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I Legal status

Calilbl'rtia's Ccntral Valley wntcrshcd hosts a tliverse assenrblugc ol
anaclronx¡us lishcs, incluriing Chinook salnlon po¡lrrlations, stccl.
head ¡lo¡lulations, antl a population ol'grccn sturgeon, 't'he distri-
bution, abunclnncc ancl cliver'.sity of (hese spccics has been greatly
curlaile<1, however. by nrorc than 160 years ol'lruman im¡lacls, in-
cluding the eff'ects ol'gold mining, convelsion ot'r,iparian and fkrod-
plain habitats to agriculture and urban use, ancl the <lcvclt4rnrcnt of
tltc wntcrshcd fi)r watet'stot¿rgtc and clclivery, floocl corrtnrl and nav-
igation.

'l'he long dccline of Chinook sal¡non in the Centrnl Vrrllcy
reachecl a crisis ¡roint in the l9tì0s whcn wintet-run Chinook
sal¡non cleclillcd to a f'cw hundrecl individuals, down fì.onr nrorc
than 100,000 in the larc l9lf)s, This, alorrg with other declines
in salrnon along the wc$t co¿tst, initiated n serics <¡f status reviews
and eventual listings ol'evolutionar.ily signifìcalrt urrits (ESUs) I ol'
salnron under the federnl Endangererl Species Act (sumnrar.ized in
'lhblc l).

'l'Irc southcrn DPS of green stul.gcon was listed as thrcâtcncd in
April 2006. Adanrs et al, (2007) ¡rroviclcs ¿¡ status review,

2 Viability of salrnon populat¡ons

The oligirral st¿rtus rcviews were tìtotivatcd largely by cleclincs in
abunclance, Low abundance is olre risk lirct<lr. tit¡' extinctiolt, but
as ¡rointecl out by McElhany et al. (2000), snlnron ¡ro¡rrrlations also
neecl arle<¡uate ¡rfocluctivity, sp¡tti0l structurc and diversity to pet,-
sist. High levels of abundance (such as nright bc achieve<l with
hatchely ¡rrocluction) nìây not nritigate extinction risk atlcc¡uately if
a population has linlited spâtial structure, low productivity, ol little
clivcrsity. Thc so-called "vinblc snlnlon ¡ro¡)ulation" (VSp) ¡:ar.anr-
etels ol'abunclance, ¡)ro<luclivity, spatial struotulE nncl diversity can
be viewed hicrarchically, with functiolral and rlivelse natu¡.al habi-
tats ¡rroviding thc basis ttrr viability (trig. I),

Flgure 1: The viability of a salmon population depends ultimately
upon functional habitats.

and green sturgeon in the Central Valley
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Tablo 1: ESA slatus of salmon ESUs in the Centrat Vâiley.

Statr¡s
Slcr¿urrcrrto Rññij¡rc''niñ CniNnh u'xtr¡qtqut tJ¿r¡r Í 99Ð
(lcntr'tl Vtllcy spling.run Clri¡¡ook 'l'lrrcatcncd (Scp lg99)
Ccrrtral Vallcy lhll-run Chinook Cnrxlitlatc (Scp 1999)

'l'hrcatcnc<l (M¡¡r I 998)Cc¡rtral Vlrllcy-stcclhcad

3 Viability criteria

Rccovery ¡llans rec¡uirc objcctive nreasur,eablc c¡.itcria that can bc
uscd kl deternrin when listctl s¡recies can bc rernovcd tìonr the list
ol:cnclangerecl s¡lecies, In 2003, NMFS for,nlecl ths Central Val.
ley'Iechnical Rccovery'l'earn (CVTRT) ro conre u¡r witlr viability
critelia lìI' lisrccl sal¡nonids in thc Ccntral Vrlley,

'l'he CVTRT first desclibe<|, as firr as possible, tlrc hiskuical
¡ro¡lulation structul'c of the listecl USUs. The historical t-SU was

¡rresunred viable, so its structure off'ers a usclul ret'erence ptlirrt fìrr
viability assessnìetìt$. Thc CVTRT considcrcd thc dispercal capac-
ity ancl spati¡¡l clistribution of fish ancl habit tu crcate lists histor.i.
cal ¡ro¡rulations grnuped irr divcrsity units that sharc sinrilar envi-
rnnnrental conclitions, espccirrlly hydrologic reginrcs (Lindley et al,
(2004, 2006); Fig, 2).

'Ihe CVI'RT then develcl¡red sirnple criter.iu for asscssing ancl
specifying viability of indiviclual populatiuns, based on work by
Allenclolf'et nl, (1997) thar is ultinrarcly dcrived fronl IUCN Rcd
List criteda, 'l'hcsc arc pre$ented in lÌ¡blc 2. Based on icleas ol'rcp-
lcscntation and reduntlancy, the CVTRI'rcasoncct that fbl,an LISU
to bc viablc, it neeclecl to havc ¿tt lcast two indepcntlcnt viable po¡l-
ulations in each diversity unir (Linclley et al. (2(X)?) dcscribes the
cornplctc assessntetìt flarncwork).
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Flgure 2: Population slruclure of spring-run Chinook (left) and
steelhead (right), Winler-run Chinook salmon (nol shown) occurred
historically as four populalions in tho Basalt and porous Lava re-
gion,
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highest risk score lor any category. Reproduced from Lindley et al, (2007) based on Allondorf et al.
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4 Applicntion to ESUs

A¡:plication ol'lhe CV'IRT viability ¿tssessrnerìt f'r'amcwork to listccl

[SUs conlìrnìs lhe tenuous st¿ttus of lhcsc ESUs and clarifics thc

issues that nee<l lo bc adrlrcssctl lo rccovcr thctn, Whilc thc st¿ì-

tus of ext¿uìt populatiorìs ol'wintcr-rurt artd splirtg,-r'utt Chiltook is

genclally ¿r(:(:cpt.rblc, thc ESUs arc clcarly Íìl lisk ol'extirìclion (lue

to inaclcc¡uatc rcprcscrìt¿ìtiorl antl leclundancy (Fi8, 3). Wintcr-run
Chinook $¡ìhììorì irre leplesenletl by a singlc ¡n¡lulation thal s¡:awns

outsicle ol'its histolic¡tl spawning range; all firul lristorical pt4lula-

tior¡s have [reen extir'¡laled. S¡lling-run Chintxlk saltnott tct¿tin thtcc
low-to-rììoderírte-ri$k ¡m¡lulations, but thcy nlc all itt tltc North-
eln Siema Nevatla rcgitu; ¡:opulations in two otlter ltistotically-
irrr¡rortant regions havc all bccn cxtirpatcd, Dtta are inÍtdequitle

t() asscss thc status ol'thc Ccrrtriìl Vrlley steelhe¿ìd ESU, btrt what

littlc tlata cxisl indicatc higlt extirtction lisk (ntainly due to higlt
hatclrcry inlìuertce), Conservation of tlte F,SUs cle¡rentls on sccur-

ing tlìc strtus ol'¿¡ll extarìl ¡ro¡lulntions ittttuediately, whilc working
towarrls restolirìg po¡lulations to ¿t gt'e ¿tter portion of thcir historical
lange in lhe longet'telnr,

l,indley et al. (2007) also considc¡'ctl thc potcrttial irnpact ol'a
walrning clinratc on s¡rring-run Chirtook saln¡on, ln sunlrne¡', the

<listritrution of spring Chirrook is li¡ltitecl at lower elevatiorts by
w¿u'm tcnlpcr¿rturesi ¿ts clirttate wârnìs lhis linrit riscs in elevation.
Sigrrilicant warntirtg will gteatly curtail the întount of <lvcrsunt-

rncling habitat availnble to s¡lling-nrn Chinook, ¡nssibly lcntling to

fi¡rther ¡lopulntion losses (Fig. 4) , Mitigating cli¡uatc wartttittg will
ler¡uire restoring ¿¡ccess to high-clcvatiorr rclirgia th¿tl ¿ìIc currcntly
behind inrpassable danrs,

5 What about g¡'een sturgeon?

Much less is known about thc st¿ltus ol'grccrì slurgeorì or the thlents
tircing thcrn than sal¡uo¡1. NMIiS has bcgun develo¡ling a t'ecovery

¡llan lirr grccn sturgcon that will synlhesize available illtìlllnation

arrd ¡rdolitizc conssrvatio¡t actions,
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Flgure 3: Status of spring-run Chinook populalions. All lour histor-

ical winter-run Chinook populalions have been extirpatedi data are
insuflicienl to âssess thê status ol steelhead populations, with the

exceplion of populalions associated with hatcheries, which are all

likely at high risk of extinction,
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Flgure 4: Efloct of climate warming on tho potontial distribution of
spring-run Chinook. Bluo lines indicale historical range of spring.
run Chinook. Gray areas indicate areas of excessive temperature.

6 What is needed to recover BSUs?

'l'hc glaring ¡lloblcnr lìrr all ol'the listecl USUs is the drastic cur-
tail¡nent of their spawrring habitat by itn¡tassablc clarns, es¡ncially
thosc of thc slitte ancl lbdcr¿rl watcr ¡lxl.iects, 'l'lrc cngincerirrg arrcl

opcrations of the water ¡llojects als0 have negntive cll'ccts ()n hatri-
lâts th.rt rclnain accessible bclow thc rlarns, irrcluditìg ot¡ thc tint-
ing. c¡uantity arrtl quality of watcr flows within the ¡'ivcr notw(n.k;
on challncl lì¡l'¡ns and the subscc¡ucrìt ¿lvail¿rbility of shallow.water
anrl fìood¡:lain lcaring habitats ancl spirwrring hatritatsl alrcl thc dis-
t¡'itrulion ol'nonnativc s¡rccies th¡tt l)rey upot¡ or cotnpetc with na-
tive s¡lecies, 'l'hc nct cflbct of lhese clrarrgcs has been lo rcducc
thc c<lrrrplexity ol'habitats available to alì¿ìclrunlous tish, extir¡lat-
ing rnany po¡lulations ancl untlernrining the viability of'those that
survive.

lrn¡rroving the stÍttus <¡l'Ccntral Vrlley salnronicls (antl stur-
geon) thcrclilrc lequires irnplovirrg thc fìrnctioll ol'lrabitats, inclutl-
ing lhnctiorrs and locatiolls lhat cxtlnt po¡lulations curr.cntly usc,
as well as lirnctions anrl localions th¿rt were likely usecl lristorically
(ilig, .5), lionl this pcrspcctive, Í¡ctiotìs tlrat allow the r.iver, lo crcatc
an<l nlni¡rtairt habitats lirl salnlon througlr ¡ratural or setni-tìatural
gcornolphic proccsscs (c,g., levee setbacks. tìlot€ nitturÍtl hydro.
gra¡lhs) afe tììorc likcly lo be eff'ective tlran crrgincer.ing solutions
tlrat fultlre¡'conslt'nin habitat tliversitìc¡rtiorr (c.g., bubble curlains,
rncchanical gales, hatchclics).
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Flgure 5: Human actions suppress habitat diversity and perfor-
mance (¡nwârd arrows), which constrains diverse developmental
pathways (circles). Restoration occurs when habital capacity is ro-
oxpressed (outward arrows); less than full restoration may precludo
ro-oxprossion ol certain historic pathways (dashod lines), From
Ebersolo et al, (1997),

7 Challenges

Biological allcl societal problcrns co¡nbine to il¡hibit plogtess to-
wÍtrds co¡rscrv¿ttion Ítn(l tecovct.y of ana<lxlntous lìsh ilr thc Ccntral
Vrllcy. Anadronìous lish havc corrr¡rlcx lit'e histories that cx¡lloil
rìurììerouri habitats within sevelal ccosystctìts, and llre lirrkagcs be-
tween societal ¡lccds, inìl)acls otì lì¿ìbitat$, antl the r.csportsc of'tho
lish are cont¡llcx (Fig, 6), The ellìcacy ol'any onc conscr.varion
action rnny be contstrainccl by conclitions clscwherp in thc basin
or by the lingeling ell'ccts of ¡rrevious ¡tctiot¡s, a¡rd it is rliflìcult ro
dctcrrninc the relative irrrpurtancc of the nrany causcs tor declirlc
alrd to ¡lrctlict or tletect llìc rcs¡ronsc ol'poptrlations to tn¿uì¿¡genìetìl
actions. 'Ihis ¡neans tesourcc t¡ì¿rnag,ers strugglc with cno¡.¡nous
unceil¿ritìty.

'l'lrc lì'agrncntatitu of.julisclictio¡rs und authol.ities attìong ¿tgctì-
cies ancl rcgions with confliclirìg ittlclcsts antl constitr¡clìcics rrrakcs
a rlif'lìcult nt¿rnagctnont problern evcn hanlc¡., Not sur.prisirrgly,
thsre are selious co¡rlliots anìong intelcst gr.oul)s, ancl cur,rcntly
thcse are nìostly add¡c$scd in the legal nrena. Lnwsuits are unlikcly
to hc thc tnost el'lìcient o¡'cll'ective w¿ty to tìt¿uì¿tgtc ecosystetììs,

EÇosystetn-bitsed tn¿uagcnlclrt antl ecoloÉlicûl risk assessllent
(Ijl]M-ER^, ,r<lr,ll Centile ct ¿ì1. (2(X)l)) can guiclc ¡cstoration nc-
tions i¡r thc l¡rce of ecological unccrtainty ancl corrrpcting inter.-
ests. At thc cole of this t¡l¡rloach arc hierirrchical conccptual lnocl-
els (such as Fig, 6) thar (lepict thc scicnrilic understûndirìg of rhc
linkages betwccll hunlan actions arrd biological enclpoints, 't'hcsc

nlodels help itlcntily trarlettlìs, actionn to rakc, arrrl endpoirrts t<r

nreasule, so llìat ovcr tinre, agencies a¡ld st¡rkchoklers can rctlucc
thcir unceltai¡rties arrd rnovc with incrensirrg conlitlence towards
thci¡' sharecl vision ol'an ccosystenl thût can rcliably rlelivel thc
suitc ol'services that socicty dcsircs, Moving lìorn lawsuit-rh.iverr
eco$yslcnl "nranagernent" to EISM.ERA wi I I r.cr¡uirc stnkch<lltlers
antl agcrrcics to work tog,ethcr ¡'athcr than againsl eaclr othc¡., alttl
this charrgc rnay be the biggest clrallcngc ¿uììong nìÍìtty on thc path
to sustlìinablc watcl an<l environlnc¡ltal rrranagenrenl ill thc Calilill.-
nia llay-l)cltrr,
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Flgure 6: Conceptual model of how various human âctions lnf luence perlormance of juvenile salmon in an esluary. Redrawn from Botlom

et al, (2009) and Bottom er al. (2005).

I Sumrnary

o Centlal Vullcy salrnon ESUs arc tlrreatcr¡cd wilh exlinction.

o W¿rtcr¡lxrjcct lircilitics artd opelrttions have rtcgative effects
on lish habitat. willt cascacling eff'ects on s¡ratial slruclure,
clivcrsity, ¡lrocluctivity a¡lcl abunclance of ¡lo¡lu lations.

o Lnproving in-streanl lìows ancl curtailing exports may bc

necessaly to conserve sallnon, but will not be suflicicnt,

o Arr ecosystenr perspective is needed to untlerstand how ltu-
nìan activities itn¡lact salnron.

o Aclaplive nìirnagerììent is needed to rcducc lisks.
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