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Enhancement Effects of Spawning Pink Salmon on Stream Rearing
Juvenile Coho Salmon: Managing One Resource to Benefit Another

Abstract
Tlis prper e\rnines lhe relatio.shrp bc!t!ccn |hc runber and biomrss of pink salmon spasning in rie Skagit Riref and rhe
resuLting retu r of .rdult coho salnron !r'hic| wcrc rcains irs age-0 fish in the watershed at t|c timc oI spa\r'ning. From 1967
thfough 1985. dufing the odd numbered ycars.lhcij is a strong direct correlrtion between lhe bionass ofpink salmon spawners
pfesent in the Skagjl Rj|er and rccruil pcr spawner tbr coho \alnlon pfesent in the s)stcm as age 0lish at the time ofpink salmon
spa$ning. Modcratc llo$s. or rl lerst the lack of lafge freshetr in Ociobcr. incrcasc the benefit that pink carcasses prolidc.
Furthcr. Ihc slrcamilo$ in summer \hows a st|ong positi|e influence on rccruil per spawner fbr coho salmon. Iiaditional salmon
ma.agcmcnl has concenlruted on one species at a time. In order to rakc ad!anhge ofthe enhrncement beleiit conicrrcd by pink
salnlo. spasncr\ it $ill be necessary to examine interspecies i pacls. rcduccd cuLumptive fisheries. changes in land usc acrivi
ties. and chrngcs in srcrm 11o$s froln a nuch broadef perspecrive tlan is pirscnd,"- employed.

lntroduction

Anadromous salmonids native to the Pacific coast
of NorthAmerica, such as Pacific salmon. trout,
and char are knowr forthei[ intdguing lilc cycles.
Adults spawn in gravcl of freshwater lakes and
streanrs. Depending on species, emerging young
either migrate to saltwatcr within a short period
oftirne (days or weeks) or spend up to four ycars
in t'i eshwater betbre nigrating to saltwater (Groot
and Margolis 1991). After one to six years at sea.
adults return to thet natal stream to spawn. Pr-
cific salmon (Orzcorfi_r,ircliis spp.). are senelparous
and die atter spawning, whereas Pacific trout (for-
merly Sh}no but now classitied as Oircor&_r'ac/tas)
and char (Sah,cli l irs) may be iteroparous and
Penera l l )  s t t r r  i re  a t  le i l s t  onc  \p lu  n ing  n t ie r t -
t ion (Scotl and Crossman 1973). Depending on
species.juveniles wil l weigh bctrvcen 0.l3 grams
(g) and 359 when they migrate to the ocean. The
range in weight for returning adults, again de-
pending on species. is betu'een 0.5 kilogram (kg)
and '15 kg (Gloot and Margolis 1991 ).

Recently. attention has been fbcused on the
declines of wild salmon populations in the Pr-
cil lc Northr,vest (Nehlsen. et al. l99l: Palmisano,
et al. 1993;Wissmar. et al. 199,1 ; and Mclntosh
el al. 199,1). Historically, the dvel.S and streans
along the Pacific coast of NofthAmerica suppofted
vast numbcrs ol spawning salmon. Fol example,
the Fraser River in Brit ish Columbia produced
sockeye salmon (Onutrh)ntlurs rertn) runs of
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between 30 and ,10 mill ion tish (Roos 1991.
Gilhousen 1992). Ricker (1987) estimated some
individual spawning streams in the Fraser River
watershed may htrve had as many as I million
spawning sockeye per kilometre (km) ofriver Even
today, some vels such as the Fraser continue to
havc spawning escapements in the millions offish
(Roos l99l ).

Large spawning aggregations ofsalmon tlans-
pofi significant amounts of nutrients trom ma-
Iinc waters to tieshwater systems. Kline et al.
(1990), using isotopcs of marine origin, docu-
mcnted that salmon carcasses provided a signifi-
cant anount of the nutrients which "fed" streanrlife.
Richey et al. (1975) demonstrated that peaks of
nutrient lsvels, carbon tixation, and periphyton
biomass occured following spawning and death
, ' l  re . iL len t  'ockeye. l lmon akok lnee) in  a  . l re rm.
Koenings and B urkett (1987) suggested that fewer
spawners. resulting in reductions in nutrient in-
put, may be paftially responsible for the inability
, ' l  Ihe . tcke le .a lmon popu la l i , )n  lu  inc reu .e  to
his|oric levels in Karluk Lake, Alaska.

Salmon management has taditionally tbcused
on a single species at a time. In this papet the
relationship among the numbers and biomass of
spawning pink salmon (O. gorbust:hti1 and. thc
nurnbers of adult coho salmon (O. kisutch) re-
turnlng two years later was exarnined. The Skagit
River systerl was chosen because the number of
spawning pink salmon is relatively large when



comparcd to olher salmon species in the systen
(hundreds of thousands versus tens of thousands)
and the Skagit River coho salnron stock has been
critical to fishery management inWashington State
in recent vears duc to its gcncrally low level of
abundance throughout its migratory range. The
argument is developed thrt mrnagemcnl schcmes
which consider intcrspccics cffects may be more
beneficial to overall fish production trom a given
rvatershed, especially when the overall ecosl's-
tem impacts are considered. Also discussed are
the impacts thi,it management ofterestrial rcsourccs
(such as land and timber management) may have
on fish production and vice versa.

Pint salmon are the rnost abundant and smallest
bodied Pacific salnron species (Heard 1991). ln
their nativc rangc. pink salmon have a fixed two
year l i le cycle. Skagit River pink salmon spawn
in odd-numbered years, normally in September
alrd October. Most ofthe spawning occurs in thc
nrainstcms of thc Skagit River and its n.Iaj or tdbu
taries. Following emergence tlom the gravel. the
fry immediately migrate downstream to saltwa-
ter.

Coho salnon have a longer and more com
plex l ife cycle than do pink salmon: they typi-
cally live in lresh rvater tbr oDe o[ two years pdor'
to their migration to the ocean as smdts. This
migration typically occurs in the spring with peak
movcmcnl occuning in May. Mature coho salmon
returu to fiesh water to spawn atter spending (ap-
proxinlately) six or eighteen nronths at sca
(Sandercock l99l). In the Skagit River watershed
nrost coho spawning occurs in snlall lr ibutary
streams.

Study Area and Methods

Although the headwate$ of the Skagit River are
in Canada, most of thc drainage basir is located
in the nofih\\"est portion ofWashington State. The
mainstcm Skagit River. upstream fro|n river km
1,1.1, has a series ofhydroelectric dams which are
blockages to upstream tish migration.

The nunber of l ish (run size). number of
spawncrs (cscilpcment). and a\erage weights used
in the analyses came tlom Washington DeparG
ment of Fish and Wildlife (WDFW) fi les. The
total run sizes fbr Skagit River origin coho salmon
and pink salnlon are the estimated nunbers of
spawners plus an estimate ofcatch taken by com
mercial net f lsheries in Puget Sound. WDFW as-

sumed the nunber of salmon calculated in the
estimates ofrun sizes consistently reflected stock
abundance (Washington Dept. of Fisheries 198,1).

The escapenent estirnates fbr both species of
salnlon were based on visual counts ol l ive aDd
deud ll.h in .elccted .ecriun\ r ' l  \pir\ nin! \treJm.
(index areas). Surveys are conductcd on a rcgu-
lar schcdule, waler conditions pemritt ing. during
the spawning seasors. The counts liom the index
areas are expanded based on relationships devel-
oped in "base yean" bet\\"een the index counts
and total system escapement (G. Zil lgcs and J.
Ames, WDFW biologists, pers. comm.).

Recmit per spawner (R-/S) is detrned as the
number of retuming adult lish (recruits) produced
from a given number of sparvners. An R/S less
than 1.00 nreans each parent produced less than
one surviving otlspring. Ultimately, this rate of
reproduction leads to extinction. Conversely, an
R/S greater than 1.00 means each parent produced
more than one surviving offspring. For fish re
sources managed for conslrmpti\.e han'est. recrults
in excess of the desired number of spawners are
available tbr harvcst.

Total biomass of pink salmon carcasses per'
year was calculated by mu)tiplying the number
of spawning pink salmon by the mean weight of
pink salnon caught in Puget Sound at Skagit Bay
and in the Skagit Riverby commercial t ishermen.
In order to account for differential availability of
sahnon carcasses due to strcam tlows (per Hunt
et al. 1992) thebiomass ofpink salmon carcasscs
was adiusted by multiplying the carcass bromass
by thc invcrse ratio of 11ow in October ([rean or
peak) in that year to the overall mean flow (mean
or peak) for all years. The eff'ect of this adjust-
ment is to increase the "carcass biomass" in ycars
of lower than average flows and decrease it for'
years when Uows were greoter than the mean.

The Puget Sound Indcx (PSl) is a mcasure of
surnmer  Io \ \ ' f lous  f rom a  repr ( \en la l i \ (  ! roup
ofstrearns which discharge into Puget Sound. Low
stream flows arc olien used to predict adult coho
salmon abundance because of the inverse rela
tionship between summer 1'low levels during ju-
vcnilc rearing and adult coho retums (Mathews
and Olson 1980). Streamtlow data are taken fiom
United States Geological Survey files.

Pink salmon spawning escapement, carcass
biomass (including adjusted biomass), coho spawn-
ing escapement. PSI, and Skagit River flows in
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October were regressed against coho R/S. Va[i-
ables were regressed singly and in stepwise tash
ioD 1o detcrmine correlatiotrs.

Results and Discussion

During odcl-numbered years between 1967 and
1985, WDFW cstimated that between 100.000 and
7l0.000pint salnon spawned per year in the Skagit
Rivet resulting in carcass deposition of an esti-
mated 213,000 to 1.642,000 kg (Table l). Thc
R/S firr coho rearing in the system at the time of
pink spawning during these years ranged between
0.677 and 3.,179. with higher R/S values associ-
ated $,ith thc larger pink salmon escapements
(Table l).

There is a positive correlation between bio-
mass of pink salmon carcasses and coho salmon
R/S. Biomass of pink salnron carcasses indexed
to rctlect peak and mean October llows showed
strong conelalions (rr=.762. p<.001 and rr=.656,
p=.005, respectively) with coho R/S salmon (Table
2). Coho salrnon recruit per spawner was also sig-
nificrnll) l:orrcl.rleLl u ith coho spau ning e.c:rpc-
ment and the peakdver flow in October (rr=.,128,
p=.0,10 and r'=.402, p=.049, respectively) (Tablc
2). Stepwise regression uti l izing all variables re-
gressed against coho salmon R/S added the PSI
to pink salmon biomass indexed tirr peak Octo
bcrllow. The resulting regression with coho salrnon

R/S increased the rr to 0.895 and p<=.001 (Table
2).

Return of adult coho salmon. expressed as a
ratio ofreturning adults to numbers of spawners.
shows a strong positive corelation with the bio-
mass of pink salmon which spawned while the
coho salmon juveniles were rearing in the riyer
As the amount of pink salmon carcass biomass
entrained in the Skagit River systen increased,
the number of coho salmon adults per spawner
increased. It was assumed that pink salmon car-
cass entrainment was inversely conelated with
streanflow; this was suppofted by the increased
correlations when carcass biomass was indexed
to reflect October t'low conditions. Summer low
flow, as measured by the PSI, shows a direct re-
lationship between adult coho produced lrom the
Skagit River system with lower summer flows
resulting in tewer adult fish.

Based on the corelations calculated in this
study, obsen'ations of other streams, and areview
of the literature, I offer the following as the en-
hancement mechanism.

During spawning. pink salmon disturb Jarge
areas of stream bottom. The more spawners that
are prescnt, the greater the disturbed area. Physi-
cal disturbance displaces the insects living on the
bottom and causes them to drift downstream where
they can be eaten by fish. Field Dodgson (1987)

TABLI 1. Pmk salmon and coho salnron run size and carcas\ biomars and Skagit Ri\er I]ows. 1967-1985.

hscapcmcnt Kil0gramInes
Year Number (kg)

*Skagit River Florv Adjuned Carcass Biomass

Peak Mcan Peak Fbw Mean Flow
cnrs cms (kg) (kg)

Coho

Escapement
Number

Puget Sound
R-/S Index

1967 10000i)

1969 1000i)0

l91I 300000

r97t 250000

1975 100000

t971 500000

t9t9 300000

r98 | 100000

l98l .110001)

1985 110000

Nlean 293000

235000

25,t000

69.1000

62.1000

1290000

13t8000

680000

213000

938000

16,1200t)

690E00

25500

21000

1800

r9800

3 r800

r6000

l,+ t 00

25500

9000

356  1

22010

o.6'71

1.111

1.2.10

1.263

1..100

3..1.12

1 .521

1 .375

l.,ll9

1 . 1 6 9

r . 6 8 r

6.602

8.171

9.310

6 . 5 1 2

12.214

8 .385

6 .6 r0

8 .821

12.165

7 .513

8.713

1755

733

521

TOIJ

r.1E0

357

6l, l

9 l l

t611

9t1

t 5 l

t78

150

t21000 197000

118000 197000

1222000 816000

808000 735000

180000 50i000

34:10000 1982000

1015000 870000

210000 153000

2039000 1266000

91,1000 994000

1026900 ',7',71100

219

170

198

230

.108

l t 8

.185

291

*Data trom si|. 12005{Xl. neaf Mt. Vernon. Wa\hington
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TABLD 2. Single and stcpwisc r.grcssion analyscs for sclcctcd variablcs.

F laluc

Single resressitllrs

pink ks-adj pe.'k

pink ks adj mexn

coho escapement

Puget Sound Index (PSI)

pink escapement

pink kilogrammc\

Steprvi\e regfession

,tdi kg pcak. PSI

0.762

0.656
l-J.,ll8

0..101

0.2.16

0.239

0.229

0.22t

0.895

25.55

15 .26

5.99

5 .38

1.60

2 .51

2.i8

t.35

19.8,1

<<0.001

0.005

0.0.10

0.0.19

0.1'15

0.162

0.16,1

<<0.001

documented that spawning chinook salrnon (O.
tsiru)tscha) were able to depopulate a stream of
its insect population. Fufiher. the level ofdepopu-
Iation was directly related to the nunrberofspawn-
ers. Spa*ners also dig up prcviously spawned eggs
making them available to fish. Following spawn
ing, the saimon die. Cohojuveniles ue then able
to feed on the decomposing carcasses (R. Bilby,
Weyerhaeuser Aquatic Ecologist. pcrs. comnI.).

As the calcasses deconpose. they are incor-
porated into the stream food web (R. Bi1by,
Weyerhaeuser Aquatic Ecologist, pers. conIm.).
The captured energy is theD cycled through the
system and becomes available to the coho, pri-
muily as insects. Many of the carcasses are hauled
out of the stream onto land firr consumption by
terrestrial animals and subsequent nutrient cycling
through the terrestrial ecos,ystem (Cederholm. et
al. | 9E9). Some of the energy captured in the ter-
rcstrial systems may return to the dver and be
added to the food resources available to coho.
Johnston ct al. (1990) showed applications of l'er-
tilizer to a coastal river in British Columbia sub-
stantially incrcascd thc avcragc wcight ofjuve-
nile salmonids. Andersen et al. (1992) showed
gro\\,th rates lbr age 0 brown trout (S. trLita)\ierc
directly related to fbod resources available to the
fish. The fish in the steam with the greatest food
supply were both fnster growing and larger at the
end ofthe experiments. Other studies have docu
mented survival to adulthood tbr coho salmon
smolts increases with increasing size of out mi

$ant (Holtby et al. 1990). Bilby and Bisson ( 1992)
believe increasing nutrients in streams might be

benellcial to juvenile anadromous fish produc-
tion by increasing the arnount offbod available.

Increasing the biomass of pink salmon car-
casses entrained in the Skagit River system can
be accomplished in a number of ways, including
allowing more pinks to spawn, utilizing dams to
have better contol of both maximum and mini-
munl f lows. or increasing the abil i ly of the rivcr
to trap and hold the carcasses. These. as well as
other options, can be combined into a holistic
package of management options for the system.

Incrcasing the numbcrs ofpink salmon spawn-
ing in the Skagit River however. may have a nega-
tive impact on the production of chum salmon.
Ames (1983) estimated that an increase in Puget
Sound pink salmon spawning cscapcmcnt from
300,000 to 9fi),000 would reduce R/S tbrallPuget
Sound chum salmon from 3.25 to L:15. He sur
mised that there was competition for food between
pink and chum salmon fry with the pink salmon
bcing ablc to outcompete the chunl salmon. Thc
interactions between chunr. coho. and pink salmon
and the impact of escapement changes on other
species of salmonids which rear in the Skagit
systenr, such as chinook salmon, stcclhcad trout
(O. m_r'liss), cutthroat trout (O. c/artri), Dolly
Varden (S. rrlna). andbull trout (5'. canlreirlris).
m l1  r l so  re rea l  . im i la r  in te rconnect ion . .

In addition to the potential loss ofchum salmon
production, an increase of pink salmon escape
ment in the Skagit River could require at least a
short-tem reduction of harvest of Skagit River
pink salnon in years of lowrunsize. The reduction
in catch would primarily allect the commercial
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net fishennen operating in Skagit Ba)' and the
Skagit Riler The loss in catch would reduce their
inconres. The benctits in coho salnon produc-
tion u'ould generallv accrue to the marine hook
and linc t'leets. although an increase in coho abun-
dance would provide additional harvcst by bay
aDd Iiver t lshenncn. Also. the coho salmon hook
and linc and the pink salmon net fisheries are
generally gcographically separate. so diflerent
communlties would benefit.

Entrainment of salmon ca.rcasses rcquircs that
there be a ceftain IeYel ofcomplexity in the stream
environment. Recent studies havc shewn thal habi-
tatcomplexity, as measrucd by the amountofdebris
and rock in a chrnnel. increases the abil itv of a
stream te retain ancl cycle Dutrients (Cederholm
and Peterson 1985, Scdell et al. 1988. Dobson et
a]. 1992. Garman et al. 1992). Crowns and Davis
( J99l) showed that eight years after logging therc
werc still signillcant differences in the inverte-
bnte comnrunities between clearcut and unlogged
arers. They funher lbund that invertebrate com-
nunities i l a stream \\,hich had been protected
bv a 100 m-wide buffer strip had a d it]ercnt com-
munity structure thal that f irund in the unlogged
stfeams. But the con]munities in the stream pro-
tected by the buflers were more similar to the
unlogged streams than te streams in the clearcut
areas. By retaining or enhancing a strcam's abil-
i t1  t , ' . rp tu re .  r ' r . tu in .  lnd  c r , . le  n t r l r ien t .  mor<
energy wil l be prescnt in the system and avail-
able to the fish living thcre.

An objective evaluation of any change in re
SoLucc managetlent. such as increasing the pink
salmon escapement to ilcrease adult coho strlmon
rcturn is difficult. While the value of a resource
which has a commercial market valuc is relatively
easy 10 calculate. it is dilf icult to calculate the
"valuc" ofaresource u'hich has recreational har-
vest values, recreational non hanest values, 'spiri-

tual" values, and ecosystem values indepcndent
ofcommercial harvest. The problem becomcs even
more con-rplex nhen land use questions. growth
managemcnt issues, and industries such as log-
glng and agriculturc must be considered.

The problcm becomes even furthcr exacer
brted by a polit ical system which views pianning
as "vhat will \r,e do tomorrow?" and long range
planning as "$e next budgct cycle." Thc research
necessary to actually understand thc interrelation-
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ships of the components of an ecosystem is ex-
pensive and time-consuming. Anyone fantil irLr with
the flscal climate in reccnt years knou's that gov-
emnent flnds it difficult to address future ben-
efits. Consequently, we deal with loday's prob-
lems today and tomor(rw's problems at somc other
time.

Summary

There is a stron-q direct correlation between the
biomass of pink salmon spawncrs present in the
Skagit River and recruit pcr spawner tirr coho
salnon present in thc system as age-O fish at the
tinre of pink salmon spawning. lt appea$ that
moderate llows, or at least the lack of large freshets
in October, increase the benefit that pint carcasses
provide. Fufther. the strcamflow in summer shows
a strong positive influence on recruit per spawner
for coho salmon.

Based on therelationship bctween pink salmon
and coho salmon, and the potential for interac-
tlons with othef salmonid species, it is obvious
that decisions rcgarding spawnerescapement levels
l i r r  one .pcc ie .  need t  c , . rns jder  the  imp lc ts , rn .
and interactions with, other species. There may
be rnstances when it is more valuable to long term
productivity ofan ecosystem and overall societal
c(,rnumic bcneli( to forego catch ol one specie:
in order to i ncrease the lbundance of another There
is a need to fufther study the relationship between
nutnent lcvel in streams and resultant fish popu-
lations. Finally, the relationships between lish
production and development in a basin needs to
be evlluated so resource management and utili-
zation decisions can be made which will integrate
the entire ecosystem rather than isolate each piece
with decisions made in a vacuum.
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