












inshorepredators suchascentrarchid fish- 

e s(Nobrigae tal.2005;BrownandMich- 

niuk 2007). Howeve r,it isuncle arwhe th- 

e r the littoralcommunitie s havea major 

e ffe cton the dynamicsof pe lagicfishes. 

The lastmode lcomponent,  bottom-up 

e ffe cts, also has re ce ived substantialat- 

te ntionin the e stuary asaconsequence of 

the e xtreme le ve lofspecie s introductions,  

re sulting in majorchanges in thepe lagic 

foodweb(CohenandCarlton1998).Phy- 

toplanktonbiomass (asindexedbychlo- 

rophylla) hasdeclinedove rthe last4 de - 

cades,  andspecie s composition hasshifte d,  

withasharpdecline in diatomabundance 

andproduction in SuisunBay and the 

weste rnde lta(Lehman2002;Jassby e t al 

2002;Kimme re r2005).Keygroupsofzoo- 

planktonhavelikewisedeclinedin abun- 

danceandbiomass,  withsharpest changes 

amongcalanoidcopepods,  a primarypre y 

fore arlylife stages ofpe lagic fishes (Kim- 

mere r and Orsi 1996;  Kimme re r2006). 

CONCLUSIONS 

Unlike the collapsesof comme rcial 

fishe rie s forPacificsalmon (Onchorhynchus 

spp.)orAtlanticcod(Gadusmorhua),  the 

POD involvesan entirefishassemblage , 


includingrarenative specie saswe ll as


some of the most abundant introduced


specie s in the estuary. As such,it hasfo- 

cusedatte ntionnot only on traditional


fishe rymanagementconce rnssuch as 

harvestandwate rmanagement,  but has 

led to new ecologicalstudie sof wate r 

qualityandseve ralsyne rgistic processes. 

Fortunate ly,  the San FranciscoEstu- 

aryhasanexceptionally longandde taile d 

historyofenvironmental monitoring. The 

collapserequiredan integratedre se arch 

program to analyze the problem.Analy- 

sisofthehistorical data,coupledwithan 

inte nsiveprogramofsharply focused stud- 

ie s,haspe rmitte dthe rapiddeve lopment


of a be tte runde rstanding of factorsthat


have affe cted fish abundance in both the 

shortand longte rm.This multi-face te d


approachshouldgre atlyassist in plan-

ningfor aquaticre sourceprote ctionfrom


incre asinghuman demandsand othe r


stre ssors suchasglobalwarmingandthe 

imminent invasionby quaggamusse ls. 

ThescopeofthePODinvestigations 

hasalsogene rated highexpectations for 

"re al-time " reporting andinte rpre tation of 

there sults. Thepre ssing ne ed tore ve rse the 

declinehasalso ledtodemands forspecific 

practicalactionsto remediateproblems 

thatweonlyunde rstand broadly. Manage - 

mentactionsbasedonincomple te ly inte - 

grated re sults runtheriskofine ffe ctiveness


(Hutchingse t al. 1997). Althoughthe 


availabledatahaveallowedusto gene rate 


a conceptual mode lof the majorfactors,  

theindividual andcumulative importance 

of the stre ssors remainsuncle ar.Hence ,  

e ffe ctivemanagementactionsto re ve rse 

thePODwillre quirequantitativemode ls 

thatcanintegrate the e ffe ctsof multiple 

stre ssors andmorede taile d investigations 

into the causesand mechanismsof the de - 

cline s. Moreove r, management actionswill 

bemostuse ful if the ycanbe implemented


usingan adaptiveapproach that allows


fishe rie s scientists andresourcemanage rs


to le arnfromdesignedmanipulations of


theuppe rSanFrancisco estuary. Suchac-

tionsarecurrentlybe ingconside red aspart


oftheapproach to dealwiththePOD
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