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Abstract
Culthroal interact wilh olher nigraline juvenile and adult salmonids within the Columbia River plume. By collecting basic
life history information, we broaden o0r knovledge of both cutth.ost t.out nigrations within the Colunbia River plune and
how they interact as a predator on juyenile fish and zooplankron. To study these fish, sea-nn curthroat trout were collecled
in marine waters {ithin and adjacent to the noulh of the Columbia River plune between Tillamook Bay, 0regon and Copalis
Head, Vashingron. A total of 232 purse seine sets {ere made during lhree c.uises f.on late May to ea.ly Septembe., 1980.
Age, size, and diet were examined. Cunhroat tout were found to range farther offshore than previously reported. They were
captured within the Columbia Rirer piume as far as 3l km o{fshore. Six age groups,2 to 7 years, were identified. Fifty perc€nt
of the aged cutthroat were of hatchery origin. Stonach analysis {rom rhe May-June cruise revealed cutthroat lrout feed on
a wide variety of food itens, with fish and nysids predominant.

Introduction

There are fev studies of sea-run cutthroat trout,
Salmo clarki clarki, in marine coastal waters. In-
formation on the distribution and movement in
saltwater has been presented by Jones (1974,
1975, 1976\ for Alaska, and Giger (1972) fot
Oregon. Additionally, l imited information has
been reported for cutthroat stocks within the
lower Columbia River and plume (Sumner 1972,
Fisher and Pearcy 1985). Food items of cutthroat
trout in coastal marine waters have been reported
by Clemens and Wilby (1946), Haig-Brown (1947),
Armstrong (1971), Cieer (1972\, Sumner (1972),
Simenstad and Kinney (1978), and Brodeur er al
(1987).

Historically, cutthroat trout populations have
been relatively small when compared to other
salmonids. Royal (1972) wrote that historic steel-
head, S. gairdneri, populations in Washington
comprised two to three percent of the total
anadromous salmonid populations and that cut-
throat trout population levels were thought to be
much less than that of steelhead populations.

The purpose of this study was to document
distribution, age, size, and diet of adult sea-run
cutthroat trout captured within and adjacent to
the Columbia River plume. The plume is defined
by the freshwater dilution of the coastal waters
adjacent to the Columbia River. The study survey

area was located $ithin the inner plume marked
by the 27 o/oo isohaline. The outer bounds of the
plume, defined by the 32.5 o/oo isohaline (Barnes
et al, 1972\, was not encompassed. Fish were col-
lected as part of a more comprehensive study by
the National Marine Fisheries Service to define
the marine migrational patterns of juvenile
salmonids emigrating from the Columbia River
estuary (Miller et al. 19831-

Methods

A total of 232 sets were made along ten east-west
sampling transects which were established along
the Pacific Northwest coast from Tillamook Bay,
Oregon, to Copalis Head, Washington (Figure l),
Each t ransec t  con ta ined f i ve  sampl ing  s la t ions i
the first located at the 30 m depth contour, with
the others extending seaward at 8 km intervals.
Purse seining was conducted during three
periods: 27 May-? June,4-15 July, and 28
August-8 September 1980.

The sampling net was a 495 x 30 m purse
seine that was assumed to fish approximately
24 m deep based on its construction (J. Jurko-
vitch, Gear Specialist, NMFS, Northwest and
Alaska Fisheries Center, Seattle, Washington,
personal communication February l98l).

All fish collected were anesthetized with ben-
zocaine, counted by species, measured to fork
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Figure l Location of transect stations (circled areas) for off shore maine purse seining of salnonids alons the oregon
Washington coast, 1980. Da.kened circles are areas of cutthroar caprures.
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length and examined for identifying marks. Stom-
achs (esophagus to the pyloric caeca) were re-
moved and preserved with buffered l0 percent
formaldehyde solution in individual vials for later
analysis. Processing of the stomachs was as de-
scribed by Cail l iet (1977). 0rganisms were iden-
tif ied to the lowest practical taron.

Sca lps  r ,p rc  co l lec ted  fo r  age de termina l ion .
Methods similar to Naner and Withler (1971)
rere used to age cutthroat scales. Briefly, age
was assigned using a chronological arrangement
(i.e.,2.+ F+ S+) of arabic numerals to designate
the number of consecutive rvinters in freshwater.
A period (.) indicates the point of initial saltwater

entry. Each plus sign (+) denotes sahwater resi-
dence less than one year in duration. Spawning
checks are designated with a captial letter "S,"

where a " + S" denotes one chronological year.
Not all returning adult sea-run cutthroat spawn
on their first re-entry to freshwater from salt-
water. We define a freshwater .e-entry from salt-
water and temporary residence with no spawn-
ing before migrating back to saltwater (as evi-
dent by no scale resorption) as a "feeding run"
and we designate this "feeding run" with the let-
ter "F." An " + F" indicates one chronological
year. Therefore, a fish aged 2.+F+S+ would
have spent two winters in freshwater after

_a
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Figure 2. Sea-run cutthroat trout scale *irh two years of freshwater growrh. Marine growth and
"feeding" check (+F) followed by additional narine growth and a spawning check (+ S)
follo{ the fresh{ater srovth. The last scale check (+ S) is followed by narine srowrh (+)

for  e tota l  age of  4+.
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hatching, another summer period at sea, fresh-
water re-entry and return to the ocean, freshwater
re-entry spawning, and was captured during its
third saltwater migration at an age of 4+ (Figure
2). All age I f ish were assumed to be of hatchery
origin.

Resulls and Discussion

Distribut on

Cutthroat were collected along the coast from
Tillamook Bay, Oregon, to Willapa Bay, Wash-
ington (Table l). Catches were made 3.0 to 31.5
km offshore, over bottom depths ranging from
30 to 134 m. AII of the cutthroat trout collected
were captured within the Columbia River plurne.
In l9?8 and 1979, no cutthroat trout were cap-
tured during sampling with a 305 x ll m purse
seine inside the 30 m depth contour from May
to September (Dawley er aL. 1978, 1979, I9B0).

Litt le information exists regarding the
distance offshore that cutthroat trout have been
captured. Haig-Brown (1947) reponed adult cut-
throat range off shore as far as 7 km from the
mouth of the Nimpkish River on Vancouver
Island, Canada. Sumner (1972) also mentioned
sport anglers harvesting cutthroat trout offshore
at a similar distance. The greatest offshore
distance for cutthroat trout captured during our
study $as in the river plume (31.5 km) off the

SouthJetty at the mouth of the Columbia River.
Th is  d is tance f rom shore  uas  surpr is ing .  s ince
existing evidence suggests that sea-run cutthroat
trout avoid traveling in large open bodies of
water and tend to follow shorelines (Jones l9?6).

This suggests that substantial numbers of cut-
throat might be found within the influence of a
large riverine plume. Sumner (19?2) proposed
that cutthroat o ginating in the Columbia River
basin might go out some distance from the coast
while remaining wirhin the Columbia plume. This
observation agrees with our findings. The off-
shore distance cuttLroat migrate may depend on
the Columbia River outflow during their migra-
tion to saltwater. Maximum river flows for the
Colurnbia River occur during May, June, and July
(Neal 1972). Columbia River sea-run cutthroat
emigrate to saltwater in April and early May
(Dawley et al. 1978, 1979,1980). Besides the influ-
ence of maximum flows, cutthroat might drift
with a current while feeding and be relocated to
other areas. Prevailing currints during May and
June may move cutthroat to areas farther offshore
and away from the mouth of the river. Giger (19?2)
loted ocean curents could redistribute cutthroat
to other areas thereby increasing the occurrence
of straying to other rivers along the Oregon coast.
This might explain marked cutthroat trout stock-
ed into the Alsea River, Oregon, being captured
in the estuary of the Siuslaw River, Oregon, in
196? (Sumner 1972).

Table 1 . Location of cutthroat trou ! cau ght off Oregon and Washingron, M ay Jul) 1980.

Nunber

caught
Distance

offshore (km)
Waler

depth {m)

30 May

30 ltay

3l May

6 June

7 June

12 Juh

14 July

t4 July

l, t  July

15 July

15 Julv

Tillamook Rocl

Tillamook Rock

Tillanook Rock

Klipsan Beach

South Jetty

South Jettl

Sourh Jerty

Willapa Bay

South Jet I

South Jetty

South Jetty

North Head

North Head

I

3

2

I

2

,1

I

t

2

3

2

3

3.0

t7.6

. t

8.2

t6.7

23.6

31 .5

8.3

9.3

t6.7

23.6

14.4

21 .8

42

tt2

84

30

60

l0 l

l l 7

30

30

60

101

7 l

128
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No correlations between temperatures, salin-
ities, and fish abundance were found. At sites
where cutthroat trout were collected, surface
water temperatures ranged from I2-2 to 16,4" C,
and surface salinities from 26.7 to 28.2 oloo.

Cutthroat trout were captured only during
May-June (17) and July (17). None were caught
during the August-September cruise. Cutthroat
have been reported to re-enter the lower Colum-
bia River estuary in early June (Loch l9B2). This
return timing is similar to that observed by
Sumner (1972) and Giger (1972) for the Nestucca
and Alsea estuaries in Oregon, respectively. Cut,
throat have been reported to move into the up-
per Columbia River estuary in early July (Dawley
et al. 1978, 1979, l9B0). Dawley et al also
reported a lull in the upstream movement of cut-
throat in June. Differences between immigration
observations by Loch (t9B2) and Dawley e, aL
(1978, 1979, l9B0) are due to their different
sampling locations within the Columbia River
estuary. A distance of about 60 km separated the
two locations. We feel cutthroat re-entering from
saltwater to freshwater remain and feed for a
short period of t ime in the lower and mid-
Columbia River estuary before moving farther
up stream. This is in confl ict with Giger (1972)
who reported no feeding by cutthroar while on
their migration from saltwater to freshwater. In-

stead, Giger (1972) believed cutthroat moved
rapidly through estuaries in Oregon. In support
of our hypothesis, Loch (1982) found adult cut-
throat actively feeding on Pacific herring, Clzpea
harengus pallasi and bay shrimp, Crangonfran
ciscorurn in the lower Columbia River estuary.
This suggests that at least some adult cutthroat
do not directly nove into freshtvater zones on re-
turn from saltwater but actively feed within the
marine and estuarine zones.

Ages of lB of the 34 cutthroat trout collected
revealed six age groups ranging from 2 to 7 total
years (Table 2). Interestingly, only fifty percent
of the aged fish were of wild origin. Many lower
Columbia River tributaries have been planted
vith sea-run cutthroat trout since 195?. Planrs
in Washington have totaled as much as 280,000
cutthroat smolts (Cr awforcl et al.l98l). Wild fish
were generally older and larger than hatchery
cutthroat (Table 2).

All hatchery cutthroat were collected within
the Columbia River plume. This information pro-
vides fish managers with some of the first evi-
dence that hatchery cutthroat do migrate out into
the Columbia River plume where they may com-
pete with other salmonids for food or be preyed
upon.

The trout caught in July were very similar in
size (mean 301 mm with a range from 240 to

TABLE 2. Age and length ofhatchery and wild culthroat trout sampled by merine purse seine operations adjacent to rhe nouth
of  the Columbia River.  1980.

Mean forl length
I tSE (nm)'? of  to ta lAg"'

Hatcherv l , +

l . + F +

2 .+

2 . + S +

2 . +  F +  S +

3 . + S + S + S +

260.3 a 17.5

298.0 ! 226.4

28'l.7 + 43.5

365.0

415 .0  - - -

470.0 -

7

2

9

6

I

I

I

9

77.8

22.2

100.0

66.7

I L l

1 t .  t

I  l . l

100.0

'. = inilial enirv to sea{ater
f = f.esh$aler residence, did nor spawn
S = spavned upon re-entry to fresh{ater from seawater
+ = subsequenl  mar in€ excursion
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345 mm) to those captured earlier in the May-
June cruise (mean 296 mm with a range from 240
mm to 4?0 rnm).

Dlet

Although cutthroat trout fed on a variety of prey
items during May and June, they were mainly
piscivorous. 0f the l7 stomachs examined from
the May-June c ru i .e ! .  p r inc ipa l  p rey  i lems \^erc
fish, mysids, brachyuran crab megalops, and
euphausiids. By weight, fish were the most domi-
nant food item found in the stomach samples,
composing 82.7% ol the total food biomass
(Table 3). Juvenile cabezon, Scorpaenichthys
marmoratug and Pacific sand lar'ce, Ammodytes
hexapterus, were common species found in
stomachs. 0ther researchers have also found that
cutthroat prey primarily on fish. 0ff the Oregon
and Washington coast, Brodeur et aL. (1987)
reported cutthroat to feed on juvenile and adult
northern anchovies, Engraualis mordox, jleni:le
kelp greenlings, Heragrammus d,ecagrammus,

and rockfishes, Se6astes spp, Sand lance and
Pacific herring were mentioned by Haig-Brown
(1947) as prey of cutthroat off the mouth of
several Vancouver Island streams, Brit ish
Columbia.

Interestingly, at a time ryhen large numbers
ofjuvenile salmonids were actively migrating to
saltwater, no juvenile salmonids were found in
our cutthroat stomach sarnples. Miller et al.
(1983) reponed large numbers of both juvenile
chiloook, Oncorhynchus tshauytscha, and coho,
O. kisutch, salmon in areas within and adjacent
to the Columbia River plume at a time when we
were collecting adult cutthroat. Unlike our find-
ings, Brodeur et al (1987) found juvenile salmon
in stomach samples from offshore captures of
0regon and Washington cutthroat adults in both
1981 and 1984. Clemens and Wilby (1946) men-
t ioned sa lmon ids  as  food fo r  cu l lh roa l  in  some
Canadian marine areas and Armstiong (1971)
found juvenile salmon in stomachs of cutthroat
in the coastal waters of Alaska.

TABLE3. Sromach conrents (prey) of  l7 coasla l  cut throat  t rout  caugbt of f  oregon and VasLington,  May-June 1980.

Composi l ion (%)

Prey
Nunber of

pre_r
Weight  of

prev (c) ( % ) Numhel  Weigbl '

Ensrdulis norda,

Cabezon
S c o r p ae ni c ht hys ma r mo r at us

Anmod.vtes he,apterus

Surf  perch
(Embio!ocidae unideDi i f ied)

Crab neglops

Euphausiacea

Mysidacea (unidenr i f ied)

Neonysis kodidkensis

Llnidentified digesled fish

Unident i f ied digested other

Empty

10.97

2.97

l . l  ?

2.08

0 .31

<0.01

0.55
0.25

I  l . 5 l

2.39

5.88

11 .76

5.88

5.88

l?.65

5.88

11 .76
5.88

41.06

70.59

11 .76

9.22

t.96

11 .76

L96

60.78
15.69

6.47

6

l

3 l
8

0.95

0.01

I . 7 l
0.79

35.73

7.42

'Nunber of  occunencesi tota l  nunber of  s lomacbs examined.
'Number of  prey i temhotal  nunber of  prey.
'Weight of pre)- itenhotal veighl of pret.
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Although a major portion of the biomass in
the stomach samples from cutthroat consisted of
fish, numedcally mysids were a dorninant food
item (Table 3). Both Clemens and Wilby (1946)
and Haig-Brown (1947) rnention crustaceans as
food items, neither define what species of crusta-
ceans were consuned. Simenstad and Kinney
(19?8) found gammarid amphipods to be the
dominant prey item followed by sphaeromatid
isopods, cumaceans, and call ianassid shrimp in
cutthroat trout captured in Hood Canal, Wash-
ington. Brodeur et al. (1987) found euphausiids
and insects numerically dominant in stomachs
collected in waters off 0regon and Washington
in 1984. Because cutthroat tend to be oppor-
tunistic, feeding on what is available, differences
observed in our samples from those of other

Literature Cited

Armstrons, R. H. 1971. Age, food, and migrarion of sea- n
cutthroal troul, .9dlmo clo.,tl at Eva Lake, soufieasr
Alaska. Trans. Amer. Fish. Soc. (2):302-306.

Barnes, C.A., A.C. Duxburr, and B.A. Morse. 1972. Circula-
tion and selected properties of the Colunbia River
eflluent al sea. lu A. T. Pruter and D. L. Alverson
(eds.) The Columbia River esluary and adjacenr ocean
watersi bioenvironmenial studies. Univ. Vash. Press,
Seattle. Pp. l9-40.

Brodeur, R. D., H. V. Lorz, and Wm. C. Pearcy. 1987. Food
habits and diet rariaiion ofpelagic nekron offOregon
and Vashingron, 1979-198,1. N0A{ Tech. Meno. (IN
PRESS)

Cai iet, G. M. 1977. Several approacbes !o the feeding ecologl
of f ishes. l r  C.  A.  Simenstad and S.  J.  L iposvsky(ed.)
Fish food habiisr 1st Pacific Norrhwest Technical
Workshop, Proceedinss. Univ. Wash., Seartle, Div.
Mar. Resour., Wash. Sea cranr, WSG.W0 77-2. Pp.

Clelnens, W. A., and C. V. Wilbl,. 1946. Fishes ofrhe Pacific
coasl  of  Canada.2nd ed.  Fish.  R€s.  Board.  Can. Bul l .
68:143.

Cra{ford,  B.  A. ,  R.  Lucas,  J.  M. Tipping,  and S.  Spr inser.
1981. Cutthroat  status report  for  southwesr
Washington.  Washington State Came Dept.  F ish
Manage. Div.  Rep.80-14:  98-105.

Dawlev, E. M., C. W. Sins, and R. D. LedgeNood. l9?8. A
studt to define the migralional characterisiics of
chinook and coho salnon and steelhead t rout  in rhe
Columbia Rive. eltuarX. National Marine Fisheries
se.lice cossial zone a.d Esluarine studies. Annual
Rep. 1979. Pp.  35.

researchers may be due to seasonal occurrence
and abundance of cutthroat prey i tems.

Acknowledgements

Our thanks to Jim Johnston and Steven Leider,
Washington Departrnent of Wildlife, and Terry
Durkin, Robert McConnel, and Jerry Monan, Na,
tional Marine Fisheries Services, for their critical
review of the manuscript. Thanks, also, to Gene
Vitalich, Captain of the FN FLAMINGO and his
crew for the tremendous efforts they expended
under adverse conditions to purse seine in the
open ocean. Our thanks to Marita Loch for her
graphic work.

Funding for this study was provided by the
Pacific Northwest Regional Commission and the
National Marine Fisheries Service.

Dawley, E. M., C. W. Sims, R. D. Ledgerwood, D. R. Miller,
and F. P. Thrower. 1979. A study ro define the migra,
iional characteristics o{chinook and coho salmon and
steelhead fout in lhe Colunbia River esruary. Na-
tional Marine Fisheies Service Coastal Zone and
Estuarine studies. Annual Rep. l9?9. Pp. 35.

Da{ley, f,. M., C. W. Sims, R. D. Ledgerwood, D. R. MiUer,
and J. C. Williams. 1980. A study to define rhe migra-
tional characleristics ofchinook and coho salmon and
steelhead in the Colunbia River estua.y. National
Marine Fisheries Service Coastal Zone and Esiuarine
studies. Annual Rep. 1980. Pp. 53.

Fisher, J. P., and W. G. Pearcy. 1985. Srudies of juvenile
salmonids of{ the 0regon and Washingron coasr, 1985.
Oregon State Uniy. Sea crant Coilege Prog.an Pub.
ORESU-7-85-004.31 p.

Giger, R. D. 1972. Ecolosy and managenent of coaslal cur
throat trout in 0regon. Oregon Cane Conn., Fish
Res. Rep. No. 6.  Pp.  61.

Haig-Brown, R. L. 1947. The {eslern angle. an account of
Pacific sglmon and western troul in Bdtish Colum-
bia.  l (m. Morrow and Co.,  New York.

Jones, D. E. 1974. Life history of seaiun culthroar rrour in
southwest Alaska. Alaska Depr. Fish cane, Div. Sporr
Fish., Anadronous Fish Studies, July t, l9?3 ro June
30, 1974. Study AFS 42:15,31.

1975. Life history of cutthroat rrour. Ataska
Dept.  F ish Came, Sport  Fish Div. ,  Anadronous Fish
Srudies,  Juh l ,  t974 ro June 30,  l9?5,  Vol .  16 Srudy
AFS-42-3-B: 23-12.

-. 1976. Steelhead and sea run cuuhroai rrour life
history stndy in southeast Alasla. Alaska Depr. Fish
Gane, Sport Fisb Div., Anadromous lish Studies,.luly
I, 1975 to June 30, 19?6, Sludy AFS-42-4:26-38.

Distribution and Diet of Sea-run Cutthroat Trour 47



Loch, J. J. 1982. Juvenile and adult steelhead lrnd sea nn

cutlhroat tiout wiihin lhe Colunbia River estuary,

1990. Washington Siate D€pt. Gsme Fish. Manag€.

Div. Annual Rep. 82-2. Pp. 83.

Miller, D. R., J. G. Williams, and C. W. Sins. l9S3 Disribu-

iion, abundance and gro{ih ofju!enile salnonids off

rhe coast of oreson and Washington, sunmer I980.

F i s h .  R e s . 2 : l - l ? .

Narrer ,  D.  W.,  and F.  C.  With ler .  1971. Age and s ize of

sreelheed t.our (Szlno satrdner, in angl€r's carcbes

from Vancouver Island, British Columbia, slreans.

Fisb. Res. Bd. Can., Biol. Sta. Nanaino, B.C Circulat

9\ .  Pp.  26.
Neal, V. T. l9?2. Physical aspects of $e Colunbia Riler and

it6 esruary ID A. T. Pmter and D. L. Alverson (€ds.)

The Colunbia Ri'er estuary and adjac€nt waiersi

bioenrironmen|al studies. Univ. of Washingron Ptess,

Seaille. Pp. 19-40.

Receited. I July 1987
Accepted for pubLication I December 1987

Royal, L. 1972. An exanination ofthe anadronous trout pro-

grarn of the Washington Sute Gane Departmenr

Volune L Vashinston Sr.  Gane Dept.  Rep.,0 lym-
pia.  Pp.  l l2 .

Simenstad,  C.  A.  and W. J.  Kinney.  l9?8.  Trophic re lat ion-

ships of outmigralins chun salnon in Hood Canal,

Washinglon, l9??. Washington Siate Dept. Fisheries

Finals Repo FRI-UW-7810. Pp.75.

Sumner, F. H. 1972. A contribution to the life hisiory of the

culthroat trout in Oregon (with ernphasis on the

coastal subspecies, Sdl'ro clarlt clarit Richardson).

Oregon State Gane Comm. Rep. Pp.  180.

4B Loch and Miller


