PacuyeT numuTa ynoBoB A4 3anacoB C
HeagocTaToYyHbIMK AaHHbIMU. Depletion-
Based Stock Reduction AHanus (DB-
SRA)




YcTaHoBeHMne nMMmuTa yroBOB B
YCIOBUAX HEOOCTATOYHbIX AaHHbIX

DCAC un3Ha4anbHo npeanoxeH MacCall (2009) anga pacyerta
YCTOWNYMBLIX YIOBOB

® He no3BONSET OLEHUTH NPSIMO YPOBEHbL NEperiosa

DB-SRA aengaetca pacwupeHmnem DCAC, oueHMBaeT Npamo
YpPOBEHb NepenoBa

(Dick and MacCall 2011)
® TpebyeTcd nornHasi UCTopua yrnosa

Tonbko Hagexbin ynos (ORCS) (Berkson et al. 2011)

ueHka MSY Ha ocHOBe ynoBa 1 YCTOM4YMBOCTM 3anaca

artell and Froese 2012)




[ NaBHbIN BbIBOO # 1

Umerowmecsa nopaxoabl K CUTYyaUUsM C
HeaoCTaTOUYHbIM OOBLEeMOM AaHHbIX ABMAKOTCSA MO
CYyTU OLEeHKaMM BbIJSIOBa, KOTOpble 000OCHOBaHbI Ha
pagae gonyweHun. OHM He NO3BONAKOT cAenaTtb

BbiBOAOB O COCTOAHUU 3alaca.




UTto Takoe DB-SRA?

* KombuHaumnsa DCAC n metoaa peaykUuMoHHOro aHanusa
3anaca (SRA)

® Both DCAC and stochastic SRA are in the NMFS toolbox

® SRA paspabotaH Kimura and Tagart 1982 n Walters et al.
2006




PeaykUumMoHHbIM aHanu3 3anaca

® Estimate recruitment events that would allow for the
observed catches

® Allows use of long-term catch data
® Used to help determine stock-recruit parameters
® Useful for determining BRPs (R,, By)

® More of a supplemental tool than a stock assessment

method

White Sturgeon in Fraser River, from Walters et al. 2006
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DB-SRA In a Nutshell

e KakoBa gomkHa ObITb

MaKkcumarbHas .
eMKOCTb Monynauum, I — cawn
KoTopas mMorna 6bl R siomass
oGecnevnTb S

HabntoaeHHble ynoBbl?
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[MpeannanoXxum 4To Npaykumst Buomacchl onncbIBaeTCs
moaenbto Pella-Tomlinson

B(t)=B(t-1)+P(t—a)-C(t-1)
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Tpebyemble BBOAHbIE

® [lonHasa uctopusa ynosoB

® [lpegnonoxeHusa o:
® EcTtecTtBeHHOW cMepTHOCTU, M
® cooTHoweHua of Fyqy /' M
® cooTHoweHuna B,y / K
[

cooTHoLleHusa of B [/ K

current

® OueHuBaem K, 1 Bce oCTanbHOE YTO HaM HY>HO




OueHka ypoHBsi nepenoBa OFL

® OFL = ynoB npu Fysy

® OFL = Bcurrent X UMSY

® Uy sy —KOXPPULMEHT aKkcnoyaTaumm npn Fy,ey




OFL =B¢yrent X Upsy

® Estimating F,sy Is difficult
® M can be estimated using a variety of methods

®* Fusy /M may be easier to determine from other stocks

F, MSY [1 - e(—M—FMSY):|
MSY —
M + Fyy




OFL = Bcurrent X UMSY




P-T moaundumkauma (by Fletcher 1975)

P(t—a)=gm[B(t—“)] _gm[B(t—a)]”
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Controlled by By,s, / K

Controlled by M, F,,sy / M,
Busy / K, and the estimate of




Pella-Tomlinson mogenb npeackasbiBaeT OYEHb
BbICOKYHO MPOAYKLMIO NP HU3KOM YpOBHE DMOMBCCHI,
ocobeHHo koraa B.. /K < el

.
------- BHSRR
—PTF
15 -
— = McAllister et al. (2000)
——Join-point at 0.15

Production

modified Production follows P-T model

Production/Biomass
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Moaundpuumpyem npoayKLUMOHHYIO OYHKLUIO

(korpa B < Bjy,)

1) Onpepenum By, from By,gy / K
- Bysy/K=<0.3: Bioin/ K=0.5XxBygy / K
- 0.3<Bygy/K<05 By /K=0.75x Bysy / K—0.075
- Bysy/K=20.5 Use PT model

2) PacuyeT npoaykuum

P(t—a)= B(t - a){ P;BJ on) +c(B(t—a)-B,, )]

join

m- B' 2K




KOHe4YHble 3Tanbl pacyeTa

® [lpegnonoxeHue ppb B
_ MSY

YypPOBHe 3arnaca Kak BMSY — K
Oonuv ot K
MaKCcUMarbHOW F
eMKOCTU, B rent / K FMSY — M MY

® OueHmBaem K KoTopas
npuBegeT K MSY = BMSY ' UMSY
npeanosioXKeHHOMY B
COOTHOLUEHWIO B rent/ B _ [ Zcurrent
K current K

Upsrb

- PacuyuTtbiBaem

current

OFL =

P ————_ —



MeTtoan MoHTe Kapno

® MHorne napameTpbl UMEIOT 3HAYUTENbHYIO
HeonpeaeneHHoCTb

®* Ncnonb3ya metogq MoHTe Kapno, MHOrokpaTHo
nepedbupaem Benn4nHbl NapamMeTpoB K pacymnTbiBaem K

¢ [lna onpefeneHbix cpyeTaHu napamMmeTpoB
HEBO3MOXHO MOMy4YnUTb NpuemnemMyro sennunHy K




PacnpeneneHus

Parameter Distributions
M 0 -0 Lognormal, Uniform
Fusy / M 0-o Lognormal, Uniform
Busy/ K 0-1(0.2-0.7 more Beta, Uniform

likely)

B [ K 0-1 Beta, Uniform

current
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OTKNOHAEMblIE BapUaHThI

® OTKNOHSIEM BapuaHTbl KOTOPbIE NPON3BOAAT
oTpuuaTenbHyto bnomaeccy

® OTKIOHAEM BapuaHTbl KOTOPblE MPOU3BOAAT OLIEHKY
COOTHOLWEHUA B o / K CIUWKOM Oomniudarow,yrocsd om
N3Ha4yanbHO NpPeanomHKEeHHOro
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PacyeTHble warm

1) ABbrnpaem cny4yanHo BENUYUHBI
o M
® Fysy/M
® Busy/K
° B [ K

current

2) pacuutbiBaemMm U,,qy

3) Haxoaoum 4yncrneHHoe pelleHne ansg n (Ha ocHoBe
BMSY / K)

4) PacuyntbiBaem g




6) pacuntbibiBaeM MSY (m =K« Bysy / K+ Uysy)
/) pacuutbiBaem By, (if Bysy / K<0.5)
8) UtepatnesHo Haxogum K
- nporHo3upyem buomaccy ot t=0 (B = K) oo nocnegHero roga
(B= " Beureny
- OTpuuaem “nnoxue” peweHunsi, coxpaHsiem Habopbl NapamMeTpoB
- COXpaHsaeM “xopowme” peeHust 1 Habopbl NapaMeTpoB
9) PacuntbiBaem napameTpsbl ynpasneHus (By,sy, OFL, etc.)

10) lNoBTOpsiem 1-9 BbIOpAHHOE KONUYECTBO pPa3

11) NameHsiem ncxooaHee pacrnpeneneHmsa napaMmeTpoB U NOBTOPSIEM
1-10 ecnn Heobxoanmo
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Setting Up the Model

® Heobxoanmee BBOAHbLIE:

® [TonHasa nctopus Bbinosa (HaymHas ¢ t = 0, HO
He 0bsi3aTenbHO 40 caMoro nocrnegHero roga)

® Pacnpenenenua onga (M, Fys, /M, etc. )

® HayarnbHag oueHka K

® Bo3pacT co3peBaHus




[Nony4yeHne CTaTUCTUKN NCTOPUYECKNX YITOBOB
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PelueHnsa no BBOOAHLIM AaHHbIM

1) Pick a distribution for each parameter
- Lognormal (always +)
- Beta (bounded between 0 and 1)
- Normal
- Uniform

2) Specify the mean and std. deviation (or the C.V.) for each
distribution (except the Uniform)

3) Start broad — refine distributions after checking thes




Specifying M

® M can be determined from life-history information

® Values can vary widely, so use multiple approaches when
possible

® |ntense exploitation can bias parameters

® How much uncertainty?
® (Can use uncertainty estimated in these fits

Reference Equation
Rule of thumb 3/@max
Hoenig (1983) exp(1.46 — 1.01In[a;ngx])
Jensen (1996) K 1.60K
Jensen (1996) amqr 1.65/amar
—0.0152 - 0.2791In[L]
Pauly (1980) €xp ( +0.6543 In[K] + 0.4634 In[T] )

Gunderson (1997) 1.79GSI




Specifying Fy,sy / M

Recent meta-analysis by Zhou et al. (2012)

Probability density




Specifying By,sy / K

In press meta-analysis by Thorson et al. (in CJFAS)

but not maximum length. (@) Pleuronectiformes; (b) Gadiformes;
(c) Perciformes; (d) Clupeiformes; (e) Scorpaeoniformes; (f) Other.
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SpeCifying Bcurrent/ K

® Most difficult to

specify
* May be able to use Caa]
an index, or trend in 30 WM
an index to inform ioe
the decision 2.,
® Eel example vy D
EEEEE@EE@%&E%%E?EEH

® Borrow information
from a similar
| eﬁcies
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Starting Values and Bounds for K

® May want to start by using some multiple of the total
catches:

K=¢> C(t)

® Run the model and adjust @ accordingly

® Lower bound: K must be > max(C)

® Upper bound: 10, 20, 100 x K,,,, ??




How can we tell if our model

IS appropriate?



Diagnostics

® Essential to profile over a range of mean values for the
Input parameters that are highly uncertain

® | ook at the results for unrealistic estimates of K and other
management quantities

® | ook at the accepted / rejected parameter sets for clues
(e.g. higher values of B / K may only result from
unrealistically high estimates of Fy,cy)

®* However, very low values of B ... / K are typically
rejected because of the increased likelinood of negative
biomass




Unrealistic Estimates: Eels

0.1 0.3 0.5

M  Fratio] 0.3 0.4 0.5 0.3 0.4 0.5 0.3 0.4 0.5

0.8 28823 24,044 22 Hid4 31,030 | 24,395 22,61 36,695 | 26,356 22 66T
01 1 24,740 21,71 20,638 26,119 | 21,802 20,643 30,088 | 22,060 20,650
1.2 | 22247 | 20,340 19,266 22814 20,344 19,267 25618 | 20,353 19,268

08 | 22527 | 20,526 19,448 23,232 | 20,5311 19,450 26,194 | 20,545 19,451
0.15 1 20,586 | 19,007 17,535 20,598 | 19,007 17,839 21,627 | 19,008 17,8935
1.2 | 19,384 | 17,914 16,834 19,384 | 17,914 313,426 | 19,387 | 17,914 511,965

08 | 20311 18,763 17,693 20,317 | 18,763 17,693 20,932 | 18,764 17,683

0.2 1 18,917 17,472 4356806 18917 | 17472 830629 (18818 | 17472 1.130,038
1.2 17,954 16,532 4672573 | 17,954 | 16,532 5166620 | 17,954 | 16,532 5642 388

08 19,064 17,612 16,543 19,064 | 17,612 648 467 | 19065 17612 870,102

0.25 1 17,881 16,460 5293332 | 17,881 | 16,460 5821864 | 17,881 164680 6,330,041
1.2 117,040 15610 22144 530] 17,040 127,352 23 122,834 ] 17,040 223 428 24,155,303




Rejected Parameter Combinations




Reporting Results

® Compare the range of estimates for the OFL recent
catches, and how they compare across possible
parameter values

® |.e. profile over different mean B / K, M, etc.

current

® Report range of estimates for BRPs (B,,sy; Uysy, @and
MSY) and status (Bcurrent/ BMSY and Ucurrent / UMSY)

® You cannot say with certainty whether the stock is
overfished and if overfishing is occurring (unless
catches are 0)

® can however provide support for certain values over
others







Other Approaches

® Only-Reliable Catch Series (ORCS) approach
(Berkson et al. 2011)

® “A Simple Method for Estimating MSY from
Catch and Resilience” (Martell and Froese
2012)




ORCS Approach

1) Pick some summary measure of the catch
® e.g. Median, mean, X percentile

2) Classify stock into broad categories
® Under-, fully-, or over-exploited

3) Set the OFL: 0.5C over-exploited
OFL=1{C fully-exploited
4) Characterize stock risk 2C under-exploited

® | ow, medium, high

5) Set the ABC < OFL

ses for higher risk species



ORCS Suggested Buffer Sizes

Table 6. Example ABC options for catch-only stocks using the ORCS Working Group

Approach.

) Alternative | Alternative | Alternative | Alternative
Risk level A B C D
Low risk

. - 0.75xOFL | 0.75xOFL | 090xOFL | 0.90x OFL
(high productivity)

Moderate risk

(moderate productivity) 0.75xOFL | 0.75xOFL | 0.75xOFL | 0.80x OFL
Highrisk 0.75x OFL | 0.50x OFL | 0.50x OFL | 0.70 x OFL
(low productivity)




Estimating MSY from Catch
and Resilience

® Does not require complete catch history!
® Needs a more catchy name

® Assumes Schaefer production dynamics

B(t+1)= B(t)+ B(t)r[l - %} e’ —C(t)

® Requires
® Assumed values for r and K
® Assumed bounds for B(t=1)/K and B(t=t.,)/K

f lognor icity (could




® 1) pick random r and K
® 2) pick random B(t=1) / K, calculate B(t=1) =K*B /K
® 3) project biomass using Schaefer production model

® 4)if the final B / K is between the specified bounds,
keep estimates of r and K

® 5) Calculate:
® MSY=r*K /4

| [\
End Rapgr\ \

Stag Range




Default Methods for Setting Parameters

Relative Biomass Bounds

® K = max(C)

Catch/max catch Bk
First year <0.5 0.5-0.9
>0.5 0.3-0.6
= o =
Final year >0.5 0.3-0.7 KUp 100 x
<05 0.01-0.4 Kiow
Bounds for r
Resilience High Medium Low Very low

r(year) 06-1.5  0.2-1 0.0505  0.015-0.1




Comparisons with Stock Assessments
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Comparison of Approaches

Method

DCAC NA 7,198 7,103
ORCS NA 7,717 5777
DB-SRA 29,997 27,652 18,533

Martell and Froese (assuming 19,135 21,222 19,135
medium resilience)

Assessment-estimated MSY = ~25,000

Assessment-estimated MSY = ~




Monkfish Catches
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Profiling Over B [ K
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Comparison of Approaches

Method MSY OFL ABC
DCAC (1950-2011) NA 7,198 7,103
DCAC (1980-2011) NA 12,581 12,347
ORCS (1950-2011) NA 7,717 5,788
ORCS (1980-2011) NA 14,291 10,718
DB-SRA 29,997 27,652 18,533
Martell and Froese (assuming 19,135 21,222 19,135
medium resilience)

Martell and Froese (assuming 16,339 8,253 7,007

default inputs)




Take Home Messages

Apply as many approaches as possible
Provide support for estimates where possible

Profile over a range of mean values for the different inputs
® |dentify “unrealistic” parameter space
® Compare OFL estimates to observed catches

en in doubt (i.e. always) be conservative
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CpeaHuu ynos
CKOPPEKTUPOBAHHbLIN HA UCTOPUIO
BblnoBa (DCAC)

29 CeHTa6ps — 3 OkTabps, 2014

Coun
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CpegHun ynoB Kak oLleHKa YCTONYMBOIO

OONroOCPOYHOro
® MoXHO ucnonb3oBaTb CPELHUN YNOB E
n

® |_|pl/l YCI10BUIN YTO YJ10B HE BJTUAET Ha pa3mMep rnonynaumnnm

® HeobxoanMmMo MMeTb MHOEKC YNCNEHHOCTU AN NOATBEPXKAEHUS

g ManosepomHo YTO YyJ10B HE BJIUAET Ha YNCITEHHOCTb Nnonyndaunmn B
Clny4a€e HOBOIO NMpoMbICJia

® YroB KOTOPbIN NPUBOANT K NEPBOHAYarIbHOMY CHUXXEHUIO HE
ABNSETCA YCTONYNBLIM

ro B pacyeTt cpeaHero yro




CpeaHU YyNOB CKOPPEKTUPOBAHHbIXN HA UCTOPUIO
Bblnosa (DCAC)

® DCAC KoppeKTUpyeT Ha HaYyasibHbI “U3NTULWHNK" BbISTOB

®  W3MNULLIHWIA BbINOB B rogax NoTeHumMarnbHoro ynosa Z C
YBenuunBaeT 3HaMeHaTernb A9 pacyeTta cpeaHero

n+DC term

e (Ob6ecne4ynBaeT Gonee TOYHYI OLEHKY YCTONYMBOrO BbINIOBA, YEM CpeaHee

® Mopgerb ocHOoBaHa Ha hopMyre NoTeHumManbLHOro yrnoea
® Alverson and Pereya 1969
® Gulland 1970

® YcoBeplleHCTBOBaHa bonee pasymHbIM MOAXOAOM K HEKOTOPbIM BBOAHbLIM
napameTpam :




MicxooHaa dpopmyna noTeHunanbHoro
yrnoBa

® YpaBHeHWe CTaHOapTHOrO yrnoBa

Yt - Ft * Bt
® CraHpapTHbIM Nnoaxoa.

Fysy =M, Bysy = 0.5 By

® rlpI/IBOD,FlT K NoTEHUMNAJIbHOMY YIOBY

Yo = 0.5M B,




KoadhdpnuymeHT nanuiuka

® Ecnn B = BMSY, 10 Ypot ycton4mns

® HeobxoanMo y4nTbiBaTb U3MULLIHWIA YNOB KOTOPbIA NMPUBOAUT K CHUXXEHUIO
oTB, to BMSY

® Bbipa3um W B “konnyecTtse NeT NoTeHumanbHoro yrnoesa”

W  05B, 1
Yo 05MB, M —




KoaM®ULMEHT UM COOTHOLLEHNE
N3NuLLKa

® He o4yeHb rmokumn
® He npuHnmaeT BO BHMMaHME TeKyllee COCTOsIHME 3anaca

® Jlyywee onpenenenne W = Bfirst — Blast

® Het gaHHbIX bromacchl, B3aMeH MOXHO ncnosnb3osaTtb Aonto ot BO

Bfirst_ Blast

A =
By

® He TpebyeTtcs abConoTHbLIX OLEHOK

€/1bHO 3HaTb HACKOJIbKO pasMep nonynaunn name

e A

gl - - , L ——




KoapdPunumneHT nnm cooTHoLLEHNE

M3nuLLKa
® umeem
W AB, A
Yoot 0.5MB, .5M

® OT0 KOppPEKLUUS Ha N3NULLHUIA YIOB

® Yem bonble delta = 6orbLue feT yCTONYNMBOro yrioBa rnosyyeHHbIX B
N3MNLIHEM BbifloBe

® MeHblle Aenbra, COOTHOLLUEHME MPUONUXKaETCH K HYMO




CoBpeMeHHble OOHOBNEHUA NapaMeTpoB

® Bwmsy/Bo ckopee 0.4
® e.g. Restrepo et al 1998

® FMSY/M He obsasaTtenbHo = 1.0

® Bkno4yaem NOCTOAHHbIN MHOXUTENb

® je.F=cM
® HoBbI NOTEeHUKManbHbIV BbISOB Ypot = O.4CMB()
W A

® HoBas KOppeKLus Ha BbINOB




ypaBHeHune DCAC

YcTtonumnebin ynoB Tenepb = CyMmmMe yroBoB nogeneHHon Ha Yncno pealibHbIX NeT
MIKOC YNCIO NET CKOPPEKTUPOBAHHBLIX Ha nepmoa U3rimmHero BbliioBa

Y. _xc  _Xc

sust — w A
n+Y n+—m —

BxoaHble AaHHbIe pot 0.4cM

* CymMma yroBoB 3a Bce rogbl  data
* KONTYECTBO NET NpomMbicna data
* EcTecTBeHHasi cMepTHOCTb  data or assumed

* OTHOCUTENBbHOE U3MEHEHME BoMAacChl NonynsLnm
assumed

* Ratio of Fmsy to M assumed




Y4yeT HeonpeaeneHHoCTu

® bBenHble gaHHble = HeonpeaeneHHOCTb BO BXOAHbIX AAaHHbIX

® HeonpegeneHHOCTb y4YnTbiBAaeTCcs C NOMOLLbO MeToda MoHTe
Kapno

OnucbiBaeT BXOAHbIE NapaMeTpbl Kak cpeagHee n
Ancnepcun BOKPYr 3aJaHHOro pacnpeneneHms

MHorokpaTtHo nporoHaeTcs moaesnbs (e.g. 10,000)

Ons kaaoro nporoHa napameTpbl nepeduparTcs criyvyanHo

CyMMapHble pe3yaTaTthbl NpeacTaBaoTcs B BUAE dYHKLMM
pacnpeneneHus




MHOPMaLIUSA MO NCNOJ1Ib30BaHUIO
DCAC

® He pekommenayetcsa ans suaos ¢ M > 0.2

® Brirst He 00s13aTENBHO AOMKHA paBHATLCSA Bo

® [lensta nameHeHus Bomacchl OTHOCUTCA K nepuoay asis
KOTOPOTO CYLLECTBYET YIOB

® MoxeT ObITb < 0 (yBenudeHue nonynsaumn)

® HuKaknx cepbe3HblX UBMEHEHUI B YNCNEHHOCTM NONYNsUUK, C MOMEHTA
cbopa AaHHbIX

® PesynbraTthl, Kak NpaBUIio, KOHCEPBATUBHbI

® He obsi3aTeENBHO NIOX0 B CUTYaLMU NNOXMUX AaHHbIX i




MHdopmaLmsa nNo BBOAHbIM AaHHbIM

BBOAHbIE NAdHHbIE BECbMa Cy6'beKTI/IBHbI

PesynbraTbl MOryT ObITb BECbMa YyBCTBUTENbHbI K BBOAHbLIM
OaHHbIM

OTkyna 6epyTca BBPAOHLIE BENUYMHBI?
® PearnbHble JaHHble

® [IpodpeccroHarnbHoe CyXaeHne Ha OCHOBE UCTOPUM XU3HU BUOA
® []oxoxue Buabl
o

MeTta aHanu3

CKOnbKO YBEPEHHOCTN Y BacC B OLEHKe?

I'IpOBepre YYBCTBUTEJIbHOCTb MHOIOKpPAaTHbIMU MNMPOroHKamMmum



Distributions

Selection of distribution
® Consider the parameter and potential values

Uniform — no information on true value
Normal

Lognormal — nothing less than 0

Beta — nothing less than O or greater than 1

Bounded beta

istribution shape tool.xlsx”
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Effects of M and n
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