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Pacific Salmon Spawner Escapement Goals for the Skagit River
Watershed as Determined by Nutrient Cycling Considerations

Abstract
Wild populations of Paciflc salmon (Oncorhlnchxs rpp. ) in Washin$on State are genemlly at low levels compared to populations
that were likely present before the arrival of Euro-Americans in the Pacific Northwest. Habitat loss, ihe introduction of non-native
stocks and species, and ovedishing have all contributed to the decline. Historically, huge numbers of salmonid carcasses provided
entirc watersheds wifh nutdents derived fiom the ocean. Diminished populations and transport of these nutrients out of water-
sheds has caused a nutdent deficiency compared to times when populations were large. This nutrient deficiency may be hamper-
ing recovery of salnon and other animal populations. Beginning with the premise that the Pacific Northwest ecosystem evolved
10 fully utilize massive numbe$ of spawning salmon, I estimnted the biomass of salnon carcasses necessary to suppo( nesting
song birds, wintering bald eagles, and salmonid smolt prcduction in the Skagit River watershed in Washiqton. The proposed
spawner escapement goals thus estimated are 1507, to 680% higher than curent spawner escapement goals for saLmoD in the
watershed. The justifications for these proposed goals include comparison with escapement goals used in other watenheds, ihe
actual uptake of marine-derived nulfients by fish, the impact of increased escapement on subsequent smolt prcduction, and actual
relationships between adult spawners and smolts in less intensively lished stlealns. Actual attaiDment of these goals will need to
consider ahe physical condition of the watershed and its ability to retain and cycle the nutrients and the social and economic
disruption to fisheries that may result from allowing more fish to survive to adulthood and spawn.

lntroduction

Declines of wild salmonid populations in the Pa-
cific Norlhwest have focused attention on the re-
gion, its fish populations, and changes in aquatic
and terrestrial habitat which threaten the contin-
ued existence of large anadromous salmonid popu-
lations (Nehlsenetal. l99l,Palmisanoetal. 1993,
Mclntosh et al. 1994, Wissmar et al. 1994). The
ecosystem in which Pacifrc salmon (Oncorhynchus
.rpp.) evolved was one where they transpofed
substantial amounts of nutrients lrom marine to
ftesh water when they retumed to their natal wa
tershed to spawn and die. Kline et al. (1990) and
Kline et al. (1993), using isotopes of carbon and
nitrogen, documented that salmon carcasses pro-
vided nutrients which "fed" stream and lake eco-
systems. At Karluk Lake, Alaska, Koenings and
Burkett (1987) suggested that reduced nutrient
input resulting tiorn fewer spawners contributed
to the inability of the sockeye salmon population
to increase to historic levels. Other studies have
.houn th r t  the  add i t ion  o f  nu t r ien ts  I r )  rqu i , r l i c
systems increased juvenile salmon size and in-
creased the abundance of adults (Holtby et al. 1990,
Johnston et al. (1990), Kyle (199,1), and Stockner
and Maclsaac (1996).

Before commercial cameries, with their prcduct
distribution networks which tansport preserved
salmon llesh far from the home watershed, most
of the salmon biomass harvested by animals or
people remained in the watershed. Waste was
generally returned to the river, the animals and
people lived and died in the watershed, and so
on. Consequently, it seems reasonable that the
watersheds of the Pacific Northwest evolved to
capture and use the massive annual influx of marine
nutrients brought by anadromous salmonids.

Salmon carcasses are utilized at every level of
the food chain, and then cycle through the sys-
tem by consumption as prey items (Bilby et al.
1996). Willson and Halupka ( 1995) hypothesized
that anadromous fish in Pacific Northwest streams
are keystone animals of the ecosystem. Salmo-
nid presence and abundance has impodant con-
sequences for the distdbution and abundance of
terrestrial vertebrates. Sibatani (1996) presented
the idea that one major ecological role of Pacific
saimon is to transport nutrients, particularly phos-
phates and nitrates, fiom the ocean to the fbrest
lands sunoundingthe northem Pacific Ocean runge
of the fish. He used calculations which showed
that dpadan forcst birds incorporate a significant
portion of nutrients from salmon carcasses by

Northwest Science, Vol. 72, No.4, 1998 239

O l!'rll bt dN Nonh$c{ S.i.nlliclssocirtiotr. All n.!hc rcscrvcd



eating insccls uhich had ted on the carcasses.
Hilderbrand et al. (1996) calculaled that 33% t{)
90? of the metabolizcd car.bon and nitrogen in
rttuscunr specimens of Columbia River drainage
grizzly bears (Ursus artto.t /roi 'r lDll l.r) collected
bcfirre dam constructiol was obf ained from salmon.
Ben-David ct al. (1997) concluded that lnink
(Musteh l, ison) in southeast Alaska relied on
sllmon cucasses as a food source during thc au-
tun ]n  spawning  runs .  Hunt  e t  a l .  (1992)  and
Strlmaster and Kaiser (1997) estimated thc amount
of salmon carcilsscs consu[red by bald eagles
\HaliaeetLts leutrxeplnlus) winlering on $est-
crn Washington rivers. Both papers noted that
overall numbcrs of wintering bald eagles rvele
clirectly related to actual availabil ity of salmon
carcasscs. These studies allorv tbt a quantifica
tion ofsalnolid carcasses needed rvithin an eco-
system. Ccdcrholrn et al. (J9E9) documented a
wide variety ofterrestdal manlmals rnd birds that
feed on srlmon carcasses. but did not quantify
thc amount of usage.

Michrel (1995) demorstrated a direct corre-
lalion bct\\,ccn the biomass of sparvning pink
sahnon ({). gorDirsclrrr) and thc resultant produc-
tion of adult coho salmon in the Skagit Ri\ 'cr.
Ongoing studies by the Washington Depafimenl
of Fish and Wildlile (WDFW) have further sup-
pofted this relationship by showing that coho
salmon snr0lt production ir the Skagit River \\'as
st()nglv and directly conelated to the lumber of
pink salmon spawning the yerr betbre smolt emi
gntion (D. Seiler. WDFW Biologist. pcrs. cornrn.).
Therefbre. rclatirg the bionass of smolts produced
in a system to the biomass of carcasses neces-
sar)' to produce them could provide an escapc-
ment goal uhich considers the "needs' of the
ecosystem acloss species rather than the tradi-
tional single species spau'ner-recruit models.

Tir cfl'cctively manage any reneu'able resource.
it is necessary 10 dcfine rnd protect a specifled
level of rcproducin-u individuals theescapenent
goal in fishcrics. This level ofreproduction js also
used kl ntcasurc the success ol a management
strategy. Presently. most f ish management strat-
egies forWashington salmor stocks maxinrizc thc
production of harvestable 1ish. Increasing the es
capemcnt goals wil l. at least in the short term.
lower htrrvcst lcvcls. ancl stakeholders generally
opposc attcmpts to reduce harvests u'ithoutjusti-
ficatiol. Lukin and Slaney (1997) revie*'ed salmrr
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nid cscapcments lnd resultant f ish ploduction in
Brit ish Colulbia, and conclucled (pg. 22) '...

enough inlbrmation has been gathered ... to con-
clude that wild stocks may be at risk and. there-
fore. we argue lbr arr imnrediate managenent re
sponse". WDFW is developing a new set of policies
to manage wild salolonids. Among the gotrls of
these policics wil l be increased spawner escilpc-
ments. Curent spawDer escapcments are based
on somc v iantofMaximurn SustainedYield with
considerations of economics and other non-bio-
logical aspects as desired by the rnanagers (Wright
l98l). Presentlv, the escapenlcnt goitl does tot
consider the nutrient contribution ofadult spnwners
to the ecosyslcm.

The goal of this paper is to present a method
tirr determining the spawner escapcnrcnt goal tirr
Pacific salmon by attcnrpting to quantif,v the Dum
ber and biomass of salrnon carcasses required to
suppolt nutricnt neecls of specitic segments ofthe
ecosystem. The Skagit Rivcr watershed was used
as an exanple to test how the method might at-
lect spawner escapement goals. The first step was
to calculate the anount of food neccssarv tot ( I )
produce a givcn biomass ofjuveniles of selecled
anadromous salmonids \\"ith extended freshwa-
ter rearing. (2) supp(rt overwintering bald eagles.
and (3) supporl nesting inscctivorous birds. The
estimrted spawner biomass was then cunpared
with rccent levels of spawner biomass observcd
il the Skagit River. Spawner escapement goals
dcreloped using this method offer a scieutillc basis
fbr increasing spawner levels but they underesti-
nlate actualccosystem needs because they excludc
species such cutthroattrout (O. c/4r.tl c14r&l). native
char (SrdL cll las rpp. ). sturgeon (Acipcnseridae),
lampreys (Pteromyzontidae). and smelt (Osmeidac)
for u'hich liLtle information on numbers atd bio
mass of spawners exists. Estimates also do not
include quantit ies of marinc-cierived nutrients
needed b)' herpti les. mammals. birds other than
the riparian zonc ncstcrs and rvintering baldeagles.
insect consuning invertebratcs, or plants.

Study Area and Methods

This study is basecl on the Skagit River water-
shed in Washington, USA. Michacl (1995) de-
scribes the Skagit River u'atershed and salmon
populatiols and biomasses. An cstimated 905.:+
km of str-eam are accessible to anadronrous fish
in thc Skagit River watershed (Johnson 1986).



Sparvner escapcmcnl gorls which recognize eco-
system nutdent needs can be expressed as:

I B - B r + B  + B  + . . .  B

Whcrc:

IB= the total bionass ofsalmonid carclsses ncc-
essar! to supply nutrients to the ccosystcm

Bt= carcass bionrass necessary to supltorf cl ' t inook
salnron (O. t.r.rlr _r'tr. lrrr ), coho salmon (O. ,(l.vrlc&),
and steelhead trout (O. rnftls.i) smolts

Br= clrcrss bionass necessary to supporl nest-
ing insectivor-ous birds

B,= carcass bionrass neccssary 10 support win
tcring bald eagles

B'= a"ta"tt biomass necessary to support other
parts of the ecos\stcm such as bears, mink.
herpti les. rvatefbwl. other tish, plants. etc.

The biomass must then be converted to num
bers of sparvners so that individual runs of tlsh
can be nanaged.

4 r . . 4 < q  R n -  r - c  - n  q , . ^  . .  s , l - o . l  d
Smol ts  (Br )

For ease ofcalculation, il rvas assumed that salmo
nid snolts orl,v consuned invertebrates (mostly
insects) in tieshwater. In thc Ska-qit Rivef water
shed, estimatcs arc avail lble for the smolt plo
duclion for chinook and coho salmons and steel-
head trout: all have extendcd rcaring in the
\\ralershed. At present, estimates of the number'
of cutthroat trout and nativc char are not avail
able. hclusion of cutthroat and char *ould in-
crease the estimrte ofcarcass biomass ncccsstttv
to suppon salmonid srrolts. Estimates of snolt
production for those species that make extensive
u.e  o l  lhe l re .h \  i r le |en \ i r t \n r len l  l i ' r  | i  J r ing  \ \c rc
dcveloped from actual trapping data or calcula-
tions brsed on availablc habitat or alerage sur
vivals. Tweit (WDFW biologist. pers. comm.)
estimated that 4.296,000 chinook salrnon srnolts
are produccd undcr average environnental col
ditions rvhen cunent escapement goal was llret.
Actual trirpping olr the Skagit River cstimatcd thal
1.100,000 coho salmon smolts are produced (D.
Seiler WDFW biokrgist. pcrs. comm.). This num-
ber is less than the smolt production potential of
1,,153.878 estinatcd by Zil lges (1977) and sub
stantially less than the smolt productiol] poten
tial of 2.1.+6.70l estimated by Johnson ( 19861 but
represents the current situution in thc $rtcrshcd.

No estimates of actual snolL potential for steel
head trout in the Skagit system are available. so
WDFW bascd thc escapement goal on the nun-
ber of par (372.672) rearing in thc strcam dur-
ing thc sunrmer before smolting (Northwest In-
dian Fishedes Comrnission et al. 191i5). For cach
.p(c i r . .  lhe  h i , 'mus.  r r l  sn t , ' l t . , , r  p . r r r  ' . , .1 :  e . t i
nrated by using 79 for chinook salmon. l49 tbr'
coho salmon and 20g fbl steelhead trout, $hich
rcpresented mean inclividual fish weights obsened
in westem Washington (WDFW files.). Assum-
ing that thc i'ish consume only insects, a con\,er
sion factor of .1.0 (Piper et al. 1986) was used to
convert the sllrolt/pa.r biomass to the inscct bio-
miiss requircd by thc smolts or parr.

Ca ' r .a .  s  B  o-as-  \eeoo 'o r  Ner r ;  g
nsect vorous Birds (B,)

In his discussion ofthe transport ol nrarinc nutri-
ents to upland ilreas, Sibatani ( 1996) estimated
that nesting birds in the Shiga Highlands, a coni-
fer tbrest in Japan. consumed 10,000 kg of in-
sects per kmr olforcst from MaJr to October. This
estimate was used to apply to the riparian tinests
of the Skagit Rivcr watershed because a local
estinate could be located. Sibatani (1996) rcc-
ognized that organic natter is lost through en
crgy metabolism but that (pg. 7) ' ... a c,vcle of
inorganic elemelts whose rveight is ahvals con-
.ener . l .  (here  \eem\  t . ,  hu  n , '  ph 'b le rn  in  repr r
senting this weight with the live \\"eight ofirsects
and birds." Consecluently. a dircct con\ersion of
carcass weight to insect weight q'as used to esti-
mate the biomass of carcasscs ncccssary kl pro
duce the insects for nesting bilds. To apply this
to the Skagit River $'atershed, a width of 100 m
on each side ofthe streanr in the anadromous zonc
(905.4 kn) rvas assumed to be nost directly af:
fected by the carcrsses and the 10.000 kg/kml
was applied to that area.

Carcass Blomass for Overw ntering Bald
Eag es (B.)

Stalmaster and Gessaman (198;+) estimated that
r bald eagle wintering along thc Ska-qit Rivcr rc-
quires 486 g of salnon flesh per day. Hunt et al.
(1992) cstimated Skagit River wiDtering eagle
populations lrom 1973-81. For the u'inter of 1980-
8l the) estimated.1.396 kg ofsalmon rvas ncccs-
sary to suppon thc caglcs, butthis eagle population
(1980 8l) was onl.v 33.1',1'of the largest wintering

Escapernent Coals tbr the Skagit River 2,11



populatlon estimatcd bet$'een 1973 and 1981.
Supponing the largest population required 13.284
kg of carcasses.

Conver t ing  B omass to  Numbers  o f  F ish  in
the  Escapement  Goa l

Seiler (WDFW Biologisl. pcrs. comm. ) oDserveo
1hal in )ears u'hen pidi saln.ron spau n in the Skagit
Rir,er. more than I mil l ion coho salnon snolls
ucrc procluced the fbllowing spring, while in non-
pink salmon sparvning yeals. the average annual
smolt production uas 650.000 coho salnxrn. When
coupled with Michael s ( 1996) studl' of intcrac-
tions bet$'een pink salnron and coho salnon, and
thc l irct that in Washington pink salmon essen
tiall,v spawncd only in the earll fall ol odd num-
bcrcd vears. and the only other carll fall spawn-
ing salnon in the systcm rvas the chinook salnon,
it is assumecl that a similar biomass of carcasses
was Deeded in thc fall of eveo nunbered lears to
obtain similar numbcrs of coho salrnon smolts.
From Seiler's data. an escapemcnt of500.000 pink
salmon nraximized the ploduction of coho saimon
sm{)lts uoder cunent \\ 'alcrshcd conditions. Thns.
500.000 *as usecl as the escapenenl goal for pink
salnor. The bionrass of 500.000 pilk salmon
sparvlers was dividcd b) the mean weight ofadult
Skagit Rir,er chinook salmon to obtait a goal for
non plnliyea$. ln thc curent managenent scheme.
spdlg chinook salmon comprise 16.87. ofthe total
chinook salnon escapemcnt goal $.ith the remain
der bcing a mixture of summer and fall chinook
salnon. Thc rclati()nship between the two groups
of chinook salnron was mrintained in the pro
posed goals.

C, 'n , . ' f tu r l l r .  i t  r r igh t  rppcr r r  Jppro f r i r rc  1 , ,
incrcasc the chino0k salmon escapement goal onJy
111 even numbcrcd )'elrs because of pink salmon
presence in odd numbered years. Having differ
cnl escapement goals for even and odd ),etr-s is
uscd tirr chum salmon (0. kr:ta). Horverer. corr-
sumptive fisheries lbr chun salmon occur only
on maturing fish. uhile consumptivc l isheries tbr
chinook salnron occut over most of thc l ifc cvcle
with a substantial portion of the marine harvcst
taken as imnalurc lish. In order to have an even
leu rnd an odd year escapemcnt goal ti)r chinook
salmon and sti l l  maintain marine l lshcrics on
immaturc fish it wil l be necessary to havc some
sorl ol cxternal mark which wil l identi l 'y ar what
age thc fish wil l mature. This nark cun ently does
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not exist. 11 uould be possible to usc dif ' terent
escapement goals lbr chinook saltnon if all f ish-
crics were conducted in drc river ofongtn on rc-
tumlng spawncrs.

Amcs ( 1983). in a discussion of salmon stock
lnteractions in Puget Sound, suggcsted that in
creases in total Puget Soundpink salmon spawo
ing escapcnent would reduce recruit per spawner
fbr Puget Sound chum salmon. He surntised that
pink salnon fry rvould outcompete chum salmon
liv firr fbocl. To naintain a balance within thc
Skagit River $ater-shed. the escapcment goals for
chum salnron rvere increased by thc same pro
poflion as the incrcase in the pink sahron escape
lnent goal. Chum salmon in PugeL Sound shorv
tu'o distinct population sizes. The run sizes and
escapement goals in cven numbered vears are
substantiallv higher than in odd nunrhered -vears:
this samc rclationship was maintaincd in the de
r'elopnent ofthe proposed goals. Forcoho salmon.
the smolt pcr adult sparvnerratio of 15.2 observed
over 1.1 ycars ol trrpping at Snow Crcck (John sut
and Coopcr 1993) rvas multiplied by thc Skagit
River coho salmon snrolt estimate of l.100.(XX)
t ,  '  .  i r l i u l i r le  lhe  rcqu i rcd  l j . i i r f c rnenr .

Results

Tht '  S l rp  i t  R  i r  < r  u  r te r rhcd .  un . le r '  . r r  c r r i c  cnr  i -
r , 'nmentu l  \o ld i l ion \  r r rJ  cur ren l  'p l run ing  e .
capcment goals (as dehDed by WDFW). should
require 200,(X)0 kg of salnon carcasscs k) sup-
porl smolt producti(D. 13,000 kg of carcasscs t()
support wintedng bald eaglcs, and 1,800.000 kg
of carcasses to suppo inscctivorous bird nest
ing and brood rearing for a total requirement of
1 .000.000 Lp  fTrb le  l ) .  l f i . . .p , ,un ing  c .c rpe-
ments in the Skagit River wittcrshed dur-itg 1970
199:1 wcrc consistentl), lower than this (nrble 2).
F ten  i I  r l l  \ r l rnon \per ' ie .  met  lhc i r  p rc . r .n l

TABLE L Biomass (kg) rcquircd tirf \.rlmorid smolts pl(l
duced. b i rds ncst ; rg $r th ln 100 m ofs i ferms. and
f i ) r  $ inter ing bald crgl .s  in $e Skagi t  Rivcr

Salnronid \moll\ and pr||
lliparian /onc ncsrirg bircls
OIer$i.rcring bald e.rgles

105.70.1
L810 .820

]]. :8.1

2.019.808
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:13.380 119.061

115 .528  679 ,21 I
t7..19t t1.1,289

0.518
0.I l

953.7,15
1.217.881

escrpement goal. only ,157r to 60% of the required
bionass (Tables 2 and 3) would be realized. Pink
salnon and e\,e[ year spa*ning chum salmon
shou'the best pedbrmance. having met orexceeded
cstablishcd goals slightly more than halfthc timc.

To supply approximately 2 million kg of car
clsses, salrnon escapement -soals i i)r the wrter-
shed should be increased to 20.400 spring clirook
salnron. I0I.200 summer and tall chinook salmon,
72.:100 coho salmon.500.000 pink salmon. and
178,500 and 59.000 even and odd year chum
salmon. respectively (Table 3). These goals rep-
resent substantial increases for chinook and coho
salmon but represent levels ofescapement occa-

TABLE 3 Pfopo\ed sp.L$ref esrafenrenr gorLh .rnd l]oten-
ti.rlbi(nn.rss ikg) fi)f Skagit Ri!er chinook \. lnon.
coho salmon. pirk s.rllnon. rLnd chum s.rlmon.

sionally met by chum salmon or regularlv met by
pink salmon in thc Skagit River u'rtershed.

Discussion

The estimated biomass of carcasscs required to
meet wintering eagle. nesting bird, and salmonid
' rno l t  p loJuc t ion  in  thc  Skrg i t  Rr re r  ' r . rc rn  i .
approximately t$,ice the amount curently pro
vided by the spawner escapcmcnt goals titrgeted
in the present maragement scheme. Becausc thc
current management framework ralely achieves
the escapemcnt goal for any single species, and
never achieved the escapenent goal fol all spe-
cies in an1'year l iom 1970 to 199,1. it can be as-
. r rn reJ  Ih r r  the .  u r ren l  r r . rnaF i l l l en l  p r : l c l i . c \  rc
sult in a deficit in the return of nutrients to the
u i l te r \hed.  Funher ,  be( lu \e  Ihc  c . l rm i r l c  i :  r  m in i -
mum recluirement 1br only a lraction of the con-
suners of nutricnts in the system. it is probable
tha l  the . ) . tenr  rs  l  uho ie  hus  u  'e re r r  r ru l r i cn t
deficit.

Nutdent deficit is probably a coastwide prob-
lem. The National Research Council (19961 esti-
matcd thrt 6 to 104/. of the historic ler,els of salmon
\p l \ \  nc rs  r r )d  rs .oe ic lcd  nu lncr l \  J |c  r ( tu rn i r !
to the Willapa Bay Basin, Iocated in southwest-
ern Washington. Historic spawning escapements
and total run sizes were difficult to estimate be-
cause data is lacking or inconsistent. Most ear Iy
(late 1800s through mid 1900s) fishery data onl1'
reportcd catch and rarely quantitjed escapement.
Additionally, reports of run sizcs (crtch plus es-
c pement) sometimes varied widely. Forexamplc.
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Ricker (1987) and Gilhouscn (1992) reviewed
available datr tbr Fraser River sockeve sah'non
(O. rert.r) bet$'een 1890 and 1920: Rickcr ( 191t7)
eslinlaled thc total run to be 100 mill ion fish and
Gilhousen estimated the run at.10 mill ion l lsh.
Prior to thc development ofconrnercial l isheries
this number would havc approximrted the actual
number of fish which entered thc rivcr to sparvn
or to be consumed by watershed lesidents such
as bears. eagles, and humans. Bctween 1931|] and
I aql the l.rr!e.l ' , ' .  Le) e .ir lnron \plu lt in! (\cape
ment was estimated at about 6..1 mill ion (Roos
1991: Pacil lc Srlmon Ccrnmission 1996t. The
percentagc ol current versus historic levels of
escapement valv fro|n a low of 67r to a high ol
16%. vhich are similar to those estimated for
Willapa Bay.

Ar.e the proposed escapenert goals reasonablc
ln , - l  comprr lb lc  I r \  l . \ r l \  , ' f  e \ ' rpemenl  .een in
other areas? As nentioned earlier. pink salmon
and chum salmon escapenents in the Skagit River
walershcd currently approach 0r erceed the pro
posed goals. tsi lby (Weyerhacu scr biologist. pers.
cr)mm.). based on stable isotope analysis. believes
that coho salmon escapenent in smail tr ibutaries
nccds to be bet*een 150 and 225 spawners/km.
For the Skagit River watershed tributarics alone
this would result in an escapenent goal of be
twccn;16.000 and 69,000 coho salmon. While the
proposed escapenent goal lbr Ska-eit River chinook
is substantially higher than has been n.ranaged tbr
in the past. i l  does not rcprcsent a spawner es-
capement that is unheard of in other areas. The
escapement goal is proposed to bc 135 spawn-
ers,4(m of stream. The Pacific Fishely Manage-
mcnt Council (1979) reponed 213 chiDook salmor
per km as the 1970s'cscapcment level for the
Sacrumento Rivel s)'sten with a goal of286 spawn-
ers/knr.

Can the present habitat in the Skagit Ri\cr
u rrtcr.hr',1 rup|. rr lhe pr,,F ̂eJ increr\e. in \pa\\ n
ing? The answer must bc ycs and no. The spa$,n-
ing and incubation environtrrent currently suppofts
chum . . l lm, 'n  i lnd  f ink  . r lmnn \p l \ \  n inc  : l t  o r
above the proposed lcvcls. However. one outcome
of industrial logging and associated road build-
ing in a western Cascadc mountain watershed in
Orcgon has been that peak tlows have increased
between 50 and 100% ( Joncs and Grant 1996).
In addition to logging, the Skagit Rrvcr water-
shcd has roads. tou'ns, housing developments. and
other imper\ ious surl'accs \\'hich exacerbate run-
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oft peaks. Recent data and observation! suggest
that streamllows during incubation are exccssi\,ely
high. Ieading to higher losscs of eggs (D. Seiler,
WDFW biologist. pers. comm.) than $'ould oc-
cur undel nore moderate flows.

There is also evidence that strcams may not
bc able to retain all of the carcasses due to nrrn-
made changcs in the watershed. Recent studies
hale shown that habitat complexity, as nreasured
by the amount oi debris and rock i l a channel,
in ,  re r .es  thc  rb i l i t )  n l l5 t reanr  lu  r ( l i l i r  u r rc i r . \e .
and cycle nutrients (Ccderholm and Peterson 1985,
Sedell et al. 1988, Dobson et al. 1992). Much of
the land abutting reaches ofthe Skagit River wa-
tershed accessiblc k) anadromous salmonids is
managed fbr industrial logging which changes the
riparian arca, tlow regimes. and amounts oflarge
woody debris in streams. Growns and Davis ( 199l)
showed that 8 years alicr logging, there were still
significrnt dift-erences in the aquatic inveftebrate
comnlunities between clealcut and unlogged ar-
eas. Changes in inscct communities wil l prob-
ably be lellected in the way nulrients fiom the
carca\ses irre capturcd and cycled within the stleam.
The lorvland areas of the Skagil Rivcr $,atershed
har'ebeen leveed. dikcd. and other-wise constnined
so that the river chamel serves morc to conduct
watcr through the area than to produce fish and
other aquatic and riparian resources. The river also
has a series of hydroelectric dams which have
blocked sonre areas previously available for anadro-
mous fish spa*ning and havc changed the tlow
regimes duc to water storage and electrical power
generation. If the Skagit wate$hed's prcsent ability
lo capture. rgtain. and cycle nutdents was lcss
than in pre-de\'elopmcnt times it wil l either be
nec( . \ i lD  lo  lu r ther  inc |e lsc  c \ r r l c rnen l \  in  o r -
der to actually incorporate the nutrients into the
system or make improvemcnts to the habitat.

In theory. the escapement goals for thc less
economicall)' valuable. but more abundant, chum
salmon and pink salmon could bc raised to meet
the carcass bionass goals so that present f ishing
pattems on chinook salmon andcoho salmon would
not be disrupted. This would nlcct the calculated
nutrient needs of winter-inc eagles. nesting birds.
and salmonid smolt production, but, it does not
consider thc impoftance of spatial and temporal
distribution of different salmonid species. As noted
betbre, the dillerence in smolt production related
to the presencc or absence 0fpink salmon spawners
mears that the spatial and tcmpora] overlap is as



crit ical as the number of biomass ot carcasses.
The only way to increase coho salnron snrolt pro-
duction iD non pink salnron spawning years is to
increase thc chinook spawning population which
spawns at about the sane tirne and often in the
same areas. as the pink salmon. The timing of
availablc carcasses was also clitical toeagles. Hunt
et al. ( 1992) demonsftated that Skagit River eagles
ted tint on chum salnron then on coho salmon
carcasses when the chum salmon run was finished.
They sho$'ed that the current fishcry nlalagcment
plans do not provide enough coho salmon car-
casses to meet the nutrit ional needs ()1 caglcs.
Consequently, thc caglcs cventually left the area
in search ofother foods (HuDt et al. 1992).

The spatial distribution of carcasses through
the $rtershed also nccds collsideration. Of the
tbur salmon species under consideration. the
chinook. pink. and chum salmons typically spawn
in mainstems or in the lower reaches of tributar-
ies. Coho salnon penetrate as far into a w:rter-
shed as flows allow. In acldiLion to the coho salmon
carcasses delivering nutdents into headwater ar-
eas. there is sonre evidencc (B. Bilby, Weyerhaeuser
Biologist. pers. comm.) that steelhead troutiuve-
niles tollo* the salnron upstrcam so that they can
feed on the eggs and carcasses. This redistrjbu-
tiol] ofiuvenile stee]head trout puts them ink) an
environment that was. fr(n)l a historic and evolu-
tionary pe$pective. more stable duriDg winter.
Coltsequently. increasing the number of coho
salmon spawners should directly benefit the sur
lival of steelhead trout. Doliy Vardcn anci buli
trout are legulally observed to be stationed
do$,nstrelrm of spawning salmon. presumably
to feed on eggs and insccts disturbed by the
spa\\'ners.

Once these goals lrre set can they be achieved?
Forp ink  sa lmon rnd  churn . r ln rnn  lhe  rn .uer  i .
yes. Recent escapenents for pink salmon have
exceedcd thc proposcd 500,000 spawne$: corl
tinuation of curent lishery patterns can achieve
this cscapcment goal. For chum salmon. the run
of tish entering Puget Sound is regularly greater
than the proposed goal (WDFW files). Thus. fishery
reductions could achicve the proposed escapement
goa) .

The situation ibr coho salmon and chinook
salmon is more complex. In the 25 years exam
ined. both species had total returns (catch plus
escapement) to skagit Bay that $,ere almost al
ways less than hrlf of thc proposcd goals. Thcse

two species differ f iom the pink salmon and chum
salnon in that an estinlated 50-80% or morc of
the harvest occurs in tlsheries outside of Puget
Sound ale. therefole. not controlled by Washing
ton or tribal co-managers (\!'ashingk)n Dept. of
Fisheries 198,1). Increasing the escapement of these
two species to the proposed levels will require
many years in which l ishing in Alaska, Brit ish
Columbia. and coastal Washington will need to
be constrained. Polit ically. this is unlikely unless
there is a coast wide recognition of the need to
make similar increases in escapement through-
out the species' ranges.

Strlmon managcmcnt. as with mostothcr ntrtural
resoLlrce flanagement. is imprecise. No estimate,
such as run size, spawning escapement. or catch,
is exact. ln Washington. nanagers assume that
erors are random and balance out overtime. From
this per\pecti\ e. i l  the ar errce .pau n ing escape
ment  l i ' r  u  .peL ie .  i s  met .  Ihen rnJna lernen l  in -
tcnt has becn achieved. lf managers intcnd to an-
nually achieve or exceed a precise escapement
goal, annual fishery priorities will need revisit-
lng.

The benefits of increased calcass deposition
$,i l l  accrue over time. The increased availabil ity
of carcasses will quickly translate into more and
larger juvenile lish (Bilby, Weyerhaeuser biolo-
gist. pers. cornm.). which should help improve
their marine survival (Holtby et al. 1990). lncreases
in birdpopulations may take longer: studies where
a segmenl of forest was fertilized showed increases
in populations three years after the project began
(Folkard and Smith 1995). Hunt et al. (1992)
showed that the number of bald eagles wintering
on the Skagit River was directly related to the
magnitude of chum salmon escapement and car-
cass availability. Increased numbers of calcasses
should increase the wintedng populations. Thc
impact of increased winter fbod supply on the
reproductive success of eagles wil l need to bc
determined through further studies.

The increased numberof spawners should also
change the hydrology of the systen. Montgom
cry et al. (1996) showed that nass spawning by
salmon actually changes stream bottom compo
sition and configuration so that a higher l low is
needed to begin to scour the bed than in a stream
with fcwcr spawncrs. Increased resistance to scour-
ing should improve survival for eggs incubating
in the streambed. In addition. the act ofdigging a
redd tbr spawning resuspends fine sediments which
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arc transpoded downsffeam and out ofthe spa\\"l]
r'rg grounds.

There is a limit to thc nunrher of spa',lners a
sffeam caD accommodate. Since Euro-Amcrican
scttlement ofthe Skagit Rivcr $atershed. a nun
ber ol chan-qes have pennanenlly rcduced the
lpil$'ning area available to adult salmonids (Sede)1
et al. 1988. Palmisano ct rl. 1993. Mclntosh ct
al. 1994. Wissmar et al. 199'l). Thcsc modil lca-
tions include dredging. log jam removal, dam
col]struclion. nater removal for municipal and
industrial use. draining and fi l l ing sloughs, and
so on. Thc proposed roals nav provide tbr more
adults than wil l be able to successfully sparvn in
the river However. a singlc large escapementwhich
does not produce at least an equivalent nuntber
of retur-niDg adults docs not necessadly indicatc
that excessivc spawning occurred. OLltsidc fi)rces
and catastrophic events such as floods. droughts.
or ocean conditions also aflect spawning in a given
year. A good modcl for rebuilding salnon popu-
lations is the one used for Fraser River sockeye
salmon. There. escapement goals rvere consid
ered experinental and increased increnentally as
data on lotal run. adult retufl]s. spawncr distribu-
tion. and spawner slrccess. bccame lvailable (Roos
r99l  ) .

The proposed escapement goals are based oo
the cunent undcrstanding of the systent and rvil l
change as spa*ner levels rise. For example. the
chnook salmon smolt numbers arc based on the
smolt production b) thc current goal of l7.900
spa\\"nen. An cscapement of 12l.600 shoulci pro-
duce substantially nore smolts: theirlbod rcquirc
ments arc not included in developing the goal of
121, 600. The coho srlmon soal uses the number
of smolts currently bcint trapped in the $'ater-
shed. Johnson (1986) estintted that rhe water
shed could produce about twice ls nrany smohs.
As with chinook salnrol. i lcLeases in thc num-
bcr of coho salmon smolts were not includecl in
the delclopment ofthese goals. Hunt et al. ([992)
shoued thal caglcs fir l low lbod resourccs; thus
more salmol on the Skagit River wil l attract morc
eagles. Whcn the number of eagles \\ ' intering oo
the Skagit River exccccis the nurnbel t'lom thc
$'inter of 197ii-79, their nutritional nccds will need
to bc lactored in. Lastlv. thcrc are several differ
ent methods l i)r estimitt ing the energ\ and nutri-
tiolral lequiren]cnts firr each group of consum-
ers. Sibatani (1996) rvas using an estimate that
presuned that mass u'as conser\ed: it rvould take
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I kg of carcass flesl'r to produce I kg of insect
flesh. Pipcr et rl. ( 1986) includcd cnergy transfer
and wrste products in their calculations of the
anrount ofinsect llesh needed to produce J kg of
fish l lcsh. Hunt et al. (1992) and StaLmaster and
Gessaman ( 198.11 estimated bald eaglc firod needs
based oD obsen'ations ofeagles consuming salmon
during the rvinter. Sibatani's (1996) estimalc is
probabh th r  r r r , ' . t i , ' n .enJ t i \ c  be( l ru \u  i l  J \ .ume\
pcrtect transter of nutricnt nrlss. The other two
estimates are probably closer to the actual nuti
t ion need because they arc based on observations
of actual consumption.

The pr , 'p , ' .eL l  i . c : lpernen l  9 , ,  1 .  ! r re  po i l t l  e \
timates and it is recommended drat they bc treated
as fixcd points mther than developing a range ol
escapements liom which nratagen can choose.
Conceptually. a range of goals olters the nan
ager tlexibil i ty to balance available hsh with the
desirc to harvest. Fulther. a range recognizes that
the actual ecosystem need rvill. in firct, I'arv over
time as conditions chan-qe since nature is not stable.
Thc reality is that salmon manrgenlent is imprc-
cise and the use of a fixed point goal sti l l  results
in a range of escapements (scc Table 2). Anyone
tamiliar with salnon management oD the Pacil ic
coasl of Nonh Anerica knows that t isheries are
driven by harvcst. Annually. some runs are delib
erately overfished in order to allow for the har-
vest of commingled abundant stocks. If a rangc
ol escapement goals were adopted thc result would
be to consistently fish to thc lower end of the langc.
The r< .u  l t  u  i l l  b r  l , ,  f c r le lu l l te  the  (u  r rcnr  n  u t r i -
ent dellcit.

Thcre is at least one more question tvhich needs
to be debatcd. If the Pacitrc Northwest ecosys
tems e\,olved to process returling aDadlomous
fish. then hou' many fish can be removed liom
the system withoLrt lcducing the ecosystenr's pro-
ductive capacitv? Belbre the devclopment ofcan
neries and product distribution systems. Lhe car-
casscs generally stayed in the watershed even if
they were consumed by terreslrial animals and
hunrals. If this is how a watershed ecosysten
evol\cd. and if the same levcl of tenestrial and
aquatic consL[rlcrs can sti l l  exist in thc systenr,
then I'rarvcsts $'hich remo\e thc carcasses from
the water-shed may nccd to be kept much lower
than bday's levels of overall cxploitation. There
needs to be scrious consideration. study. and public
debate of the idea that naturally spawned popu-
lations of rnadr-omous salmonids belolg in thc



rivcr. ConsumptiYe harvests. particularl) outside
of the dver of origin. tnay nccd to cone from
caplivc raised fish or through the seleclivc har-
vest 0f ocean ranched fish.

Summary

A ncw method to dclcJop spa\vner escapement
goals for Pacitic salmon u'ls deve)oped using the
Skagit River watershcd as an exunple. Thcse goals
u'ere based r)n the premise $at Pacillc Nofihwesl
watcrsheds derived most of their nutricnts fronr
the annual spawning nigrations and death of the
salmon. Based on e\ti lr lates of carcass biomass
ncccssary to support breecling riparian zone bird
populations. wintering bald ca-{les. and the pro-
duction of stream-rcarin-q salmonid smolts, the
methodolog)' results in teconrmendations that
20.,1(X)springchinooksalnron, l0l.200summer/
tall chinook salnxrn, 7'1..100 coho salrnon. 500.000
pink salmon, and 171J.500 and 59.000 oen and
odd ycarchum salmon bc alftrwed to spawn. These
goals shoulcl be relatively easy k) achieve tbr the
pink and chum salmons but wil l be more dift l
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cult to ichieve lbr chinook and coho salmons
because of the multi- jurisdictional nature of the
consumptive tlsheries applied to them. Further.
it wil l be clit ical to ensure. through habitat resto-
Iation and protection progtants. that thc watet
shed is capable of rctaining and cycling thc nu-
n ients delivered bv the carcasscs. The results of
this studv suggesl thar Pacific Rim watersheds
need substantiallv nrore salmonicl spauners than
cuncnt managenenl rc-{imes allor,. How the cur
rent level of consurnption of thcse tlsh is main-
tained wil l need serious clebate.
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