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TNTRODUCTTON

A detai led historv of sea-run cutthroat stocks reared

and released at Beaver Creek Hatchery between 1956 and lgZg

was presented by Crawford (lg7gr- He noted that the release

of a combined stock from the Nenam, Green, and Elochoman

drainages in the Elochoman River produced few returns between

1?61 and 1965- An domesticated (capglys) Oregon stock

or ig ina l lv  f rom the Nor th Fork of  the Arsea River ,  oregon,

uras released in the Elochoman River to increase returns

start ing in 1963- The two stocks were spawned separately

urrt i l  1968- Bv rgTz the stocks had been combined to form the

Beaver creek stock- Returns from releases of this Beaver-

creek capt ive brood stock cont inued unt i l  rg82-  s tar t ins in

l9go '  cowl i tz  sea-run cut throat  were re leased in to the

Elochoman River because they were known to have a hisher

return rate in  the Cowl i tz  River-  Current ly ,  re turns of

cowritz sea-run cutthroat stock are numerous and have

resul ted in  a se l f -susta in ing program-

Sea-run Cut throat  re turns Here low in  past  years-  fn

h is  rev iew of  h is tor ic  marked re leases ( r96o-r"7s)  in  the

Elochoman River, Lucas (rg7", showed that the average return

to the Beaver  Creek Hatchery was 1-gZ-  He expla ined th is

rerat ive ly  poor  return by suggest ing that  smol ts  had not

impr in ted wel l  to  the hatchery-  poor  impr in t ing may have

also resulted in the SO percent straying rate for this stock

of the stock reported by Royal (tg72r- Lucas (LgTg)

suggested that the duration of culturing the captive brood



stock may have reduced genetic variabil ity r.rithin the stock

and forgone natural selection for saltwater adaptabil ity and

resistance to saltwater pathogens-

During creel census in L977 Lucas (L979) 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 lJere further

examined using a marking studv-

The marking study conducted by Lucas (Lg7g, in 197S

suggested that captive stocks contributed only incidentally

to sea-run cutthroat f isheries- Lucas (L979, released tulo

di f ferent marked cutthroat groups into l , l i t t  Creek, a lower

Columbia River tributary, two weeks apart (ttay 12 and May

26), prior to opening day of f ishing seasoh- 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 (L979, concluded that

the capt ive broodstock did not remain near the plant ing s i te

long enough for s igni f icant sport  harvest-
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l.IETHODS

Analysis

Data analysis was conducted via computer as described in

the winter-run steelhead section of this rePort-

Numbers Trapped

l4ethods used in the analysis of sea-run cutthroat

numbers trapped were similar to winter-run steelhead methods

presented in  that  sect ion of  th is  rePor t -

Time of Return to the Hatchery

Similar methods as presented in winter-run steelhead

sect ion of  th is  repor t -

Length at Return

Lensth data was collected and analyzed in part as

descr ibed in  the corresponding winter- run s teelhead sect ion-

Return data from marked sea-run cutthroat were compiled and

then compared using Hann-Whitney and Kruskal- ldal l is orre-way

ANOVA tests (Conover fggO) -

Sex Rat io

MaIe: female rat ios of  t rapped sea-run cut throat  was

calcu lated for  wi ld ,  capt ive brood years,  and Cowl i tz  s tocks-

Spawning Time

Total eggs spawned each spawning day were summed until

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



day was designated the median spawning date for each stock

each year. l ' ledian dates of spawning were plotted and

compared using correlations, J. lann-l^fhitney and Kruskal-tfal l is

one-way ANOVA tests (Conover 19gO) -

Fecundity

The average annual fecundity of sea-run cutthroat

spawned at Beaver Creek Hatchery was determined by dividing

dail .y totals of eggs spawned by the number of females for

each day of spaulning- The fecundity of mixed wild and

captive stocks Here compared using l ' lann-Whitney and Kruskal-

Wal l is  tests  (Conover  19gO) -

SmoI t  to  Adul t  Surv iva l

Smolt to adult survival was determined using methods

sinri lar to those presented under winter-run steelhead

sect ion -

t '
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RESULTS

Numbers Trapped

Numbers of sea-run cutthroat trapped at Beaver creek

Hatchery underwent a dramatic decrease in the earry lgTo's

and then increased to approximate previous levels after lggl

(Figure 2L, - The average annual number of sea-run cutthroat

trapped between 1965 and 197o; L97l and l98l, and l9g2 and

1985 was 1189, 85, and L4ZL, respectiveJ.y_
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Figure 2l- The numbers of hatchery cutthroat trapped at
Beaver Creek Hatchery (f965-1985) -

Time of Return to the Hatchery

Cutthroat returns to the Beaver Creek Hatchery have been

dispersed between September and March- The typical sea-run

cut throat  re turn normal ly  has a s ing le peak month occurr ing

in November or December (figure 22) -
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The annual median date of trapping ranged from October

3O in 1973 to January ZS in lgg0- The average annual median

trapping date from lg6s to 19as was December to- Linear

regression analysis of median trapping date and year showed

no s ign i f icant  (P)O-OS) t rend (Appendix  Cl )  -  The large ranse

in return t iming, within a given year, f iay have precluded a

stat is t ica l ly  s ign i f icant  t rend in  median t rapping date-

Length at Return

l ' lale and female length frequency plots show large

variat ions r. l i thin length groups between years (Figure 23) _

Mean fork lengths of male and female sea-run cutthroat

support these observations (Table 7) - During the years of

s tudy '  d i f ferences in  surv iva l ,  dge at  matur i ty ,  and/or

numbers stocked may have occurred which affected rength

f requency d is t r ibut ions -

Mean fork lengths bJere compared between sexes and return

years-  s tat is t ica l  d i f ferences between female lengths

occurred between 1gA2 and 1985, and between male artd female

lengths wi th in  l9A4 and t9B5 (Table 7)  -

l ' lean length of marked (lpBo release of cowlitz and

Elochoman River stocks) two and three total a9e female sea-

run cutthroat was 361 and 422 mm (ta and L7 inches),

respect ive ly-  No s ign i f icant  d i f ference was found between

marked re leases wi th in  each age c lass_ Sisn i f icant

differences were found between age crasses for marked group

releases (Appendix CZI -
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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
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Table 7- Comparison of male
mean fork lengths

and female sea-run cutthroat
at Beaver Creek Hatchery-

SD

J
I

: l

.i
Year llale

reon ll SD
(mla

Ferale tlale-ferale Ferale
P-value P-valuelean

(rr)

t982 ilAb

1983 ilA

1984 402.7

1985 109.8

0

0

237 28.62

61 16.91

199 26.03

Jl l  28.16

t24 21.13

228 {1.64

0.000

0.000 0.000

335

4t2

408

390

. a i n c h e s : m t 0 . 0 3 9 3 7
DData not available.

Sex Rat io

The male to female ratio of sea-run cutthroat trapped at

Beaver Creek Hatchery f luctuated kretween L975 and 1978, and

Lge? and 1985 (Figure 24r - No signif icant differences were

found to exist between these two t ime intervals- The overal l

average sex rat io  for  the two t ime in terva ls  was 1-4:1-O

( m a l e : f e m a l e )  a n d  r a n g e d  f r o m  O - 5 : 1 - O  i n  1 9 g O  t o  2 - 2 : 1 - O  i n

1982- No sex ratio data were available from 1979 to lg8l-

Spawning Time

l . led ian date of  spawning for  wi ld ,  capt ive,  and CowLi tz

stocks were compared between 1959 and 1985- l ledian date of

spaurning for wild and captive stocks was similar between

years (Figure 25) - The median spawning dates of native and

capt ive brood stocks were s ign i f icant ly  corre lated ( r  =

O-gZf)  -  No s ign i f icant  d i f ference hras found between wi ld  and
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Figure 24- The sex ratio (male:female) of hatchery cutthroat
trapped between 1975 and 1985 at Beaver Greek
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captive broodstock median spawning dates (Appendix CS) -

Captive broodstock median spawning dates for ages two, three,

and four Here signif icantly different (Appendix C4) -

Fecundity

i. lean fecundity of wild and captive broodstocks were E9g

and 11O3 between lg65 and t975, respectively_ Average annual

fecundity of mixed age ui ld and captive stocks were

stat is t ica l ly  s imirar  (p)o-os)  between 1965 and 1g69,  but

were d is t inct  (P(O-OS) between lgTO and 19Bt  (Appendix  CS) -

This was attr ibuted to an increased percentage of older

spawners between ISTO and 1?Bl- Signif icant differences were

found between captive cutthroat broodstock rnean annual

fecundity within ages two, three, dfid four- Differences hrere

also found between the fecundity of age two, three and four

capt ive cut throat-

Egg to Smolt Survival

Production Records

Month ly  lo t  records show that  morta l i t ies of  sea-run

cutthroat averaged 562 (Appendix C6) - These mortal i ty rates

have been corrected for unknown ross by subtracting

unaccountable loss from the total number lost per lot- The

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

rarger than expected. This resulted in average overruns in

these lcr ts  of  4-92-  i ' lo r ta l i t ies wi th in  rots  hrere,  in

general, lowest during November and December (Appendix C7) -



Viral Disease

The sea-run cutthroat program at Beaver Creek Hatchery

was dramatical ly impacted by IHN between 1981 and 1985-

During the 1981-1982 spawning season 196'5gl eggs Here

collected from sea-run cutthroat- There were 63,6(}(] eyed

eggs destroyed which were IHN posit ive- The remaining eggs

were hatched but later destroyed as they developed symPtoms

of IHN- Of }L|,!OO eggs spawned during the 1982-1985 season'

23,FJ24 were shown to be IHN positive and destroyed' As the

r e m a i n i n g e g g s t h a t H e r e h a t c h e d a n d r e a r e d ' 9 0 , 4 7 o s h o w e d

rHN symptoms and were destroyed- smolts from these eggs were

corrsidered fHN exposed and planted into the Elochoman River

on l y  -

Bacter ia l  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

l, larked adult sea-run cutthroat returninn'to Beaver Creek

\
Hatchery were almost equallv divided between two\ three

tota l  age f ish,  46-4,  and 43-BZ'  respect ive ly-  Returns at

four  (6-sz)  and f ive (L-7f i  vear  ages ufere markedly  lower-

AveraEe percentage return to the hatchery of al l  age ErouPs
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was f-OZ (Appendix CB)- Stepwise l inear regression was

conducted to determine the explainable amount of variat ion in

smolt to adult survival- fndependent variables tested were

Vear of release, number of smolts released, avera{re size at

release (number,/O-45 ks), and per\ent total return from total

age two through f ive- The analysis used data that were from

releases of smolts that had adult returns at several aefes (g

of 2O marked releases, Appendix Cg) - Results of this

analvsis indicated that the independent variable percentage

return at  to ta l  age f ive expla ined 45-92 of  the var ia t ion in

percent return to the hatchery (Appendix C9) -

Two s ign i f icant  pos i t ive correrat ions were found

between: (1) the number of smolts released and percentage

return of  three year  o lds (o-77o) ,  and e,  s ize at  re lease

and percentage return of  four  year  o lds (o-7s l )  -  The

signi f icant  negat ive corre lat ions were a lso found between:

(1) numbers released and percentage total return of two year

o lds ( -0-869) ,  (Z)  percentage return and percent  re turn of

f ive year  o lds ?0-726r ,  and (s)  between percentage return of

two and three year  o lds ( -O-ege,  Appendix  CIO) -  Corre lat ions

between total percentage return and year of release, nurnber

re leased,  Size at  re lease (numberr /o-4s kg) ,  percentage of

to ta l  re turn at  age two,  three,  four ,  and f ive were not

s ign i f icant ly  d i f ferent  than zero-

Size and Year of Release

Returns of marked cutthroat smolts released between Lg66

and l97o decreased dramaticarlv- This decline may have been



a result of using progeny of captive cutthrciat 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  re turn-

Marked cutthroat returns Here higher for releases at 6-5

per O-45 kg (tgge and L967 releases) than releases at larger

sizes (releases after L967, Figure 26) - The decline in

percent return may have been inf luenced more by the brood

stock used than by increased size at release-

Pai red Exper imenta l  Releases

Paired releases were used to test the effect of (f)

rearing sea-run cutthroat at vancouver Hatch€Fyr and (2) the

use of Cowlitz stock on adult returns to Beaver Creek

Hatchery on percent  re turn to  the hatchery-  No s ign i f icant

difference in percent return the hatchery was found between

sea-run cutthroat reared at Vancouver and Beaver Creek

Hatcheries and released into Beaver Creek in Lg64-

Fur thermor-p i  no s ign i f icant  d i f ference was found between

returns of Beaver Cree'k and Cowlitz stocks of sea-run

cutthroat to Beaver Creek Hatchery (Appendix Cl1) -

?5
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DISCUSSION

Hatchery Returns

change from a captive brood stock to a truly anadromous

stock has dramat ica l lv  increased adul t  re turns-  Dur ing

years when a captive brood stock was used for hatchery

product ion,  re turns were low- current ly ,  the use of  cowl i tz

stock has provided adequate increased numbers of returning

adul ts  -

Sea-run cutthroat return to Beaver Creek Hatchery }ater

(November-December) than at the Cowlitz Hatchery (October-

November;  T ipp i r rg  and spr inger  rggo)-  t ' l i€ t ra t ion d is tances '

discharge and temperature differences between the Cowlitz and

Elochoman drainages may explain these inconsistencies-

Length f requency d is t r ibut ions were s imi lar  for

cut throat  t . rapped at  Cowl i tz  and Beaver  Creek Hatcher ies-

Tipping (1982) showed that females exhibited modal peaks at

54 and 38 cm and males had frequency peaks at 54 and 41 cm-

Length f requency p lots  of  Cowl i tz  data d id not  ind icate

di f ferent ia l  year  c lass surv iva l  s imi lar  to  Beaver  Creek-

Year  c lass s t rength d i f ferences between r ivers may ref lect

the occurrence of  IHN in  cut throat  a t  Beaver  Creek Hatchery

pr ior  to  re lease-

Cut throat  male: female rat ios favored males at  Beaver

Creek and Cowl i tz  Hatcher ies-  Both cut throat  runs had

approx imate ly  1-4 males per  female 111ppins f982)-

Beaver  Creek Hatchery sea-run cut throat  (Cowl i tz  s tock)

spaHn rjuring approximately the same time period as cutthroat

97



at the Cowlitz Hatchery- Tipping (1982) showed spawning

occurred between November and January at the Cowlitz

Hatchery -

Before l9gl, captive and wild stocks at Beaver Creek had

di f ferent  spawn t imings-  This  is  a t t r ibuted to  the use of

younger  spawners dur ing ear l ier -  years-  Var iab le spawn t iming

of different year classes was described by Tipping (f9g2) and

l ' lercer (1982) - Tipping (1992) noticed a decline in mean

Iength of  r ipe females over  t ime-  Mercer  (19€a)  work ing wi th

pen-reared cutthroat, showed that. the spawning t iming of age

two f ish was later than age three f ish-

l. lean fecundity of mixed age captive and wild cutthroat

at Beaver Creek Hatchery Here hiSher than fecundity

carcurated at  the cowl i tz  hatchery-  The average fecundi ty  of

Cowlitz stock was BOg eggs per female (Tipplnn and Springer

1?8o) compared to EBg and iros for Beaver creek wild and

capt ive s tocks,  respect ivery-  The propor t ion of  ages used in

calcu lat ion of  means and stock d i f ferences may expla in these

f ind ings-  Loch (1982)  examined t9 matur ing wi ld  female

cut throat  t rout  captured wi th in  the lower co lumbia River

estuary for fecundity- He found the number of eggs per

female ranged from SO4 to 1,SS7 with an average number of

eggs per female of 931- Johnston (Lg7g, and Mercer (1g82)

reported age specif ic fecundit ies that hrere lower than

calculated for captive brood stock age groups at Beaver Creek

Hatchery-  The use of  a  f ish s tock that  had been domest icated

for  many years (Arsea stock)  at  Beaver  creek may expla in th is

f ind ing-  Hercer  ( rpgz)  carculated fecundi ty  of  net  pen



reared cutthroat and Johnston (L979). reported on native

St i l laguamish River stock

Hatchery Smolt to Adult Survival

The age composit ion of returning cutthroat was found

be nearly eqrral ly divided betareen two and three year olds

Beaver Creek, whereas data col lected on the Cor^l l i tz River

during a creel census showed a higher proport ion to two year

old and corresponding lower proport ion of three year and

older  f ish (T ipp ing tgga)  -  s tock d i f ferences may expla in

these d is t inct ions-  Resul ts  of  l inear  regress ion analys is

were of  l i t t le  va lue in  predic t ion of  percent  re turn to  the

hatchery- Changes in stocks used during the years study

confounded in terpretat ion of  these resul ts-

Recommendation for Future Research
and Changes in l.lanagement

Sea-run cut throat  and steelhead have s imi lar

re la t ionships between product ion cost ,  s ize.  a t  re lease,

res idual ism,  age composi t . ion,  condi t ion factor  a t  re lease,

and to a lesser extent ocean condit ions- Far less

information relating these variables has been compiled for

cut throat ,  th is  increases the need for  fu ture research-  Data

from these relationships would then be used to improve smolt

to adult survival and develop run-size predict ive models

(F igu re  12 )  -

A larger factor for sea-run cutthroat than steelhead is

the amount  of  s t ray ing that  occurs in  return ing adul ts-

Surveys of adjacent watersheds for wild-population

to

a t



distr ibut ion and l i fe history patterns in conjunct ion wi th

smolt mark-recapture studies would prove invaruable to

managers-

Evaluation of the sea-run cutthroat f ishery 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 identif ied differences in age

structure between soulitz and Beaver Creek sea-run cutthroat

stocks- As Cowlitz stock had a hisher proportion of two than

three year old adults, 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-  Beaver Creek stock or ig inated from Cowl i tz stock

as recent ly as 1981- Such a rapid change in age structure

meri ts at tent ion-
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Appendix Cl- Results fr-og l inear regression
lemporal trend in cutthroit median(date urhen 5oZ of v"i i i ' Iot.r hadBeaver Creek Hatchery
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Appendix C2- Comparison of
sea-run cutthroat
Hatchery -

known age (marked) returns of
trapped at the Beaver Creek
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Appendix C5- Gomparison
captive sea-run

of mixed age mean annual wild
cutthroat fecundi ty-

and
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Appendix c9- Results of stepuise multiple regression
testing; year of release' number of smolts
released' average size of smolt at release, and the
percent total return of tuo' three, four, and five
total age sea-run cutthroat adults as predictors of
percent return to Beaver Creek Hatchery-

llependent
Variable

Step Independent il
variable
entered

Increase flegression
in R2 coeficient

t-valueP-yalue P-value
regression

p2

Percent
return

Five 0.527 0.527 -l5.t2t -2.79 0.027 0.027

Appendix CIO- Correlat ion matr ix of  var iables;  percent
-;;;";;-to-ttre 

hatcherv' vear of rerease' number

;;i;;;"d, siie' it rerease' and percent total return

at tuo throuih Fo,rt total age sea-run cutthroat at

Beaver Creek HatcherY'

Percent Year
return

Nurber Tro Ihree Four FiveSize

t return 1.000
Year
llurber
Sire
Iro
Three
Four
Five

-0.026 1.000
0.052 -0.17f
0.651 -0.524

-0.099 0.066
0.21J -0.296
0.5{0 0.055
-0.726 0.201

I .000
0.579 1.000

-0.869 -0.641
0.770 0.556
0.323 0.731

-0.16J -0.{ i9

1.000
-0.888 1.000
-0.301 0.10J 1.000
0.287 -0.555 -0.3{3 1.000

llote : l l inirur sisnif icant correlation is 0.666 (7 df).
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Appendix  Cf l -
to

Comparison
Beaver Creek

of marked sea-run
Hatchery -

cui throat return

I'tarked group
released

t lark Number percent p-value
(year released) released return

Beaver Cr-  reared
Vancouver reared

Beaver Cr-  stock
Cowl i tz  s tock

AD+PY (L964,
AD+LV (L964)

RV (reso)
LV (1e80)

5632
L7zo,s

L47o,0
20000

o-89 0-89(}
o - 9 r

l  -or o-2L6
o- g8

153




