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ABSrRACf

During the mid-1980s.the sport fishery for white sturgeon (Acipensertransmonttmus)in the

Sacramento-San Joaquin Estuary achieved the potential to over-exploit the population. A mathematical

model was developedto evaluatethe effectof anglingregulationchangeson abundance.eggproduction,

and catch over a 30-year period. The goal was to adopt regulations that were socially acceptable and that

maintainedwhitesturgeonabundanceand egg productionat the high levelsof the mid-1980s.

Representativesof the sturgeonanglingcommunitysuggestedsome of the regulationalternativesevaluated

by the model andselectedpreferredregulationsfrom biologicallyacceptablealternatives. These regulations

were implementedin March, 1990. Subsequentdeclinesin whitesturgeoncatch and exploitationrate had a

substantialeconomicimpact. Resultsof additionalmodelevaluationsalloweda slight liberalizationin the

originally-adopted angling restrictions. Monitoring will be continued to evaluate the need for additional

regulation changes.

Keywords: abundance, catch, egg production, fIShery, management. mathematical model. regulations,

sport angling, white sturgeon
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INTRODUCTION

The white sturgeon (Acipenser transmontanus) population in California is almost entirely confined

to the Sacramento and San Joaquin rivers, the largest streams in California's Central Valley, and their

common estuary, terminating in San Francisco Bay. A detailed description of the Sacramento-San Joaquin

Estuary is provided in Kelley (1966) and Kohlhorst et al. (1991).

Whitesturgeon is a native fish and the objectof an importantsport fishery; commercialfishingfor

sturgeon is prohibited in California. Commercial fisheries greatly reduced white sturgeon populations in

rivers and estuaries along the west coast of North America in the late 1800s (Craig and Hacker 1940;

Skinner 1962; Semakula and Larkin 1968; Riemenand Beamesderfer 1990). As the result of over-

exploitation, all sturgeon fishing was prohibited in the Sacramento-San Joaquin Estuary in 1917; the fishery

was reopenedin 1954to sport anglingonly. The sport fishery wasgovernedby the same regulationsfrom

its inceptionuntil 1989:a year-roundseason, 102cm total length (TL)minimumsize limit, and a one fish

per day creel limit. An exceptionwas the period from 1956to 1963,whenthe minimumsize limitwas

127 cm TL. Regulationsresultingfrom the activitiesdescribedin this report have been in effectsince

1990.

Taggingstudies in the Sacramento-SanJoaquinEstuary indicatethat abundanceof legal-sizedwhite

. sturgeon has varied dramatically (11,000-128,000) over the last 35 yeats, while total. mortality rates (A)

during much of that period were low and relatively stable (0.1()"().18) (Pycha 1956; Chadwick 1959; Miller

1972; Kohlhorst 1979, 1980; Kohlhorst et al. 1991). Thus, fluctuations in legal-sized white sturgeon

abundancehavebeenprimarilydependenton variablerecruitment. However,total mortalityrate has

increasedrecentlyas annualexploitationrate (u) rose from a meanof 0.069 in the 19605and 19708to

0.097 in the 1980s. This 41 % increase in u resulted from growing popularity of the fishery as abundance

reached a peak of 128,000 in the mid-1980s and anglers became more efficient (Kohlhorst et aI. 1991).

The California Department of Fish and Game (CDFG) and the sport angling community became

concernedin the late 19808by increasedexploitationrate, decliningcatch, and knownsusceptibilityof

sturgeon populationsto over-harvest. The needfor anglingregulationchangesto protect the future
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productivityof whitesturgeon led to developmentof a mathematicalpopulationmodelto be used to

evaluate alternativeregulations.
-

This paperdescribesthe model, recountsthe cooperativeeffortbetweenprofessionalfishery

managers and the sport anglingcommunityto implementbiologicallyand sociallyacceptableregulation

changes, and providesa preliminaryevaluationof the effectof these changeson the fishery.

MATERIALS AND METHODS

As the resultof meetingswith representativesof the sturgeonanglingcommunity,CDFGscientists

evaluated a rangeof anglingregulationalternativeswith the biologicalobjectiveof maintaininga population

of 100,000 whitesturgeonLI02 cm TL that annuallyproducesaboutone billioneggs. Thesevalues

re(lect abundanceand egg productionin the mid-1980sthat werejudgeddesirableby anglersbasedon

fishing successduringthat period. This led to developmentof an age-structuredpopulationmodelfounded

on the best availableinformationabout white sturgeonpopulationdynamicsin the Sacramento-SanJoaquin

system.

The model is a series of three nested MINITAB~ macros and an associated data file which I used to

project the impactof anglingregulationchangesover the 30-yr period 1990-2019. MINIT~ is a

statistical software package capable of repetitive computations and data 1Danipulationsusing stored

instructionscalledmacros.

The structureof the model is given by the followingequations:

rt = (n6,t-3) (l,-U6,t-3 - v) (1-U1,t_2 - v) (l-U.,t_l - v)

n6, t = (Et_ 6) (5899 -age 6)

with the generalnotation:
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N, =abundancein year t of white sturgeon~age 9,

OJ.,= abundanceof age i fish in year t,

"I" = rate of exploitationof age i fish in year t, .

v = natural mortality rate,

r, = recruitmentat age 9 in year t,

J; = populationegg production in year t,

~= effective fecundity of age i ,fish,

C; = catch in year t, and

Seu 6 = survivalfrom egg to age 6 =2.2647x1~.

Input to the model is initialage-structuredabundancefrom age 6 to 60 years, initialrecruitment,

age-sp~ific U,natural mortalityrate (v), and age-specificfecundity. The 6 years from 1984to 1989are

used as a .warm-up. period. Assumptionsinclude an original(1984)equilibriumpopulationof 100,000

fish ~age 9 (approximatelythe meanage of recruitmentat the minimumlegal size of 102em TL), A of

16% (v = 10% and U= 6%) at full recruitment (age 12),and annualproductionof 971 millioneggs.

These abundanceand mortalityrate valuesare based on taggingresults (Kohlhorstet ale 1991). The ag~

'structureof the initialpopulation(fable 1) conformsto theseparameters,with exploitationrate for

partially recruitedages 6-11 adjustedbasedon age-specificlengthdistributions. Egg pfoductionis based

on a regressionof log(fecundity)on age (Figure 1, stronglyinfluencedby a single age54 fish), modified

by the age-specificfractionof femaleswhich.are mature, the-age-specificfraction of maturefemaleswhich

spawn, and the age-specificsex ratio (fable 2). At eachage, the resultanteffectivefecundityis multiplied

by abundanceand these productsare summedover all agesto estimateannual egg production.

The valuesused in Table2 to modifyfecundityare not empiricalestimates,but are myjudgement

of reasonablevaluesbasedon data from this and other sturgeonpopulations. I assumeda symmetric

maturationschedulewith earliestspawningat age 11, halfthe femalesmatureat age 15,andall females

mature at age 20. Maturationof a few fish at age 11 is consistentwith the size and ageof the smallest fish

with developedeggs observedin the Sacramento-SanJoaquinsystem(Figure 1). The changein the sex

ratio (fractionfemale)in Table2 is used in lieu of sex~pecificmortalityrates to allowthe modelled

--- - - - - - ---
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population to match observations that most large sturgeon are females (Magnin 1966; Wisconsin DNR

1967; Folz and Meyers 1985; Brennan and Cailliet 1989), although growth rate of white sturgeon does not

differ between sexes (Kohlhorst et aI. 1980).

During the "warm-up" period, 1984-1989, I assumed that u is 10%, again based on tagging results

(Kohlhorstet aI. 1991). This results in a 1989populationof 86,428 fish~age 9 and egg productionof

770 million. This is the initialpopulationupon which alternativeanglingregulationchangesbeginto act in

1990.

I assumedthat anglingregulationchangesaffect the populationthrough age-specificchangesin u.

Natural mortality rate (v) is held constant at 10% and A = u + v (Ricker1975). Effectsof angling

regulationchangeson u were estimatedfrom available informationon size and age frequencydistributioDS,

growth ~ohlhorst et aI. 1980),and temporaland spatialdistributionof the catch basedon tag returns

(Kohlhorstet aI. 1991;CaliforniaDepartmentof Fish and Game,unpublisheddata).

I assumedthat no compensatorychanges in v, growth rate, fecundity,or the stock-recruitment

relationshipoccur in responseto varyingu. As rapid over-exploitationof sturgeonstockshas been

widespread, the compensatory capacity of sturgeon populations is demonstrably limited, but unquantified.

The modelonly evaluatesthe impactof changingmortalityon the populationand implicitlyassumes

that environmentalfactorsaffectingrecruitmentand mortalityare constant,or vary in the samem~er,

under all anglingregulationscenarios.

RESULTS

Initial Evaluation

Based on the array of potential angling regulation changes that were available (fable 3), 10

alternatives were selected for evaluation (fable 4)~ Angler representatives, while strongly committed to

actions to reduce harvest and maintain the white sturgeon population, were also committed to minimizing

the impact of regulation changes on their segment of the fishery. Those anglers fishing on the spawning

grounds in the SacramentoRiver, whilesupportiveof a maximumsize limit, were waryof a relativelylow

maximum,of a closedseasonin the spring, or of a protectedslot limitwhichgreatly restrictedtheir

---
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fishery. Conversely,anglersfishing in the downstreamfeedingareasof San FranciscoBay, wheremany

small white sturgeon enter the catch, generaJly opposed substantiaJ increases in the minimum size limit.

Thus, the selectionof aJtemativesto be evaJuatedwassomewhateclectic. The aJternativesrangedfrom

continuationof the presentregulationsto a harvestslot of 122-183cm TL. For this most restrictive

alternative, the minimumsize limit wouldbe increasedfrom 102cm TL to 122cm TL in four annual5-cm

incrementsbasedon reasoningby angler representativesthat this would be less disruptiveto the fishery

than a 2O-cm increase in one year.

The modelledimpactof these alternativeregulationchangeson whitesturgeon abundance,egg

production, and catch varied substantiaJly (fable 4). Dnly four of the alternatives (alternative 4: 102-152

cm TL harvest slot; alternative8: incrementalchangeto a 122-183cm TL harvestslot; alternative9: 114-

183 em harvest slot; alternative10: 102-183cm TL harvest slot with no fishingin March) met the dual

biological criteria of increasingwhite sturgeonabundanceto 100,000fish ~102 cm TL and annual

production of aboutone billioneggs. These alternativesresulted in increasesin abundanceof 16-35%

above the base year 1989after populationfluctuationsin the first 12-14years following.theregulation

change (Figure 2a). The early variability in abundance was due to the combination of initial protection

from exploitationand residualeffectson recruitmentof higher prior exploitationrates.

Modelledegg productionfor all biologicallyaCceptablealternativessteadilyincreasedover the

1990-2019simulationperiod (Figure 2b). The increasevaried from 53% for a 114-183cm TL harvestslot

to 73% for both a 102-152cm TL harvestslot and an incrementalchangeto a 122-183cm TL harvestslot

(Table 4).

Becauseof the restrictionsimposedby anglingregulationchangesand the slow recoveryof

abundance, all biologically acceptable aJtematives resulted in reduced simulated catch relative to the base

year 1989. The greatestdecreaseoccurredin the first year new anglingregulationswere in effect;

thereafter, the patternof changevaried amongthe aJtematives. Three alternatives,after variableperiodsof

generally decliningcatches,exhibitedsteadilyincreasingcatchesover the last 12-16years of the simulation

to conclude in 2019 at values 12-29%belowthe initial 1989level (Table4, alternatives4, 9, and 10;

Figure 2c). The 122-183cm TL harvestslot aJtemativeexhibiteda continuedsharp decline in catchfor 3

--
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years after the initialyearof anglingregulationchange(dueto the incrementalnatureof the increase in the

minimum size limit from 102 cm to 122 cm TL), then a period of relatively stable catches followed by a

12-year period of increase; final catch was still 37% below the. 1"989catch (Table 4, alternative 8; Figure

2c).

The secondmeetingbetweenCDFG staff and anglerrepresentativesresultedin acceptanceof one

of the alternativesfrom amongthose that met the biologicalcriteria. A maximumsize limitof 152 cm TL

(alternative4) was too smallto be tolerableto anglersfishingin the spawningarea of the SacramentoRiver

and a closure during March(alternative10), one of the best fishingmonths,was not acceptableto any

angler group. The finaldecisionwas to-recommenda changein sturgeonfishingregulationsto institute a

122-183cm TL harvestslot arrived at by raising the 102cm TL minimumsize limit to 122cm TL in four

annual 5-cm increments(alternative8). This was deemedby angler representativesto offer the best chance

for restorationof the sturgeonpop.ulation(true) and to minimizedisruptionto the fisherybecause.of the

phased implementationof the greater minimumsize limit (questionable).

This recommendationwas adoptedby the Fish and GameCommissionlin 1989and became

effective March 1, 1990. The maximum size limit took effect immediately, while the minimum size

increasedto 107 cmTL at that time and was increasedagain, to 112cm TL, on March 1, 1991. In 1991,

the Fish and GameCommissionenactedregulationsto further increasethe minimumsize limit for sturgeon

to 117 cm TL on March 1, 1992and 122 cm TL on March 1, 1993.

SecondEvaluation

The maximumsize limitwas readily acceptedby sturgeonanglers, as were the initial increasesin

the minimumsize limit from 102cm TL to 107 and 112cm TL. Either through lackof communication

and publicityby the CDFGor inattentivenessand a "shortmemory"on the part of manyanglers, the

I In California,the Fishand Game Commission,composedof five membersappointedby the

Governor, has the responsibilityfor administrativelyestablishinghuntingand fIShingregulationsbased on

recommendations from the CDFG and the public.

-- ---- --
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second phaseof the anglingregulationchange,in which the minimumsizewas raised to 117and 122em

TL, precipitatedconsiderableprotest from someanglergroups.

In the meantime,continuationof the CDFG taggingprogramin 1990and 1991had suggesteda

substantial decline in white sturgeon abundance in the estuary, from a high of 128,000 in 1984 to 27,000 in

1990, and a decrease in exploitation rate to 3.3% in the year following tagging in fall 1990. These

populationstatisticsare applicableto fish ~102 cm TL, so they are comparableto valuesestimatedunder

previous anglingregulations. Thus, the perceptionby many anglersthat white sturgeonfishinghadbecome

very poor wassubstantiated.byour most recentestimatesof abundanceand exploitationrate.

CDFG managersmet with anglerrepresentativesand charterboatoperators in spring 1992to re-

evaluate the needfor morerestrictiveanglingregulations. Charterboatoperators (charterboatstake

anglers fishingfor a fee) and bait shop ownershad sufferedeconomichardshipas the result of the

decliningwhitesturgeonfishery and the perceptionby'the anglingpublicthat catchinga legal-sized

sturgeon under the new regulationswas improbable. As a result of this meeting,six additionalangling

regulationalternativeswere evaluatedusingthe white sturgeon model(Table5), four as waysto ameliorate

the impactof the changeson those whose livelihooddependson the fishery,and two (catchand releaseand

completeclosureof sturgeonfishing)as scenariosprovidingmaximumprotectionto the resource. In spite

of the lower exploitationrate estimatedin 1990,I continuedto use the conservativevalueof 10% in the

model evaluation. All alternativeshad a positiveeffecton abundanceand egg production;those that

allowed continued harvest reduced catch from 27 to 42% compared to the base year 1989.

CDFG personnelfelt it was inappropriateto reverse courseandmakemajor changesin the original

recommendationsto the Fish and GameCommission. A compromisewas reachedwith angler groupsto

halt the increase in the minimum size limit at 117 cm TL and retain the maximum size limit of 183 em TL.

This was recommendedto the Fish and GameCommissionin fall 1992and was adoptedeffectiveMarch 1,

1993.

- - ---
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DISCUSSION

The age-stratified model of the Sacramento-San Joaquin Estuary white sturgeon population proved

to be a useful tool in evaluatingthe effectsof potentialangling regulationchanges. However,simplifying

assumptionsaffectthe realismof the results. Probablythe most importantof these is the assumptionthat

no compensatorymechanismsexist to respondto changesin mortalityrates. As the populationexpands,it

is likely that other mechanismswould comeinto play to slow or halt the increase. Thus, the magnitudeof

the positive responseto restrictionsin harvestpredictedby the model is probablyoverlyoptimistic.

As with any mathematicalmodelwith no stochasticenvironmentalcomponent,environmental

variability cannot be taken into account; ego the known effect of freshwater outflow and spawning stock

size on white sturgeonyear-classstrength is not incorporatedinto the model(Kohlhorstet aI. 1991). This

precludespredictivecapabilityof the modeland only allowscomparisonof alternativescenarios,not

forecasts of likely futurepopulationtrends. Thus, resultsof the evaluationof the anglingregulation

alternativesdo not realisticallypredict future changesin white sturgeonabundan~ or egg production.

Notwithstandingthe above limitations,the use of the model to compareanglingregulation

alternativesin an understandableway was crucial to buildinga consensusamongconcernedanglers about

the best way to maintainthe white sturgeonfishery. It allowedCDFG managersto endorsean array of

biologicallyacceptablealternativesfor considerationby representativesof a diversegroup of angler

representatives. When impacts of the regulation changes and the decreasing white sturgeon population

created controversy,the modelwas again instructivein providinga commonframe of referencefor

resolving the conflictbetweenshort-termeconomicconsiderationsand the long-termmaintenanceof the

fishery.

CDFG will continue a tagging program to monitor the response of the white sturgeon population to

the present angling regulations and recommend changes if necessary.
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Table 1. Mortalityrates and age structureof the initialequilibriumSacramento-SanJoaquinEstuarywhite

sturgeonpopulation(bothsexes)assumedto exist in 1984. Basedon 100,000fish age 9 andan annual

mortalityrate of 16% after full recruitmentat age 12. All recruitedand partially-recruitedage classesup

to age 60 are included.

Natural Exploitation Annual

Mortality (v) Rate (u) MortalityRate (A) Abundance

6 0.100 0.003 0.103 21,990

7 I 0.008 0.108 19,725

8 I 0.022 0.122 17,595

9 I 0.035 0.135 15,448

10 . I 0.050 0.150 13,363

11 I 0.057 0.157 11,358

12 I 0.060 0.160 9,575

13 ,- I I 8,043

14 , I I 6,756 _

15 I , I 5,675

16 I I ., 4,767

17 , I I 4,004

18 I I I 3,364

19 I I I 2,825

20 I I I 2.373

21 I I I 1,994

22 I I , 1,675

23 , I , 1,407

24 I I I 1,182

2..25 0.100 0.060 0.160 6,191



60 3,149,495 1.00 0.20 0.99 636,600

I Predictedfrom the regressionLog1o(eggs)=(O.0319x Age) + 4.59

2 Assumes5-year spawningperiodicity;thus, the fractionof maturefish spawning= «fractionmature5
. .

years earlierthat are now spawningagain) + (fractionspawningfor the first time at this age» / fraction

mature. At age 11, the age of first maturity,all maturefish are spawning. At age 14, no fish were mature5

years earlier (age 9) and 0.30-0.20=0.10 are spawningfor the first time. Dividing0.10 by the fractionmature

(0.30) yields0.33, the fraction of maturefish spawningat this age. At age 16, the calculationis «0.05+(0.70-

0.50»/0.70=0.36.

3 Effective fecundity = estimatedfecundityx fractionmaturex fractionof maturefish spawningx fraction

female.

4At ages220, the fractionof maturefemalesthat spawnat eachage varies from 0.15 to 0.25 becauseof

the maturityschedulefrom ages 11to 19. The meanvalueof 0.20 is used for all ages~O.

--- ---
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Table2. Variablesused to calculateage-specificeffectivefecundityof whitesturgeon in the Sacramento-San

JoaquinEstuary.

Fractionof Mature
Estimated Fraction Fish Spawning Fraction Effective

An Fecundityl Mature At This Age2 Female Fecundity'

11 86,398 0.05 1.00 0.50 2,160

12 92,977 0.10 0.50 0.51 2,371

13 100,057 0.20 0.50 0.52 5,203

14 107,677 0.30 0.33 0.53 5,650

15 115,876 0.50 0.40 0.54 12,515

16 124,700 0.70 0.36 0.55 17,283

17 134",195 0.80 0.19 0.56 11,423

18 . 144,414 0.90 0.22 0.57 16,299

19 155,411 0.95 0.16 0.58 13,701

20 167,245 1.00 0.2Q4 0.59 19,735
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Table 3. Alternativesfor changesin sturgeonanglingregulationsin the Sacramento-SanJoaquinsystemand the

approximatereductionin catch expectedfrom each. Impactswere estimated.fromthe spatialand temporaldistribution

of tag returns and from the size distributionof taggedfish.

RegulationChange
Approximate Percent
Reduction in Catch

Season closure

January

February

March

13%.

13%

18%

11%

7%

6%

3%

April

May

June

July

August

September

October

2%

3%

5%

November 7%

12%December

Area closure

Suisun Bay

San Pablo Bay

South San Francisco Bay

Upper Sacramento River

Season and area closure

27%

28%

11%

4%

March-May. Upper Sacramento River

March-May. San Pablo and Suisun bays

December-February. San Pablo and Suisun bays

Prohibit night fishing for sturgeon

Upper Sacramento River only

3%

19%

24%

16%

3%

-- -----
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Punchcardrestrictingannualindividualcatch

Increaseminimumsize limit from 102cm TL to:

Unknown

107 em TL

112 em TL

7%

18%

24%

,34%

49%

62% ,

114 emTL

117 em TL

122 em TL

127 em TL

Establish a maximum_sizelimitof:

152 em TL

178 em TL

183 em TL

8%

1%

<1%

Retainpresent minimumsize limitof 102 em TL. establisha slot limit
protectingfish from:

127 to 152em TL

127to 183 cm TL

122to 183 em TL

31%

38%

51%

- - -- --
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Table 4. Estimated effect of alternative sport fishing regulations on the white sturgeon population in the

Sacramento-SanJoaquinEstuaryafter the regulationshave been in effectfor 30 years (1990-2019).

Assumptions include an original (before 1984) equilibrium population of 100,000 fish .2.age 9, with annual

recruitment to age 9 of 15,448,total mortality(A) after full recruitmentof 16%(10% natural [v]and6%

exploitation [u)), andegg productionof 971 million. From 1984to 1989, it is assumedthat exploitationrate

was 10%, resulting in a 1989 population of 86,428 fish .2.age 9, egg production of 770 million, and catch of

8,782 fish. This is the initial population upon which alternative angling regulations begin to act in 1990.

Continuation of 1989 regulations is represented by the 102-cm minimum size limit alternative.

Regulation

Minimum size limit

1) 102 em TL

2) 114 cm TL

3) 127 cm TL

Harv.est slot limit

4) 102-152 cm TL

5) 102-183 em TL

6) 102-127,2152 em TL

7) 102-127, .2.183 em TL

8) 122-183 em TL1

9) 114-183 em TL

10) 102-183 em TL

No fishing in Mareh

I Minimumsize limit increasesfrom 102em TL by 5 em per year for 4 years.

- -

Abundance Egg Production Catch

Percent Number Percent Percent

Num Change (Millions) Change Number e

38,737 -55% 319 -59% 3,911 -55%

51,440 -40% 414 46% 3,951 -55%

73,636 -15% 606 -21% 3,960 -55%

101,438 +17% 1330 +73% 7,765 -12%

80,487 -7% 1000 +30% 7,067 -20%

63,068 -27% 567 -26% . 4,668 -47%

82,644 -4% 797 +4% 5,107 -42%

116,716 +35% 1330 +73% 5,518 -37%

100,614 +16% 1180 +53% 6,238 -29%

99,843 +16% 1240 +61% 7,033 . -20%



I Minimumsize limit increasesfrom 102em TI..by 5 em per year for 3 years

-- -- -
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Table 5. Resultsof the 1992evaluationof additionalsturgeonanglingregulationalternativesfor the

Sacramento-SanJoaquin Estuary. Methods.assumptions.and initialco.nditionsare the sameas describedin

Table 4.

Abundance Egg Production Catch

Percent Number Percent Percent

Regulation Number Change (Millions) Change Number Ql&tge

Harvest slot limit

112-183cm TL 96.827 +12% 1140 +48% 6,382 -27%

117-178cm TL' 109,787 +27% 1280 +67% 6.075 -31%

117-183em TV 105,591 +22% 1220 +59% 5.975 -32%

102 em TL minimumsize limit. 87.099 +1% 856 +11% 5.112 -42%

closed season for 3 consecutive

monthsbetweenDecemberand

March

Catch and release only (1% 220,996 + 156% 2670 + 246% 0 -100%

handlingmortality)

Closedseason (complete 268,224 +210% 3380 + 339% 0 -100%

prohibitionof sturgeonfishing)



Figure I.

Figure2.
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Captions for Figures

Relationship between fecundity and age for white sturgeon in the Sacramento-San Joaquin Estuary.

The line representsthe regression loglo(eggs)=0.0319(age) + 4.59.

Simulatedeffect,over 30 years, of biologicallyacceptablealternativeanglingregulationson a)

abundance,b) eggproduction,and c) sport catchof white sturgeon in the Sacramento-SanJoaquin

Estuary. Alternativeregulationsare morefullydescribed in the text and in Table4.
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