
The oldest age consistently present in samples was 16, which was used as the maximum age of burbot 
for purposes of estimating instantaneous natural mortality3 . Alverson and Carney (1975) have shown 
that the age at which a cohort reaches its maximum biomass ( &,) is about 0.38 of the maximum age. 
Alverson and Carney reasoned that because the time at which cohort biomass is maximized is a 
function of growth and mortality, natural mortality could be estimated by: 

A 
cl= t3F . 

emb -1 
(9) 

3 Maximum age should be determined through observation of an unfished population; however Tanana River burbot are not heavily exploited. Thus, 
relatively little eror will be introduced by assuming that maximum age of fish in samples have not been reduced through exploitation. 

19 





Equation 8 was used with results from the von Bertalan@ models for the years in which individual age 
data were available (1987 - 1993). The average was used as the estimate of natural mortality for all 
ages. 

Total mortality was estimated as: 

%y = ka,y + tia,y. 
Fishing Effort Source File, Effort Lambda 
Estimated total angler days from the statewide harvest survey could not be used as a direct measure of 
fishing effort because data are collected by waterbody, not by species targeted. To obtain an estimate 
of fishing effort it was assumed that the fraction of burbot harvested from the mainstem Tanana River 
relative to total fish harvested is proportional to the fraction of angler days expended for burbot, relative 
to total angler days: 

,T 
iiy = HburbW x& 

fl Y 
toay 

Fishing effort in terms of angler days was used as an auxiliary data source to aid in the estimation of 
fishing mortality. 

Because there is no direct measure of effort for the burbot sport fishery in the Tanana River, there is 
less confidence in the reliability of effort information, as opposed to harvest information, so an upper 
limit of 0.9 was imposed on the search for the effort lambda ( h ). An effort lambda of 0.4 was derived 
by running CAGEAN models over a range of lambdas (0.1 to 0.9 at 0.1 increments) and examining: 
(1) the stability of the fishing mortality, atIer Deriso et al. (1985); (2) total abundance and variance 
estimates; and, (3) the residual root mean square (unexplained variability). 

Error Structure 
Bootstrap resampling (Efron and Tibshirani 1993) was used to obtain an idea of the underlying error 
distributions for harvest4. Because visual inspection of the resulting distributions indicated slight 
skewness in 1991 and 1992 (Figure 8), harvests at age were assumed to be log-normally distributed. 
This is similar to other catch-age analyses (Deriso et al. 1985, Doubleday 1976) which assume 
logarithms of harvest age compositions to be normally distributed. Angler days (fishing effort) is 
measured with error, so the relationship between fishing effort and fishing mortality is not exact. The 
difference between these two terms can be modeled with the log-normal distribution: 

Ey = lrZy - ln(qil,). (12) 
Population Dynamic Models 
Because the Tanana River burbot fishery occurs essentially year-round, and fishing mortality is 
continuous, the following equation was used to model abundance of one cohort to the next year: 

fi a+l,y+l = tia,yemZB*Y. (13) 

Older ages were pooled into a single group (16+) and the abundance of this group was calculated as: 

i4 16+,y+l 
= N,5,ye-z’5*Y + fi,6+ ye-z’6+*y. (14) 

Only tiles of bootstrap iterations of harvest for the years 1991- 1993 were available. 
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Figure 8.-Bootstrap distributions of burbot harvest in tbe Tanana River, 199101993. 
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Estimated harvest was modeled as a function of 

Ha,y = CLa,yNa,y 

which assumes that exploitation and vulnerability are separable. 

(15) 

Statistical Models 
A given sum of squares component (SSQ) represents estimation error. The sum of squares which 
compared differences between observed and estimated log-harvest at age was computed as: 

SSQhmvzst = C[(ln~y,a)-(ln~y,a)12. (16) 
w 

The sum of squares which modeled the inexact relationship between fishing effort and fishing mortality 
was computed as: 

SSQ efht= hG(Ey)* . (17) 
Y 

Objective Function 
The objective is to minimize total prediction error (O,,l) which is computed by adding each of the 
error components: 

Otota~= SSQhwmt + SSQerro,t. (18) 

The value of the objective function is to measure how well the mode1 fits observed data. A smaller 
objective function signifies a better fit. 

RESULTS 
Estimated Abundance 
Exploitable abundance, the number of fish that are potentially vulnerable to the fishery, decreases from 
1987 to 1993 (Figure 9, Table 6). As expected, the coefficient of variation for the most recent (1993) 
abundance estimate is high (3 1%) compared to prior years because cohort information for CAGEAN 
estimation is missing after 1993. 

Pre-fishery abundance is defined as fish at large, without consideration of the gear selectivity 
adjustment. Pre-fishery abundance at age estimates decrease markedly from 1987 to 1993 for young, 
partially-recruited fish (Table 7 and Figure 10). Whereas, abundance of older fish (ages 12+) does not 
vary to the same extent during this time frame. Thus, the decreasing trend in total exploitable 
abundance may be more attributable to decreased numbers of young, partially-recruited fish than to a 
substantial depletion of older, large fish. 

Estimated Fishing Mortality 
Overall, estimated fishing mortality is relatively low. Estimated fishing mortality of fully recruited 
burbot (ages 9+) increases from 1991 through 1993 (Figure 1 l), similar to the trend in harvest 
estimated from the statewide harvest survey (Table 5). Fishing mortality for fully recruited burbot in 
1990 as estimated by CAGEAN is quite low (0.0149) compared to other years (Table 8). The 1990 

23 



180000 T 

0-l I 
1937 1938 1969 1990 1991 1992 1993 

Year 

Figure 9.-Total estimated exploitable abundance & 1 SD) of burbot in the Tanana River by 
year. 
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Table 6.-Estimated and bootstrapped mean exploitable abundance with coeffkients of 
variation for Tanana River burbot, 1987-1993. 

Estimated Mean 
Exploitable Exploitable 

Year Abundance Abundance cv 

1987 140,125 153,406 17.6 

1988 126,654 137,947 16.0 

1989 112,773 123,279 13.6 

1990 100,839 112,801 13.7 

1991 89,952 102,728 16.4 

1992 71,046 89,666 19.9 

1993 58,722 73,655 31.0 
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Table 7.-Estimated pre-fishery abundance at age (%,,y) for burbot in the Tanana River, 1987-1993. 

Year 4 5 6 I 8 9 

Age 
10 11 12 13 14 15 16+ 

1987 96,088 126,898 99,246 58,950 41,890 34,05 1 17,725 15,044 6,773 4,017 3,898 1,713 4,617 

1988 167,875 61,254 80,757 62,950 37,189 26,385 20,924 10,891 9,244 4,162 2,468 2,395 3,890 

1989 107,563 107,018 38,987 5 1,243 39,743 23,445 16,257 12,892 6,711 5,696 2,564 1,521 3,872 

1990 62,668 68,564 68,07 1 24,695 32,236 24,952 14,266 9,892 7,845 4,083 3,466 1,560 3,282 

1991 24,628 39,954 43,675 43,285 15,659 20,424 15,607 8,923 6,188 4,907 2,554 2,168 3,029 

1992 4,277 15,701 25,440 27,74 1 27,386 9,896 12,676 9,687 5,538 3,840 3,045 1,585 3,225 

1993 5,476 2,726 9,978 16,076 17,369 17,100 5,923 7,588 5,798 3,315 2,299 1,823 2,880 



Figure lO.-Estimated pre-fishery abundance (%a,y) at age for burbot in the Tanana River 

by year. 
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Figure 1 l.-Estimated fishing mortality at age for burbot in the Tanana River by year. 
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Table S-Estimated fishing mortality at age for burbot in the Tanana River, 1987-1993. 

Age 
Year 4 5 6 7 8 9 10 11 12 13 14 15 16+ 

1987 .000243 .001934 .00526 1 .010681 .012258 .036989 .036989 .036989 .036989 .036989 .036989 .036989 .036989 

1988 .000225 .001792 .004876 .009899 .011359 .034278 .034278 .034278 .034278 .034278 .034278 .034278 .034278 

1989 .000307 .002444 .006650 .013502 .015494 .046755 .046755 .046755 .046755 .046755 .046755 .046755 .046755 

1990 .000126 .001004 .002732 .005546 .006364 .019205 .019205 .019205 .019205 .019205 .019205 .019205 .019205 

1991 .000177 .001412 .003842 .007800 .00895 1 .027010 .027010 .027010 .027010 .027010 .027010 .027010 .027010 

1992 .000415 .003302 .008985 .018242 .020934 .063 169 .063 169 053 169 ,063 169 ,063 169 .063 169 .063 169 ,063 169 

1993 .000617 .004905 .013345 .027093 .031091 .09382 1 .093821 .093821 .093821 .093821 .093821 .093821 .09382 1 



fishing mortality estimate is likely in error. Because the effort parameter has a significant influence 
upon the estimation of fishing mortality in CAGEAN, the problem may be in part attributable to the 
effort estimate for that year. A lack of catch samples for 1990 has also undoubtedly contributed error 
to the fishing mortality estimate. 

Residual and Bias Analysis 
Residuals from effort and harvest were visually examined for trend and showed no consistent pattern 
(Figure 12). The effort residual for 1990 is high and indicates a large difference between observed and 
expected effort in that year. Either fishing effort was constrained in 1990 due to unusual circumstances 
(i.e., weather) or, as noted above, observed fishing effort for 1990 is somewhat in error. 

Based on the difference between estimated and mean bootstrapped exploitable abundance, minimal (10 
to 15%) bias was detected from 1987 to 1993 (Figure 13). Greater (25%) bias was noted in 1993. 

DISCUSSION 
Catch-age analysis appears to be a promising method for estimating trends in abundance and fishing 
mortality for burbot in Tanana River drainage. Additionally, recruitment estimates can be used in 
modeling exploitation scenarios, thereby providing a tool for evaluating harvest policy. Prior to catch- 
age analysis, mark-recapture estimates for burbot in the Tanana River were attempted (Evenson 
1993a), but were costly and incompletely characterized the total exploitable population. Catch per unit 
effort studies (Evenson 1993a) do not provide adequate information to monitor trends in recruitment 
and abundance. For example, the CPUE estimates from 1994 in the Tanana and Chena river sections 
are within the range of estimates from previous years and suggest no downward trend in exploitable 
abundance such as indicated using catch-age analysis. 

The decreasing trend in total exploitable abundance from 1987 to 1993 may result from several causes. 
One cause is decreased numbers of young, partially-recruited fish. CAGEAN estimates of declines in 
pre-fishery abundance at ages 4 - 6 (see Figure 10) after 1989 are generally corroborated by 
examination of length frequency distributions obtained during CPUE sampling (see Figure 4). The 
frequency of burbot < 450 mm TL (corresponding to approximately age 6 or younger) decreases 
substantially after 1989. Another cause may be an artifice of CAGEAN. In a retrospective catch-age 
analysis of Pacific halibut, Par-ma (1993) found that estimates of stock abundance tended to be 
autocorrelated, with the stock consistently being overestimated or underestimated for a series of 
consecutive years. While the catch-age analysis of burbot in the Tanana River may suffer from 
retrospective errors similar to those found by Parma for Pacific halibut, an ICES working group 
(Anonymous 199 1) pointed out that retrospective errors are stock-specific. That is, the causes for error 
are independent of the catch-age method used. Additional causes of a decreasing trend in Tanana 
River burbot abundance might be due to errors in the data, such as catch misreporting, or a 
misspecification of natural mortality. It is also possible that the decreasing trend in total exploitable 
abundance is a localized phenomena resulting from age samples which, for the most part, were 
collected near Fairbanks, and is thus not representative of the entire population. The CAGEAN model 
should be updated with 1994 catch-age estimates and re-run to corroborate trend information. Trends 
in exploitable abundance can be examined for errors by annually updating the catch-age model, and by 
reviewing independent indices, such as trends in harvest and length frequency distributions. Estimated 
sport harvest has fluctuated around 3,400 burbot from 1987- 1992 (only increasing in 1993), so harvest 
information does not account for the decreasing trend in exploitable abundance. 
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Figure 12.-Residuals of effort and harvest estimated from CAGEAN. 
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Figure 13.-Percent difference (bias) of the bootstrapped mean from estimated exploitable 
abundance of burbot in the Tanana River, by year. 
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The catch-age analysis used in this study was constrained in several respects, including indirect 
measures of effort, and the catch sampling program for harvest at age information. In order to improve 
upon the catch-age model, direct measures of effort should be incorporated. Beginning in 1995, 
fishing effort by species will be estimated by the statewide harvest survey. These direct measures of 
effort will undoubtedly increase the precision of parameter estimates. 

Of paramount importance is the need to improve the catch sampling program. A catch sampling 
program should be designed with specific sample sizes given objective criteria. Because of the nature 
of the sport fishery for burbot in the Tanana River drainage, the catch-sampling program will require 
expense commensurate with a wide-spread, sporadic fishery. 
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Appendix A.-Data files regarding burbot stock assessment in sections of the Tanana and 
Cbena rivers archived by the Research and Technical Services of the Alaska Department of 
Fish and Game-Sport Fish Division”. 

Year Data File River (River Kilometer) 

1986 U0275ETA.DTA 
1986 U0275ETB.DTA 
1986 U0275ETCDTA 
1987 U0275CBA.DTA 
1987 U0275DBA.DTA 
1987 U0275EBA.DTA 
1987 U0275EBB.DTA 
1987 U0275EBCDTA 
1988 U275CLA8.DTA 
1988 U0020LA8.DTA 
1989 U275BLA9,DTA 
1989 U0020LA 1 .DTA 
1990 U2750HAO.DTA 
1990 U0020HAO.DTA 
1990 U0020HBO.DTA 
1990 U0020HCO.DTA 
1990 U0020HDO.DTA 
1990 U0020HEO.DTA 
1991 U2750HAl .DTA 
1991 U0020HA 1 .DTA 
1992 U2750HA2.DTA 
1992 U0020HA2.DTA 
1993 U275OHA3,DTA 
1993 U02 1 OHA .DTA 
1994 U2750HA4,DTA 
1994 U0020HA4,DTA 

Tanana River (334-352) 
Tanana River (334-352) 
Tanana River (334-352) 
Tanana River (339-354) 
Tanana River (339-354) 
Tanana River (339-354) 
Tanana River (339-354) 
Tanana River (339-354) 
Tanana River (3 12-3 76) 
Chena River (O-24) 
Tanana River (3 17-3 74) 
Chena River (O-40) 
Tanana River (344-376) 
Chena River (O-24) 
Chena River (O-24) 
Chena River (O-24) 
Chena River (O-24) 
Chena River (O-24) 
Tanana River (336-360) 
Chena River (O-24) 
Tanana River (336-360) 
Chena River (O-24) 
Tanana River (336-360) 
Chena River (O-24) 
Tanana River (336-360) 
Chena River (O-24) 

a Files for other river sections sampled since 1986 are given in Evenson (1994) 
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Appendix Bl.-Command File: initial values. 

TANANA BURBOT 1987- 1993 

caginit.out 

1987 1993 

4 16 

1 

1 

1 

1987 1993 

9 16 

1 

1987 1993 

100 

0.45000 

0.0 

OK 

Y 

0 

1 

catch. dat 

weight. dat 

effort. dat 

.4 

NONE 

bbinits.dat 

NONE 

kboot.out 

Y 

Y 

range of years for analysis 

range of ages for analysis 

number of gear types 

code number for gear type 1 

number of selectivity groups 

range of years of first selectivity group 

range of ages of full selectivity first group 

number of catchability groups 

first and last years of catchability group 1 

TIMES TO DO THE BOOT 

NATURAL, MORTALITY 

TO STOP NATURAL MORTALITIES 

OK TO PARAMETERS OK 

TO FULL LISTING 

no fixing of variables - fix catchability 

pooling of data (1 =YES) 

EFFORT OR CATCHABILITY LAMBDA GR TYPE 1 

PRINT LABELED RESIDS 

PRINT RESIDUALS 

40 



Appendix B2.-Command File: first run. 

TANANA BURBOT 1987-l 993 

cagfrst.out 

1987 1993 

4 16 

1 

1 

1 

1987 1993 

7 16 

1 

1987 1993 

100 

0.45000 

0.0 

OK 

Y 

0 

1 

catch. dat 

weight. dat 

effort. dat 

0.5 

NONE 

COHORT 

0.5 

NONE 

kboot.out 

Y 

Y 

range of years for analysis 

range of ages for analysis 

number of gear types 

code number for gear type 1 

number of selectivity groups 

range of years of first selectivity group 

range of ages of full selectivity first group 

number of catchability groups 

first and last years of catchability group 1 

TIMES TO DO THE BOOT 

NATURAL MORTALITY 

TO STOP NATURAL MORTALITIES 

OK TO PARAMETERS OK 

TO FULL LISTING 

no fixing of variables - fix catchability 

pooling of data ( 1 =YES) 

EFFORT OR CATCHABILITY LAMBDA GR TYPE 1 

PRINT LABELED RESIDS 

PRINT RESIDUALS 
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Appendix B3.-Effort file. 

1987 1 3026 

1988 1 1666 

1989 1 2421 

1990 1 3225 

1991 1 2748 

1992 1 1721 

1993 1 4329 
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Appendix B4.-Harvest file. 

4 1987 1 1 

5 1987 1 5.4066 

6 1987 1 5.9663 

7 1987 1 6.2176 

8 1987 1 5.4066 

9 1987 1 6.2176 

10 1987 1 5.4066 

11 1987 1 5.8121 

12 1987 1 6.2176 

13 1987 1 5.4066 

14 1987 1 5.4066 

15 1987 1 5.1190 

16 1987 1 5.6298 

4 1988 1 4.0902 

5 1988 1 4.9375 

6 1988 1 5.6307 

7 1988 1 6.2105 

8 1988 1 6.0362 

9 1988 1 6.3928 

10 1988 1 6.0827 

11 1988 1 6.0362 

12 1988 1 5.6997 

13 1988 1 4.3779 

14 1988 1 4.3779 

15 1988 1 4.0902 

16 1988 1 3.6848 

4 1989 1 3.4584 

5 1989 1 4.8447 

6 1989 1 5.4043 

-continued- 
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Appendix B4.-Page 2 of 4. 

7 1989 1 6.5495 

8 1989 1 6.4029 

9 1989 1 6.0975 

10 1989 1 6.3488 

11 1989 1 6.3488 

12 1989 1 5.8563 

13 1989 1 5.6556 

14 1989 1 5.2502 

15 1989 1 4.5570 

16 1989 1 3.4584 

4 1990 1 0.0 

5 1990 1 0.0 

6 1990 1 0.0 

7 1990 1 0.0 

8 1990 1 0.0 

9 1990 1 0.0 

10 1990 1 0.0 

11 1990 1 0.0 

12 1990 1 0.0 

13 1990 1 0.0 

14 1990 1 0.0 

15 1990 1 0.0 

16 1990 1 0.0 

4 1991 1 1 

5 1991 1 4.0098 

6 1991 1 5.4369 

7 1991 1 5.8556 

8 1991 1 5.7734 

9 1991 1 5.6192 

-continued- 
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Appendix B4.-Page 3 of 4. 

10 1991 1 5.6838 

11 1991 1 4.9906 

12 1991 1 5.5139 

13 1991 1 5.1084 

14 1991 1 4.0098 

15 1991 1 3.6043 

16 1991 1 2.2180 

4 1992 1 1.7314 

5 1992 1 4.8669 

6 1992 1 5.7204 

7 1992 1 6.2087 

8 1992 1 6.1741 

9 1992 1 6.0219 

10 1992 1 6.0489 

11 1992 1 5.8903 

12 1992 1 5.4926 

13 1992 1 5.0272 

14 1992 1 4.5040 

15 1992 1 4.2964 

16 1992 1 4.0340 

4 1993 1 1 

5 1993 1 1 

6 1993 1 3.7906 

7 1993 1 5.1769 

8 1993 1 5.1769 

9 1993 1 6.6810 

10 1993 1 6.6238 

11 1993 1 6.9686 

-continued- 
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Appendix B4.-Page 4 of 4. 

12 1993 1 6.3555 

13 1993 1 6.3555 

14 1993 1 5.5823 

15 1993 1 5.7365 

16 1993 1 6.0932 
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Appendix BS.-Weight file. 

4 1987 1 1 

5 1987 1 1 

6 1987 1 1 

7 1987 1 1 

8 1987 1 1 

9 1987 1 1 

10 1987 1 1 

11 1987 1 1 

12 1987 1 1 

13 1987 1 1 

14 1987 1 1 

15 1987 1 1 

16 1987 1 1 

4 1988 1 1 

5 1988 1 1 

6 1988 1 1 

7 1988 1 1 

8 1988 1 1 

9 1988 1 1 

10 1988 1 1 

11 1988 1 1 

12 1988 1 1 

13 1988 1 1 

14 1988 1 1 

15 1988 1 1 

16 1988 1 1 

4 1989 1 1 

5 1989 1 1 

6 1989 1 1 

-continued- 
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Appendix BS.-Page 2 of 4. 

7 1989 1 1 

8 1989 1 1 

9 1989 1 1 

10 1989 1 1 

11 1989 1 1 

12 1989 1 1 

13 1989 1 1 

14 1989 1 1 

15 1989 1 1 

16 1989 1 1 

4 1990 1 1 

5 1990 1 1 

6 1990 1 1 

7 1990 1 1 

8 1990 1 1 

9 1990 1 1 

10 1990 1 1 

11 1990 1 1 

12 1990 1 1 

13 1990 1 1 

14 1990 1 1 

15 1990 1 1 

16 1990 1 1 

4 1991 1 1 

5 1991 1 1 

6 1991 1 1 

7 1991 1 1 

8 1991 1 1 

9 1991 1 1 
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10 1991 1 1 

11 1991 1 1 

12 1991 1 1 

13 1991 1 1 

14 1991 1 1 

15 1991 1 1 

16 1991 1 1 

4 1992 1 1 

5 1992 1 1 

6 1992 1 1 

7 1992 1 1 

8 1992 1 1 

9 1992 1 1 

10 1992 1 1 

11 1992 1 1 

12 1992 1 1 

13 1992 1 1 

14 1992 1 1 

15 1992 1 1 

16 1992 1 1 

4 1993 1 1 

5 1993 1 1 

6 1993 1 1 

7 1993 1 1 

8 1993 1 1 

9 1993 1 1 

10 1993 1 1 
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11 1993 1 1 

12 1993 1 1 

13 1993 1 1 

14 1993 1 1 

15 1993 1 1 

16 1993 1 1 
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APPENDIX C. TANANA RIVER BURBOT HARVEST, 1977-1994 



Appendix C.-Tanana River burbot harvest 1977-1994. 
Annual Harvest’ (Number of Burbot) 

River 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 

Mainstem Tanana River 
Lower Tanana R.b 0 0 0 0 0 0 0 0 0 0 40 218 130 236 113 93 11 180 
hliddle Tanana R.b 0 0 0 0 0 0 0 0 0 0 1,873 1,692 1,764 912 834 1,286 2,460 2,191 
Upper Tanana R.b 0 0 0 0 0 0 0 0 0 0 409 509 411 641 654 338 685 823 
Total Tanana R.cd 0 0 0 0 0 0 0 1,921 1,365 2,948 2,322 2,419 2,325 1,789 1,602 1,717 3,156 3,194 

Lower Tanana River Tributaries 
Chatanika R. 
Nenana R.d 
hfinto Flats 

34 18 9 50 5 42 21 13 175 40 13 55 10 17 0 8 0 0 
0 0 0 0 0 0 0 0 0 0 53 0 60 68 11 76 11 0 

37 72 45 9 32 21 0 39 105 32 132 0 20 0 56 0 0 208 

Middle Tannna River Tributaries 
Chena R. 
S&ha R. 
Piledriver SLd 
Shaw Cr.d 

Upper Tanana River Tributaries 
DCR 
Goodpaster R.d 

z Other Arease 
$6 Total 

Total Lower River 
96 Total 

Total Middle River 
oib Total 

Total Upper River 
?6 Total 

642 389 807 1,127 1,317 1,457 1,055 1,233 2,065 889 149 386 1,322 304 225 1,032 1,135 737 
0 0 0 0 0 0 0 0 35 296 0 18 0 203 23 25 64 21 
0 0 0 0 0 0 0 84 0 0 79 55 100 456 203 195 568 73 
0 0 0 0 0 0 0 415 175 120 607 0 170 354 45 161 161 93 

0 
0 

829 

0 0 29 0 0 0 13 0 0 26 
0 0 0 0 0 0 221 350 88 13 

832 966 1,285 2,257 1,866 3,146 935 245 441 355 
9.5 

238 
6.3 

2,708 
72.2 

448 
11.9 

0 0 
109 120 

364 100 
10.7 2.4 

273 220 
8.0 5.2 

2,151 3,356 
63.2 79.4 

618 531 
18.1 12.6 

0 
0 

0 
0 

0 
17 

0 
86 

0 
0 

388 23 93 289 589 
10.8 1.1 2.8 5.3 12.0 

321 180 177 22 388 
9.0 8.2 5.3 0.4 1.9 

2,229 1,330 2,695 4,388 3,115 
62.3 60.8 81.2 80.2 63.4 

641 654 355 771 823 
17.9 30.0 10.7 14.1 16.7 

Total All Areas 1,542 1,311 1,827 2,500 3,611 3,386 4,306 4,790 4,515 4,854 3,749 3,406 4,225 3,579 2,187 3,320 5,470 4,915 

a Data from Alaska statewide harvest survey (Mills 1978-l 995). 
b River sections were not described as specific areas on the survey form until 1987. 
’ Includes harvests from upper, middle, lower, and unspecified sections. 
d was not described as a specific area until 1984. Any harvest that may have occurred in this area would have been listed in the “Other this 

Areas” category. 
e Was described as “Other Waters” on the survey form until 1984, and may have included harvests from lakes and ponds. Beginning in 1984, 

this category is listed as “Other Streams” on the survey form. 
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