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Abstract

The Schaefer {1954) stock-production model was stochastically simulated
numerous times for several combinations of the ratio of maximum equilibrium
catch to maximum population size, the ratio of initial population size to
maximum population size, the variance of deviations from the model and the
autocorrelation of the deviations. The rate of fishing mortality is set equal

to the level that will produce the maximum equilibrium_catch sc for the
deterministic version of the Schaefer model. The results indicate that the

long-term average catch is 1ikely to be below CETﬁx for realistic values of

the variance of the deviations from the model. e probability of a population
declining to extremely low levels increases as the autocorrelation of the
deviation increases.

Introduction

Most fisheries models do not explicitly incorporate random variations in
population parameters resulting from fluctuaticns of the environment. Researchers
generally assume that the time-span over which data were collected to estimate
mode]l parameters is long enough so that these estimates are adequate for
representing the fishery at average environmental conditions. If the fishery
is conducted so as to maintain fishing wortality at the level corresponding to
the maximum equilibrium catch, CEyay. then it is usually assumed that the
long-term average catch will be about CEggx. The validity of this assumption
1s the topic considered here.

Method

Assume the following equation describes the population dynamics of an
exploited species:

dP - - WPrA - Fs
x {a - bR)}-P*A - F-P (1)
where P is a measure of population size, F 1s the instantaneous fishing
mortality rate, a and b are species specific model parameters, and A 1s a
random variable with an expected value of 1. Eguation (1) is identical to
the Schaefer (1954) model for A=1, where CE 15 the catch that results in
dP/dt = 0 and cE|E x and Ppay are the maximum levels of CE and P. For the
Schaefer model, Emax occurs when P is half its maximum level (Pmsy) and Fysy
is the fishing mortality rate that will maintain the population at this level.
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These terms describing the hypothetical fishery are related in the following
manner:

a=4CE,, /P, ‘ (2)
b=a/ Ppayx (3)
Prsy = Pmax / 2 (4)

Fmsy =a / 2 (5)

If A and F are assumed constant over an interval of time (from 1 to 1+1),
then

(8/¢ - P4

- -1
P1+1=__“.E+e 8 )] (6)
g i
CHF (Pyyq + P2 (7)

where o = a A<F, g = bA and € 15 catch during the interval. The length of
the interval can be reduced until Equation (7) reaches an acceptable level
of accuracy.

The random variable A may be assumed to represent a biotic response to
the fluctuation of an environmental factor, W. According te Ricker (1958,
p. 232}, the relationship between A and W should be multfplicative since for
a specific environmental anomaly each individual in the population (not a fixed
number) may be affected. This befng the case, then the relationship between
log, A and W should be additive (or linear). It is reasemable to assume that
W 1S normally distributed, particularly if 1t is the average state of an
environmental factor over some time (for example, annual average temperature or
annual average wind velocity). Therefore, it 1s appropriate to assume that A
is log normally distributed with mean 1. The range of the log normal
distributfon 1s from 0 to = which is the logical range of A.

Let X = 1oge A {a linear function of W) be normally distributed with
mean u and variancé o2{XN(u.o?)). If X is autocorrelated then

X1 ~ N(utp(Xg-u}, o2 (1-.£2)) (8}

where < is the first order autocorrelation coefficient of X {correlation

between X,,, and X where the subscript refers to time). Equation (8) 1s based

on the cund*tiona] probabiTity density functfon of a bivariate normal distribution
(Hogg and Craig, 1970). The mean and variance of A (E(A) and V(A)) where .= 0
or where the previous value of A 1s unknown are as follows:

E(A) = ewto?/2 (9}
V(A) = 9 ¥ (e9%1) (10)

(Brownlee, 1965), Since E(A) = 1, then p = -02/2 and V{A) = 921, Therefore
ft 1s possible to generate an autocorrelated log normal random variable with
mean 1 for use in simutating a fishery described by Equation (1) by the
following transformation:

Aj+1 = exp [?1+1 (o /1-2) - o2 +L(Xy + czlgj] (11)

where Zy4; 1s the standard normally distributed (N(0,1)) random variable used
to caiculate A for time perfod 1+l and X4 1s the natural Tog of A from the
previous time period.

Pseudo standard normal random numbars can be generated by a computer
algorithim described by IBM (1970). It is possible to generate random numbers
because of the modular arithmetic used by digital computers. If m 1s the
largest positive interger number that can be accommodated by a single computer
register, then the product of any multiplication exceeding m results in some
residual baing stored in another register. For certain multipliers the residuals
have the property of uniform random numbers. The average of several of these
converges to a normal distribution.
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Using computer generated random numbers and Equations (6), (7} and
(11}, a hypothetical fishery described by Equation (1) was simulated. Since
each simulation was stochastic in nature, it was repeated (with different
random numbers) numerous times to estimate the probabi]i%{)of gatjjcu1ar

outcomes. Several values of the ratio of C to P a and the
inftia) condition of P relative to Pmax (Pogmaére cons dered (Table 1). Note

that the shape of dP/dt as a function of P 1s uniquely determined by R and that
u is determined by 02. The probability of A >2 for each value of ¢ is also
given. For each combination of R, o2,«” and P,, Equation (1) was simulated

100 times for 25 time intervals (years, for example}. F was always set equal
to Frep. In order to calculate A for the first interval simulated, a seed
value of X(X;) was needed for use in Equation (11). X, was selected randomly
for Py = 0.50. When Py = 0.25, X5 = loge Ap was set so that dP/dt = 0 for
Frsy» Po and Ag.  This implies that the stock had declined as a result of
unfgvorab1e environmental factors and that for.”$ 0, conditions will tend to
remain unfavorablg at the onset of the simulations. Clearly, for A=1 (o2=0)
catch converges to CEygy for any value of P, (between 0 and Pmax)- The results
of these simulations were intended to demonstrate the 1ikelihood of this outcome
when A is a random variable.

Results and Discussion

The catch relative to CEyay (C,) during each time interval was used to
construct a catch frequency table for all 36 combinations of R, Py, and o2
(Tables 2.1—2.92. The catch frequency tables on any single page are for the
same value of o2 and -°. Therefore, the sensitivity of the results to R and
Py is revealed by comparing frequency tables on the same page. The value of o2
increases for each group of 3 pages of tables (2.1-2.3, 2.4-2.6, 2.7-2.9) and
" increases as the table number increases within each group.

Cy is more variable for R=1.0 than for R=0.25. This is more obvious
for 02=0.09 than for larger values of o2. For larger values of o2, it is
clear that the probability of complete collapse of the fishery 1s higher for
R=1.0 than for R=0.25. It also appears that the mean of C. is lower for R=1.0.

There does not seem to be any long-term effect of a low initial value
of P, (0.25 vs. 0.50=Pp.y). Note that the fishery recovers to Cp=1.0 at times
3 and 7 for R=1.0 and 0.25, respectively, when 2=0.0 (A=1) and P, = 0.25.

There 1s 11ttle quastion that the outlook is for lower values of C. as
o2 increases. This is most clear when the upper left-hand corners of Tables
2.1 and 2.7 are compared. For autocorrelated random variations {“#0.0), C,
appears more 11kely to reach extreme levels (high and particulariy low). C,
seldom declines to 0 (actually <0.05) for ¢2=0.64, R=1.0 and.”= 0.0, but
resﬁgss this low level for about 25% of the simulations when o2=0.64, R=1.0
an = 0.8.

The mean vatue of C,. was calculated (Table 3} for each combination of
R, Py, o2 and-~ for all years after the required recovery period {from
Po =8.25 if A=1}. These mean values of C, support the discussion above. The
mean value of C, decreases as o2 and R increase. The mean of C. after the
recovery period 1s not greatly influenced by Py nor by, although as already
noted the probability of extinction appears to increase as.”increases.

Now that the response of Equation (1) to specific values of R, P4,
a? and . has been discussed, it {s Tmportant to consider the 11ke11hooa of
these values being applicable to fisheries of interest. Since Ppey = 1/2 Ppay
(Equation {4)), then CEﬁax = 1/2 Fpey Prmax (Gulland, 1971) which ?%p11es that
R=1/2 Fye . For R=1.U, Fpgy would be 2.6 which could only occur for specles
haying a ve¥y high production to standing crop ratic. For R=0.25, Fpsy would
be 0.5 which may be realistic for many species in the Northwest Atlantic.

The autocorrelation of the environmental factor influencing A is.~.
The effect of temperature on fisheries has been discussed by numercus authors
{ICNAF, 1965). The autocorrdélation of the annual average surface water
temperature at Boothbay Marbor, Maine, is 0.70 for the period 1905-1975.
Theraefore, -~2as large as 0.8 seems realistic.
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The variances of logeA considered in this work are equivalent to a
-5, 5 and 10% probability 0$ A>2. Sissenwine (1974} astimated CE for the
Southern New England yellowtail flounder fishery for 1944-1965. For these
22 years, CE exceeded its mean twice or about 9% of the time. Curves
representing the relationship between CE and P and between recruitment and
spawning stock have been fit for several populations. Table 4 gives the
number of data points below and above each curve and the percent of points
at least double their expected value (A=2.0) for several populations. This
summary (Table 4) indfcates that ¢2=0.25 {5% probability of A>2) 1s probably
commonplace and that ¢?=0.64 (10% probability of A>2) may occur. Table 4
also indicates that the distribution of A is likely to be asymmetric as was
assumed in this work. 1In only 3 of 18 cases are there as many deviations
above the curve as below.

Thus any combination of R, Py, o2 and +°considered here could occur,
although R=1.0 1s unlikely for comnmercially exploited species in the Northwest
Atlantic. This work indicates that the Tonger term average catch at Fingy may
be well below CEmax even for a fishery perfectly described by Equation ?{)
with the parameters known. As o2 increases, the average catch declines; and
as " increases, the probability of the popuiation declining to extremely Tow
levels increases. One explanation of this result is that the population
declines below Ppcy more rapidly when A<l than it grows above P sy When A>1.
When A>1, Frey is {oo low, but as P increases dP/dt decreases this slowing
population gr%wth. But when A<l, F, is too high so P decreases which in
turn decreases dP/dt thus speeding ?ﬁg decline. When./’ >0, the probability
of the populatfon growing or declining over sevéral consecutive time intervals
s increased; thus extremely high or low levels of catch become more 1ikely.
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Table 1. Values of R, o2, - and P, used to simulate a fishery described
by Equation (1). The progability of A>2 (Prob(A>2)) is also
given for each value of o2.

R Po W o2 Prob{A>2))

1.00 0.50 0.0 0.09 .005

.25 0.25 0.5 0.25 .05
0.8 © 0.64 .10

Bo6



0.0.

Table 2.1. Relative catch frequency tables for o2 = (.09 and /2
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Relative catch frequency tables for o2 = 0.09 and = 0.50.

Table 2.2.
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Table 2.3. Relative catch frequency tables for o2 = 0,09 and /= 0.80.

ULATISN 18
«80

EGQUILTHTIVM CATEN 10 manisUn pRpUlgToN
VAHTANCE #F LUG O A IS

AUTOCHLLAT 9% BF L8O UF A |3

RATI® BF mazinUn
RATID OF INITIal PHPULATION T MaxXI™UM Wam

RELATIVE
CATEN

I’n

+0%0

RaPI® OF maxinbe EQUILISNIURM CATCH T8 wanlutin pORULATISN 317 19 1i00
RATE® OF [9iTIab PEPULAY[O% T8 Man[MUM FOPULATIAN 1Y
AUTECOMEELAT|BY aF Lad BF A IR .50
VARJanCE BF L0Q OF A [S

COCOO0O0DsON AAR NA O =000
-k b - -
CODOOOMNBO4IMEENEN=OB
-
DOCLDOOND MM awe $heNROCD
-k e vt e
CO000CE S NI SOANRD S ANN OO
e .y .
OO0O0OONE NE SN ON $ol & ste O
- -
VODOONCSORSRBDRPMES s O
-
DOCOOMARIMALINES S Dot D
Pt -
OOCOONNS 4 4 MNONWES Ol ww O
- e vt wl
DOODO=RNOMSN W& AW Nl OO
ok gt o -
CO0OCRNNAPMTN NMNINOMSMNDD O
———— e
OOODOwIR*NNMORS +RNOO0
wh e ek gy
OCOOOONSNARMAGSNN Me ON DO
- - -y
COO0OOEh OB milt h =il = & OMN O
- v e
DODOCNR N =M P elth M MmKOND
oyl g
OCOOONSNS ORR WO O M el DO
-
CROOOREwd SDF u~ MAMMNWD

COQOOCCINDED waR e % O
ey -

DODOOOAB O IR NE MDD MU D
-

DO0OD 0N 4R =D cif. M A W Dus
ey

COOOONR FrRE AF QNS I el
- -

[LL-2-J-2-L. T & R U XR-EI-TXI ¥ I "Ry
- b

DOO0D DM AORN S =TI Ms ON =
- et e

CODODOSsMMP S Nk Wh B votet ot
- ey

CODODOOR NORS MM CONA wete O
P =g g e

00D ODOOO0O~ABN M os NDOD
- N e

ORI SDFIFAN OB SN SRR D
LR IR
LR TR E i T P P

[-2-1-1-X-2-1-2 8-l L 2 T W-T N T1-.71
et e e et
[-T-X-3-3-3-1 0 0 L 0 T N R ¥ Ty Y-
-
DOOQCOONNTMMmwmy Sh S MHROD
-
[-2-2-1-X-2-2 3 R P B L X T K N I [ W-1-]
P = )
OCOODON QW dL O il RN O
-
[-1-2-1-J-2°1 .0 N-_ R T % 1 T R 1 F F.]
e
(-2 2 2=l R L B L gL ] W T § F P ¥-J
-
COOOODANE Mg s FrndE OO
-
[-F-2-2-R-F 0 K-1 el XN 1 1 X_0-1
gk b - -a
OOO0OONNULSSLAMOr MARNAODD
————
COO0O0xN OF kMO MHeslOoOD
)
COORDONSRURMOOR I NE RPN S
— rd -
[-Z-2-1-X-1.7 0 L R N 1T .Y T 0 0 K T Py
- -
[-X-3-7-2-1.1 B L L R ETT W Fy ¥.7 PN
-

-

[-2-N-1-F- LB 8 J 1 L X LR T X X 1 F ¥}
-

COODONNBRRNNS 2 MNE NawD

CDOROms an o A E R LN -T X-J

-
[-2-2-2-F-F L LA L R LI NN -1 N-1

[-1-N-2-N-F 2 L B L X L 3 T R Il X N [ ¥-7-3
-

CODOOwFr ORPhRaBIsNne- 000
- et

(-1 -3-1-2-F 1 NN L N-T-.0 W I T W ¥-7-7.]
.

BODBO=E SRS wreh AR S “ODO
-

[-2-N-1-F-1 L N L N N 'E-X-T 1 J S T ¥-7-%-]
e et

L2 4-2 0 2 I R A R-LIS ¥ X 1-1-1-1.}
Pyt Py

SOCOCONIND NODDO0DDODDD
e B

181738 Prannnnn

Ting

I A N L A B T TR T U

Ting

1 8 3 8 8 & 7 8 ¥iggyoar 1D gs 15 gé 4¥ 12 ¥ po By 22 29 BN 28 -

»
wl
e
=
o
]
e
=%
£t
3
$2eg

433
& 0°
l'“-
z
TEL "
- -
4.3 X3

- e
L e
- L )

-

aﬁ.g
T
[ R edl 3

= =g
£335.
232y
wiis

n -
BT
3,08
325%
[V X 3

£
i:

H
-y
:ﬁ
i 4]

-
iy -

-l
..

»
.
-
-
[ 3
"
-~
%
[
.
wl
-~
=

"

"

4

0

H

-

- .

3

-

L. X
i =D
t Y -

GUILIERIUN CATCH B maxuim pApULATIIN &

MATLE WF pNITIAL POPULAT|EN e MaXFNys
VARTANCE BF L0 UF A IS

AUTSCOMNRELATION OF Libg oF a

RATI® 97 maxinum g

MELATIVE

O&:. L 2-7.1-3 3

000000 Mouawrtht 000
-

CO0DOOMUIN ORI R AR ~0DD
Rl I )

SOOVODONONPFAN-ESr MO0 O
- ety

0000DDONMOsNS
P r=p—

1
1

ODOODuMLOrRE MM OMNFmDDO
e =
SO0OONNP At ePON N=OD S
- - -
QO0COEMME A ANRD nANCOCO
o= -
VODOD=KIR I A NERY RO OOOO
-
OO0O0O=MAMCMIRBRS wODDOO
- -
OO00OO=IR M ~MNOOB S SMOOO0
LR X 1 "k
OOOOONMINNONHARRSIOOOD
- et
OODODRNT = wa NN NS MINCOD
- e ot
OOOOO=RANDEMEINARSIRN=“ODD
-
COo0BOMSNM A N B IS mDDD
- QuictJusd
OO0DOD=S AR SN O *Rh NN DOO
-
DODDONMARMEMN DANNL IO
-
OD0ORCONE SN AABNNSD nnDD
-
CODODUM IS ORE ~iy M aaD D
-
OOO0DOOAK & we ™S NEAND M-<«0$
et -4
ODO0O0C=CHENFE umhn ME =g @
—— gy
DODDOWONRPRMASIRS UM wD B
-t -
OO0 ONSS O vud Nk NV =00
vl AR
COCOOOOCANRNR ~NOOMmeDD
A
OO0O0DDOOOUONVN DR RN NuOD O
i -

ooooonoonoooo¢:=aoobo

L L LIl L L Y Y. Y N-]
A R R I - )
LR L r LR T T P PP

CATCH

00000 OONOLIN S O NODOO
- .

- 3-X-2-2-X-2 T8 By LY . -1 -1-]
- -
DODOCONT s ~AR S NNAMPOOD
-ty en et
[ 1-2-2-N-E-1 K- L X K-T 2 .3 Er-Y.¥.1
- ety
DODOCHMAF TN EMesANLeuDDO
=)
CDODONNB OP R SR SIPNAUNTOD
-
DODDONMIrSrMES B UM OO0
- -
COODOmAGRF COANCE MRODDD
el wean
DODOD—NONLIPNE RSN =000 S
- -

DOO0O=P ONFPN P APH ~OODO
e e e -
OO0 =M OB ANMUOOOD

T
L-2-R-2-L -1 Lt N LR Y .Y N-T-¥-7-1
- et e
COOOOwR S ~dhMuad N0
= g
DO0OGOOCMEANIENS @ MDD D
e

ODOQCON NNAr S DE SIS NmDDD
- -

[-R-2-2-0-X_F ] !I:‘ll'h oI NBB NS0
-

-y
CODOODsSRErPARA G mmnOOD
=
COQODO-NARNAS ~ahes NODDD

-
[-R-R-d-R-1-0 R P L L N-Y-Y.T-7.1
L= P P -
L]

[ 2-N-1-F-1-1 R X ¥ K
-k g

O0ODO=MANT s WE wDODOO
-

mnonoLoCcoOD
-

GOODO-PA.N-"ANS DONuOO0ODD
e = =1

Ll Ly R k-l o T-T.7-7.7.7
- -

DOOODH“AN ~EFh ¢ ~DDODDODD
-

LA A1 A2 X L a-T-1-1T.7-7-7-¥-7-1
L LR

ORBn SN s ANDAS SRS M=
8% 8BS 440 tub b et EEnS
O ol b b ool ek Y e

16 47 28 19 20 21 22 23 26 28

1 T 3 & 3 & 7 8 %3041 12 1Y 1818

123 4 3 % 7 8 % ppyy 12 17 £e 48 g6 1Y 04 4% po 21 22 87 B4 2%

Time

Timg

B9



Table 2.4. Relative catch frequency tables for o2 = 0.25 and <°= 0.0.
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Table 2.5.

Relative catch frequency table for o2 = 0.25 and = 0.50.

TE I8 1.00

LIFUS PORULATION [
+230

AUTOCENRLLATION BF LEG 9F A IS .80

YARIANCE 87 00 OF A B

RATIO &F Max[™Wm gquUik Ly Iun CATOH TR Man [MUR papULATION §I
NATIO BF [N|T[al PAPULATIEN 19

RELATIVE

+50

«250

AUTOCONSELATION BF Lo0 oF A |8 a0
VAMIANCE BF (%0 OF A %

RATIW OF maximUm gQUILTH¥ UM CATCH T8 paxinUsm p#pULATION SIIF 18 L0000
Aav(0 OF IN|T]AL POPULATION TU PAKIMUN #EFULAYIAN 19

CATCH

ELATIVL
CATEN

D000 rmRhafh OB DS D
= -
OOOONNA ARBANIA COINS =
DODDCNMEN IR ONMP F 0K BE ™
==
COOOmMUARS RAn s sbRSsaN
DODOw P OB MaNF S LRk W6
- - -
COVONSISARATR G NP PN & vl
-
COD=NAsahCuEr QEasIBrBN
COCeMAMMRR O =~ 60 98 & =l
- -
DODembi MR oh B Owhl R D O
- . .

OO0 eMmePRIANEr SNSNNS O
- -
COOO=MNANSBNM IR sh o0 =0
CODONNAARS OORRARONAND
CODRANMARREIIBARBR NAR
OCOOONB MAROFRET =f NSV N =

-
DOOHAIRCARREMARNANES =
- - .
CODNAMEANNERT SIS SN MM ML O

-
COOOMOORRMAOR NI OSRNS MB it
- - Lo
COQDASINARE=INMARA RS ol
- et
OO0« OMMNMRORCINNFADRAN
- e
CECOwORT SV Ch OXEE NPSRS =
- -
OOOON. MR SN AOR+4Rn s O
parpery—
DOCHNNARSIDOR i ® DA N oM
COONDRR SR SEr e s AON O
-
COOONM- MERENhhERBS s ND
-

CODODDUNOmSSmahBhABOOD
-

o .8 &
s weevreae
. . e

-1 T-T- s N N L]
-t -
[-X-2-3-1 0 F R B . 3 W FY N-T 2 ¥ .1 X.)
- =
[-1-1-2-1_J L L 0 I & N-1 1 1 3 & 1 ¥ 1L X_J
) -
L-X-R-g=l R Rt 0 L L L EEALLESZS ]
- -
OQGOnaN DBM-MED OF h 0N A0
- - -
oconﬂcoannnonunmmt:nn
[-R-2-T L R B A X-1 { W-T L ERJ.1.%_.1J
- -
OO0 AAERRD O b I 4P & =l
- -
QOO UMMt oshe P O e DO
- ot e
BOOmmmeliMamnBr snsaDe D
- e
COoODO~MNENBSNMEG 8- & &m0
- -
COQOMNNARRBIODRAR AR ND
-
oDoNAD Hﬂl:-:-.!&l\-'hh W
SoOCHINARRN OF ORI P MR G N
- . -
DODRMAM AR SN NDDNS -
- -
CODNNMIN SO RNARR D
e
[-X-J-2-1.] Ogh.‘:..l 4| S man okt
[-1-2-2-LE B B LN K- 2. L. X FR ¥ 1]
- e
OO0D=OMAUMBARD ¢80 i kb B
- -
ouo—cnom’-an:..wﬂchho
[-X-2-3-T 0 W PR AW N-TLER 11 ¥ N.)
- .
oona-nh:l.hn:'hﬁ.hﬂﬂo
[-2-2-2-1 03 % } ":‘l’-'ﬁ ONe NBY =0
-
DOD==h MOR ey O N wh =l DO
- - - -

OO0C=sNA B wd A~ s B ODOOODD
)

.0
Le?
1.8
17

- 10 -

-
-
x
=
-
-
-
-
“9
k]
-
-
r
2w
F 3 -
-—
E L] Ll
ile
=1
- Iu.
* - B
'Z..J
B o
-
-~
33
-
II¥
o«
LY
[*]
ol B
=5
-
-
-
>
-
'Y
-
L.
-
-
-
=

£ 27 49 8 T B ¥gg 1) 1217 4% 15 18 47 10 o0 2o k1 #2 0D 2N 28

RATI® Br maninbe EQUILIgRIUN CATCH T8 maxinum pAplLatTiov S12E I8

RELATIVE
CATCH

rTing

AUTOCINHELATION OF LaB oF a IS .up
vamjanCe oF La0 oF A IS

$ 8 3 & 8 & 7 8 94g 41 18 13 1019 16 17 58 19 20 2y 22 22 B4 28
Narie ll (LI ‘H'ULAIIO* T8 Magtmun FPaPULATIEN 1S

& gF MANIPGN EOULL TRV CATCH @ MANIMUR PRPULseten giIE 19

Rat}

‘OODOOOCHNMNMRM s NANOD0D
- R -t

0000 Rsu sARR AR OO0
- b anh et
DODCuNANI TN REIBN OO
v -
OODOO0=Re NN wet =me OODSS OODD
- . R
OO00BHa A “DARN S sR—-OD
- -t
QOOODRN P BEn =l o BB e OO
- -
O0COSMPAPERMRNTRRR OO
- - -t
CACOSMPN I NG ONE SRS =00
-
CODORNNES =R PO R T Nt DO
- -
COCOmMuh A snt 49 AROOD
——
COO0OMRWP wa MY CAaNM D00
il -
COCOHNUMA M il AN A ROOO0O
vl o
CODONFAS ~C=ah RASSNODD
- d -
COOmMMARBINNCDORS Nall DD
=1~
ODOOMAANNRLARE s IR =00
-y
CODORMAMNDOMmD=hd NN =00
Pt plopag=—pas
ODOONMDAEAMNDENRINRmDD
b ol ol
DODO=MEMORS~n DR OMMN OO
- -y - -
OOGO=ANIAMNANMOEER il OO
o
OCOOCnuuA MM ONsNINE =00
[ripa-gey
DOOO=A~h =Fh NN AT S OFNDD
-l wE -
CODORAMNIBDNINRE O =R MmewoD
- b L
SOQOORAN NS DSNR AR NDS =D
— - -

L-2-0-T-2 1 -F B 1T W W L A1 T R-2-7-)
e -

L2221 R4 -1 -1 L T L. 1 X &-1-2-1"]

2.0
19
18
h:
i

148
Jeb
143

SODOODs M AP NA-N=000
- . ko

DOCO-uNANENMLAMADENGDO
- -
BOD0OD=Mme N e DO OO0
P
(- Y-F-T- X - B R -l i Ll Rl
-t e wn
D00 R BAr Sl NIRRT O0
-t
DOOCOSF NMSNeN T Os DD
]
CODOIPMANEenE OAER G ==—00
-y .
OO0DNALSL mReE D DI Ne=00
-t
ODOOwAlvhhh D w4t @ MaNDOD
-t =
COOOOMP O mINAE OGN NN OO0
P T )
BoOO=wuMRANM O NAFSERODOD
-t
DPODNMEFD mCRUEeNFMRN~OO00O
P
CODWMAMSED ¢+ 8- OR v DD DOD
- e
DODOMARNOF <sNemaemOOD

e
OOCOMMN+NOIARAADRSNROODD
=) -

OO MUR aafh N DOD
- an -

OODOmMmE ¢ ODd "R N NRCN OD
=T P =

CODDHMAD S «MMBREarNDDO

- ————

DOCO=NOM RS IRABRBINTOD
-t

OOD0CwME M-l kP SEDDOO
popppe)
OOCONNRSIRA DN DM aMDOO0

- il vl oo -
COODOARRMSNNPS =R <2000
P
SOoCOmMOMAERN M S0D=00000
- - -ty oo
BSOOOwan B sAMR ONODOOODD
- -

(-1 1.1 X-1- LR T N LN B-21-1-3-1-2-2-4.J
-~

T LN
s a0

1 2 3 % 8 & 7 5 5013 12 19 3% 39 16 17 g9 1y 20 21 P2 2V 2A 28

ring
L],

t 2 3 &4 % & 7 8 939y 12 13 1% 19 16 57 40 19 2o 21 22 2D 28 S

B 11



Relative catch frequency tables for o2 = 0.25 and ~2= 0.80.

Table 2.6.

10 MaRlwUn pApULATIIY STZE 18 1400
o250

T8 RANIRUM PEPULATIEN IS

TjoN ofF L00 oF &
8 A S

vigy

EQUILInNIUM CATCW

Tial PHPULA

AQYOCENRELA
vARIaNCE OF PO

RATIO OF maxInun
MaT1® OF INI

RELATIVE

n MagTUM PAPULATION S17E I8 1400
259

MARIFUN POPULATIEN IS

LE0 BF & 15 .0

IuR[um CATCH ¥
PARULATIEN T
LU
F %0 BF A 16

AUTICONRELA
wvarlancl

mATIE 8F Pay)nue gouil
RATI? WF INIT]aAL

COOBOwN N e CARReSnRE
CODCRMesNeCIR O ARRAL S
QGOOrNeshNONR RO LSRN NN
00000e ~Orwe Ceneh AL oS
COOOReRNE R =R e ad munan
COBNMINAMRARS 2 RHOE AES SR
ODONNPIARS 2 00SsNmnRIan
- -
npo-—-..zollih. s me N
O OO~ OMS Oh Ouie 4@ vl =M@ a™
-t e e -l
COOrAMOS CmEnun i AN. AS
- -
DO0OrMARARRERASRANND LRSS
COONOPRAA R NNA AR SR BaARS
BOONSRSE S ARR AMEnh Mk AD
COGrNAMS TSNS N ONE NNES S
-
COONSE NSO R OORMMSD we AR S
- Lo
CODuNB MO ue M et ssMIY
CDOCMMIN RPN Nh SNPRE MO
CODO=e MERSRNaa ARNE & B
. pa -
GCOONMesnTRAMEBMan 28R
CODORAR wERRRT NES sh PR &
-
CODmmsnMAR NS & -igOp s DR
‘. - -t
cOODOeMNsAER TR NAANN AL
GOBDO—h B8 =matp Dot B RO
-y e we ol -a

CODOOGD=OAThE MWl L A-2-1-)
- ot -

00000-““\-“ QN DS Ok 9
- - -

coDOwMmeond G AR - AW OG89
- - -
Ooﬂﬂ.’ﬂ..h"g-hoﬂ-ﬂh.ﬂh
COCOONARERRASIRBR BN LD
oooon.-'nmm-gnphu-mh.
-
coONmMASsNS O e rr R L L R
- - - -
ODOo=m=ite :ﬁl‘ (PTLS. L Ll )
-
uoo—o'l\h-gnscnnq :--" -
XL L R B Ot i P fab BN
- e =
ooounoognnnhgahncﬂmnn
coonORRR LY X 1.1 :.-.Hlbﬁ
SoONE RN B MR 2"“'-'-- Me i &
ﬂoﬁﬂl‘!ﬂtﬁ-hhl‘hﬂocdﬂ LR
[-3-1-1 1L K H:ﬁ.”t.'- LT LA L}
DY L ALK ﬂ:.'- g' LR A 1. E 2 J
oDOORS lle.. :h‘..“-lil"l
cooDRDANENR T L Ly 1.1 ]
- - -
O00=R™MMEe R~ ONn LY X L L
- - -
DOCOND s ek :‘.h N "':ﬂ
opoOrae e T LS T L
- e
COOD=kE SRR :I NoD BNIBHES -
[-X-3-1 LK 4ol 2.-'- BRA SRS PR ND

O oo=R aoc-.gan--hn.—oo

COCONWE ~wh SRS &6 [-T-1-1-2.0-4
- - -y - -

1238 8T8 #5011 1219 3% 18 16 17 30 19 20 71 22 2D RN 88

$2 13 15 15 16 17 30 19 B 1y 22 21 84 25

t 23 s 8 & 78 P01

Ting

»

-

-

=

-

wl

- -

-

* -

z -

-

-

-

-
=

333

C

R

il « -

--: -

=t 41

- -

[ TT.E]
iy
L 4 n
- o
Bh
50—.2

-
1 3
I -
55°
534
ERi
11
4
“ UE
2483
335
-
-
i'
-
-
1)
-
- Ee
-
[
-
-
3
-
<
=

250

wum pOSULATION SEIE 18

RERUN VEPULATTEN 18

LEg 9F A 19 00

BF LU0 OF A 1

A1nUn EQUILIuMIUN CATCH TH mi
b POPULATION T8 MA
MITOCORNELAT IBN aF
VAR]ANCE

e OF (MY

RayiV B ma

BOOCO=EIMNOR wE B SRR O ARD
- - -
ooaoon..a.:goo-.ooo-o
eono—nc---=¢nn.o-oono
ooee—u-na:n:an—uunnno
ooeoanoa-ztnmnan.-ano
OOQHGd-vnﬂ-hno.—QQuoo

-y -t - -
COONmMMANOuEMsSNSen e O
- - -
COO=Nmesden Y WGBS Ba MPe O
- -
0OOOweh O NEBh ~ME ¢ AD MO
-l - -
oop—-m-.-ogcooh..—noo
-
ooOmMnanhEnNEn e Rsna
-
CoOONORRNRArtAREOhes RO
COONAMEnIRNO~ssdhsneID
-
OOOwWss R SR DR DhEme R RO
-
nag----.-=-oun‘uan-no
DoOD=Oane O mhRRR anpnO
ooeoncocng-z&n-anpnmo
OO0t NGSAADNNASIADRE RO
b -
COQDamARAd "M =a0R R AD
-
nodo-pq¢nrronno:chc—e
-
DOOmOwRNOTIRA M-8 ORss OO
L X -
0O00ONEsSR S My R Q4 ¢ OO
-y = e Lo
ﬂoooﬂoﬂ.oﬂﬂlﬁhiﬂﬂfﬂﬂﬁ
- -t

o000 00 et =Pk & oRMOoOOD
LR

?OBOOOOOOBD-‘O‘ ==¢°Qﬂ°

ooceo—caen—nnnmtuhnno
- - -
eonoonn‘acmue.o-ooana
et —h -
ooDDOoONsE TR :I!h FY LT LY TN
ODOO=NYS .:.\ :‘I\.l MR O
aooo-mm-qﬂoenocnmoﬂno
- -
oeoﬂmﬁune‘bnuocau-—ao
- -
aoouun.um—o--nnn-nqno
- g
OO R =N NENadr OF A=e RO
- - -
oon—00h20n=aannoono—o
OAOC=MRk ORAh s MUnSsd O
- - -

CY-L- el L1 ‘2‘.‘ 2".\00 -e iy £
aobONOr BN AN TR R L]
- - -
noo—non-mn-n-nhu.nuho

-
OOD-MMiEN D~ —s ORsBERPRND
- we =
oooﬂn—na-aonfbnauua-o
-
DOO“MENRA =R ORNAND NE =D
- -
nooouoaccnn--u snBh muD
-v. e
Oﬂbﬂﬂﬂ.h.ﬁﬂﬂo.'ﬂ.- LE-X-J
-t ot oy
opooNs OCI"I..‘I!P-D-.OI'HOD
eooo—n-nn-rhnmac—nuou
- - - -l
oouaﬂnannnnt-ﬁun.ncno
- - -
BO.-’”.‘.‘D“ PR OO0
- L]
ooDmARend _—OnP e DNDOODD
- - -

boo-uounncnhtnvﬂooonc
- wd -y

O000OOR DR N Er-Y-1-1-1-1-3-1.J
-y

Ting

PETRLELNLELURCEL LRI I (R 1

1 £ 3 8 304 T 8 9

TinE

10 13 18 17 10 15 14 17 10 1T o 2 iR

R RN

B 12



0.64 and = 0.0.

Relative catch frequency tables for o2

Table 2.7.
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0.50.

Table 2.8. Relative catch frequency tables for o2 = 0.64 and -~
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Table 3. Mean value of relative catch (C,.) after the period
required to recover (A=1.0) from P, = 0.25.

az
0.09 0.25 0.64

R 25 1.0 25 1.0 .25 1.0
S P
0.0 °

.50 .98 .98 .95 .87 .87 .72

.25 98 .95 94 .87 .86 172
0.5

.50 97 .93 .91 .84 .80 .67

.25 96 .93 50 .83 .78 66
0.8

.50 .96 .93 .88 .83 .76 .67

.25 93 .91 85 .80 .72 .64

Table 4. The number of data points above and below curves representing
Stock-Production or Stock-Recruitment relationships. The
percent of points at least double the expected value (according
to the curves)is also given.

Stock Type of curve Above Below Double
Pacific Halibutl Stock-Production 16 32 4%
Antarctic Blue Whale " 8 13 5%
Buchen Atlantic Herring Stock-Recruf tment3 10 14 8%

Dogger Atlantic Herring 11 18 10%

Kodiak Is. Pacific Herring " 5 6 9%
Sakhalin Pacific Herring " 17 26 16%
Britfsh Columbian N.

Pacific Herring " 10 14 13%
British Columbian Lower E.

Pacific Herring " 13 10 4%
Halibut Area 2 " 12 21 3%
Halibut Area 3 " 14 15 0%
Petrale Sole " . 12 8 15%
Plaice " 11 13 8%
Arctic Cod u . 9 12 0%
$t. Lawrence Cod " 3 7 0%
North Sea Haddock " ‘ 9 7 6%
Georges Bank Haddock " 1 20 10%

lgased on Figure 13.2A from Ricker (1975).
3Based on Figure 88 from Guiland (1972).
A1l Stock-Recruitment curves based on Figures 42-47 from Cushing {1973).
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