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ABSTRACT

The effects of harvest and the popul ati on status of rainbow trout
(Oncor hynchus nykiss) in the Kanektok River, Togiak National WIdlife Refuge,
Al aska, were investigated from 1985 through 1987. Rai nbow trout were
collected to determ ne age, length and wei ght conposition, and to estimte
popul ati on size and survival rates. A sport fishing creel survey was
conducted in 1986 and 1987 to estimate angler effort, catch, harvest and
fishing nortality of rainbowtrout in a 32 km study section

Rai nbow trout ranged in otolith age from1l to 13 years and in scal e age
from1l to 9 years. Scale ages underestinmated the true age of fish in age
cl asses older than 5. Recruitnent into the sport fishery occurs at
approxi mately age 4, and maturity is reached at approxinmately age 6. Fifty-
seven percent of the hook and |ine captured fish were age 6 and ol der

A total of 687 rainbow trout was tagged during the study and 28% were
recaptured at least once. Tag returns indicated little in-stream novenent
during the summer. The 1986 estimated popul ati on of rainbow trout vul nerable
to sport fishing within the 32 km study area was 20,815 + 4,766. Survival
rates appeared to be constant between years and varied from64%at age 4 to
11% at age 8 and ol der

Sport fishing in the study area begins in late June and conti nues
t hrough early Septenber, with approximately 85%of the total effort occurring
in July and August. An estimated 7,692 rai nbow trout were caught and 30
(0.49% harvested in 1986. |In 1987, an estimated 6, 245 rai nbow trout were
caught with 105 (1.7% harvested. Cuided anglers represented 77% and ungui ded
anglers 23%of the total effort estimated during the two year survey. CQuided
float anglers showed the highest fishing success rate both years (5.6 and 5.5
rai nbow trout per angler day). uided notor boat anglers were the next nost
successful with 5.0 and 2.9 rai nbow trout per angler day during 1986 and 1987,
and the catch rate for unguided float anglers was 2.2 and 2.4 rainbow trout
per angl er day.

Direct harvest of rainbow trout was |low for all angler groups in the
study area. An estimated 1,515 fish were killed by sport fishermen during the
two year survey. Approximately 91% of these deaths were caused by del ayed
hooking nortality. Assumng a 10% hooking nortality rate, a 10% i ncrease in
sport fishing effort will result in a 0.4%increase in total nortality of fish
ages 4 through 9 and ol der.

Li mi ted subsistence harvest data of rainbow trout are available. In
1988- 1989, approxi mately 2,300 rai nbow trout were harvested fromthe Kanekt ok
River. It is assuned the subsistence harvest was relatively stable from 1986

to 1989 with an annual exploitation rate of 11%

Managenent reconmendations include: (1) continue nonitoring sport
fishing activity through Special Use Pernmit requirenments and public use
surveys; (2) determ ne the subsistence harvest of rainbow trout; and (3)
reeval uate the Kanektok Ri ver rainbow trout population status in five years.
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| NTRCDUCT! ON

Sport fishing use on the Kanektok Ri ver has increased froman estimated
600 days in 1981 to over 3,300 days in 1986 (D. Fisher, US. Fish and
Wldlife Service, personal conmunication). Comercial sport fishing guides
have expressed concern over the status of the rai nbow trout (Oncorhynchus
nyki ss) popul ati on, inadequate escapenment data for returning Pacific sal non
and increased use by the non-gui ded public. Residents of Quinhagak vill age,
situated at the nouth of the Kanektok River, have raised questions of
overfishing, increased traffic on the river and potential pollution of their
drinking water. In 1985, the Togiak National WIdlife Refuge (Refuge)
instituted a noratoriumon comrercially guided sport fishing activity. This
action [imted guides to those who had operated on the river in or prior to
1984 and their client nunbers to 1984 levels, until the status of the rainbow
trout popul ation and inpacts of the sport fishery can be assessed. The Al aska
State Board of Fisheries reduced daily bag limts for rainbowtrout in 1984
from15 to 10 per day with no nore than 2 fish over 20 inches. 1In 1985, an
additional reduction from10 to 2 fish per day with no size limt occurred.

Data on subsistence harvest of fish fromthe Kanektok R ver are [imted.
Rai nbow trout are harvested fromthe Kanektok River by subsistence fishers
primarily fromthe village of Quinhagak during late fall and spring. G I
nets are the principal gear enployed, although hook and line, jigging, and
seines are also used. From May 1988 to April 1989, 86 of the 129 Qui nhagak
househol ds reported a harvest of 1,552 rainbow trout (U S. Fish and Wldlife
Service 1990). The estimated harvest for all 129 househol ds was 2,328 rai nbow
trout for 1988-1989.

Littl e biological information had been gathered on Kanektok River
rai nbow trout prior to 1985. The Al aska Department of Fish and Gane
(Departnent) exam ned 30 rai nbow trout in 1975 which ranged in scale age from
5to 10 years and in nean fork length (FL) from395 to 570 nm (At 1977). In
1983, the U S. Fish and Wildlife Service (Service) conducted a prelimnary
i nvestigation of the river and sanpled 26 rainbow trout for age, weight and
length data. Only 12 of the fish were successfully aged because of the high
percent age of regenerated scales. These rainbow trout ranged in age from3 to
5 years, from330 to 609 nm (FL) and from0.4 to 2.0 kg (C. D ugokenski, U S
Fish and Wldlife Service, personal comunication).

Creel surveys have been conducted on the lower river by the Depart nment
since 1984, but are linmted in time to chinook sal non (O tshawtscha) and
coho salnmon (O kisutch) spawning mgrations. Since 1984, Togi ak Refuge
personnel have conducted public use surveys at Kagati Lake that provide angl er
profiles, estimates of river use days by rafters and daily fly-in use on the
| ake. Refuge issued Special Use Permts require comercial guides to report
catch, harvest and effort statistics. However, there is a w de range of
conpliance to this requirenment, ranging fromexcellent to poor

The original study proposal called for a prelimnary study in 1985,
followed by a nore intensive three year effort. It was felt that sufficient
i nformati on was col |l ected during 1985-1987 to warrant the conclusion of this
study effort in 1987. This study provides information on popul ation size, age
cl ass conposition, size distribution, sport fishing effort, catch and harvest,



survival and exploitation rates of rainbow trout in the Kanektok River, from
1985 t hrough 1987. The study objectives were to:

1- Determ ne the mean | ength, weight and condition factor
for each age class of rainbow trout vulnerable to the
sport fishery in the study area.

2- Estimate annual survival of each year class of fish
vul nerable to the sport fishery.

3- Estimate the popul ation size of rainbow trout vul nerable
to the sport fishery in the study area.

4- Estimate the seasonal catch and harvest of rai nbow
trout and other salnonids in the study area.

STUDY AREA

The Kanektok River originates at Kagati Lake and fl ows west
approxi mately 150 kmto Kuskokwi m Bay at the village of Quinhagak (Figure 1).
The total drainage is approximtely 2,357 square km and the upper 117 km of
the river is within the Togi ak Refuge W/ derness Area. The river is extrenely
brai ded and has many unstable and newly cut channels. Most of the riparian
area has thick stands of willow (Salix sp.) and alder (A nus sp.). Stands of
cottonwood (Populus sp.) support col onies of beaver (Castor canadensis) whose
i mpoundnents and | og debris provide excellent fish habitat.

The study area was chosen by the following criteria: (1) it nust be
within the Wl derness Area of the Refuge; (2) it nust be where the majority of
t he rai nbow trout sport fishing effort occurs; and (3) it nust be suitable
rai nbow trout habitat. The study area for popul ation estimates and cree
survey was approximately 32 river kilometers (km in length fromkm 27 (the
Ref uge W1 derness Area boundary) upstreamto km 60. River kiloneters are
measured fromthe Kuskokwi m Bay confl uence upstreamto Kagati Lake. The |ower
study section (km 27-37) is highly braided with no obvious main channel, the
m ddl e section (km 38-47) is al so braided but usually contains a main channel
and the upper section (km48-60) is | ess braided, often bordered by bluffs.
The river is swift (averaging 1.4-1.7 nisec) and fairly narrow, and boating is
made hazardous by nunerous undercut banks, newly cut channels through thick
brush, and overhangi ng trees caused by bank erosion and beaver activity. The
river has a predom nantly gravel bottomfor nost of its course and the mgjor
tributaries are Takshilik, Nukluk, Kl ak, Kanuktik, and Paiyun Creeks.

METHCODS

Age, Length and Wi ght Conposition

In 1985, four float trips were conducted to obtain age, |ength and
wei ght sanpl es of rainbow trout. A Service biologist and a Depart nment
bi ol ogi st spent a week in August at a guided fishing canp (located within the
study area) tagging rainbow trout. Rainbow trout were captured using hook and
line, fork length and wei ght nmeasurenents were taken, nunbered Fl oy FD-67
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anchor tags were inserted at the base of the dorsal fin, and scal e sanples
were collected. Fish were designated as mature if eggs or mlt were easily
extruded. Sex was determ ned when possible by dissection. Qoliths (sagitta)
were collected fromnortalities. Scale and otolith sanples were aged by
Service staff at the Seattle National Fishery Research Center

In 1986 and 1987, a base canp was established at km 32, and outboard j et
nmot or boats were used to access sanpling areas and conduct creel surveys. One
float trip was conducted each year to sanple rainbow trout fromthe entire
river. Rainbow trout sanpling procedures used in 1986 were simlar to those
used in 1985. In 1987, el ectroshocking (Smth-Root Mdel 15-A backpack),
sei ning and m nnow trapping were used in addition to hook and line. Log jans,
smal | side sloughs and tributaries not usually targeted by the sport fishery
were sanpled nore intensively in 1987 to capture juvenile rainbow trout. The
taggi ng program was di scontinued in 1987 after a small sanple (44) was narked,
and a | arger subsanmple of fish was sacrificed for otolith collection. The
subsanpl e of otoliths was taken fromup to 10 fish per 25 nm size group (e.g.
10 fish in range 251-275 mm (FL) were sacrificed). Recaptured, tagged fish
were not sacrificed. Scales and otoliths collected in 1986 and 1987 were aged
by King Sal non Fi shery Assistance Ofice staff.

Age anal ysis of scale sanples from 1986 and 1987 fol |l owed net hodol ogy
outlined by Jearld (1983). Scales were pressed on acetate sheets, circul
i npressions were highlighted by the application of a thin filmof ink (Tsumura
1987) and nmagnified on a microfiche reader. Regenerated scal es were
di scarded. 1In 1986, two independent scal e readers anal yzed a subsanpl e of
scal es conprised of: (1) a representative of all age classes encountered after
the first reading; (2) all fish with otolith sanples; and (3) all sexed fish
In 1987, three independent readers analyzed the entire scale sanple. Qoliths
were cleared with xylene and read whol e by m croscopi c exam nation (Brothers
1987). A subsanple of vertebrae was collected in 1987, cleared with xyl ene
and exam ned for evidence of annul ar mar ki ngs.

Mean | ength and wei ght were cal cul ated for each sanpl ed age group.
Fulton's condition factor (R cker 1975) was cal cul ated for each age group
usi ng:

K= W* 105 / L3

wher e: K = condition factor
W= weight (9)
L =fork length (m

Mean | engths, weights and condition factors at age were based on scale
ages to enabl e conpari son of data between years and to utilize all aged fish.
The I ength at age between years were conpared for ages 3-8 (scal e age) using
t-tests at the 95% confidence level. The age class conposition of the three
year sanple was exam ned for year to year variation using contingency table
anal ysis enploying the Gtest of independence and chi-square statistics (Rohlf
1985). Functional regression analysis (R cker 1975) was used to exam ne the
rel ati onshi p between | ength and wei ght.

The otolith age distribution for all scale aged fish collected during
1985- 1987 (N=835) was estimated using a subsanple of otolith and scal e aged
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fish from1987 (N=144). The nunber of fish in each otolith age class was
estimated using:

E = E[(S * Aj) +T]
where: E = The estimated nunber of otolith age j fish
S = The total nunber of scale age i fish in the
scal e age sanpl e
A; = The nunber of otolith age j fish in the scale

age i category of the otolith and scal e aged
sanpl e

T, = The total nunber of scale age i fish in the
otolith and scal e aged sanpl e

Rel ative stock density (Wege and Anderson 1978) was estimated for
rai nbow trout based on fork | ength nmeasurenments. Length categories of Stock
Quality, Preferred, Menorable, and Trophy were adapted from Gabel house (1984).
Length ranges for each category were selected to reflect the non-anadronous
and non-1lacustrine strategy, and consequently smaller size range, of resident
stream dwel | i ng Al askan rai nbow trout as follows: Stock <299 mm Quality 300-
399 nm Preferred 400-499 mm Menorable 500-599 nm Trophy >600 nm The
| engt h categories assigned by Gabel house (1984) are based on world record
| engt hs and i ncl ude anadronous steel head trout. Size categories selected for
our estimates of relative stock density were based on angl er and guide
interviews, length frequency data, and literature review

Survival Estimates

Scal e ages were used for survival estimates in order to conpare rates
bet ween years 1985 to 1987. The estimated otolith age distribution for the
1987 sanpl e was used to assess the possible effects of scale ageing error on
age distribution and age-based nortality rate estimtes. However, as otolith
collection was restricted to one year (1987) and fromonly 144 fish, the
adj ustment was not applied to the overall survival estimtes used for
contingency table analysis of year to year variation in age class conposition

Catch curve analysis was used to estimate annual survival rates using
age class frequency distribution data (scale age) and assunes constant year
class strength, constant survival rate and equal probability of capture
(Robson and Chapman 1961). Due to sanple size and scale ageing limtations,
age 8 and ol der fish were conbined into one age group for this analysis. The
assunption of equal probability of capture was tested by conparing annua
survival rates to Heincke's survival estimate. Wen a discrepancy arose
bet ween these results, a chi-square analysis was used to test the significance
of observed age group deficiencies (Robson and Chapnan 1961).

Popul ati on Esti mates

A nodi fied Petersen mark-recapture estimtor was selected to estimate
t he popul ation of rainbow trout vulnerable to the sport fishery in the study
area. Estimates were calculated for both the 1985 and 1986 seasons.



Popul ati on estimates, the approxi mate variance of the estimates, and adequacy
of sample size were cal cul ated (Everhart and Youngs 1981).

Al reported captures and recaptures fromboth the sport fishery and
staff personnel were pooled for the estimates. For the estimate, fish tagged
after 14 July, the initial tagging period, or tagged in 1985 were elim nated.
Coefficients of variation and probability of capture (Wite et al. 1982) were
used to deternmine precision and reliability of nodel selection. The follow ng
assunptions were nade: (1) there was geographic and denographic closure; (2)
the total nunmber of marked and unmarked captured fish was reported accurately;
(3) marked fish were randomy m xed throughout the popul ation; (4) fishing
effort was proportional to the density of marked fish; (5) there was no tag
| oss; and (6) marked and unmarked fish were equally vulnerable to the fishery.

Effort, Catch and Harvest Estinates

The | ower river (below the WI derness Area) creel surveys were conducted

by Departnment personnel. 1In 1986, the lower river survey was conducted from
20 June through 4 Septenber and covered the |lower 32 km This survey was
primarily conducted to collect creel data on chinook and coho salnon. In

1987, the lower river survey was conducted from 20 June through 24 July and
targeted the chi nook sal non sport fishery in the lower 20 km Depart nment
creel survey effort estimates were recorded in hours and converted to angler
days by dividing the nunber of hours recorded by 7.6, the reported average
nunber of hours spent fishing per day (Mnard 1987).

The upper river creel surveys were conducted in the study area by
Service personnel, and included both individual angler interviews and
vol untary reports by sport fishing guides. Interviews were conducted over an
11 week period (30 June through 14 Septenber) in 1986 and a 12 week period in
1987 (20 June through 11 Septenber). Creel survey data were stratified by
week and by user group as foll ows:

(1) Guided nmotor boat anglers and guides were interviewed at the end of

the fishing day at two canps located within the study area. 1n 1986, four of
t he usual six fishing days per week were random y sanpl ed, and these data were
then expanded to estimate the full fishing week. In 1987, daily effort and

catch statistics were reported by the guides, and no expansi on was necessary.

(2) Guided float angler effort and catch statistics were provided by the
gui des as a requirenment of the Refuge Special Use Permits. Since al
permttees did not provide catch statistics, catch rates for non-reporting
gui des were assuned to be equal to reporting guides.

(3) Unguided float angler effort was estimated by multiplying the nunber
of people reported by Refuge personnel stationed at Kagati Lake by a three day
expansi on factor (based on Service float trip records) to estimate the tine
spent within the study area. This nethod assunes equal effort and catch for
non-intervi ewed groups and does not account for non-fishing rafters or
i nconplete trips.

Data collected fromall groups included: (1) nunber of days fished in
the study area; (2) nunber and species of fish caught and harvested;



(3) nunber of tagged fish caught and tag nunbers; and (4) capture |ocation of
tagged fish if known. The follow ng assunptions were made: (1) only three
angl er groups used the study area; (2) the count of the angler popul ation
based on Special Use Permt reports and Refuge personnel reports from Kagati
Lake was accurate; (3) voluntary reporting was accurate; and (4) catch and
harvest rates were simlar for reporting and non-reporting anglers within the
same angl er groups, during the same time periods.

Effort, catch, and harvest statistics were used to estimate fishing
nortality. Estimates of fishing nortality per unit effort were cal culated for
each angler group using a 10% hooking nortality rate (Horton and WI son-Jacobs
1985):

F=[H + (G - H) *0.10] / E
wher e F, = fishing nortality per unit effort
H = harvest
G = catch
0.10 = 10% hooki ng nortality
E = effort in angler days per user group i

Total nortality rates (natural plus fishing nortality) fromthe
estimated otolith age distribution were calculated for ages 4-9 years.
Because of small sanple size, all fish of age 9 and ol der were conbined into
the age 9 category. Then, using the average fishing nortality per unit
effort for all angler groups combined, total nortality rates were cal cul ated
for fishing efforts of 20% 50% and 100% over 1986 |evels.

Assunptions for this analysis are: (1) natural nortality rate is
presently at equilibrium(i.e., recruitnment = spawner |oss); (2) additiona
fishing nortality is additive; (3) catch, harvest, and fishing nortality rates
will remain constant; and (4) hooking nortality rate is constant for all age
groups of rainbow trout in the fishery and for all angler groups.

RESULTS

Age, Length and Wi ght Conposition

A total of 1,180 rainbow trout was examnmi ned for age, |ength and wei ght
data. O these, 840 (78% were successfully aged by one or nore nethods
(scales, otoliths or both). Twenty-two percent of the scale sanples and | ess
than 2% of the otolith sanmples were unreadable. Annual marks were not
apparent on vertebrae. Rainbow trout ranged in otolith age from1 to 13 years
and in scale age from1 to 9 years. Fork length ranged from 80-628 mm wei ght
ranged from 0.01-3.00 kg and condition factor ranged from 0. 80-1. 86
(Tables 1-3). Over 75% of the hook and line captured fish were 350-525 mm FL
(Figure 2). The length weight regression for each year (Figure 3) and al
years conbined (Figure 4) were calculated. The slope of each year's
regressi on equati on were conpared; 1986 was significantly different from both
1985 (P<0.01) and 1987 (P<0.005), while 1985 was not significantly different
from 1987 (P>0.50).



Table 1.-Mean length (L)

in mm sanple size (N) and standard devi ation

(SD) of rainbow trout, by scale age, Kanektok River, Al aska, 1985-1987.
Scal e Age
Year 1 2 3 4 5 6 7 8 9
1985 L 335 342 391 450 499 538
N 2 23 32 43 27 11
SD 23 31 46 33 52 46
1986 L 296 330 359 403 447 483 523 595
N 3 6 49 91 141 64 20 3
SD 36 28 39 40 35 34 30 25
1987 L 80 169 218 312 392 427 473 488 554
N 1 1 30 46 60 100 69 13 5
SD - - 29 37 50 40 49 41 59
Tabl e 2. -Mean weight (W in kg, sanple size (N) and standard devi ation

(SD) of rainbow trout, by scale age, Kanektok River, Al aska, 1985-1987.
Scal e Age
Year 1 2 3 4 5 6 7 8 9
1985 w 0.34 0.51 0.76 1.14 1.52 1.93
N 2 19 26 40 23 11
SD 0.13 0.14 0.24 0.23 0.52 0.42
1986 w 0.28 0.58 0.59 0.60 1.01 1.27 1.49 2.05
N 3 6 47 84 135 58 19 3
SD 0.02 0.18 0.18 0.24 0.25 0.29 0.30 0.57
1987 w 0.01 0.08 0.13 0.37 0.71 0.91 1.23 1.32 1.89
N 1 1 30 45 60 100 69 13 5
SD - - 0.08 0.15 0.26 0.30 0.41 0.53 0.65
Table 3.-Fulton's condition factor (K), sanple size (N) and standard
deviation (SD) of rainbow trout, by scale age, Kanektok River, Al aska,
1985-1987.
Scal e Age
Year 1 2 3 4 5 6 7 8 9
1985 K 0. 89 1.28 1.21 1.21 1.22 1.22
N 2 19 26 40 23 11
SD 0.15 0.29 0.17 0.12 0.11 0.09
1986 1.16 1.48 1.24 1.13 1.12 1.10 0.98 0.95
N 3 6 47 84 135 58 19 3
SD 0.48 0.39 0.31 0.33 0.18 0.22 0.26 0.16
1987 K 1.22 1.66 1.16 1.18 1.15 1.15 1.14 1.10 1.07
N 1 1 30 45 60 100 69 13 5
SD - - 0.12 0.33 0.23 0.33 0.18 0.30 0.15
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Conparisons of otolith and scal e age data, fromthe sanple of fish with
both structures sanpled, indicate that scal e ages underestimate the true age
of fish greater than age 5 (Figure 5). The estimated otolith age distribution
i ndicates that scale ageing results in a biased age conposition (Figure 6).
The nmean age fromthe scale sanple was age 5, whereas the estimated otolith
sanpl e yi el ded a nean age of 6 years.

Recruitnent into the sport fishery begins at approximtely 300 nm FL and
approxi mately age 4. By age 6, rainbow trout were fully recruited into the
sport fishery. Sexual maturity is reached at approximately age 6, based on a
sanmple of 11 fish with field corments indicating adult fish either '"ripe' or
"spent’'. Eight of these were successfully aged at 6 to 8 years. Fifty-seven
percent of the rainbow trout sanpled were scale aged at age 6 or greater

For 3-8 year old fish (scale age), nmean length at age did not differ
significantly (P>0.50) between 1985 and 1986. Significant differences were
found between 1985 and 1987; all ages, except 5 year olds, were significantly
smal ler in 1987 (P<0.04). Also, significant differences were found between
1986 and 1987; all ages, except 5 and 7 year olds, were significantly smaller
in 1987 (P<0.04).

Conti ngency table analysis of age class conposition data from scal e aged
rai nbow trout indicated that the frequency distributions did not change
significantly (P>0.50) between the 1985, 1986, and 1987 sanples (i.e., the
nunber of fish in each age cl ass was i ndependent of the year of capture).

Ten rainbow trout were classed in the ' Trophy' category
(> 600 nmm and the majority of sanpled fish (55% were in the 'Preferred
category. A higher percentage of 'Stock' sized fish was reported for 1987 due
to the increased effort to capture smaller fish (Figure 7).

Survival Estimates

Annual survival rates of scale aged rai nbow trout were constant between
years but varied between age classes (Table 4). Chi-square analysis of age
cl ass frequency indicates significant (P<0.05) deficiencies in nunbers of fish
in age classes as old as six. As no fish were scale aged over age 9, there
was little informati on about the true annual survival rate of the ol dest age
cl asses (9-13) and survival estimates nmay be biased. Using the estimated
otolith aged distribution, survival rates increased suggesting that the scale
ageing error may overestimate nortality (Figure 8). The estimated otolith
aged sanple shifts the ages of greatest nortality rate fromages 5-7 to ages
7-9.

Popul ati on Esti mates

A total of 687 fish was tagged during the three year study period (Table
5. O these, 191 (28% were recaptured in the sport fishery and by Service
personnel. Twelve multiple recaptures were reported. One fish was recaptured
five times, two fish were recaptured three tines, and nine fish were
recaptured twice. The location of capture was identified for 79 of the 1986
tag returns and 76% of these were recaptured within 1.6 kmof their origina
taggi ng | ocati on.
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Tabl e 4. -Esti mated annua

intervals (Cl),

survi val

rate (S) by age cl ass,
Hei ncke's estimate of survival

95% confi dence
(H and chi-square statistic

(X?), Kanektok River, Alaska, rainbow trout sanpled from 1985-1987. Critica
value = 3.8, P = 0.05.
Year
1985 1986 1987
Age S a H X2 S a H X2 S a H X
4 0.64 0.05 0.83 33.4 0.64 0.03 0.86 129.5 0.65 0.10 0.84 74.2
5 0.54 0.06 0.72 27.5 0.52 0.04 0.72 105.2 0.54 0.04 0.76 84.6
6 0.38 0.08 0.47 7.4 0.33 0.05 0.39 8.5 0.37 0.05 0.47 0.2
7 0.15 0.08 0.58 710.6 0.23 0.07 O0.27 3.2 0.21 0.08 0.20 0.1
8 0.11 0.12 0.12 0.2 0.22 0.18 0.28 1.3
Tabl e 5. -Nunber (percent) of rainbow trout tagged, released
and recaptured, Kanektok River, Al aska, 1985-1987.
Nunber recaptured
Year Nurnber
tagged tagged/rel eased 1985 1986 1987
1985 236 2 (1) 23 (9 7 (3)
1986 407 110 (27) 41 (10)
1987 44 8 (18)
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The nodified Petersen popul ation estimates for 1985 and 1986 produced
point estimates of 17,159 and 20, 815 rai nbow trout, respectively. The
measures of reliability differ because of sanple size (Table 6). The density
of catchabl e size rainbow trout (>300 nm) within the study area was estinated
at 536 and 631 rainbow trout per kmin 1985 and 1986, respectively.

Effort, Catch and Harvest Estinates

The Departnent estinmate of angler days for the lower river (below the
W derness Area) was 1,566 in 1986 (Table 7). The rai nbow trout catch was
estimated at 2,376 fish (2% harvested) (Mnard 1987). |In 1987, the cree
census was term nated on 24 July and nunbers conparable to 1986 could not be
esti mat ed.

Sport fishing activity in the upper river study area began in |ate June
and continued through early Septenber. Approximately 86% of the total 1986
effort and 85% of the 1987 effort occurred in July and August.

Esti mated angler days within the study area were 1,753 (1986) and 1, 653
(1987). Cuided nmotor boat anglers accounted for an estimted 40% and 47% of
the total effort for 1986 and 1987, respectively. @uided float anglers
represented 31% (1986) and 36% (1987) of the effort, and ungui ded fl oat
angl ers conprised the remai ni ng 29% (1986) and 17% (1987) (Figure 9).

An estimated 7,692 rainbow trout were caught in the study area and 30
(0.49% were harvested in 1986. 1In 1987, an estimated 6,245 rai nbow trout were
caught with 105 (1.7% harvested. Cuided notor boat anglers caught 49% and
36% guided float anglers caught 36% and 53% and ungui ded fl oat anglers
caught the remaining 15% and 11% of the total estimated catch for 1986 and
1987, respectively (Figure 9).

Rai nbow trout catch per unit effort varied over the study periods and by
angl er group, and harvest per unit effort was low for all angler groups in the
study area (Figures 10 and 11). For all three user groups, weekly harvest per
unit effort averaged less than 0.1 fish per angler day, except for one week in
1986 and three weeks in 1987. The highest harvest rates were for chinook
coho and sockeye sal non (O nerka) (Appendix A).

Seasonal catch per unit effort (all groups conbined) in the study area
during 1986 and 1987, was 4.4 rainbow trout per angler day (0.58 per hour) and
3.8 per angler day (0.50 per hour). The catch per unit effort for the | ower
river was 1.5 rai nbow trout per angler day (0.20 per hour) in 1986. Pool ed
catch per unit effort for both river sections in 1986 was 3.0 rainbow trout
per angl er day (0.40 per hour).

Annual fishing nortality in the study area was estimated at 796 rai nbow
trout in 1986 and 719 fish in 1987. Delayed nortality (hooking nortality)
accounted for 96% and 85% of the total estimated fishing nortality from 1986
and 1987, respectively. The remaining nortality was the result of direct
harvest. Creel statistics (Departnment and Service) for the | ower 60 kmwere
pooled to estimate a sport fishing loss of 1,077 rainbow trout in 1986.
Fishing nortality per unit effort varied by user group and ranged from 0. 24
rai nbow trout per angler day to 0.58 per angler day (Table 7).
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Tabl e 6.-Popul ation estimates (N), 95% confidence intervals
(Cl), density (fish/km (D), coefficient of variation of the
estimates (CV(N)), nunber of fish marked (n,;), captured (n,)
and recaptured (m), and the probability of capture (P) for
rai nbow trout (>300m), Kanektok River, Al aska, study area 1985
and 1986.

Year N c D CV(N) n, n, m P
1985 17,159 + 19, 064 536 0.50 59 857 2 0. 002
1986 20,815 + 4,766 631 0.12 365 4037 70 0. 020
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Table 7.-Estimates of fishing effort (angler-days), rainbow trout catch
and harvest (nunber of fish), estimated 10% catch and rel ease nortality (10%
M, total fishing nortality (M and estimated fishing nortality per unit
effort (FMPUE) for each sanpled user group for the Kanektok River study
area, Al aska, 1986 and 1987.

1986
User group?
b c
& QB UG Wer  river  total
Effort 543 709 501 1, 753 1, 566 3,319
Cat ch 3, 067 3,536 1, 089 7,692 2,376 10, 068
Har vest 11 7 12 30 55 85
Rel eased 3, 056 3,529 1,077 7,662 2,321 9,983
10% M 306 353 108 766 232 998
M 317 360 120 796 287 1, 083
FMPUE 0. 58 0.51 0. 24 0. 45 0.18 0. 33
1987
User group?
b c
& QB UG Wer  river  total
Effort 601 770 282 1, 653 - -
Cat ch 3,324 2,254 667 6, 245 - -
Har vest 0 27 78 105 - -
Rel eased 3,324 2,227 589 6, 140 - -
10% M 332 223 59 614 - -
M 332 250 137 719 - -
FMPUE 0. 55 0. 32 0.48 0.43 - -
a GF = guided float anglers
GVB = gui ded notor boat anglers
UGF = ungui ded fl oat anglers

b Upper river = 32 kmstudy area

¢ Lower river = nmouth-w | derness boundary creel data (M nard 1987).

d Lower river creel survey conducted 20 June - 24 July and is not
conpar abl e to upper river survey.
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Creel survey and popul ation estimtes indicate a present fishing
nortality exploitation rate of 4% per year. Assunm ng catch and harvest rates
remai n constant and a 10% hooking nortality, every 10% i ncrease in fishing
effort results in a 0.4% increase in total nortality for age groups 4 to 9 and
ol der (Figure 12).

DI SCUSSI ON

Age, Length and Wi ght Conposition

The popul ati on anal yses for this study are based on scal e ages because:
(1) otolith sanples were collected by size range and do not truly represent
t he popul ation; (2) nost studies of rainbow trout are based on scal e age; and
(3) conparison of data between years necessitates the use of scale aged fish
Agei ng techni que validation was not attenpted for this study.

Scal e age anal yses for slow growi ng popul ati ons of rainbow trout are
subject to error because: (1) slow growh produces tightly spaced circul
with indistinct annuli; (2) scale margin resorption occurs at spawni ng often
maki ng outer scal e annuli unrecogni zable; and (3) annuli often fail to form
during the first winter (Lentsch and Giffith 1987). Qoliths seemto be
resorbed less readily and are considered to provide nore reliable age
estimates, particularly for older fish (Carlander 1987). Scales may be
reliable up to maturity, as indicated by cl ose agreenent between otolith and
scal e sanpl es of age classes up to approximately 5 years for Kanektok R ver
rai nbow trout.

Managenent inplications of ageing error include: (1) consistent
under agei ng of fish; (2) maxi mum ages are not determ ned; (3) age class
estimates are biased toward younger ages wi th accurul ation of estimates in the
vicinity of the age where the scale techni que breaks down; (4) nortality
estimates may be biased; (5) size at age data are biased upwards; (6) age at
maturity and nunber of reproductions may be misinterpreted; and (7)
overexploitation of larger, older fish may not be apparent due to the
conbi nati on of older age classes. Estimating otolith ages from scal e age data
may reduce these errors or at |east nake researchers aware of their bias.

The otolith sanple from 1987 indicated a greater range of age cl asses
and a greater maxi mum age (13) than previously reported. The maxi mum age for
non- anadr onous rai nbow trout reported by Carlander (1969) was 11 for Eagle
Lake, California. At (1975) reported a 12 year old rainbow trout fromthe
Goodnews River, Al aska, and a 10 year old fish fromthe Kanektok River (Alt
1977). The Al aska sanples were aged by scal e anal ysis.

Increased effort in 1987 to sanple juvenile rainbow trout for length at
age and first year annulus formation data yielded very poor results. Trapping
and el ectroshocking in | ocations throughout the study area produced only one
yearling rainbow trout. The increased sanple of age 3 fish was the result of
concentrated fishing effort on log janms and side channels. Failure to locate
juvenile (less than 3 years) rainbow trout may be attributed to the large
popul ati ons of juvenile Dolly Varden char (Salvelinus nmalma), chinook, and
coho sal non present in the system The rainbow trout appear to be a smal
proportion of this m xed species comunity.
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Figure 12.-Effects of increnmental increases of sport fishing effort on the
nmortality of rainbow trout. Total nortality fromestimted otolith age
rai nbow trout, Kanektok River, Al aska.
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Condition factors of Kanektok River rainbow trout appear to decrease
slightly throughout the lifespan of the fish. Froma conparison of |ength and
wei ght regressi ons between years, the condition (slope of the regression
equation) of rainbow trout in 1986 was |ess than 1985 or 1987. It is unclear
why the fishes' condition decreased for one year, but may be related to
environnental factors (e.g., water tenperature, flow, or water clarity) or the
abundance of food resources.

A decrease in nmean length at age from 1985 to 1987 was evi dent for nost
age cl asses. The decrease was noted for both |arge and small rainbow trout.
If the decrease in nean |ength were evident only for larger, fully vul nerable
age cl asses, then fishery inpacts would be suspect. Environnmenta
fluctuations (e.g., water tenperature, streamflow) could cause this decrease
in size.

Length frequency and | ength categorization systenms such as relative
stock density can be used to conpare rai nbow trout popul ati ons between years,
areas and managenent strategies, and to set managenent objectives for fish
stocks. The assignnent of mninmmlengths for each category, and the
determ nati on of the nunber of categories to be used for Al askan rainbow trout
stocks should reflect the varying life strategies of these stocks.

Anadr ompous, | ake, and stream resident popul ati ons may have very different
growm h, recruitment and nortality functions, and rel ative stock density
designations should reflect these differences.

A sanpl e of 107 Goodnews Ri ver, Al aska, rainbow trout collected during
1984 and 1985 were assigned to relative stock density categories (A Decicco,
Al aska Departnent of Fish and Gane, and C. D ugokenski, U S. Fish and Wldlife
Service, personal conmunication). The Goodnews River sanple had a higher
percentage of fish in the ' Menorable' category than the Kanektok River (51%
and 13% respectively). Approximtely 38% of the Goodnews River sanple were
cl assed as Preferred, whereas an overall average of 55% of Kanektok River
rai nbow trout were within this category. These differing proportions may
i ndi cate that Goodnews River fish are genetically larger, have a different
popul ati on structure, or that the Kanektok River rainbow trout popul ation has
been i npacted by sport fishing or density factors.

Survival Estimates

Conpari son of age class conposition fromthe 1985-1987 sanpl es indicates
that the rainbow trout popul ation structure was probably stable. There were
no significant changes in the percentages of fish within each age class. This
concl usi on was validated by the constant survival rate estinmates, for age
groups 4-8 and ol der, over the three year period.

Due to ageing error associated with scale analysis and the small sanple
sizes of older fish, survival rates for the ol dest age classes in the
popul ati on are not known, and survival rates for age classes over age 6 or 7
are probably biased due to accumul ati on of erroneously aged older fish. This
was apparent when | ooking at the age class distribution and survival rates of
the estimated otolith age sanple. Because catch curve analysis utilizes
proportions of the sanple in each age category, when there are few older fish
in the sanple, a low survivability is indicated.
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Fi sh were assuned to be partially recruited into the sport fishery
begi nning at age 4, since nost age 3 fish were found in dense cover (e.g., |og
jans) that is not usually targeted by the sport fishery. However, age 4 and
ol der fish were also associated with this dense cover type. Therefore,
recruitnent into the sport fishery may range over several age classes and may
have bi ased the catch curve analysis. Hook and line sanmpling nmay al so have
sel ected for larger, older fish.

The di screpanci es between the nunbers of younger age fish expected and
observed in our sanple may be the result of ageing error, later or variable
recruitnent age or selectivity of sanpling gear. Therefore, the assunption of
equal year class strength cannot be tested.

Kwai n (1981) reported a total nortality rate of 41% for Stokely Creek
Ontari o, Canada, rainbow trout with a 3.8%first year recapture rate of tagged
fish. The recapture rate of 1985 fish tagged on the Kanektok Ri ver was 9. 7%
after one year at large and 2. 9% after two years. The recapture rate of 1986
tagged fish was 10. 1% after one year

The assunption of population equilibriumis inpossible to test at this
time. Rainbow trout nortality rates are based on only the sport caught
popul ati on and recruitment data are not available. There is probably sone
conpensati on between fishing and natural nortality rates (especially for ol der
fish) so that all fishing nortality increases would not be additive. Based on
catch curve analysis, fish aged 8 and ol der experience an estimated tota
nortality of 70%to 80% at the present tine. This is probably a result of a
conbi nation of effects (e.g., spawning stress and fishing nortality). |If no
conpensati on mechani sm exi sts, these age classes may be sensitive to even
smal | increases in fishing pressure.

Popul ati on Esti mates

Popul ation estinmates of streamdwelling fishes are difficult due to the
i nherent nature of the system Many assunptions nust be nade and in two stage
mar k-recapture experinments there is no way to test these assunptions (Brownie
et al. 1985). It is generally believed that the Petersen method
underestimates the true popul ation level, especially with snmall sanple sizes
(Everhart and Youngs 1981).

Due to the | ong sanpling sessions enployed in these estimates,
geographic (m gration) and denographic (recruitment, nortality) closure cannot
be assured. Although some in-river fish novenment was observed through tag
returns, it is not believed to be wi despread enough to seriously bias these
results. Seventy-six percent of the 79 tag returns including |ocation data
were recaptured within 1.6 kmof their original tagging |location. Thirty
percent of the tag returns did not indicate |ocation of capture. One fish
captured by a Quinhagak resident 4 April 1987 at km 24 had originally been
tagged at km 46 on 18 July 1986, the only evidence of downstream m gration
As nortality and grow h rates appear to be low, the assunption of denographic
cl osure may not be severely viol ated.

The assunption of equal vulnerability to capture of marked and unmarked

fish cannot be adequately addressed. Estimates of probability of capture were
too |l ow (especially in the 1985 Petersen estimate) to justify the assunption
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Behavi oral observations of lure shy fish, the presence of environnenta

factors affecting behavior (spawni ng sal non, anadronous char, water
tenperature) and basic heterogeneity of individuals are all factors

i nfluencing the catchability of rainbow trout. The Iength of the sanpling
sessi on may have negated these behavioral and environnental effects on capture
probability. There was no evidence of tag |loss during the study, however, we
are unable to verify tag retention

Fessl er and Lichens (1978) estimated from 69-190 age 2 and ol der rai nbow
trout per kmin the Deschutes River in Oregon using a drift boat
el ectroshocker. Zubik and Fraley (1988) estimated the density of age 3 and
ol der Fl athead River, Idaho cutthroat trout (O clarki) at 452 and 527 fish
per km by angling and snorkeling. Population estimates in 1986 and 1987 for a
16 km section of the Kenai River, Alaska, produced point estimtes of 228 and
280 rai nbow trout per km (R Lafferty, University of Al aska, persona
conmmuni cation). The Kenai River estimates were based on hook and |ine
sanmpling in 1986 and el ectrofishing sanpling in 1987, and fish greater than
150 mm were consi dered the catchabl e popul ation. Qur estimates of catchable
size rai nbow trout (536 and 631 fish per knm) include fish over 300 mm and are
greater than the Kenai, Flathead and the Deschutes River estimates. The
anmount of habitat per kmcontributed to the high density of rainbow trout in
t he Kanektok River. The river is braided and nore habitat per kmis avail abl e
for rainbow trout residence

I ncreased sanpl e size of marked and recaptured rai nbow trout in 1986
resulted in tighter confidence intervals, inproved nmeasures of precision, a
| esser degree of negative bias and an inproved estimate of capture
probability. Considering the individual biases of the assunptions, the
overal | popul ation estimate of rainbow trout in the study area is likely to be
| ow.

Effort, Catch and Harvest Estinates

Total fishing effort (angler days) in the study area decreased
approxi mately 6% over the creel survey study period (1986-1987), although
gui ded angl er use increased roughly 9% The noratoriumon the nunber of
client use days by commerci al guides has prevented nuch fluctuation in effort
| evel s by this group. Unguided angler effort increased steadily from 1984 (an
estimated 272 angl er days) to 1986 (501 angler days). |In 1987, ungui ded
angl er effort dropped 44% (282 angl er days) and rebounded to an estimated 432
angl er days in 1988 (M Lisac, US. Fish and WIldlife Service, persona
conmuni cation). The factors contributing to the fluctuation in ungui ded
angl er effort are unknown.

For ungui ded fl oat anglers, catch rate increased approximately 8% from
2.2 to 2.4 rainbow trout per angler day during 1986-1987. Ungui ded fl oat
anglers were the only group showi ng an increase in fishing success in 1987,
al t hough a hi gher success rate was antici pated as environnmental conditions
were excellent for fishing (consistently low, clear water levels). The
previ ous year was consi dered average by river users with higher |evels of
precipitation, river flow, and turbidity.

Catch rates declined for guided notor boat anglers in 1987. This
decline could have been because notor boat anglers targeted nore on salnon in
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1987 or could indicate a possible weakness in the techni que used to expand
catch information in 1986

Qui ded float anglers were the nost successful group sanpl ed both years.
This may be a result of their targeting rainbowtrout in the study area or
nmore conplete reporting of catch data. Float anglers nay spend a greater
amount of actual fishing tine per day conpared to notor boat anglers who may
spend nore time traveling between fishing |ocations.

Rai nbow trout catch per unit effort varied throughout the season
refl ecti ng changi ng environnmental conditions and probability of capture.
These factors included: water clarity and depth, food availability, frequency
of capture (of individual fish), presence of other species (sal non and
anadromous char), and user group affiliation (guided versus unguided).

Department estinmates of rainbow trout sport catch and harvest in the
| ower Kanektok River tend to be | ow as Department creel surveys enphasize
chi nook and coho sal non data collection and rai nbow trout data are coll ected
incidentally. These surveys probably do not indicate the true seasonal |evel
of effort, catch, and harvest for rainbow trout in this river section

Few fish are harvested in the upper river, as voluntary catch and
rel ease of rainbow trout is practiced and there are limted neans to preserve
fishes. A higher fish retention rate was reported in the |lower river cree
survey, especially for salnmon (Mnard 1987).

Since the rainbow trout sport harvest appears to be negligible, the nore
pertinent question is: Wat are the short and Iong termeffects of hooking
and handling stress upon nortality rates? The basic nodel described here
i ndicates that present effort levels have little effect on total fish
nmortality. A low harvest rate and voluntary catch and rel ease policy have
kept fishing nortality levels low. However, not accounting for recaptures,
one in every three fish was captured in 1986, and the full effect of this high
harvest potential and catch rate has not yet been determ ned.

Fishing nortality studies indicate that many factors affect hooking
nmortality including: size of fish, hook size, hook location in the fish,
angling techni que, and water tenperature. Mst conclude that artificial flies
and lures produce nortality rates of under 10% (Dotson 1982, Horak and Klein
1967, Wdoski 1977). Horton and W/ son-Jacobs (1985) revi ewed hooki ng
nortality data from Canada and Washi ngton and recomrended using a 10% hooki ng
nortality level for steel head trout nanagenment considerations. A 10% del ayed
nortality due to hooking and handling stress may be conservative for Kanekt ok
Ri ver rainbow trout as tag return data suggests fish nmay be recaptured severa
ti mes throughout the season

Esti mates of sport fishing nortality generated from 1986 creel survey
data and the popul ation estimate indicate a | oss rate of approximately 4% per
year of the rainbow trout in the study area. Creel data froma ten year study
of Sagehen Creek, California, reports that anglers annually renmoved 33% of
trout over 99 mmin length, but natural recruitnment replaced the |loss (Gard
and Seegrist 1972). The lack of estimated spawner nunbers, spawning
frequency, spawner percentages by age group and fecundity data prevents
recruitnent estimates at this tine.
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Sport fishing nortality rates varied anobng user groups between the two
years. Based on catch statistics, guided float anglers have the highest
estimated total fishing nortality, a result of their overall higher catch
rate. CQuided notor boat anglers showed a | ower fishing nortality in 1987,
also a result of their Iower catch rate. The high fishing nortality rate for
ungui ded float anglers in 1987 may be biased, as this estimate was highly
i nfl uenced by one group with an unusually high harvest rate, and only 50% of
t he ungui ded float anglers were intervi ewed.

The annual variability and accuracy of subsistence harvest data are of
greatest concern. Approximately 2,300 rainbow trout were harvested in 1988-
1989, which equates to an exploitation rate of 11% Therefore, sport and
subsi stence fishers annually harvest about 15% of the catchable size rai nbow
trout in the Kanektok River. Little information on acceptable exploitation
rates for resident Al aska rainbow trout is available. Lafferty (1989) stated
that in the Kenai River, Al aska, a stable population could be nmaintained with
exploitation rates up to 14% exploitation rates greater than 14% coul d affect
t he popul ation age structure. A harvest rate of 15%in the Kanektok River,
coupled with annual survival rates of 20-30%for ol der age cl asses, could
cause these ol der age classes to be overharvested. dder fish may be caught
several times by sport anglers, which increases the probability of death due
to hooking nortality. |In addition, large fish are nore likely to be retained
by sport anglers for mounting as a trophy. The subsistence fishery may al so
harvest a di sproportionate nunber of |arger fish because of gear selectivity.
Until long term popul ation trends and harvests are eval uated, a cauti ous
approach to managenment shoul d be foll owed.

Concl usi ons _and Reconmendati ons

Lengt h frequency distribution and age class conposition data do not
i ndi cate any adverse effects of sport fishing pressure during the study
period. Angler harvest is not Iimting the popul ation as sport fishing does
not occur in any significant |evels during spawni ng, and vol untary catch and
rel ease practice provide a high level of protection for rainbowtrout at this
time. To insure present catch |levels do not increase dramatically, we
recomend continued nonitoring of the sport fishery through Special Use
Permts and public use surveys. As a condition for receiving a Special Use
Permt, the Togiak National WIdlife Refuge should require mandatory reporting
of catch, effort, and harvest on a nonthly basis.

Al though it appears as if larger increases in angler effort would
produce small increases in total nortality, we recomend conservative
managenent of this resource. Hooking nortality is a major concern, as our
data indicate that one in three fish were captured and handled at |east once
during 1986. Additional studies are necessary to determine the effects of
multiple recaptures and refine fishing nortality estimates. Al so, natura
fluctuations in popul ation size necessitate additional population estimates to
determ ne the range of exploitation rates occurring in the fishery.

A conservative approach will maintain the existing Kanektok River
rai nbow trout popul ation. Because the population is not characterized by many
large trout (> 600 mm), designation of the Kanektok River as a ' Trophy Trout
stream and the associ ated nanagenment practices (i.e., mandatory catch and
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rel ease, size or slot limts, gear limtations, area or seasonal closures) are
not reconmended at this tine.
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