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INTRODUCTION

A detailed history of sea-run cutthroat stocks reared

and released at Beaver Creek Hatchery between 1958 and 1979

was presented by Crawford (1979). He noted that the release
of a combined stock from the Nenam, Green, and Elochoman
drainages in the Elochoman River Produced few returns between
1961 and 1965. An domesticated (captive) Oregon stock
originally from the North Fork of the Alsea River, Oregon,
was released in the Elochoman River to increase returns
starting in 1963. The two stocks were spawned separately
until 1968. By 1972 the stocks had been combined to form the
Beaver Creek stock. Returns from releases of this Beaver
Creek captive brood stock continued until 1982. Starting in
1980, Cowlitz sea-run cutthroat were released into the
Elochoman River because they were known to have a higher
return rate in the Cowlitz River. Currently, returns of
Cowlitz sea-run cutthroat stock are numerous and have
resulted in a self-sustaining program.

Sea—run Cutthroat returns were low in past vyears. 1In
his review of historic marked releases (1960-1973) in the
Elochoman River, Lucas (1979) showed that the average return
to the Beaver Creek Hatchery was 1.8%. He explained this
relatively poor return by suggesting that smolts had not
imprinted well to the hatchery. Poor imprinting may have
also resulted in the 30 percent straying rate for this stock
of the stock reported by Royal (1972). (Lucas (1979)

suggested that the duration of culturing the captive brood




stock may have reduced genetic variability within the stock
and forgone natural selection for saltwater adaptability and
resistance to saltwater pathogens.

During creel census in 1977 Lucas (1979) found that the
overall Elochoman River sea—-run cutthroat harvest rate was
low and that stream anglers were only slightly more
successful than Columbia bar fisherman. Although sea-run
cutthroat are not as popular as they are within the Puget
Sound many anglers do fish for them from early September
through early October in tidewater areas of the Columbia
River. Reasons for this poor return rate were further
examined using a marking study.

The marking study conducted by Lucas (197%) in 1978
suggested that captive stocks contributed only incidentally
to sea-run cutthroat fisheries. Lucas (1979) released two
different marked cutthroat groups ihto Mill Creek, a lower
Columbia River tributary, two weeks apart (May 12 and May
26), prior to opening day of fishing season. Data collected
by electrofishing and creel census checks, indicated that
cutthroat smolts tended to move rapidly out of the stream
within a few days of release. Lucas (1979) concluded that
the captive broodstock did not remain near the planting site

long enough for significant sport harvest.
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METHODS

Analysis
Data analysis was conducted via computer as described in

the winter—-run steelhead section of this report.

Numbers Trapped
Methods used in the analysis of sea—-run cutthroat
numbers trapped were similar to winter—-run steelhead methods

presented in that section of this report.

Time of Return to the Hatchery
similar methods as presented in winter—-run steelhead

section of this report.

Length at Return
Length data was éollected and analyzed in part as
described in the corresponding winter-run steelhead section.
Return data from marked sea—-run cutthroat were compiled and
then compared using Mann-Whitney and Kruskal-Wallis one—way

ANOVA tests (Conover 1980).

Sex Ratio
Male: female ratios of trapped sea—run cutthroat was

calculated for wild, captive brood vears, and Cowlitz stocks.

Spawning Time
Total eggs spawned each spawning day were summed until

one-half the annual total for each stocks was reached. This




S

day was designated the median spawning date for each stock
each vear. Median dates of spawning were pldtted and
compared using correlations, Mann-Whitney and Kruskal-Wallis

one—way ANOVA tests (Conover 1980).

Fecundity
The average annual fecundity of sea-run cutthroat
spawned at Beaver Creek Hatchery was determined by dividing
daily totals of eggs spawned by the number of females for
each day of spawning. The fecundity of mixed wild and
captive stocks were compared using Mann—Whitney and Kruskal-

Wallis tests (Conover 1980).

Smolt to Adult Survival
Smolt to adult survival was determined using methods
similar to those presented under winter—-run steelhead

section.
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RESULTS
Numbers Trapped
Numbers of sea-run cutthroat trapped at Beaver Creek
Hatchery underwent a dramétic decrease in the early 1970°s
and then increased to approximate previous levels after 1981
(Figure 21). The average annual number of sea-run cutthroat
trapped between 1965 and 1970; 1971 and 1981, and 1982 and

1985 was 1189, 85, and 1421, respectively.
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Figure 21. The numbers of hatchery cutthroat trapped at
Beaver Creek Hatchery (1965-1985).

Time of Return to the Hatchery
Cutthroat returns to the Beaver Creek Hatchery have been
dispersed between September and March. The typical sea-run
cutthroat return normally has a single peak month occurring

in November or December (Figure 22).







The annual median date of trapping ranged from October
30 in 1973 to January 23 in 1980. The average annual median
trapping date from 1965 to 1985 was December 10. Linear
' regression analysis of median trapping date and year showed
no significant (P>0.05) trend (Appendix Cl1). The large range
in return timing, within a given year, may have precluded a

statistically significant trend in median trapping date.

Length at Return

Male and female length frequency plots show large
variations within length groups between vears (Figure 23).
Mean fork lengths'of male and female sea-run cutthroat
support these observations (Table 7). During the yvears of
study, differences in survival, age at maturity, and/or
numbers stocked may have occurred which affected length
frequency distributions.

Mean fork lengths were compared between sexes and return
years. Statistical differences between female lengths
occurred between 1982 and 1985, and between male and female
lengths within 1984 and 1985 (Table 7).

Mean length of marked (1980 release of Cowlitz and
Elochoman River stocks) two and three total age female sea-
run cutthroat was 361 and 422 mm (14 and 17 inches),
respectively. No significant difference was found between
marked releases within each age class. Significant
differences were found between age classes for marked group

releases (Appendix C2).
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Figure 23. The percent of female and male sea—run cutthroat
by length groups (percent length frequency)
trapped during 1982 and 1985 at Beaver Creek
Hatchery.
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Table 7. Comparison of male and female sea—-run cutthroat
mean fork lengths at Beaver Creek Hatchery.

" Year Hale Feaale fale-female Female
pean N SD mean N SD P-value  P-value
(s0)? (am)
1982 W 0 3/BO19 26.03
1983  NA 0 412 311 28.16
1984 402.7 237 28.62 408 124 21.13 0.000
1985  409.8 61 46.91 390 228 44.64 0.000 0.000

2 inches = mm x 0.03937
bData not available.

Sex Ratio ?
The male to female ratio of sea—run cutthroat trapped at g
Beaver Creek Hatchery fluctuated between 1975 and 1978, and
1982 and 1985 (Figure 24). No significant differences were
found to exist between these two time intervals. The overall
average sex ratio for the two time intervals was 1.4:1.0
(male: female) and ranged from 0.5:1.0 in 1980 to 2.2:1.0 in

1982. No sex ratio data were available from 1979 to 1981.

Spawning Time
Median date of spawning for wild, captive, and Cowlitz
stocks were compared between 1959 and 1985. Median date of
spawning for wild and captive stocks was similar between
vears (Figure 25). The median spawning dates of native and

captive brood stocks were significantly correlated (r =

0.871). No significant difference was found between wild and
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Figure 24. The sex ratio (male:female) of hatchery cutthroat
trapped between 1975 and 1985 at Beaver Creek

Hatchery.
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stocks of cutthroat at Beaver Creek Hatchery
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captive broodstock median spawning dates (Appendix C3).
Captive broodstock median spawning dates for ages two, three,

and four were significantly different (Appendix C4).

Fecundity

Mean fecundity of wild and captive broodstocks were 898
and 1103 between 1965 and 1973, respectively. Average annual
fecundity of mixed age wild and captive stocks were
statistically similar (P)>0.05) between 1965 and 1969, but
were distinct (P<0.05) between 1970 and 1981 (Appendix GC5).
This was attributed to an increased percentage of older
spawners between 1970 and 1981. Significant differences were
found between captive cutthroat broodstock mean annual
fecundity Qithin ages two, three, and four. Differences were
also found between the fecundity of age two, three and four

captive cutthroat.

Egg to Smolt Survival
Production Records
Monthly lot records show that mortalities of sea-run
cutthroat averaged 56% (Appendix C6). These mortality rates
have been corrected for unknown loss by subtracting

unaccountable loss from the total number lost per lot. The

numbers of sea-run cutthroat that were in each lot were often

larger than expected. This resulted in average overruns in
these lots of 4.92Z. Mortalities within lots were, in

general, lowest during November and December (Appendix c7).



Viral Disease

The sea-run cutthroat program at Beaver Creek Hatchery
was dramatically impacted by IHN between 1981 and 1983.
During the 1981-1982 spawning season 186,381 eggs were
collected from sea-run cutthroat. There were 63,600 eyed
eggs destroved which were IHN positive. The remaining eggs
were hatched but later destroyed as they developed symptoms
of IHN. Of 219,100 eggs spawned during the 1982-1983 season,
23,824 were shown to be IHN positive énd destroyed. As the
remaining eggs that were hatched and reared, 90,470 showed
IHN symptoms and were destroyed. Smolts from these eggs were
considered IHN exposed and planted into the Elochoman River

only.

Bacterial Disease

Bacterial diseases of sea-run cutthroat are as described

for winter—-run steelhead.

Parasitic Disease
Parasitic diseases for sea-run cutthroat are similar to

those for winter—run steelhead.

Smolt to Adult Survival
Marked Comparisons
Marked adult sea-run cutthroat returning to Beaver Creek
Hatchery were almost equally divided between two d three
total age fish, 46.4, and 43.8%, respectively. Returns at
four (6.8%) and five (1.7%) year ages were markedly lower.

Average percentage return to the hatchery of all age groups
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was 1.02 (Appendix C8). Stepwise linear regression was

conductéd to determine the explainable amount of variation in
smolt to adult Survival- Independent variables tested were
vear of release, number of smolE; released, average size at
release (numbef/0;45 kg), and pe?éent total return from total
age two through five. The analysis used data that were from
releases of smolts that had adult returns at several ages (9
of 20 marked releases, Appendix C8). Results of this
analysis indicated that the independent variable percentage
return at total age five explained 45.9% of the variation in
percent return to the hatchery (Appendix C9).

Two significant positive correlations were found
between: (1) the number of smolts released and percentage
return of three year olds (0.770), and (2) size at release
and percentage return of four year olds (0.731). The
significant negative correlations were also found between:
(1) numbers released and percentage total return of two year
olds (-0.869), (2) percentage return and percent return of
five vear olds (-0.726), and (3) between percentage return of
two and three year olds (-0.888, Appendix Cl0). Correlations
between total percentage return and vear of release, number
released, size at release (number/0.45 kg), percentage of
total return at age two, three, four, and five were not

significantly different than zero.

Size and Year of Release

Returns of marked cutthroat smolts released between 1966

and 1970 decreased dramatically. This decline may have been

g




a result of using progeny of captive cutthroat broodstock for
marked release groups (Figure 26). Declining returns were
reversed as captive stocks were replaced with a migratory
stock (Cowlitz stock) in 1980. The use of these two stocks
influenced the relationship between size at release and
percent return.

Marked cutthroat returns were higher for releases at 6.5
per 0.45 kg (1966 and 1967 releases) than releases at larger
sizes (releases after 1967, Figure 26). The decline in
percent return may have been influenced more by the brood

stock used than by increased size at release.

Paired Experimental Releases

Paired releases were used to test the effect of (1)
rearing sea-run cutthroat at Vancouver Hatchery, and (2) the
use of Cowlitz stock on adult returns to Beaver Creek
Hatchery on percent return to the hatchery. No significant
difference in percent return the hatchery was found between
sea—-run cutthroat reared at Vancouver and Béaver Creek
Hatcheries and released into Beaver Creek in 1964.
Furthermore, no significant difference was found between
returns of Beaver Creek and Cowlitz stocks of sea—run

cutthroat to Beaver Creek Hatchery (Appendix Cl11).

25

b e




N=9
87 a | ==0.03

ARCSIN(SQRT{PERCENT RETURN))

YEAR

s ' N=9 4
-r=2065 sns

ARCSIN(SQRT{PERCENT RETURN))

' ¥ 1 L) 1 1 L} ¥ 1 I L T i 1

)
3.4 z.8 4.2 4.8 s 5.4 5.8 6.2 6.6
SIZE AT RELEASE (number/0.45kg)

Figure 26. Plot of peréént return to the hatchery; vyear and

size (number per 0.45 kg) at release of cutthroat
at Beaver Creek Hatchery.




DISCUSSION

Hatchery Returns

Change from a captive brood stock to a truly anadromous
stock has dramatically increased adult returns. During
vears when a captive brood stock was used for hatchery
production, returns were low. Currently, the use of Cowlitz
stock has provided adequate increased numbers of returning
adults.

Sea-run cutthroat return to Beaver Creek Hatchery later
(November-December) than at the Cowlitz Hatchery (October-
November ; Tipping and Springer 1980). Migration distances,
discharge and temperature differences between the Cowlitz and
Elochoman drainages may explain these inconsistencies.

Length frequency distributions were similar for
cutthroat trapped at Cowlitz and Beaver Creek Hatcheries.
Tipping (1982) showed that females exhibited modal peaks at
34 and 38 cm and males had frequency peaks at 34 and 41 cm.
Length frequency plots of Cowlitz data did not indicate
differential year class survival similar to Beaver Creek.
Year class strength differences between rivers may reflect
the occurrence of IHN in cutthroat at Beaver Creek Hatchery
prior to release.

Cutthroat male:female ratios favored males at Beaver
Creek and Cowlitz Hatcheries. Both cutthroat runs had
approximately 1.4 males per female (Tipping 1982).

Beaver Creek Hatchery sea-run cutthroat (Cowlitz stock)

spawn during approximately the same time period as cutthroat

27




at the Cowlitz Hatchery. Tipping (1982) showed spawning

occurred between November and January at the Cowlitz
Hatchery.

Before 1981, captive and wild stocks at Beaver Creek had
different spawn timings. This is attributed to the use of
younger spawners during earlier years. Variable spawn timing
of different year classes was described by Tipping (1982) and
Mercer (1982)-, Tipping (1982) noticed a decline in mean
length of ripe females over time. Mercer (1982) working with
pen-reared cutthroat, showed that the spawning timing of age
two fish was later than age three fish.

Mean fecundity of mixed age captive and wild cutthroat
at Beaver Creek Hatchery were higher than fecundity
calculated at the Cowlitz hatchery. The average fecundity of
Cowlitz stock was 809 eggs per female (Tipping and Springer
1980) compared to 889 and 1103 for Beaver Creek wild and
captive stocks, respectively. The proportion of ages used in
calculation of means and stock differences may explain these
findings. Loch (1982) examined 19 maturing wild female
cutthroat trout captured within the lower Columbia River
estuary for fecundity. He found the number of eggs per
female ranged from 304 to 1,587 with an average number of
eggs per female of 931. Johnston (1979) and Mercer (1982)
reported age specific fecundities that were lower than
calculated for captive brood stock age groups at Beaver Creek
Hatchery. The use of a fish stock that had béen domesticated
for many years (Alsea stock) at Beaver Creek may explain this

finding. Mercer (1982) calculated fecundity of net pen




reared cutthroat and Johnston (1979) reported on native

Stillaguamish River stock.

Hatchery Smolt to Adult Survival

The age composition of returning cutthroat was found to
be nearly equally divided between two and three year olds at
Beéver Creek, whereas data collected on the Cowlitz River
during a creel census showed a higher proportion to two year
old and corresponding lower proportion of three year and
older fish (Tipping 1982). Stock differences may explain
these distinctions. Results of linear regression analysis
were of little value in prediction of percent return to the
hatchery. Changes in stocks used during the vears study
confounded interpretation of these results.

Recommendation for Future Research
and Changes in Management

Sea-run cutthroat and steelhead have similar
relationships between pfoduction cost, size at release,
residualism, age composition, condition factor at release,
and to a lesser extent ocean conditions. Far less
information relating these variables has been compiled for
cutthroat, this increases the need for future research. Data
from these relationships would then be used to improve smolt
to adult survival and develop run—-size predictive models

(Figure 12).

A larger factor for sea-run cutthroat than steelhead is

the amount of straving that occurs in returning adults.

Surveys of adjacent watersheds for wild-population
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distribution and life history patterns in conjunction with
smolt mark-recapture studies would prove invaluable to
managers.

Evaluation of the sea-run cutthroat fishery would
provide effective means for its enhancement. Use of sea-run
cutthroat should be enhanced to provide recreation during the
late summer and fall seasons.

The current study identified differences in age
structure between sowlitz and Beaver Creek sea-run cutthroat
stocks. As Cowlitz stock had a higher proportion of two than
three year old aqults, Beaver Creek stock ages were equally
divided between the two and three year class. Having an
older age structure may result in lower smolt to adult
survival. Béaver Creek stock originated from Cowlitz stock
as recently as 1981. Such a rapid change in age structure

merits attention.
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Appendix C1.
temporal trend in cutthroat media
(date when 50% of Years total had been trapped) at
Beaver Creek Hatchery.

Results from linear regressio

n analysis for a
n trapping date.

b

Median
date Year
30-Nov 1964
02-Dec 1965
Ol1-Dec 1966
10-Dec 1967
23—Nov 1968
18-Dec 1969
28—Noav 1970
27-Nov 1971
20—Dec 1972
30-0ct 1973
03-Dec 1974
18-Nov 1975
19-Jan 1976
l4-Dec 1977
15-Dec 1978
23-Jan 1979
31-0ct - 1980
19-Jan 1981
01-Dec 1982
13—-Nov 1983
14—-Nov 1984
Dependent N Adjusted Regression Regression
variable R2 coefficien coefficient
P-value
Median date 21 0.000 0.895 0.467

of trapping




Appendix c2.

Comparison of known age (marked) returns of

sea-run cutthroat trapped at the Beaver Creek

Hatchery.
Sex Total Marked Mean N S Within Between
Age group fork age age
length P-value P-value
{mm)3
Female e LV 367 47 31.49
2 RY 350 22 18.26 0.059
0 _ 00
3 Ly 414 26 23.44
= RV 427 33 16.42 0O.0a0
ainches = mm x 0.03%37
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Appendix C5. Qomparison of mixed age mean annual wild and
captive sea-run cutthroat fecundity.

Wild Brood Captive Brood

Year Mean N SD Mean N Sh P-value
1965 889 9 144.3 830 16 200.0 0.396
1966 1114 6 394.4 845 S 140.1 0.100
1967 936 & 170.6 1112 7 291.6 0.371
1968 1017 8 109.g 1176 17 275.4 0.071
1969 790 12 139.4 893 22 277.1 0.220
1970 2183 9 208.2 1101 12 125.8 0.01e *
1971 995 6 112.8 1265 18 319.7 0.023 %
1972 785 8 173.0 1310 14 381.5 0.003 *x*
1973 937 S 0.0 1422 10 406.8 0.013 #*

Overall 898 69 207.2 1103 121 341.4

* significant at P<(0.05
#% significant at P<0.01
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Appendix C9. Results of stepwise multiple regression
testing:; year of release, number of smolts
released, average size of smolt at release, and the
percent total return of two, three, four, and five
total age sea-run cutthroat adults as predictors of
percent return to Beaver Creek Hatchery.

Dependent Step Independent N R?2  Increase Regression t-value P-value kP-value

Variable variable in B2 "
coeficient :
entered regression

Percent 1 Five 9 0.5 _ )
return 0.527 15.424  -2.79 0.027 0.027

Appendix C10. Correlation matrix of variables; percent
return to the hatchery, year of release, number
released, size at release, and percent total return
at two through four total age sea—-run cutthroat at
Beaver Creek Hatchery.

percent Year  Number  Size Two Three  Four Five
return

Percent return 1.000

Year -0.026 1.000

Nuaber 0.032 -0.174  1.000

Size 0.651 -0.324 0.579  1.000

Tuo -0.099 0.066 -0.869 -0.641  1.000

Three 0.213 -0.29 0.770 0.556 -0.888  1.000

Four 0.540 0.055 0.323 0.731 -0.300 0.103  1.000

Five -0.726 0.204 -0.163 -0.479 0.287 -0.555 -0.343  1.000

Note : Ninimum significant correlation is 0.666 (7 df).




L]

Appendix Cl1. Comparison of marked sea—rﬂn cutthroat return
to Beaver Creek Hatchery.

Marked group Mark Number Percent P-value
released (vear released) released return

Beaver Cr. reared AD+RV (1964) 5632 0.89 0.890
Vancouver reared AD+LVY (1964) 17205 0.91

Beaver Cr. stock RV (1980) 14700 1.01 0.216

Cowlitz stock LV (1980) 20000 0.88






