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1\ . Abstract a . vl

H 6ariabﬁlitv in the catch and variability of fish is a dominant feature
of the‘world's fisheries Two important tasks for fisheries scientists -
are the prediction of the catch-~and determining controls 6% the size oﬁ
that catch This thesis addressé; these tasks for .a fishery in a devel-
oping country (Barbados) where the av;ilable data-;re siﬁ%le landings
records, and for the highlv developed herring fishery of southwest Nové
Scotia (Ganada) for which a wide range 'of biolog;cal data is available - '

Statistical mqdelling techniques of time series analysis and struct-
ural modelling ‘have been used Forecasts’of the future catch in both fish-
eries were generated These forecasts provide an estimate of the expect;d
sizg of the g&tches assuming the fisheries do not %)ter their underlying
stﬁﬁcture, and so give a baseline for examining changes when they occur
In both fisheries, the forecasts generated from datg up f; 1981 gerférm
well whgn compared with actual catch data for 1982

Structural or causalqsodels of catch dynahina in Barbados describe

effort and target species abundance as unobserved factors responsible for

roe

the structure of the fishery. These models were then used to examine

interagtions between catches and markets in Barbados. -

2

The-'effect of a new market facility was assessed using the structural .
models. Az‘observed increase in catch was fot solely due to increased
numbers of* boat trips but also was caused by a'substantiak change in the
abundance of qne of the thrget spegies , . B
Causal models of herring recruitment indicated that falI and spring L
larval abundance and retention area sizes are impqrtant cadses of recruit—
ment variability. A stock recruitment relatiofiship does exist and is ap-
parently nonlinear. However, individual mature age group abunddnces are:-
mgre strongly related to recruitment. than the sum of all the mature fish.
This implies that the success of spawners is size 6r age dependent. This
resL&EQE::ich is substantiated by literature observations on spawning and

’ -
the app ance of larvae, has importantjimplications for the use of stock

recruitment relatienships in management p&anning: ) ’
The methods ppiied in’this t%esis are’appropriate for many types of

data, While long term yield érediction% cannot be obtained from these

methods, they dogprovide valuable 1nformatioﬁ'for short-germ fishery

f‘jkcasting, development and regulation ! L4
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‘ ‘ "Tod Much Coffee
by d .
Edwin Arlington Robims?n

>
Together in infinite ihldO'?I .
: They defy the invincible dawa.
The Measure that was never made,

[

-

N 1

The world’'s’fisheries are chaf&ctirized by uncertainty.
y <
Variability occurs in almost all aspects of a fishery from
. [4

“availability of the fish to the availability of markets for
processed fish products. (Sissenwine- 1984). This thesis is
i

concerned with methods for forecasting fishery catch and

desctib{ng the'nnderlying causes of variation in that catch.

3

The achievement of these two goals would reduce the

uncertainty in fisheries operastions, regulations and

- management, ! ‘ -
, *

Traditional fighery science is based on deterministic
models and methodsefor ¥Woth resource assessment and.
management advice on optimum yields., The theory of fishing

2as described in the classic works of Beverton and Hol;

- 4

'(1951) and Ricker fl9i$) assumes causal rel;ti%nhhip !

L] -

- “
between the variables 6f the system, such as effort, catch,

sbundance and recruitment. Using particular forms of these

. The Ljne that never was drawn.'’ "



rélationships one can solve for the maximum yield, fishing

mortality or other some quantity of use in -ai;ge-ont. Much

of fisheries rosearch is directed toward describing the
¢

causal relationsfjips among the system variables. ’

Fisheries.scientists are called upon to provide - ¢

scientific advice to mapagement even when data are very

5

limited. The issue then is how much can be determined from

the available data. TIn this thesis, I have worked with two

»

fisheries.

.

The {irat data set used here was from the southvwest -
Nowyh Scotis herring fishery. This fishery has been under

study since the early part of this century, and a large body

2

of data ranging from landing records to larval surveys has

N »

been cpllicted. The southwest Novg Scotia herring stock

Al

consis;i of nnltipJe age groups, is exploited by several

gegr, t 8, produces several different products and is under

s “

intensive management (Kearney 1983). The forecas%iﬂg of

catch by;each gear and of each age group is nseful to the

industry because different age groups provide different

prbducts. It is also important for management inxm assessing

the impact of regulations sugh as quotas (Kirkley et al, N
1982) s lnlti..b time series analyses of the catch-by-gear

and catch—-at-age for this fiihery are presented in Chapter
Two.

?

14

Catch variations and long term fishery yields depend on

stock abundance. In many fisheries, much of the vgriation'



L 4 ’ \
.o . e o
~ : ‘ '

. -
in stock size can be attributed to secruitment variation o

(Sissenwine 1984). Causal -odei;"gf feoruvitment variation °

for southwest Nova Scotia herring are praso’tad ig Chapter o

L4 »
»
2

Three, Causal hypoth:ie; are "specified g priogi. Ths ., .
snpport'for these hypotheses in the gvuilablc data is tﬁeg“
exaqingd using path analysis and lnn;ysi: of bov‘kiance
structure (Jo;esigg 1970) .. L ' -7 . .

" For the Burbadot multisppcies pelagic fishery, the only. -

& -

[
available biological data are catch records for a number of * -

1

/e

,e .
. U}

o
landings categories and the number of boats la‘nding fiti.f’" .

Barbados is a developing country and requires information ¢

» Pl

. " \
for fishery development planning. The relevant information e

v

L] A ~
is a projection of expected catch from the fishery and

: . %
models which can be used to assefs the impact of varjidus 4 R

-

develapment :che-éx. Chapter Thkree describes an analysis of

the Barbadian fishery which uses gine series analysis of the
9

N .~ Y N

available i1nformation to forecast catch. Path analysis . '

(Vright 19311 is used to construct causal models of catch,
< St
effort and market interactions. ' The two sets of methods, - , .
& . - . . » L3 1
tinq,leries analysis and causal modelling apply to many e f

-

types of data from many types of fisheries. They are &

@

i ’

departure from traditional fisheries sciemce in that they :\. A
. \ N °
are statistical rather than deterministic. In suych methods
«
the variables in the system are considered random variables,
*

Fisheries theory is not discarded. To the contrary,  the

« methods usegit in a statistical frllo%ork which heeds th‘ ’

- -

a
Y
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- Introduction K

<
Catch forecastgng is an i-portlnﬁ'nuingoqont tgol for

fisheties which has received increasing attention recently

- .,

(e.g. Stocker and Hilborn 1981). ‘Catuh‘fOréca;ts urp‘an
: ) .

expression.of the expected fato qf n.yaatcl&:s upon.its -

- -

. ab
entzy into the fiohery. The fonacnstea ca!dh c*n provide 2
- s - .
tefetence by which “the effadtiveness oflqnofas, or othen &

-

at L

-+

.re;nlltion: and’ 1ncentivzs can be l:lo:;ed Ssee Chnpter,

. s - ’
Fhree snd Kirkley et al. 4982)2 Frahlthe foint'. of vibl of

-

A= -«
- - 0

industry, a projection qf expected °Qf°h may be crucial
information for shori-tern ﬁlanninx. ‘While stgcf ;s?esf-ent

infornatio; is usdally available only on <an anpual basis,

catch forecasts for qn;rterly or monthly periods are of;en

-
1

possible and this is an important step toward roal-time
. 1

mans gement, ‘. , - . . :

*
Forecasting the landings from s fishery requires a

different wpproach than is takena in flsheﬁ}o: assessment

P

procedures such as those described bi Gulland (1983) or

v

Riz}:d (1982). Assessments are geared toward production or,

- N .

long terx yielh models.. Quotas are set using the.assissiont

-



*a - ¢« - : - . s |
i ‘ P ) :_‘ . e ‘ %
» ’ L > ’ M . :‘
) . \ 6
lnfognntion and a criterion such as Fo.1 (Gulland 1983) for . - -
- ) ' v

calculating the desired fishing mortality of the stock for .

- -~ .
the 001ing year. Forecasting methods statistically model ‘ .
.. the past history of the catch (or other quantity to be . -

N ) - * * - . -
fareeast) and, assuming the plttetn; in the hisfory of the - -

5 Al -

fis?ery tp to tho present ire correctly ‘model led and will . -
-, @& - 1’ - N 4 -

4 . conbiquc nnchanged. forecalt the expectvd cutch in the
. futuret” What is required is ‘hot necessarily a-detailed >
- .‘ . ~ . - . - - R -

» . - .
\ .. kiqued;e of the dynll}cs and biology of thp unit stock in f -
-
‘f qnaition. as reqnired for culcnlutipj optinu- yield, but

leadtng inJicutors of the size of tfie cttch *A leading

-
» -

1

<"+ inddcatpr must be a significant correlate of the catch which
< . ’ A\l N »
. ¢ precedes the lcti;l taking of the catch- in time and is y

“related t9/its size. These indicators may ﬂe the actual

. ., 'causes‘of the ;>\ch in the sense of Granger (1969: see 7 *

bhapter Two), but this is not a necessity. A widely used
[ . -
e

sot, of forecasting procedures are-Box-Jenkins typg'iine

. series -odels.'n{so known as apto:é;roslivo intefrated
- bnovii}g avora;e,-odgrs (AR&HA), They have been applied to

v

»

. fisheries data in recent‘yaars ¥ several ‘authors (Jensen
. - . L

»

. © _ 1976: Boudreault et al, 1977:'Saila et al, 1980: Méndelssohn

- 1981: 1982: Kirkley et al,-1982: Phillips 1983 ). ’
» t 4 »

»

, With the exception af Mendelssohn (1982) these authors

3 s

. %nvo only considered the univariate case, i.e., the
- v l‘
forecasting of a single ¢atch series using xata on its own

past- history. A more complicated, but poteatially more

~ 4
. .
. hd

o ' ~

e
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ke

3

S ’ 7

. *

useful approach is multivariate time series models (Tiao and
Box 1981: J¢nkins and Alavi 1981) for mnltispecies and/or,

age }trnctnred fisheries. Several interacting series, ¢.3..,
tatghes of different species or age groups, are modelled
A

simultaneoysly to saccount for interactions betweepn diffgrent?
L} -

components of the fishery., Such models can a136 describe '
» .

underlying causal rélationships between_these components

- -

(Zellner and Palm 1974).
M

T paper describes the application of univariate and

multivariate time series analysis to fishery data for the

southwest Nova Scotia herring, glggggxkfrggxxg. to obtain

ﬁtedictivo models for the catch of several gear types and
-

age grouﬁs. Forecasts are made on a quarterly basis two

f

years into the future.

- An_Overview of the Fighezy

-

Jhe southwest Nova Scotit\h<<::n; fi\{fry (NAFO Arxea

4X: Bay of Fundy) has beem describd in several zgcent
paperd (T1es 1979: Iles and Sinclair 1982: M. Sinclair et
al, 1982: A, Sinclair et al. 1982)., It has a long
history and is central to the economy and social structure
of the region (Kearney 1983). ‘

Ihe fishery operates with a variety of gear types and
exploits ;ovotnl highly migratory stocks, composed of more

than 10 age groups, throughout the year. The stock

structure in the region is complex with seversl spawning

s


http://rn.nl
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-

;r:nnd;/;vﬁtribnting recruits to the fishery (Iles and

’
8inclair 1982: Sinclaitr and Iles 1981)., Tagging studies
have indicated/;hat the majordty of fish in the Bay of Fundy

- i -
spawn off the sonthwonq corner of Nova Scotia (Stobo et al.

] P t

1982) with sgpaller spawning areas loxgted of f annd Manan
Island and,iiéScott Bay in the upper Bay of Fundy (Figure

1). In addiiion. there is a ;nbstnntial contrlbutio‘ to ého.
juvenile herring fishery from the Gulf of Maine stocks
(Slnclair ;t al, 1982). Although juvenile (less than.4 yrs

0old) and sdult herring aretmized in some' of tholcatches,
N ! ) .
anticullrly for the purse seine fishery, the fishery

‘vsually targets on ome or the other in & particular sesson
3 ‘ Y -
with a particular gear type. Purse seiners fish

overwvinter/ing adults in Chedabucto Bay in Eastern Nova
> kY

Scotia from November to April. Thy main purse seine fishery

4

e
takes place on the %flner feedin§ and autumn spawning

gxdunds off the southwest corner of the province at the

]
+

mouth of the Bay of Fundy.

I

Gillnetters also exploit adult fish on the feeding and

spawning groupds. Purse seiners, particularly om the New
Brunswick side 6f the Bay of Fundy, fish juveniles as well

as adalti. JThe pusse seine catch is several times larger

than ,the gill net landings., Figure 1 ?nn-lrizos the

distribution of landings and important fishing areas in 1981

-

(Sinclair et al, 1982).

The weir catch dominates the fidhery for juvenile



. : | v/

(less than 3 yrs old)., Most of the weirs are on the New .

- I

Brunswick side of the Bay of Fundy witi 2 smaller number 4m ¢

v

Nova Scotia. The number of veirs has changed little since~

-

{;65 (Sinclair and Iles 1981).
The catch of foreign boats, which operated in- the

region in the early and li? seventies, is nqQit included in
Lo

this paper. There has bgen no attempt to distinguish the

contributions from each stock in the analysis of total catch

by varioug gear types. QThe,ltock was defined as in Sinclair

~

and Iles (1981) for the catch-at-age analysis. Time series

of ’ﬁe number of fish (in thousands) landed in a particular

gear or age category in each gquarter of. the year were the

basic data for the analysis. Conversion to.units of biomass

\
is possible using the weight—at-age ipformation contained in

various azxsessment documents available frég Marine Fish
‘Divis{on. Department ‘'of Fisheries a;d Oceans, Halifax, Nova
Scotia,
R Nethodology s
The concept of autocorrelation is central to much of time

t:rieg modelling. The sutocorrelation function of a

variable is dofinos'as the correlation of the variable at

v

time t, Z¢, with its value at time t-k. That is .
B cov (Zt’zt—k) .
pkh— ‘[ ~
var(Zt)var(Zt_iy

Determination of the npptoprflte model form for a particular .



* . LY ~
p .
\ . P
4 - 10

time scries relies heavily ip%p the shpape of the sample

autocorrelation function and the sample partial

~ 4

antocorrelation fnnétion.,viich is strictly analogous to a

3

partial correlation coefficient (Box and Jenking 1876:

Ramil ton nnq Watts 1978). These ;A-ple vnlneswlrg compared
,wi}h ihe theoreti:u{ or. expected shfpe: of the auto and

pltti;l correlation functions which can bde derived for each
iodél form. This is true.both with u;;vlrinte and

L4
v

l&ftiwnri.te,-odels. Univariate time series anéls»ate

presented first and the multivariate case is presented as an

»

extension of tKe univariate,

E)
L]

‘Autoregtessive moving av;rugn models describe tife valnue
\ ! . ¢
of s time sorxies at time t, Z¢, as a function of the value

»
of.the series at previous times, Zt_l...Zt-p, the value of a

residual term or ramdom shock, Ag, and the p;xt value of

.
L 4

these residusls, At-1,..At-q. ' The general form of the model
v v *

fg;/f/:;utionary time series is: \ o

zt = ¢1Zt-1+,.,4: q,pzt—p"' M (1)

ét- B1At~1-...~ 9 gAt-¢g C

where the ¢1 i=l...p are called the ad&orezreslivo
parameters and the ej j=2...q are called the novini average
terms. The model assumes t?h At sre ;ornully distributed

random varixbles with mean zero pnd variance a}. The time
( -
sories are assumed to be statiomary. Stationarity means

that .the series has a constant mean and the covariance of Zg

-
.
~
. \
N .

el

-
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with Z}-k depeﬂd; only on k and not on the value of t, . In
prnéticeb tLis means that th(:\if no trend or deterministic-
seasonality ;n hat the variance of the series is constant,
Departures from feither of these conditions can often be

v

dealt with using & transformation. Box and Jenkins (1976)

~

advocate the use of the difference operators V , for

-

-

nonstationary series which have the effectr -

.

(4

vaZy = Z¢-Z24-g ,

where simple troend can be removed with d=1 and seasonality

of period s removed with d=s. Nom-statlonarity o

-

ghan.dng variance can often be dealt with\ using a

-

. -
transformstion from the class: — A
W¢ = (Z¢+G)F F>0
V¢ = 1n(Z¢+G) + B=0

A '

described by Box and Céx (1964), whoere F and G are

.

pParameters chosen such that the yariance of the series is as

\ -
4

near constant and normally distributed a{'pousfblef
Normally distributed random shock terms, Ag¢, are assumed for

the rego-ngndoa-estdiation procedunres of least :qulflt or

<

maximum likelihood., ‘ —_—
- ” 4

. Y
Tge notation for the mgdels is more comcise using s

backward ;3i}§ operator, B, defined as '
. : .o = .
. ) P A
' - Wit = Zt-1, -+ &
. - . ’ - . 2
] o ”
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The autoregressive tefms can then be 'fﬁtk}n ag® i»

( o b o p2 e \
1f 6. B+ ¢ B2+...+¢_BP)Z4 , N
1 ZB ) t

»

s

v
&

and the moving dverage operators as "

e

. ‘ ™.

. ‘Model (1) is™ written 2

¢(B)Zy = 6(B)Ayg
. " .
where ¢ (B) and 8(B) are polynomials ih B, th;\bnckwltd shift “n

-
4

operator\

-
[}

- Most fisheries operate on a seasonal basis, that is

\

they hdve repeated yearly pattern in landings or effort or

Iy

! both., This means that time series of fishdries data often
contain not Bnly antocorrelation from one quarter to the
.next, but also significant autocorrelation at yoarly lags,

Both deterministic and stochastio seasonality may occur in a
’ Iy

A series. One way to -odJI seasonal ity when data are

‘aggregated quarter]ly is with use of the difference operator

of order 4 . o ) : N )

-~

V4Zy = 2y - Zg-4 ,

This renb:)i deterministic Qolsonulity and may induce
- stationarity in an othervise non-stationary series.
Differencing to remové loalonnl}ty has the ld&lntnge of

adapting to slight shifts in the ,phase of the seasonal

15
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pattern (Abraham and Box 197§). bth{& me thods such as )

regrédssing on hatmonics canm not ad{pt if the phase of the -

» - -

*

seasonality éhanges.' But non-deterministic year to year

. ¢
N

dependencies often- still occur.

4
~

Box and Jenkins (1976). have developed a general®
4 . w / s

LY I
»
~ ’

nnltiplicukive model for seasonal time series as follows. -

”
3

Consider a model containing only seasonal (year to year)

! .

depefdencies .

®(Bs$)Z¢= O (BS)E¢ , ) -
~ A < 3 v, .
where -
. 2
) \ ®(BS) =1 - ¢,Bs- 0,B2s,,, -
and’ S .
- 1 - -
, . " |
' ' N , (?(B‘) = 1 - OIB'— 9282‘0)0 i ’

are tho seasonal ahtbreirossive and moving average oporators

|l

r v ~
re:pecti#gly. If the residual series is auntocorrelated at

lags of less than ond:yolr this may bflnodolled as

. 1
s
“
~

@(B)Et = G(B)At ,

. Nodels for Zt and Et can be combined to obtain the general

multiplicative model _ - Y '
1 ‘ '
. . . . ’
$(B) 2(Bs)Zy = 6(B) O(Bs)Ag . (1) & .
' .’ . i *
, It is pbssible tq construct :a non—multiplicative
seasona} model @¥eh as used by Saila et al. (1980) and such

bl . 4 [}
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a model may perform quite well in fitting the data and
1\ s

- forecasting. However, ‘multiplicative models.are more Y
b [ ’ . ‘ ‘
general and are quier to identify from the sample 4

~

.o\
. -autocorrelation functions than additive models (Box and Z

A

L . Jenkins 1976). An additive model can often only be chosen,

H ' . .
» .

bas(d on the autocoxreiltion functions, after identifying .

" /

-

6losely related multiplicative form, Furthermore,

- . multiplicative models often require fewer parameters gphan

-
P ‘4

non-multiplicative models.

. -

- ‘ The tentative selection of a model: for fitting a giv;n

series is made by comparing the sample sutocorrelation

function and partial autocorrelation functions with the
theoreficni patterns described by Box and Jenkins (1976) and
Hamilton and Watts (1978) for seasonal models. Afger the

orders of the autoregressive and moving average operators

- b

- for both the seasonal and non-seasonal components have been
tenatively selected, following any required differencing,

the .model may be fit using either least squares or exact

'

) naxanun likelihood'gBox‘and Jenkins 1976). Least squares

for univariatoe models (as provided im the MINITAB
statistical programs (Ryan et al. 1980)) are used in this

paper. . ;

o - Multiveriste Nodols

Much of the description of the form and structure of

univariate time lorien'modols’cnn be extended to the

c /

)

‘



- -~

multivariate case by com;iderin;‘zt to be a vector variable
Vo

~

and the parameters ¢ and 8 to be matrices of the

appropriate order. MNultivariate ARIMA model s have been
» 4 ' ’

described by Tiao and Box (1981) and.Jenkins and Alavi

-~

(1981). An example for fisheries data was given by

Mendelssohn (1982). , )

[

Consider the goneral vector autoregressive moving
<

- average model of the form

[y

3 (B)Z¢ = 8(B)A¢ C (2)

1

vhere Bst‘zt—l (Tiso and Box 1981) where

’

¢(B) = I- $1B- $2B2-...

\

2(B) = I-81B- 82B2-... -

'

are matrices of polyno-inis in B, 'the backward shift  ~

operator as dofinod above, Zt is a vector of oblorvations'

‘

on m eries‘at time, t. The At is a.vector of resi%nnl .
ter;il::>randon shocks at time t, which are independent

N ,
normal random varistes with zero mean and covariance

lnirix g2,
~
The diagonal elements of the parn-éter

i

-agffhes $ and o describe the dependence of-a given element

-~ , ~ |

of Z¢y, say zit, on its own past history, zi,t-1 ... zi,t-p.
- ~ - ‘

v

and past values of the random shock terms aj, ¢-1 ... 2i, t-q

1

23 in the univasziste case. The off diagonal parameters

saccount for the dependence of Zji,t on the past values of the

’

’
r

'
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other series zj ¢-1...2j,¢—p.j # 1 and their random shock

’ i ~

'ter-' .j,t-lo..lj,t—q. . ’

n

Multivariate models include the case of one way
‘T;tertction transfor function models (Box and Jenkins, 197§)

as well a3 cases‘;hete there is feedback between the series.
. . >
Most often, thg parameter matrices have relatively few -

-

non-zero valués which simplifies the models considerably. .
13

As an example, consider a bivariate process which is

+

nonseasonsl. If the process is adequately described by a

1 >

first order autofagtossive model
ot ‘ad (B) Zy, = 8, . .
" ctd z a
) ) 2t 2t P

¥ -

-

For the case where the "‘pirameter b is zero, tf% model

corresponds to a transfer function with Z1,t as the input
. N } - . i

series and 22,¢ as the output series. In other words, zj, ¢
depends only on its own past history but z3, ¢ depends on its
, e

own and the past history of z1,t. If all tho‘prfl-eters

1

in ¢ were mon-zero, then there would be feedback between
4 %
the two serios such that each depended on its own past

history and that of the other series. .

! 4

This simple example can be.ex ed to nqe? cppprlicated
N\
cases of mixed autoregressive movin) average processes and

more than two series., As with the univariate models, .

transformstions and differencing may be necessary to inducse
stationarity. i , * T

N -

Multivariate multiplicative sessonal models - are derived

- -
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as for the univariate case. The -multivariate form is more -
parsimonious in many cases compared with non-multiplicative
- r -~

(additive) models where terms at soleotodﬂla;‘gare included

4

’ ) (Jenkins and Alavi 1981). Multivariate models can

nov&@theless have a very large number of parameters Because

PRAN

w ™ the cewWplexity of “the model increases as the sdnnre of the v
L]

numbe " of series. .A useful oi-plificntt‘e for seasonal

Ll

Processes is the multiplicasdve diagonal mddel (Jemkins and .

. Alavi 1981) where only ti\\:iugonal elements of the
. = v d T,

parameter -atrioés conftain seasonal terms. This means that

)

. the so.soafl behaviour %} the series resnlts only from the N

d@bendenoe of ench serid: on itq Qii'wast history. An

. g7

example of one snch ngdel iszd&)lnibd‘ b ow.

o

Because of fhe poggptitl co-plexity:o
N -~

&
multivariate ,)

' -
time. series models, there has bi‘&’lgit controversy oves the
1 .-y
7 - £ 4

modelling procedure.> Some anthors suggest that the
individnal»;eries shouid b? prowhdtaned 1.e., fitted to

univnri(?e time (egio!‘iodel first. with the interactions of

T

the xesidnuls modelled -ultivlziately (Jenkins and Alavi ~

-~ * -+ 4
e 1981): Tino and Bo¥ (1981)~% o’togﬁ-thnt prevhitening masks .
- r . ‘ - S .‘v
. -
o s tho structnre of the multivariate process -akin. it -ore
= [ Vo Lt /‘_, -
tdfficult to chopso-c model form. Prewhitening was dot used -

\_njéy\\;A\J» n this stady yeﬁnn:e the prevhitgped lutﬁaor}olgtion

-

struc;ni%‘v:;‘ditxicult to 1¢{or£50t gompared to the ( v

u -

‘nntzéottolntiqn structure before pro:}i*enin;. In addition,

A_prioxi -odollntgnéxnro, described below, was in terms of ¢o
! v L

-t



> ‘ ¢ . K e
, i = R &, - s
. t 2
. T R v Y - . " ’-
o ! T o f N " . s ‘;‘”{" RN v
" .,,:u -y & e
-t .
] " i -+ w2 et -
r w * . 5 w 18 fb{‘;
& ;‘;J.‘n T~
- g ¥
tho l‘origg bofore ptevhitoning. ) Lo ot v"‘:_ ' “"-g?'
. e 'ithxbioro;icul data, isfor-ation on tho -os‘f Mit"’blo Ny
P o e
- - " <
r ‘f
orm of ;the model may often be availnblo.l_m e
. examfle, aith age strncttrod data ; Wl ie matxix type -odel - s
. R wy
AP - N >y
’ (Leslie 1945) na,y tentctively Jbe- prgmod'ior da tch orf -
» N \ /ﬂt ., Fi . .
,sbundance. MNodels of this tyni p:e de scxibed belov uid “in ¥ . ‘v
¢ - . N . - -
i Chapter Two. . TLo- BRI K -t - : -
\ L s [ " . . " . o L4
’ ' ¢’ v, 4,“. . rry ':? ~ -
« R - - - 7 :"‘, ‘0, ;- h ”
. ' ¢ ‘ ‘ r3 ,
Forocasting * oy o #0047 o I
~ . “ !ﬁ . 1 £y F - : . ~ &
P , ‘-\ 2 < - . - . ¥ » - ; ’.s,
! - . ] i ! s - e “po
P . 2 ; e r A
. . one of the principal”reasons for con’strn*ing lf
“ L 4 ,7‘
. nniva:’ute or -ultivntiltc ARIIA -odols ot' fishétieu catch o
1 » ﬁ
'. [ ) data ts ,to t‘orecast the future cutth The models desp}‘ibad -
. - N . x
Jg S
- abgve 'p:ovide such forecasts dit’ecti. and it can be sho¥n - ~
- < A ‘; * - s \a
N .« that, if thermodel is a good ,,npproxinrt"!on tg"the underlying - b R
- . r ’ - " ! ™
. processes, the errors’ of the forecasts will be of mimimus ' ’
N : A -~ . ’ : T - - ¢
varjance (Box and Jeakins 1976: Tiao etxal. ‘19193{ ¢ .
-7 Furthermere, standasd ertors ci‘n be calgulated. for the -
A 14
L. forecasts, Sinco «f:lsh lundin;: u;o M;hly variable, . L. #
. * 4 v * » . "
. proo’psus, thesé stundnrd orror; '111 ofton bo lup. 'ﬂl‘a * I A
’ v ‘A ¢
' stnn&atd errors casm be uué to oolputo prodiot}ontinurvnlt 7 X
i « a Fal ' - 5 ’
for the fdrecasts. . . ..",.» " - y
- rv' t. v .'i " P - » & %
) The diffecefce oqnt!pzp fo:mot the -odolf (aqust}on& e U .
- »
’ (J.) and (2)) is tho u-pfost for cnloulatin; !o:oo&:ts. The . el
' toroonntln. procedure is iterative, with the ﬂroﬂ"stl‘ba!nl . v 4
1Y . . v
‘ caloulated in seqience from the ond of the “:“j. up to‘& the .. .
-~ * “ i‘ 1‘ o ':‘“‘ . .:
~ "\, " . -~ ~# " » - >
-« e . ad - 24 .
. nr - [ - ¢ i » P
¢ R ”~ - -
. . e ¥ Y



A

# ~ "“\ ’ ] LT
b ., ) Co \
.- - ) ‘ -
- & - \ .
o , T - -
. v - v . 19 -
3 . . , ,
e maxisum lead time desired. The expected value of this form
£ ' ' S ,
of the model for the value of the series at lead time, L is
i ° ) , ) .
) T Zt(L) = ¢ JE[Z¢4L-1]1+.i.49 pE[Zt+L-p]- X '
A ' ,
- . 61E[At+L-1]T.oc_ 8 qt[At+L—q] .\
> ' ]
. * .. The unknown residual ter-;At+L; is_set oqual to zero (its,
. N “ ) ‘ ~ ! T ' N
expected value) for each forecasty Values of the sorigs
, between timd t and time t+L are replaced by their forecasted
- ’ .' . ' . ; " .
. » values. These valuos allowy the calculation of the Agyp-g,
- "S} 3 ¥ - ..
» r-1.:.£—f. As new information becomes available, the
.. foreda'sts éan be easily updated by replacing the estimated
- " values for Zg4p-p, r=1...L-1 in the foredasting equation
,vith the nev information. - -
’f, ’ The ;tandird exroés of the f&recnst"cun berelicnli;ed ~
e ~~asru'eighted sum of the past values of the residuals. That
. is . . , ’
4 A ¢
~ , ' 4
- [(1+2v 2)e2] 1/2 i=1...L-1,
¢ . ‘ 1 .
s, where the wiwoights are determined by the parameters of the
" ¢+ - model such that T )

§

, " y(B) =6 (B)/¢ (B) .
/ . ‘

The‘pro:ﬁinri is strictly analogous for univariste and

N

muitivariate models (Tiso et :l 1979).

4

v
N

“w
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" Apalysis of the Southwest Nova Scotis Hoiring Fishery
The landings data for the fishery are comsidered in

v

three ways.., First.‘ani;ariafe model s*were constructed of .

12

the catch in each guarter (numbers of fish x 103) taken by .

the three major gear types: wgiz. purse seine, and gillnet, .
with all age hronps‘udded together. The data were for 1965

to 1981, initally. The catches in 1982 were them forecast ?
- ] 1 Pad

and compared to the actual catch in that year. Then the ~

full data set for 1965 to 1982 was used .and forecasts for

!

1983 and 1984 were gemnerated. These same data were also

Py
used to construct s multivariate model of the . catch by gesdr

A}

type and the same periods were forecast. /

Next, a multivariate model of the catch—at-age for the

» ¥

whole fishery in easch guarter was comstructed considering
the age groups 1 to 7 and 8+ (the latter enmcompassing all ’
fish aged 8 and older).. The older age groups were pooled to N

reduce the dinen}ionnlity of the model since their
\

[ \ ’

contribution to the total catch vas small, The forecasts .

A '

for catch-at~age are for 1982 using the 1965‘- 1981 data zaad

for 1983 and 1984 using the 1965 - 1982 data. . ‘
\ ,

Finally, a -n1t1VAriate’-9del was constructed”of the

three juvonilo‘age groups 1, 2, 3 and the 4+ (all fish aged

4 lnd'oldqr. representing thé mature stoci). The forecasts v
‘1

i -

are for the samp periods as the other models.
Catch—at-age models contain ;rn;jggi :tructﬁre on

biological !ronnds. The fish in the catch either were

' ?

J ‘h
> 4



present in. the exploitable population in the p;evions
year(s) or are new recruits (age ome in this study). The
number of fish in an older age group (greater than age one)
is a function of the mumber in the previous age group one
year ago. The number of new recruits will depend in part on
the number of mature fish (or mature biomass). The vector
of numbers at-age in‘year t will be equal to a matrix of
parameters times the vector of numbers at age in year t-1.
If the relationships are linedr, the parameter matrix will
tlk; the form of a Ldslie matrix\(Leslie 1945) which has

-

non—zero .elements on the subdiagonal and at least one

4

.:non—zqro element in the-first row, ‘ -

*,3'* same rationale will apply to the number caught as

well as the numbers in the stock, byt the relationships will

]

be masked to an ext?nf'by other factors controlling

\
1

! .
recruitment and the size 'of the catch. In tejns of ARIMA

» A
= )

mode'ls for quarterly data, the Leslie matrix js a first

order sensonfl nntoro;}essiVO matrix (% 1). For the two
catch—~at—-age models constructed in ‘this study the Leslie

i

matrix structure was partly confirmed by iispeclion of the

‘
)

"auto and putt}‘l autocorrelation functions., No evidence of
the reproduction tex-s'ig‘the~f1rlt rov was detected

! .
{ovevef. Survivorship from one age Fo th%«ioxt is evident
in the catch‘datt. ;lt the stL;k recruitment relationship is

A

cither masked or nonlinpnr.



Catob By Goar Type

\
Inspection of the series of catches indicates that the

&+
weir landings have remained fairly constant in mean value
\

over the study period (1965-1982) with some change in the
variance,” The purse seine landings have decreased
substantially in both mean and variance in later ye}gs.

while the gill net landings have increased in variability

L]

with little change in mean, A square-root tramsformation

(chosen subjectively from a large number of trials) was used

on all the series to stabilize the variance. There was

H A

deterministic seasonality in all series and a difference of

~

order 4 was required to induce stationarity.

X

ki

The univariate models fitted to the three series
individually (Table 1) show that the weir and purse seine
fisheries, which are the largest contributors to the total

landings, have the game autocorrelation structure. The best

a

fit (R2=0.32 and 2,37)'1: s first ;}der autoregressive
‘

process in the non-seasonal componeant and a first order

L 4

moving average in the seasonal component., The gill net

»
v

landing series was best fitted (R2=0.48) by a purely
\
seasonal third order moving average model. These throee

A v

models explain between 30 and 50 % of thq variance for each

series. No attocorrelation was detected in the residuals

J ~



N 23

S

e from /the models, and an increase in the number of parsmeters
did/not substantially decreas® the residual variance. Axn
mination of the cross correlation between the residuals

from the nodﬂ}s indicated that the weir fishery leggs the

purse ;e1§2 fishery by a quarter and that the previous
s
year's weir catch may be useful in forecasting the gill, net

catch. ihese tenative interactions will be\discussed'beldw

in the context of a multivariate model.

e -

The fitted multivaziate model for the three series in

the catch-by—gear vector (Table 2) has a different strnctuie\

-

from the three univariate models, Thi; mode]l is an example
of = multiplicative diagonal model since the seasonal terms
only appear on the diagonal of O(B) (Jenkins and Alavi
1981). The non-seasonal component was best fitted by a

first order moving average process ( 5 matrix), rather than

—~

the autor;greswive form of the univariate models, There is

’

no quarterly dependence for th;,gilr net cafch.'only a
A
yearly one. The only significant interaction parameter for/
- ' ’
the three series was the leading of the pursexseime catch by

’

the weir catch in the previous quarter (matrix | -
\ !

element 621). The residual variance for®the multivariate

models is similar to that fothho univariate models. The
multivariate model does not fit the gillnet catch geries as

well however (R2=0.36).~ A llqllcf number of parameters was

+ < -

ro’uired in the multivariate model (6 vs. 7). An average

of 35 % of\tho ;arianco of each series was explaineh by this

N

. b



model (Table 2).:

i
I

The ergor covariance matrix for the fitted model
(Table 2) is interpretable as the one—-step-ahead forecast

error covariances (i,e,, the error when foreqasting Z¢4q

with data up.to Z¢)., .  The diagonal elements are a measure of
t

. .

how well the model should forecast future values of each

v

series, The sub-diagonal elements express the relationships

between the forecast errors for differefit series.

~

Examination of residual gptbc6rrofation structure
showed cross correlation between Eho gillnet catch lagdod
three quarters and the otherLtvo goears. Additional first
order plrnneters'w:}e not si;nificlnt, and a sqéond‘erder
model did not remove this resjidual autocorrelatiof.
Ugtrun:forn?d forecasts for 1982 for both univariate
and.puliivatiage models élénaly follow the actual catches in

. . .
1982 (Figure 2). The square root transformed catch
3

4

forecasts and standard errors (Table 3) indicate that there
1:I¢on;iderubge vncertainty in the forecasts. The forecast -

error bars for the univariate and multivariate models are

almost identical.

1 ’

v

- Thﬂ Jntrunstrped 1983 and 1984 forPcatts (Figure 2)
Jproject the regular pattern of the earl{?; data. The weir
catch ﬁredictions'are almost 1dontical\gér the ?niv;rilte
and-multivariate models. However, for the other two series,
the predictions differ somoewhat, because in the case of the

purse seine catch the multivariate model' uses the weir catch
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as a leading indicator, For this series, the mnuftivariate

. -
- - . ” - -

The-stindard esrors

- »
- - , .

of the forecasts (Table 3) change little after the second

[ - . LA P z

model is a bet'ter forecaster of catch,

quarter of 1983, . ’ - -

Catch-at-Age Models . .
n . . ‘_: L

Onl'y a multivariate model was fitted to tp; dats, for .

the quarterly catch-at-age 1 to 8+. By dinspectioa of the

-

time serjes it was possible to follow large peaks,

attributable to high recruitment, throu;ﬁ each of the a;é

-

groups, In addition, seasonality is-.quite -atkeq. This

indicated the need for a seasonal differencez The cross

.

correlation functions of the seasohully (order 4)

differenced series confirmed the tracking of peaks through
age groups from year tolyear. Some autocorreldtion at the
socasonpgl lags was also preseft possibly resulting from the

diffcrgicing (Abraham and Box 1978). Quarter to.quarter

4

dependencies were less prevalent, but occurred for a few of

~

1

the eight series, The fitted model reflects these
observations (Table 4), with a first order nom-seasonal

. .
autoregressive parameter matrix ( 2 ) containing five

-,

non-zero elements. The seasonal -3ving averags parameter

.

matrix ( O ) is diagonal, but.“the teagénn1~uutdrc;re%;ive

-

) . . o
parameter ma) 1{5‘1'2‘) h""only"“ki}fj???l npn-xero

B

elements with tho\\§co tiou.gY'?hb‘snill ng;ffivq b4,5
indicating so-e,iociptocgl ;0&:¥i§%ship'bot'ceu'a.e class 4
- - *?‘ - * - P P

- » -

- r. =, -~ 5

. - -
ol B - - i .
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sand 5., The subdiagonal parameters reflect survivorship from

-

one age to the ﬁext. Several feedback parameters from the
adult age groups to the recruits (age 1) or juvenile ages (}
and 3) -were tried in the % matrix, but none were significant

as indicated-from the sample cross cogrelation functions.

~

P 4 ’
The R2 for each series (Table 4) indicate that about 60 % of

the variance of each series is accofinted fOf by the nngls.

A .

The forecasts for 1982 (Table 5) are diffcult to

.

interpret because of the high dilonsi;naiity of the model,

Although the general pattern ii;voll predicted, the catchbs

ary so much that the model

-

of the individual ages seem to
can net predict the peask catches very well. The large
standard errors of the forecasts at?‘ittrfﬁutablo to this
difficulty. The 1983 and 1984 forecasts indicate that the
general pattern sHould continue, with mo glear indication of

a decrease in the-overall level of the catch, but once again
4

the peaks are unlikely to be well predicted.
t "

To circumvent the problems of dimensionality and high

Al S

variability for the older age groups, all the mature age .

’ )

groups (age 4 and older) were summed into a 4 + group. , A
multivariate model of the three juvenile séries (mges 1,2
and 3) and this aggregated 4+ group was constructed.

Inspection of the series and the sample aunto and~c}oss

Y
L}

correlation funotions indicated antoregressive non-seasonal

(¢) and seasomal (0 ) parameters and u‘dia;oanl seasonal

"~

moving average parameter matrix (0O ). The Leslie¢ matrix

- .

.~

13

i~ "
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form was hypothesized for-the seasonal autoregressive
. . \ . v * - -

S . Parameters ( 3) once again. Tn the fitted model !(Table 6)
the onl;’feedbacy from the mature stock to the juvemiles was

\
for ~the two year olds ( % 24). Again, the subdiagonal
“ ’ -
elements in the seasonal autoregressive matrix (_3) are
indicative of survivorship, although “they can not be
¢

directly.regarded as as fishing mortalities, or other simple

v

-

¢ - - -

: . measures. . o
. o Comparing the~}2 matrices in Table 4 and Table 6, there
- ,' 4 . has ‘beeor a subst;ntial changé in structure reflected by the

changes in R2, particularly for the juvenile age groups. In

the aggregated stock model there is no quarterly effec¢t of

’

i -~

\ age one catch on age two catch, There is an effect q? age
three on }ge one catch corresponding to the observation tha%
,one year old fish iend to enter the fishery later in the

- year (A. Sinclair et al. 1981). No quarterly dependencies

for tpe mature stock wvere significant in this model,

N
- i »,

One-step—ahead forecast errors (error cov‘fingco matrix) for

» "

b 3
” the two models (Tables 4 and 6) are mot very different

however.. N

L3 ~

In 1982 forecasts (Figure 2: Table 7) the ;;tch of tke

summed -l\ur; stock is well forecast, although the age three

. »
Latch is not because of a large 1979 yearclass which had not
appeared itrou]ly in cgtchoa of the younger ages (Iles and

- Simon 1983). There is no difficulty with the other two

\

juvenile age groups. The 1983 and 1984 forecasts indicate
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\ i

‘1o decre¢ase im the catch over that of the previous years.
- R /

The standard errors (Table 7) are still quite large,

although less so for the sature age group since its »
F3

o ' »

variation is smoothed by aggregatiom. . -

-~ - v - ’

v -
hd ~

t Y
v, » +
¢ * Discugsion -
- [}
R
t)_ 4+

- ¢
4 e - oL M s A )
N - F »

. v - i *
“ The time setie} mqdels presented here are expressions
. ol p

¢

of the predi}takﬁlity of th?rregérted 1andings of herrimg

~ oA~ -

given datas on past linglngq in yarious compoments of the

.
-

fishery. Many of the ielgtionlfﬁps éongained g the models
describe ggnertl‘knﬁyledge of hertlng catch dynamics in this

- T

region. For example,’ it ig not sﬁrprisin; that the catch of
a

a given age growp depepds on thg catch of the previous age
\ . v
group in the previous year. The time series analysis '

v
»

incorporates this knowledge'so that it is used to generate,

quantitative forecasts of the expected catch,

\ N >

What confidence can be-placed on the forecasts from a

given model? In all of the modéls presente; her;, the -

. . N . .
standard errors of the forecasts are rolativefy large. This
fs{pur:iculurly t;ue for the qntch:;t—nle models. 'hon\
pted;ctfng a juantity as‘vaxiaplf as fish }atch—at-:;e.

-

prediction limits at the uhigquitous 95 % level are very

Iprge. However, the level of confidence required for
/ -

mninagoment decisions on the clgeh-lt—age is rarely as high

S

as 95 %. A S0 % prediction level and its corresponding

[} ~ ’
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smaller 'intervals may be-usefuk. The levels wsed for
. \ ,
management and rogulation may be different .from that used to

—

, .
> provide’iqforl;tion to the industry. However, it is an
p inpbrtunt’featuré of the models, and one not shared by nanf

‘

\
, of thg methods used in fisheries management, that prediction

v

1imits can be placed on the forecasts.

Other available methodéi for short term forecasting
) o, . L.
/ (Stocker ‘and Hilborn 1981) rely on the availability of '

ef fort information., This is impossible with herring as well

as other stocks where exjisting effort data sre suaspect at
best.\ Nost .of the methods considered by Stocker and Hilbornm

o . )
(1981) were deterministic and assumed some catch effort

ro}ntion;hip in the form of s stock probuciionunodol. The(e

b

4

ta

authors did include ah lntoresrossiQe model in their - -

.

comparison of forecasting-methods. They\dbgcribe the .

problem ags corrpspondini to a transfer. function (linile
{ -
input si¥gle output) but have nne,e-p}oyod'a ‘true transfer

“

function model in their anslysis and have not used fho

identification and estimition methods desoribed by 'Box and

- - . v

Jenkins (1976). o

‘
’ " ’

-

7
| ACufeh-erort models and catek forecasting as presented

, ) 2 14

here give resnlt; which aré nsed .in different ways,

Catch-effort models described by transfer functions (see
. Chapter Three) yield informatios on the ef’.ktod return from
some level of effort, They are cansal models in this sense

(Zellner and Palm 1979) and can be used in regulatory

$ « -
- - -

N
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»

V) deéision; vpert forogasts of both effért and_ catch are

. rfqnited. In addition, catch-effort models correspond

l .
/closety wvith hmore traditional production models for long

-

term yield forecasting, These models are not usually age

e r

.

-

structured bpcause effort can tarely‘%e assigned to age

* S
groups in .the fishory. .

i

Catch forgcasting models, on the other hand, assume
. \ -
that effort ifi the Tishery-will remain constant or change
N .\ < .
deterministically (e.g. seasonally or with a simple linear

-

xtrehd): Age structuré carm be bnik}.lnto the wodels and

(oreclst'tho return for a determimistic level ‘of effort.

n
¥ ’

"These models can .be used to asse'ss vhether a regulation has

- - o {

been effective in changing the fishery (Kirkl“t al. ’

1982). ‘The tine ;eties analysis -ethodl i this paper can

be u:ed for either c¢catch effort models or catch forecasting

f

: depending onm available data. In either casq: they use the

-»
information contained in stochastic variations in the series

’

to foregcast into the future. ' :

Ll

~

Stocker and Hilborn (1&%1) note that their data series
;ro re{a}izely short (15-25 points) compared to tkh »
reco--eﬁdod for ARINA models. This is an igpory;nt problem
for th? application of’fhoce methods in fisheries. fnliy
ugilize the.povei of ‘Box Jenkins methodology, time series of
at 1...t*50 points are regquired. Vhen. the quantlsy of

interest is aggregated on a yearly basis, this may not be

possible. However, catch data are oftep avyrilable on a ’

v
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Approach must be made for each problem individually.

[ ~
s ! N\
N Lo e
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T — - *
nonthly or quartetly basis as in the prosent stody.
o
J

Analysis on this shorter time scale -eanszth’t,!uforqlfion
- -

”
to the industry is avai#dble on s scale 910:0: to their time

»w

For:nln;;o-ent of the resource,

- -

evaluation of quotas or pergornnnce of the- industry may be

- - *

conducted on a time gscale more—-appropriate to actual events

scale of operation.

-t

in a volatjle fishery. <

It is possible to workswith shortef time series.
Ususlly, two gpdifications to the ptocedure‘uro réquired: an
3 pxiozxi hypothesis :f the model form and parameter

estimation by exact 1ikelihood lethods (Bill“r and Tiaso

19797. Tho forner is necesslry becanse identification of

the model form from the autocorrelltion functions is more

4
o

difficult with short so:iest The latter is bec;use exact

likelihood is the most efficient‘esti-ntiolrnéthod and this
is particularly mportant for short series.
M - 4

The choice between a univariate and multivariate N

-
There

was little advantage: to nsing the multivariate methods in

“"terms of forecasting the catch-by-gear, The Tultivatinto

model has a2 lower standard deviation of the difference
between the forecasted catch and the actual catch im 1982

o

(Table 8)% The mnivariate models are, however, simplar to
1ae;tdfy from the '‘autocorrelation fuactions and computation
of paramoter.estimates is also simpleW.

can be extremely ocomplex and expensive to identify and »

Multivaripte models *
14

-~
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cstimate. However, as shown above, specifying the model’- . -
‘ - . ~ v &~
N ‘ . - A
structuxre using general prior information about }hg fishery - _

. ' -

ig possible and important for interprotability.. for,agers !

1

structured data, a multivariate approach is ndvnn%ag{ousb BN !

since the series must be strongly interaope;den}. This is :_

s
particularly true for abundance da'ta where each succéssive .
series is output from the precodiig age. For catch datid.

this relationship is less strict but, as shown by the models

' . e * - o
presented here, still strong. The multivariate models” .7

correspoand to causal nodtls in this %ny (Zellner and Fhl;

1979) which adds to their usefulness as a management tool.
/i\;iltivariate -odel.lin many cases, is also parsimonious .

éonpared with the corresponding univariate models,

Finally, an important use of time series analysis by

models and their accompanying forecasts is im providing a

reference fo{';qasnring change. Time series models forecast

with the assumption that the behaviour of the series will

14

romain the same. For nnivurigte models, this property and

the calcalation of prediction limits on the forecasts can to ” *

I

used ‘assoss citnles dme to nev policies or operations
(gear anges etc.). With multivariate data such as

catch-a 'iiﬁ or_-ultitpociec catches, subtler changes may be
examindgd, For tia southwest Nova Scotia fishery, quota T
nfloca(ion to differeat gedy types could be examined using

the forecasts from the multivariate models, or changes in

tho_J&o structure of the catch due to marketing conditions
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Table 1: bnivarikte ARINA models for catch by thrée gears.
i

V¢ are th;'sqnlre root transformed series.
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-7 - - . [ o/ - -
L Gear Types 1n Each Quarter 1965-19882;" -
. ' Square Root Transformed Data- T T
’ - N - . T . -~ \
,, ‘ e - i~ r
, 1 '\ .
* !
Weir Catch . .. . N *
‘ ‘ . \ -~ . -
. \
W= 0.29W_. +A-0.78A_, ,"\ l
- > :
- . .8 S e
. ’ R = 0.35 * -
. , . -~ < -
4 J L) . N N
‘ ' r ~ ’ A < FaS
Purse Seine_Catch . ' b . I

~
.

. . t=,0. + : - . B ~
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Table 2: Multivaziate ARINA model for catch by three goars.

P 4
Wt is the square root transformed vector series. The error

covariance matrix is the covariance,matrix of the one-step-

-

ahoad forecast errors, Ag,

N



/
Multivariate Time SQeries Model for Catch by

{ in Bach Ouarter 1965-1982

Data.*

£.19 0 0
8 = =57 -.37 0
~

0 o o

Error Covariance Matrix

Weir Purse G1ll
12601

-2031 33451

-1258 1217 1226

2
R Values for Each Series

Weir - 32
Purse - .37

G111l - 36 * -

-

4

4,

AN

Sguare Root Tfansformed

*

{

—

.

Gear
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Table 3: Forpgcasts from univariate and multivariate ARINA
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‘ parenthesis iy the standard error of the forecast. -
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Year

1982

1983

1984

i 4

- +
Forecasts from Univariate and Multivariate ARIMA Models ot

Quarter

1

Un%v.
-6.0
(111.15)

284 7
(115.9)

585.0
(116.3)

340.8
(116.4)

3
-

1.6
(109.7)

241 2
(114.4)

579.0
(114.8)

335.5
(114.8)

«

8.7
(117 5)

243.3
(117.8)

579,7
(117.8)

335.7
(117.8)

WeLr

~

Multaiv

4
33
(114 4)

263 1

, (316.5)

576.7
(116.5)

342.6
(116.5)

34
(112 2)

223.2
(114.2)

573.7
(114 2)

333 ¢4
(114.2)

8.4
(118.2)
‘

223.2
(118.4)

573.7
(118 4)

33.4
(118 4)

Purse Seine

Unav

277 6
(132 1)

206 2
(202.9)

443.3
(204.1)

86.83
(204 2)

287.9
(190 s)

180.6
(200.8)

469.3
(200.8)

r

196.4
(200.8)

242.1
(216.5),

180.6
(218.2)

§

469.3
(218 2)

196 4
(218 2)

I

Multav

249.7
(182.9)

198.9
(203 6)

.

487 1
(203.6)

* 100.5
(203.6)

255.4
(180.0)

175.6
(200.7)

509.8
(200.7)

226.8
(200.7)

235.3
(222.5)

175.6
(225.8)

509.8
(225.8)

226.8
(225 8)

}

G1ll net
¥niv, Multiv
0.0 Q0
(31.6) (34 9&
54.9 78.9
(31 6) (34.93)
158.3 193.5
(31.58) (34.9)
+=T7.0 0.5
(31 6) (34.9)
0.0 0.0
(31.5) (34 7)
114.2 84.0
(31.%) {(34.7)
197.¢9 170 3
(31°5) (34.7)
r2.2 0.6
(31.5) (34.7)
0.0 0.0
(35.1) (35.9)
72,6 84.0
(35 1) (35.9)
-
210.6 +170.3
(35 1) (35 9)
-3.3 0.7
(35 1) £35.9)
Y
( 4

Square Root Transformed catch in numbers by three gear types

39
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Table 4: Multivariate ARIMA model for catch at age 1 to 8+. .
2 e ’

The quarterly data are squaréd root transformed (W¢),
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g _  Multivariate Time Series Model for Age Classes 1 to 8+ in Each Quarter 1965-1982.

’ ’

-

.

. 4. _4 4
.Model $(B) 2(BY V Ygt = 8(B) f‘rt X ,
_ 0O 0-.46 0 0 O 0 O ® 0 0 0 o0
.63 .43 0 0 O 0 O © “35 0 0 0 0
) . o 0 o0 0o O 0 0 O 0 .38 0 0 O
. b = 0O 0 0 O O O O O 6= O O .64 0-.18
~ 0O 0 0o 0 .30 0 0 O ~ 0O 0 0 .64 O
. o 0o o o0 Q o0 o0 O , 0 0 0 0 .49
- 0O 0 o 0 Q O .35 0 N 00 o0 0 ©
o 0 0 0 00 O O 0 0 o0 0 O
~ , N -, ’
v N ~ !
69 0 0 O O ©O0 o0 © .
0 .76 © 0 0 0 0 0 R' Values for Eacﬁ Series
0O 0 .59 0 0 0 0 0
o - 0 0 0 .96 0 0 0 0 Age 1 - .39 Age 5 ~ .73
~ 0o ¢ 0 o0 .82 0 o0 O < '
0 0 0 0 0 .94 0 0 Age 2_- .62 Age 6 -, .60
O 0 0O O O O 84 O \
’ 0 0 o 0 o 0 o .90 Age 3 - .65 ,Age 7 ~ 62
Rge 4 - .77 Age 8+ - .49
\ ,Residual Covariance Matrix ! .
rce 1 A .
& ge Age~2 Age 3 Age 4 Age 5 RAge 6 Age 7 Age 8 p
- +
39023 ., ) .
-5816 32188 -
. -1453° 2382 12574 ’ R
-420 -1504 2611 3917 N .
' -1141 710, -236 606 3337 ) -
-992 "1323 -552 570 1625 1740 . ’
. -1176 930  -906 -24 1012 1038 1,2 - .
-1099 1474 400 114 509 758 550 1217
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Forecasts-from lult.var.ate ARIMA Modal Square Root ~rarstorred catci .n numbers

. N at &ge 1 thra 7 and 8+
. . .
} * N
12ar juwarrex -3 1 1ge 2 Age 2 Age 4 Age 5 ~ Age 4 Age 7 Age 8+
1982~ .} 23 0 226 » 13 8 =T02 -11 7 l ¢ -2 2 15
N 132 0) (180 €¢) (114 4 (o2 3) (57 ™) 40 8) (32 9) (35 6)
i6 4, 59 S e3 ~ 43 6 8l 6 8”7 ¢ ~4 02 20 0
. -33 2 203 7 35 2 140 ° 170 9 65 0 26 9 530 3
“ V) {(18C 6} V(114,4) (62 8, v (57*7) (40 8) 32 (35 6)
- 10 3, 147 . "8 4 43.4 93 6 1132 4 29 2 20 4
N 1
3 1m2 1 482 4 1.5 7 284 3 393 1 112 ¢ 31 3 50 8
(142 0) 180 g) (114 &, (62 8) . (587 ?) (40 8 32 9 (35 6)
\ ¢ 110G 4} 567 5 406 . (126 g° 221 3 7320 § 91 . 10 4
- ! %
e - 246 6 167 5 33 3 23 8 37 3 9 10 -3 8 8 1
. 142 0) 180 6/ (114 4) ( 8) (57 7 (40 8) (32 9) *(35.6)
158 0} 344 8 137 1 {107 1 1167 4} {110 1 40 L 134 9,
s
- i v /‘ - N
+ a
1983 1 )/5' 155 8 93 7 ¢ 29 9 35 0 9.6 27 39
’ (137 9) {179 4) (liz2 1) (62 6) (57 8) (417 7) (32 3) (34 9)
< . -
2 17 1 161 1 75 1 ; 67 8 114 5 128 3 37 5 39 9
(137 9) (179 4) (112 1) (62 6) (57 8) (41 7) (32 3) (34 9)
3 143 9 409 1 320 4 , l40.8 202 0 \ 376 3 60 6 38 1
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¢ 3 143 9 409 0 320 4 140 7 | 202 0 276 3 60 6 38 1
- . (167 8) (225 3) (130 2) (86 6) (74 8) (57 4) (42 2) (46 9)
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Multivariate Time Sgeries Modgl for Juvenile Age Classes

-

» , ard-Mature Stock: Square Root: Tréngformed Data
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Year

1982

Forecasts of Square Root Transformed catch in numbers
at Age 1, 2, 3 and 4+ from Multivariate ARIMA Model

Quarter

1

1

4

Age 1 Age 2
25.5 189 2
‘(141.0)  (200.6)
~ -45.5 185.8
(141.0), (200.6)
181.3 79.7
(141.0)  (200.6)
265.0 159.0
(14100)  (200.6)
N\
-
8.3 _168.6
(136.9) (196 7)
) ~
19.8 136.7
_ (136.9)  (196.7)
148.6 416.6
(136.9) /' (195.7)
‘ 1
® 170.9 268.5
Y {136.9)  (196.7)
8.3 168.6
{166.9) (238 0y
. A
10.8 136.7
(166.9) ~(238.0)
148.6 416.6
(166.9)  (238.0)
170.9 268.5
- (166.9 (238.0)
|
»
-*

Age 3

1ol

151 0
(101.3)

152.4
(¥01.3)

9.8
(101.3)

\
95 9
(99.5) *

105.4
(99.5)

285.7
(99.5)

125.5
(99.5)

4

95.9
(132.7)

105.4
(132.7)

285.7
(132.7)

125.5
(132.7)

i

Age 4+

-14 8
(85.3)

207 4
(85 3)

468 4
(85.3)

61.2

(85.3)
_-78.05

(86.39

177.8
_(86.3)

426.1
(86.3)

145.9

(86,3)
78.5

(97.1)

177.8
(97.1)

426.1
(97.1)

145.9
(97.1)

4
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Table 8: Forecast

quarterly catch,

.

over all gears or

~

48

- . " .

errois ﬂgr 1982 square root tranformed

-

Méans and standard deviations are taken

ages and time periods,
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A
Forecast Errors for 1982 Catch, Square Root Transformed

Data. .
k]
Forecast Er%or = Forecast-Observed Catch .
A
/ \ \ Mean Forecast Std Deviation
Frror of Forecast Error
/ '
4
Catch By Gear c
J
‘ Univariate 0.43 ! 102 33
Multivariate 6.32 92.10
? P ]
L]
Catch at Age 1-8+ ' ' \
[
*  Multaivariate -26.60 105.1
- ‘ -

citch at Age 1-4+ .

Multivariate -32.41 115 42
‘

.

-t

49
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Figure 1: Map of the Bay of Fundy region North Atidnt[cx“

<

Fishery Organization areas 4Xa,and'4xv. Atléntic herzing N

- . P S ' .
.ovaxvinterin;‘(v). feeding (f) and ipnvnini_(s) gtounds.are

shown. Th® histograms in the lower right <Cormer indicate -

-

R \ .
the juvenile (J) and adult (A) landings in -11116;3 of fish
by three gears during 1981. Weir landings (solid bar),
Gillnet lnndfngl (hatch bar), purse seine landings (clear
' 4

L]
s bar),
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- 1

Figure 2: Time series plots of guarterly univariate and

multivariate ARIMA model catch forecas}s for southwest Nova

’ - 4 *
Scotia hexrrimg taken by three gears

A V4
. 1982 are also shown,

b
~ ¥

. The actual landings ‘in
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Figure 3: Time series plots of gquarterly multivariate ARINA
-
model catch ‘forecasts for three juvenile ages (1, 2, and 3
yrs old) and the aggroegated mature age group ( 4+, s11 fish
. : S !
aged 4 yrs and older) of southwest Nova Scotia herring..
Actual landings in 1982 are shown,
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An_Ipvestigation of the Camses of Recrwitment Variability of
¥ > 1 i -
) Southwest Novs Scotis Herzing - ;

¢

-

1. 131;24111199‘

Investigations of the causes of recruitment variability

-

have been central in fisheries biology at least since
Hjort's (1914, 1926) bioneorin;lvorF on the subject, This

research has dichotomized to a certain extent betvf%n the
\

' .
'°'r€9 fpr environmental factors which coptrxol year—class

size (e.g. Nelson et al., 1977: Lasker 1975) and

4

~rela£ionships between the numper of spawners or eggs in a

given year and tke eventusl recrui}ﬂenf’ftbn that year's

Jpavn. FThis latter is termed the stock\rocrnli-ont

relationship and is associated with the vork of Ricker

. / ‘ > ¢

(1954), Beverton and Holt (1957) and, more recently,

Shepherd (1982). . ) '

+

C9-pensatory-dgnsity dependence as sxpressed by a

" nonlinear stock recruitment relationship, occurs when
/ ’

-

-tocrut@nontris a convex function of -atuﬂf stock abundance.
This relationship may result from effects of adults directly

on regruitment, such as cammnibalism, or throwgh larval

competition which is a function of the density of the larvae

’

/
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(Ricker 1975). Recruitment, fhen. is a function of mature

-

“stock abundance (numbers) and larval density (nnnbcrs'per

L}
s

volume), ’

The stock recruitaent relationship describes s .cagsal

mechanism for some of the variability im year-class size. B

- AY

There is no claim that stock is the sole or even the

.

dominant cause of recruitment variation or that other !
- “a-
processes do not intervene. Studies stch as those of Lasker "

’ 1
(1975) and Nelson et al, (1977) hypothesizes stochastic -
cause and ef feo relationships between envirommental factors
and recruitment. Logically, both types of relatiomships

must exist, and the question is, which causes are the most
-~ >
important for a given stock. If the enviromment affects

’

recruitment, it must be acting-through some biological .
™
mechanism, In other words, a hypothesis of environmental
i 1 -
effects on recruitment l‘kuld include an g _priozri hypothesis

of cause and effect relationships with biological variables 7
if it is to extend beyond the correlational level.
‘ . .
Both environmental and stock recruitment studies have -

»
~

tended toward correlaticonal :rgunaits rather than employing '

a caussl modelling approach. Pierce and ‘Haugh (1977) have .

L

stated some of the inherent difficulties here: -~

. N ’

*The elucidation of causal relationships among & set of

v

‘vatinble: is one of the major goals of empirical

’ .

research, It has long been recognized that the finding

-
.
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of high correlation among variates does not in any

~

necessary sense ostablish that they are causally

related. Variables may be functionally rellt;d yet be: ~

uncorrelated: and perhaps moré often, they may be

correlated yet not causally related. The former of foct,
. e

arises becavse correlation is a measure of linear
asfociation onlf} i&e fi%}it because gf COmMNON - .

association of each with additional factors.”
* f - .
, -

. §
AN >

Stock and recruitment relutionspip} and environmental

ef fects studies are subject to both of these difficulties.

-

+ -

N .
For example, stock recrnignent relationships are usually

believed to be monlinear, although it may be difficult to ' -

propose & specific nonlinear form. Because of nonl)neitity;'

- A

stock recruitment/relationships are particularly subdject }B

~4
4 EN

the fixst-pitfall‘ci£:d above, that is, the adpsence of

4

W

correlation between functionally related v;riabfer. The.
)

Vs
study of environmental e¢ffects dewally involves correlation

- .

or linear regression. Sg. tie second problem mentioned by

Pierce and Haugh often arises, correlated variables which

.y -

&are not causally related. .
\ Ao

This study develops causal models of recruitment
varistion of the southwest Novs Scotia herring, Clupes

baxoengus, stock, It is most naturai .to. think of causality

-

in a temporal sense, i.e., the caunge must ptoooﬁo the offect

v

in time, Granger (1969) notes that, for the detection of

la »

= e b e
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+

>

<
*

.
- = *
- » 2
o - . ¢ o+ +

\ - t'5.9
- < - - - -

causnt&on. if %ho present v &l ne of Y cun bc Eetfor predictad'

. - -2 -

By pt:t v:lue: gf X than by 3ot nuin;rir ) 4 40 a &dﬁ:e of Y,

- o

- "
This 1: not to axclndg,}instlntinoous cfusation i

- - O
- - « "o“-t.__a
(oecnrremcos«viihin thé samé time periodﬁ Helse 1975: Pierce

r

y and Hau;i 1977) In this punp: relattbnshins are considered

-

”~

’

-

- r .
to b& cnusnl if tpey conforu to Gran;e: s criterlon nnd havo v
a - LAl - o i
N - < .
a biolo;ical locﬁuni m between the cauges and offects. Thig
. N

.megns-that a~cangal -mbdel vill 1Qf.t to L\&peciffc

- -
o e

-

. hypothesii}gb ut the fnter-teiltibnsﬁipa of .the variables;
- Py 4 r & - -

« " Seé Bagozzi (1980) or Heise (1975)“§9r s discussion of the
congept of- cawsaljty. B - * P ,c
: ’ « o 2 “ - b
. . . ~
The next section givies an dvérview of the biplogy of
< 2

v

htrring in ehis rel?ouaalqaj vith a sn-naxy,of the data nsgd

- v

for the study. In section 3 the®limear effects .of stoqk vn

-

secruitment age consido«qﬁ by postulating a Losrioelatrix
-~ . ¢ °

B I'd
«

- -oJel of humbe¥s 4t age and estimating th: parameters of the ‘

-odol vith multiple time series snalysis (Tiao and ‘Box

) .
19%1). “ < 2 v, i.

Section 4 presents two models of prcfrocrnit mortal ity

»
in nugora:dettfiod examination of the 112}:: ef feot of stock

-y
x

2

on recruitment as described by the model of sectionm 3.
-t

RPre-recruit mortality is represented as a stepwise process
<using K values (Haldame 1949) to calculate the relative ¢

mortality between successive stages.

.

4
(Wright 1934) the relative influence of the mortality v

incurred by each stage om overall Pro—roc:nit mortality anmd

o
- - @ -
4 -

L -

Using path analysis ’
[ 3

N ociiiios. -
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. - OR recruitment are compared. :

hd =

A more complex model of lineaxs causal iolationshiys
9

betweoen the aduadances in successive stages is described in,

. Section 5. This model is an example of a‘logi general form

[N

of path analysis 3.11.4 analysis of covugipnco structur:s

. A »
‘. (Joreskog 1970: 1973). ¥t contains #wo basi'c compomenty: 1)
‘e <
a strucotural médel of thdfguu:al rolatiomsh}ps betveen
\ . [ 4

underlying, eftem ynobserved or latent varilble:ﬁvhfﬁh are

assumed to containm no measurement c}:dt a3d which are \

. % " :
analogous to the ’'fadtors’ in,factef*%nmly;ls: 2)

i/

-oisuto:ogf models which r&lnte obsexved guantities to the N
. - 4 ' ) {

-
- v L 2% - - ', : oy

. o unobgprve&'flctor:. P - .

T Séction 6{ooiiiders tho evidence for noplimearity in -

. 2
the relationships betweed the sbundances at succe ssive Lt

- . T

stages ua{n; graphical methods. K values of -ortulity.nr: P
‘again o-ployed: Fincllx. soorlo; 7 uses graphical -%;hég- o 3
to ;xploio 1h: idea thn; individual nuturan;o‘%touig have 7;
- spparate offects on subseqguent recruitment usﬁgg .rnghicul
-
’ methods. This ;; follovcd“by’eo§:1131g;: frn-.tho'ltudy and’
L] ¢ - . discussiqn of the 1-plioutlo;gipt{€ioJrosnlé;.
; L

.

- L4 . ’

i
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2. Data - "

The herring stocks of the Bay of Fundy and adjacent
. -
greas have been explaited for more than 200 years (Kearmey
1983). Biqlo;icnl research on these sgtocks was conducted by

- - * ?
J., Hjort (1919) and has inmcreaséd aloag with the economié

4 d

importance of the fishery. This study focussds on the
period 1965 to 1982. A large body of dats has beon
collthcd by the Marine Fish Divisién of the Department of
Fisheries and Oceans (Canada) ;n the herring stocks in this
srea, primarily the group which spavas during the autumn off
southwest hova Scotia, ‘'The issfa of stock structure has
beén considered r;contly by Stobo et al. (1982), Iles and
Sidclair (1982; and the references cited therein. For the
purposes of the present study, data on the assessed stook
off southwost Nova Scotia (Sinclair et al. 1982) was u;od
slthough this is not egquivalent to a biological population.
The data for each stage in the progressioan from spawaihg
through to‘;oc:ult-ont is described bdelow,

There are tovergl indicators of spawnimg stock size for
}his period, t?e most reliable one resulting from*sequettial
pop;}ation analysis (SPA) (Iles and Simon 1983) supplemented
by infotnntion‘on the size of the pnrso‘soino catch. The %
term imdicator h’cro‘ aad throughout the p:por implies a
gquanatity which 1; p:opottiénal to or lineazly related to the

true vaxiasble o‘tut which usually can mot be obsexved

#
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directly.

Herring spawn off southwest Nova Scotia during late
August and early September (Xles 1979). The spawning period
extends from July to October (Boyar 1968), Maturity at age

P4 -
and length at age data are available from 1969 to 1982 for

fomales (;arlier ;ength at age data exists, but nof the
information on the sex of the specimens). A. Sinclair et
al., (1982) and M. Sinclair et al, (1981) show that both
age and lenith at maturity vary substantially between years.
F{cnndity as indexed by ;onnd~;eight also varies between
years (lossiehﬁbnd Sinclair 1919)‘and is availadle for
1969-1974 and 1978-1981, Veighted averages for gonad size
and body size were computed for females in the first quarter
of eagh year with the weights determined by the number of
mature females in each age class.

Larvae of ‘Qllntic herring hatch from demersal o;gs at
a length of about 6 mm and begin foodin;\in approximately 6
days (Lough et al. 1982). Larval growvth proceeds at
approximately § mm por month throuwgh the fall (Lough et al.
1982). An intensive larval survey has been céndncted in‘the
Bay of Fundy during October or November since 1972 (Sinclair
et al 1979), Stock assessments in recent ygera have used
the geometric mean larval abundance as an index of spawaing
stock size to calibrate SPA (81;;lgir and Iles %1981).

Iles and Sinclair (1982) proposed, bauh the fall

larval survey data, s fundamentally important biological

«
)

-
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phenomenon for herring stocks. They hypothesize that a

'larval retention area’' for each stock exists and that thd
size of the séock is related to the moean size of the
retention area. A retention areais characterized by larval
concentrations and may be related to arcas of ener;ctic

tidal mixing, Loder et al. (1982) objected to the term
‘retention area' because calculations show that the

residence time of the water in such regions is shorter than
the 'retentionm time’ of the larvae.  So, th,/;arvae are not/)
retained in a physical sense. The tor-llblo;y of Iles and
Sisaclair (1982) will be used below hovever. -

»
Iles and Sinclair (1982) suggested-that yoar to year
' .

-

variability 4n year-class size may be caunsally related to
variability in the size of the retention area. Because

defining the size of s larval retention lrea'in,tny given
year using physical ooeuﬂo;r;phic data is not possible, a

different empirical approach was used to obtain an estimate

N -

of retention area size. »

Y

P
One characteristic which distinguishes a retention area ’

from the surrounding oceanographic eaviromment in a
particular year, is higher larval density. \To del ineate the

boundaries of the retention area for that year aza objective

criterion is needed to determine which stations have a
substantially higher larval densify. The simplest' null
hypothesis is that the larvae are distributed at random ‘over

”

the stations in the sﬁrvoy. i.e., follow & Poiss¢on
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distribution (Pielouw 1974). If this were the c;se, a simple

'

index of dinpernién can be calculated as
- -
I = I],:_(xi—X)z / x i‘l-cnn.

where {113 larval density. at station i and I is the mean
density for all stations in the sample of size n (Piolon'_
1974). However, the problem is choosing boundaries for an
sarea of high abundance not a measure of dispersion gg;_;i.
If the larvace are distributed at random in a particular
subsamplé of stations, deleting a ltltion’frOl that
subsample should have little ;nflnonco ‘on I. Using this
ptopcrtg, the larval survey ltctiqnc\verc ranked on the
basis of their abundance of larvae per cubic meter. "
Stations were pxogressiv01§ deleted from the list , starting
with the most abundant, and I recalculated, holding tio ;qun
constant, until the index of dispersiomn for two swuccessive
sets of stations changed by less than 5 %. The areas oi the
doleted stations were then summed as an ostimate of the
retention ares size. The retention ares stations selected
by this procedure in each year were mapped and corresponded
to the regions described by Iles and Sinclair (1982)

(e.g. Figure 1) although there is considerable year to year
vatilbility in both size andvoxact losation of this
empirically defined area. . N

This procedure is 3d boc¢ and shosld not'be taken as'a

general approach fo; analysing larval :nx¥oy data. There
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are many other possible indices of\spatial pat}exnin;.

<

Another well known measure is Lloyd's index of ¥<§chine::

(Lloyd_1967: cited in Pielou 1974). This is celcviated as
¥ [ oY
the ratio of mean crowdimng to mean deénsity, X/"iere mean
™

LY

crowding is calculated as 2 o

\

1’ - X + ((sz/i)-1)(1+ks2ﬁuiff;\‘~

vhere S2 iz the sample Variance in density of larvae, X is

mean larval density and n is sample size! [Removing a

~ -

v station at random should leavé the index of patchiness

‘unchanged. Such a2 measure could also be used for choosing

boundaries for a retention area. Howewer, there is no means

3

of deterninig; which 1ndo§ipetf6r-s better for delinocating

2 1

the boundaries of 4n ares of high adbundance.

As indicators of larval density in the fall, the
. F 3 »
arithmetio -ean‘lbnndnnco per m3 for stations in the

2 .

retenfion area. was calculated. The arithmetic mean number
per m2 foq'tho whole fall survey as a -cn:nre‘of abundance
of larvae\over the whole Bay was also used. These two
measures vere strongly cgrrolated,(t = 0,76) so lasval
density is linearly associated with larval abundance and can
be considered as a relative abundance indicator.

Larval herring.metamorphose to the adult form at a
length of 40 to 45 mm in iute March or April (Lon.h ot al,

1982). A spring larval survey has been conducted in the Bay

of Fundy during this period since 1974. -The same procedure

[
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for calculating :}4:ntion area size ip the spring was,
carried out cs'f;}\{ge fall survey and the }ndex of larval
density wds the arithmetic mean numbers per m3 for stations

in the ret. tion area in the spring. Larval densities are

very lov in most of the Bay in the spring and the mean

—

number for the whole survey was difficult to interpret

bocanse at many sﬁations nJ larvae were caught, . .

By '

IR Yelr—clas: size has beefi estimated from SPA and with- e

-

weir catch at age in New Brunswick., The movement patterns

of juvenile herring in the Bay of anQy ara separate fro-«

LY

those of the adults, and the juveniloa fished on the Nov : A

. PP SN e .

Brunswick side of the bay come from several spawning stoék; \ n

¥ r

a b ¥
(A. Sinclair et al, 1981)., Tho~ch Brunswick weir‘catch .

B »

data are not included, in the SPA. Both {ho wveir catches and

X
the SPA numbars at age one wére used ad# recruitment L o
* b4

- 4 S
A < t

$ * “ ‘
indicators for the southwest Nova Scotia herring stock in a

‘ )

- 4 ~ \

measurement model describéd im Section 5. -
\ .
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3. A Leslie Matrix Nodel of Stock and Recruitment

An initial step in the analysis was to determine i; L

- A

L ad

linear relationship exists between the number of fish in the
|

spawvning stock and subsequent recruitment. A Leslie -lkrix
- e N

model (Leslie 1945) was hypothesized and the parameters ‘in

the matrix estimated using multiple time sgries sanalysis.

-

N\ +A Led#lie matrix |is a transfer function matrix which

ojects a vector of nugbers at age at time t, to numbers at

age at t+l, The populatio Tis assumed to be stationary,

4 A J

matrix are independent of the

-

that is the parameters of t

value.of t. The usual form of ¢ matzix contains non-zero

N v

eptries only in the first row, reprasenting prodmoction of

nev'inhividnals by sature age groups ' in the population.’and ~

4

_ nomn—zefro sqb—diigonnl entries, rfp;e?entin;':uxviv11 ¥tiom

-

one age to the next.” Leslie matrices have been used in

]

several previous fisheries .studies (Vaughn and 8.111.1976: -y

De Amﬁoli:’ot al. 1980, O'Neill et al., 1981), but not ins

‘

conjunction with time 'series analysis.
*

2 -

. lultiplo‘ti-o series inalysrs fi\?he time domain: (Tiao
- . . € 4

-

1 3 .
and Box 1981) relates the value of a vector variable st -

-, 1
-

* “time, E,‘to it; value at previous ti-es.'t—k. k=1,..p anﬁ
LY ’

the value of a random shogk or residual term at early times
. & 4 - ANS
t-m, m=1...9. Details of tlHe methodology sre given in

bhtptez One. For%the.analysis here, eighteen Years of;

. \

yeatrly data were available fgom sequential populstion *
annfysis,for the nniiors of herring at sge 1, age 2 and g8 o
¢ » 13
- . g . Ny - 2 - *
! - ’oe
> ’ * -
) Al . ¢ . Q ,
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“itotal variemge in each of the series (iz values,Table 2)

N " -
*
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3 and for the numbers of fish aged 4 and older, roughly
equivalent-to the mature stqc£ numbers., The vgctor variable
of length 4 of these numbers at age at each ti-g was
considered an adtoregressive function of the vector im the

previous year, Examination of the auto ;nd dross

-

correlation functions of the component time series (Table 1)
indicated that the number of fish in each age group 2, 3 and
4+ was corrolited with the numbers .in the previous age group

'in the pxevﬂen: year, i.e:. the subdiagonal elements of the

Leslie matrix, Hoyevor, the numbers at age one correlated

s;;nificnntly (p=0.10) with the numbers in the summed mature
age group (4 +) lagged 3 ien{n, for reasons explained below.
?ho model fit by exact maximum likelihood methods (Tiao
et al 1979) (Table 2) is ; Leslie matrix split ingjtwo
womponent .-.n‘trice:: (1) ;/first order antoregressive
Ybarameter ;{frix (‘319 containing nonzéro subdiagonalk
oie-onts and an monrero element indicating auvtoregressive
dependence of the number of mature fish oa the number of
mature fish in the previouns year, because this was an
aggregated age group: (2)_A third order autoregrossive
parameter matrix (‘23) containing only ons nonzero olement
expressing the'offect of the }n-borp of mature fish on the
;nnbot‘of recruits at age one., A matrix of constant terms
(AE°) is also necessary because the series have s mon-zero

mean. ,Thie¢ model oxplains a substantial ptop&t%io: of the

. - ’

.
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although less so for the age one series.

’Tho error covariance matrix for the model (Table 2)
gives the variances of the one—step—ahead forecast errogs -
(see Chapter Ome for a description of toroca;tin;) and is a
messure of the pradictivo'ability of the model,

The reason for the third order auntoregressive par:-eter
for the :toek‘recruit-ent relationship is partly explained
by the mean (over all years) reproductive output for oafh !
age group, This was calculated from the log gonad weight to
log body length relationship for each year, the weight at
age dat; and the number of mature females in each yo;r which
vergy used to compute yearly reproductive 6ntpnt at each "ﬂ'
These :aluou were then averaged over ghe 18 yesr\ﬁ;riod for

each age (Figure 2). The reproductive ountput peaks for the

5 and 6 year old groups. The implication is that the
- 8

5 .
Parents of a recruit have am expectoed age of approximately 6

v

yrs old. A cohort enters the mature stock at age 4 dut its
toprodnytive output inoreased for two more years even though

the abundance of the cohort decreases substantially. This

L]

accounts for 2 years of lag in addition to the one yesr it

takes newly spawned young to reach recruitmeat., Ian terms of

AN

the time sories model, linear rclltiénahips are hypothesized

-

v [ .
and the numbdber of maturd fish lagged 3-years is most

strongly correlsted with the number of reeruits at age one.
£ .

»
b d

8

The results of the time series analysis pose a dilemma

L T
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~ 7 s

for further modblling. Most of the “models described in this
paper are linear in the parameters. .The time sories
analysis indicates that the best linear relationship is
between the recruits and the age six fish., To consider the
mechanism underlying recguitment variation however, the
entire stock should be included in the analysis. The Leslie
~
matrix model, 'ylle indicating that a relationship between
mature stock and recruitment exists, gives little insi;h;
into the details of the relationship. In the camsal models
N to follow, the nndo;lyin; mechanism of the relatiomship is
examined and the maturé stock as a vhole is used. The

question of the relative influemce of each age group on

recruitment is discussed in Section 7.

14

Recruitment ocan be considered as proceeding in stages
from stock to spawn, to early larvae, then to overvii?orin;
lnrvae, to -otn-orphéﬂin. juveniles, and finally to age ome
juveniles which are here considered recrumits. The relative
mortalities between successive stages can be caloulated and
their effects on recruitment evaluated. This approach is

well known .in onQp-ololy as key factor amalysis (Varley and

Gradwell 1960). Mortality is represented by:

‘Kxy,x3+41 = 1n(xi/xi+1)

vhere the xj is the abundance in stage i, ln refers to the

.
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natural logarithm and K!i-11+11' called the K-value for xj

to xj+1 (Haldane 1949). The key‘factor is then described

graphically as the K value which is respomsible for the

-

largest portion of varigtion in subsiquent_;ocruitnont. The

P

data in the present study were indioators assumed

2

proportional to abundance, not actual abundance. Becluse'of
this it was mot possible to do%dt-i;e the key factor per so.
Instead the K values between stages have been ;;ed as
indicators of mortality, i.e., assumed to be proportiomnal to
it. The K value, here is equivalent to the K value as

<A
defined by Haldane (1949), plus an unknown constant of

Y

proportionality. ’
5 2RIRA

-

The influence of each K value in the recruitment
process on the overall K value from stock to recruitment is
depicted in a path diuzrg-i(ﬁigune 3). Constructing a
diagram is the first step of path analysis (Wright 1934: Li
1975{ and specifies thp causal hypothesis. Diagrams are

drawn with the following conventions:

1) A cause ad effect rolntionshi;'is denoted by an ",
ls ' . '

arrow with its head at the effect.

. -
* +

2) A correlation, 1-p1§in; no camsality ls indicated by

a doudble arrow, . .

4 ’

3) A rpsidual term is indicated by a line with no

axrow, It is a composite of "the variables which l!focg

-

a dependeat variable but are not imcluded im the
’ ’ ¥
’ 4

.

/“\ R , N

" 3

A
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diagram. The re;idnal path is calculated as the square

root of (1- R2),

o

o

In the diagram (Figure 3), the subscripts of the K values
denote the stages as described im Table 3. All of the K
values are standardized to mean zero and variance one,
following Wright's initial formulation of path analysis.
Several authors have argued for kho use of unitandnxdixed'
variables (Tukey 1954: -Turner unh Stevens 1971) on the
grounds that ignoring scale effects obscures the ralative
importance of doter-iiing variables. Absolute measures of
mortality are not available and standardized variables vere
used since the units of measurement were arbitrary.

The path diagram also r)prolents a system of
simultaneocous regression equations. Usiag the standazdized
normal equations, the correlation betvoen any pair of
variables can be writtem im terms of the parameters of these
equati;ns, i.e., the path coefficients and error variances
(Li 1975: Joreskog 1970). More generally, the correlation
mitrix of the variables can de written in terms of the model
parameters. N

The path diagram describes how the vnrilaco of Kgp'is

partitioned between the various ttu;n'tg stage mortalities,

.

This is indicated by the direct paths from each alue to
- ’ ’

Ker. MNortalities im successive stages are.also hypothosixod’

to be causally related. If density dependence is operating,
¢ * A

4

e LB e gt W T o

%5

e

gET e
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high earxly mortality shoq}d reduce the mortality inm the next
stage and the path coefficient between them will be /
negative, If ;oeenfﬂﬁx in an earlier stage is indfcative of
the general mortality in that year, o.g., high prodation
ﬁtossnre or negative envitge-ontal ef fects, the pakh
coefficient between sucobssive stages should be positive.

The estimated model indicato: that the direct effect of

Kef and Kjr on Kgy are about equal. Kgfj, which represents

overwintering mortality, has a stronger effect. However, 4

4
there are sovors& indirect effects. The mortality during

early life (egg, prolxrvul and early postlarval) has a -

~

ﬁi;ntive ef fect on overwintering mortality as expcctoi under
donsity dependence. The lndifect ef foct of early mortality
on overall mortality has a ndjutiap sign. This uses the

rule of path amalysis that the coefficient of a compound
path (indirect- through an intermediate variable) is the
product of its co-pon:;g pathvays (Li 1975). The total
effect of one variable oh.anothor i% tho{al- of tie d?roct
and indirect offeot:: 'Tlo total effect of Ky¢r on l,; is
small because o{ these two paths of apposite sign (Tiblo

4a).

1) »
The indirect effeot of Key is positive lld/::?\\\“/j/

»

increases its total effect oa Kgr. Overwinterimg mozrta 1ti
(lfj) is the most stromgly related to total pre—-recrwmit
mortality. noQovc: becamse the -9401'11 in terms of

standardized variables, the streagths of the pathvays are

.

[ e -
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| .
relative ltt.l'ﬁhl. It is possible that, if absovuto

‘v nl\?bors vere avaeilable, the lttOl'Ol’t relative -oétal ity may

" not be the most importaat ia dotoininln: overall ortality,

Simply due .to scale effects. \
- " . 3 , . \
Variations ia overall pre-recrhit mortality, y,,

.

. accomat for 27 % of \the variation in x‘ogxuit-ont. This is
not the same as the influenmge on recruitmeat of mo tality

during any particular stage howvever. For examples,

'
v

-~
4

recruitment but.to lnflt;nu on overall pre—recruit

[

. ‘-ortulitz may be s'-nl‘ This i‘i bocniu ov-aninto::l ;
°

-J:t.lity may inPluen events in"lator st‘us aside

“~_ its direct effect oa ovu:ll pre—récruit mertal ity. IX‘ )

N sadditioa, high relative -ortality dooa lot lnply [} lov\
L ¢
absolute number of cuv:lvor:. :l’hr “inflaemce of each s age’ o

A

‘on overasll. pro-vroo:tit mortality has oo‘!ovtnod rosqf;cllon
&< . . !

since Hjort '(1914d)._ ~'. co . i

’ . %) -
oxplain 82 % of the vatriatioa in recruitmeat- (Figure 4).
. . v s R
\ Fhe j;ltifﬁlcltlon for the pathways betweea the stages is the
2

"N same as for the last modei. BEarly -o:t':al:lty (Kgg) )n" ’

lit;t;ln influnu‘ot'.snbc;(icnt recruitment. The sigas of

. ¢ ’ - * ) - “ 1}

“'the totif ot'focts of ekeh of ths mortality componeants o=

, d “ 3’ - u' \ -
:utuunant sxe no;auvn.u expected 4 prioxi. The dizect

* - .
.

. o o!loot of lu on :rntliiIOlt is positive however (Tsble 4b).
T, * ‘l‘yc streagly lontho ot!o.ot of'Kjy is also the- stroagest
' . - 43 s, N '
. .-. . . ’ ﬁ /y‘. i R » -. o
! ‘ f M ’ ) ) K * ' ‘ ' ) ‘
- .d'\ ; "“ ° * g
- . . A
. . « . AR *
P to . v ' .
1 " s . y {

- -

Y

LYo

A palew ad
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relatioaship in the diagram. The small positive direct
N " effect of overwintering mortality oa subsequent recruitment
may* indicate that there is an offect from the ovarvianterinag
. period whioh does not appear in t;o Joweaile mortality or
abundance data. For example, high ovexwinteriag mortality
,-n; iPcroaso growth of the survivors aad, if later survivsl
is g}zo—golooiivo, i-yiov recruitment. This poiat will be
’ conborod further ia the|mext section.

T}o key fuct;t models have several isterestiag featuras
despite the limitatioas of Iﬁl‘lx.lﬂlt and linearity. -
Doniigy dependent survival {is suggested ia both path

A diagrams by the offect of elarly mortality oa overvianteriag
;lo:tnlity. This relationshiip does not nmecessarily 1.,1,

\ honsity dependence, since a large number of overviateriag

. 4 mortality cam ocecur even if early ngp‘nlity is high.

@ ~

"Bowever, simce recruitment varies much more thaa stock (and

ncco-ﬂi:yil; s pkod‘ctiol donsity depoendence is
t;igoltod. Ov‘rvlntorln; n :t;lity is more strongly related

2(’5‘ tetal pre-recruit -e}?al ty thaa juveaile mortality,

y slightly. BHowevér; jnvoni}o -o;talfty has &
U " L a [N M »

dtroager total effect oa :oérn!tnqyt‘ﬁ}ta‘tho overvintering'

- »
LY >
‘

.

Vithin the coastraiants &f linear ngloti; it vas
* ] “ ." 4 . . « -‘ . 11. .
* possible to sproify gamse and effect relatioaships betveen

¢ S~ v‘n. . a . ] - ~
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the relative abundances at several stages. A general
approach to modelling causal relationships as a system of
simultaneous equations has been developed by Joreskog (1970,
1973) as follows. Th; true values of the guantities of
interest, coantaining no measurement error, are rarely
observed. The relationships between these variables can bde

written in matrix form as
n =8By + T +¢ (1)

where n is a vector of the eadogenons variables, { is a
vector of the exogemous variables and B and [ are
Paramoter matricos and . demotes the vector of residual
terms for the relatioaships. Now, comsider that there -are
observed indicators, Y aand X, for each of the mwmobserved
true varisbles in the n and { vectors respectively. The
relationships between the oblgfvod and unobserved vm:ilbfcs

is

Y = l’q + e (2)

{
X = 038 + 8 (3)

vhere Ay and Ay are parameter matrices and s and 8§ ard

1

vectors of random variables interpretable as 'ho measursment \
|

v

erxors in the obsorved variables.

Thc'c;varinnco matrix for the observed variables as a

function of the pnrn-c}ors of the model outlined in i‘
egquatioas (1)-(3), is .
1
A (I-B)71 (rer'+) (I-B)"1a + g2 A_(I-B) ! Ter
3 B N A

AT’ (I-—B))\;’

~ '

¢ ' 2
» xx¢2(x +66

f

,
,
. 4 -
L)
.
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vhere VY is the covariance matrix of the error terms C in
equation (1) and ¢ is the co‘:riau%o matrix of the
oxogenows variables E.. eg "and Gg are the covariance
matrices of ¢ and ¢ respectively. B:ti-ntou of the -~ .
Parametexrs in these matrices are obtained by comparing the
matrix I to the sample covariamce matrix, é. for the
observed variables Y ard X. If the variables are
standardized to mean zero axd variamce one, thea I and S8
are correlation matrices. The causal hypotheses for a2 model
specify vhig} slements of the parameter matrices are
son-z20r0, fixed, or free 2ad to be estimated. A scale for
each mmobservable is set by fixing a2 ome in each columa of
the Ay and A; matrices. -

Anslysis of covariamce siructnros cl; doscrib; a8 wide
range of linear causal models including path anmalysis,
factor anslysis and canoanical correlation. No ‘such model
can prove or demonstrate camse and effect rcl.tionlhipp.' A
fitted model d‘tnlls th, support in the data for a v
particular hypothesis. MNodels which do not adequately fit
the data, i.e., eo n;t ropnodn;o tgo oblorvod:;n-plo
carralation -atr}x, may be as nseful as Qne thchedoos Y
because lack of. support ;or thnt'hypot£ouis is shown, The

single structural model presented here (Figure 5) is the

. 4 . . -
result of tt%llt of a.large number of alternatives. It iy

77

[}

not possible to detsil all the altermatives whish did nmot .

v

fit, coantained extraneous parameters or gave f-propozﬂ
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sanswvers (parameter valumes ountside admissible ‘parameter space

Ll

such as negative variasmces). The models were very semsitive

to small changes ia the structure of the measurement models

a
E}

due to sample size (Vaa Driel 1978).

Analysis of covariamce structures has been i-g}o-cnt.d
ie the -¢computer progranm LISIEL'VI (Joreskog sad Sorbom
1981). The program performs either maximum likelihood,
uaveightod least squares or generalized least squares
estimation. Uaweighted least sguaros estimation was used
for the pti;Olt wozrk because it requites no distributionmal
assumptions. The mumber of dats points was mot oilnl for
sach v:rln‘lo in this study which resulted iz a sample

v

correlation matrixz wvhich was not positive definite. This

¢

pxnciudod the -a; og the other availadle ostimators. The

role of sample sizxe in asnalysis of covariamce structures is

in the ostliagion of the sample covariance (correlation)

-atrix.x A small sample si:o implioes that the covariance
struoture of tho data may not be well dosctibod. which must
A

be kept .in -lnd/whol 1ntc:proting these models. ’ -

.

The bnlic structure of 311 the -ydcll containing

) - s . t

relationships o?r:ospbndin; to equation (1), was the

influence.of eboh "stage om its successor in the recruitment
! ~ ) .
process. The 3tages were :spawning stock numbers, fall

luwir io;slty. ltring llrynl density amd age one
f

- roﬁruittontg Fnll lurvni,don:ity‘wa: hypothosi:cd to

" e »

3 L 4
directly affoet :ocruitpont based oa the obscrvatio; ia the
.Y, . .

N /,— ———

L 23

R
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last section of density depemdence in early -ortaiity :hﬁ.
that qvorvlnto:inj~iortulity mnay be positively r.ll;.d to
recruitmeat. A megative coefficiemt is expected.for this
pathway, Three additiomal csusal variasbles are included in

the model: fall anmd spriag reteation area sizes and the

-7 [

reprod;otivo characteristics of the stock n: measured by
mean ;onak woeight sxd mean weight of a mature fomale. Fall
reteation area was 1n1tialgy hypothesized to a¥fect both
fall and spring larvae because the Iles and Sinclair (1982)
hypothesis suggests both the amount gf larvae produced laﬂ

the nmuaber surviving will be affected by the' availadle

'

reteation area., A" similar rationmale was used to hypoth’iizo

O\ ¢

. offects of tpt1n|'rotontiél area llx; on sprimg larvae aad

»

‘ recruits. -
_Meproduetive characteristics of the stock wers'

hprthoslzod to directly affect fall larvae simce stock

. abundance i; not necessarily ptoportioanlﬂto ogg production:
(Yare 1980).° ) .
There were . one or more measured indicators avnil:ble‘
for each of the variables in tio model, but the hasio(
;'strlettrn was assum to be relationships among unobservable

quantities which are the underlying factors -oalnr;d‘);'

‘
. S

T

“these indieators.

-

The fitted modpl cotronpondl;.\éa ‘t¥is struottre is
. ’ - N BRI
showa in Figure 5 usiag abbriviatipas from Table 3. Stoock
* 4
o . * S . A
aynbozrs was iqaonxid‘by SPA abuadanee at age 4 and older aad

e !
0 " »
— oL = e - - 3

P
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" the purse soine catch, but hers

-

little isformationm to ths SPA,
reproductive c}ui.ototicties of
2 mature female caloulated from
id wach age class aad the mean f
age class, and -%an gonad veight

.calculated

larval demsity (numbers/m2) fo'r

\

.-
reteation area .. Sprimg Iarval

larval denmsity, Fall rgteation

»

described in Section 2.

~ .

e

. \
, 80 ", '
purse seime ocatch adds - - , ) ‘.J
Iho--ogsu:od lidiéngors i;t ' .
thc‘ctoc{taréb-oin wpi;ht‘of
, the awmber ;f mature fomales -
emale body vli;it: iln‘l;h' | o '
of a mature female )
* N t a
the ia-o vay. . . '
Fall lsrval density was measured by the arithmetic mesn f
‘ all statioas of tk{'fafl ) <,
survey aad by tio_aziti-csic mean ashbers per -3 ia th? R
nnnpot; pexr m3 in th'e .
reteationa area 'l; the only h.illt‘d i;dic;tor of spring a v
aréds size and &’til; B - , -
. ’
rotontiyn area nizo‘uro measured by the calculat{ﬂa ' ’ )
& .. : , S . - )
Finslly, riarnit-onf v:a‘;oa’nxod by S!A;{ulboFs at age )
one and the N;; Bruaswick weir catches of\alil twbd {ld ‘ ‘\_ ! -

-

throe. ‘

N -

In this model ull‘yathyAye

N

than 0-} wore eliminated. Confidemce limits and ltngdnrd ,

- ~

<
.

'icatt squares estimates,. Since

standardized however, thd IQI;%iV. size of th

-
.

parameter valués.
* &

)

' The l;do} sh

»t

¢rrors for the parameters ars not a

v can be compared and this ocritezion vas used to delets si;ll‘

F . . .
ovs that, al expected, wsch stage affects
1 . '

*

with coefficients smaller , !

vailable for'n"oj;htoi .

the varisbles sre

[ 4 ’ e
e vcoefficients

> A “

~ .

N ‘ - o ¢

s »

- ’

4 ’ .
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the snbcoqiog}istago.’\Sprin; Iarval density has a stromg -
( «

.effect on' redruitment. However, to reproduchk the,
[}

.

"correlation -;ttix oi ‘the observed variables well, a direct

-

“

r

» ¥ < N R
negative pathway from fall laryae to recruitment was also

a - N i
.

loc;asgry. This pathway éan be intorprotuﬁ as ;a effect of
fcll larvnl donsity,that is not detéctadble inm tho :prlh;
' . ‘ -

do¢lity. but appears iz subseguent :ccruit-ont.- For

Qx;-glo; if the numbers of fall laryse affected-the size of .
. Ty
spring larvae, this ‘effect may oaly appear ia the abuandance

- ~ -
of rocr,ié:. The K value amalyses of the last section

inggcstai thi's ‘pathiway. .o

v

- )

‘

. 81-ilnrly. stock size sppears to havo s direct pocitivo

~
-

effeqt oa f:ll larval density bdut an iiditoct.nogutlvo

v
“
-

otf‘ct tkro‘;h size (reproductive characteristics). Ia

qtior words, more spavners mean more larvae, but large
A

spavaners resuit in the op}wlto effect. It is mot clear st
¥ . »

this poilt‘&hy this li}nld be 8o, but am interpretation

L ]

,based on the results of Section 8 'ill be given below.

N T B
Fall retention area sixze positively i!fogts the denstty

* . . { *

‘ot sprinf larvge as expected from Iles and Sindinit s (1982)

. * P o

hypothosis.° HoweVver, thoro was no,ef fect on tho donlity of

Ly

fullﬂlnrvto. Such a pathvay hes 8 very small cqofficiant,it

N

included in tho‘nodrlr » . ‘
¢

sp:in; rotention area size alsospositively Lffects

4

’

spring density, omce again' in accord with Iles and ~Simélair.

Y L4 "

" The offeot of .the spring reteatjon aTes size on x:gtni}-onf

54
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. . ~ £
was negative however and very stronj. Thil\[ll true in pll

«

the models tried, but the .reason is nodot obvious. One

N *

possibility refers to demsity depemdent mortality arguwents.

»

According to the model, a larger spring retention area - -

causes a higher density of larvae in the sprin.. ‘Hi;her

>

larval donaity mHay mezn grester lor§111ty-honco tower »
, .

recruitment. This is similar to the hyyothosi:od *ffects of

fall larval ngnbors. vhich has both positivo and negative .

1 .

effects on recruitment. Other pocsihjlitio: oqplninin. the

¢y "

negative coefficient for this pathway uro‘dtscribod in the

comcluding sectios df this chapter. — .

.

.« -~ # - Y

The total affocts for the model (Table 5) summsrize thp

- ’

t

influence of each variable on recruitment. They are the sum

LN -~

of all causal paths from one variable to amother. Sprimg'

1

larvae and the sizes of the retention areas have the largest

v

total effects onm recruitment.  Althomgh there ars twvo

. 3
s, 4 : a

pathways froy fall lazvse tq“ocruitnnlf. they azs of
oppésite sign and the total eftocx is small. The offgots of
ttoci alzo on reoruitment are :I:o very smsll even thou;h it

N

affects both of the larval stages. The coeffiocient of a

’
i
v

", "
.compbyrd pa‘thway (throtgh ona or more intermediate

3
4

v&rtailos) ls tho gq?duot of eaeh of’its oo-poncut pnthvnyl.

3 ’

THis medns, with pnty coefficients less than one, that
s ,

“oﬁfosf; are dilntod by/idtornodiato varinblos. The total

otlcdtt trace thromgh the ptoeoso the éffects on recruitment

.
of .atock bize or amy other stage. There is not a close

4
< ’ . i )
, .

r} - . N
’ - . ‘ - ’ + .
¢ . P F
* . + w
v A}
. .

.

]

£ Ere nos.

'3

.
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linear relationship betwveen stock and recruitment in part

because thyy are relatively far apart in the p:ooo:s. i.e..,
‘therq sre Soveral intermédiate steps. This is not the same
as saying theze is no effect of stock on recruitment since

stook size has subit;ntial linear effects on the other

stages along the pathway. .
The model explains a very large proportionm of the
overall vatiamce in recruitment (ovotlts %), bdut the amount

of the variance of spring larval density explained by the

mode]l is fairly low. This ilpli.l‘thlt atteatioa should be

focussed on the overvinteriaf period for additiomal causes

of spring larval density and recruitment variation,

6. Nonlinearity and Compensatoxy Density Deveadence

v

All the models presented ;hll far have beon linear.

' v

Relationships betwveen many of the variables, o.g., betveen

the abundances stage, may bde noilinonr. £o-pe£71toty -

density dependence may ocgur as often postulated for stock

+

‘recruitment ro}ati%n;hipa (Beverton and Holt 1957: Ricker, .

1954). For the southwest Nova Scotia herring stock, 1ittle
evidence of‘any tolntionship between stock and recruitment
has been noted inm the past, and suci.a relationship has even
boen considered ’inappropriate’ for herring (Iles 191?).
'ﬂowovir. whea one muses a running median l;oothin; technique
(Tukey 1971?‘to plot- recriitment versus stock, the result

- ¢’

looks like a dome shiped ‘tock recruitment roiltibnshipl

)
- 1 . . e e "“‘AM )
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(Figure 6a). This method does not assume any underlying
funetlon:} form for the relationship. -

An altermative way of- graphically depicting the same )
data is to plot the K valme for stock to recruitment (Kgyp)
against stock numbers. ‘A‘logatith-lc curve implies
'contest' competition (Bellows 1981) corresponding in the
fisheries literature to a Beverton-Holt type quatlonjyip
(govarton and Holt 1957). ° exponential plot implies
‘scramble’ Bompetitionm, i.e., 2 Ricker (1954) type
relationship. The dats for southwest Nova Scotia hcrtii:
plotted in this way (Figure 6b), ‘using s median smoother,'
again 1iplios scramble competitionm or s Ricker type curve.

The lessom to be drawn from Figure 6 is not that any
pnxti}ulnr equation fits the stock and recruitment data
o:p{cially well, but that there is a pattern in the stock N
recruitmeat process.

A lggicnl extension of the obs;rvation of a nonlinear .
stock recruitment f&lationship is t; look for rglltion(hips
between successive stages in this process. The [xi,xi+1 4
value is ploEted versus abundance at sga;o~x1 (Rigure Ta-c).
Co-ponlttoty‘donsity dependeonce isvshovn by deviation from a
line of zero slope (Bellows 1981) with the alternatives of
contest and scramble competition outlined adbove. There is
the possibility of a spurious f:?gtionship in suth a' plot .

-
however becawse Ky , 7 is mot independsntly sampled from .

the abuzdance at xj, So;;hvgod (1978) gives two.simple

1

¢ L

-
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tests for confirming demnsity depeondemce. The first is

simply regressing 1n (abundance at xji) on 1a(abundance at

Xj+1) and the comverse. Both slopes significaatly less than
)

one is a very conkervative test for density dependence

'(Vickoty and Nudds 1984). The ‘second test (Bulmer 1975)

4
calculates ' ¢

R =3 (5-T)/ "F (Lear - 1002

vhere Xy ig abundance at time t, X is mean abundance and »
is sn-gle si:o. JSignificunt ;on:ity dependence is showa by
R less than tPo'tublod values ;1von in'Bulnor (1978).
Significant density dopo:dont -ottality was only
obsorwod be tveen the tho fall and spring su:voys. in lfj
{Table 6). VWhile <he regression test did mot imdicate
density dopc;denco, Bulmer’s test did (p=0.05). The form of
the competition §l‘lot clears from the regressions however,
altion.h the overall stock recruitment relationship suggests
sor&n?{o competition. If K:f and Kfj‘nro regressed on stock

sbundance and fall larval relative adbumdamnce respectively as
- k4

well as the lqnax: of these abumdanmces, the squared terms
sre significantly negative at the 0.15 level (Table 7)
1lplyin| coatest colpotitlon for ﬂ'th the ptu&nctlon and
survival of fall lazrvae (Kgt) and for the ovezwintering
period (IgJ;. . )

‘ Considering the sample sixzes for the anmalysis,

gonolnsio‘s:lbOIt thie shape of the relatioaships are

N

R BT - %

[

&m“ﬁa; . =
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tentative., The implication of contest competition detwveen

succossive stages bdut overall soramble competition from the
stock :ocruit-;nt curve seems paradoxical. If im fact each
of the cohponont :oLlFlonshipa;nrd monotonically increasing
fu;ctions (Bevertonm Holt type curves) then the overall
composite functipn for the stock recruitment relationship
;nst be momotonically increasing by the chain :;10 of \
differential c;lculns. Hovever, a dome shaped !olitionship
need exist at only ons ioint in the process for the
dexivative of t{o somposite fumction to be lo‘ntivo at high
stock si:os: Vhere suck compensation may bocur is not clear”

v

as yet, L)

“T. Ihe Influence of Iandividual Matuze Age Clasaes

This section oconsiders in mors detail the influenmce of
individual mature age groups ;nggeltod by the ?onaidotttion
of the Leslie matrix time sexies -odol._ In the analysis of
Seotion 3 the linear inflnofco of age 3ix adults appeared in
the antocorrelation funoction., This resulted from the
relative nblndinco aad reproduotive output of different ages
i:plying that the mean age of s pareat of a recruitiag fish
was sbout six, From the results _of the time so:ios.-odol
the 3090111 asswmption that CI Y 0} the pareat is
unimportant ?ay be 1;corroct.' To iavestigate this '
poss;billty the KX value of the abundance -of each age clast i‘

vith total age ome reckuitmeat was caleulated as:

A

“}iﬂlﬂﬂi gt 02
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¢

Kyr = 1n(abundance at age x/recrunitment)

and plotted versns the respective age class adbuadsnce of ]
aged x fish (Figure 8a-f). These cas be compared with

analogous plots for the summed mature stock (Figure 7a2). 1In

-

most cases, the relationship betweem the K values as a

~

measure of the pre-—recruit mortality of the progeamy of a

Dokt 8 Tpmaa

-
B

given. mature age class and the abundance of that age class

’

is stromg and the slope is significantly differeat from zero

at the 0.05 level. Density dependonce was confirmed inm all
¢ " ]
/cases by both the regressioa method and Bulmer’'s test as /

y *

descridbed above. The rolntioﬂship for the 6 year olds

(Figure 8c) is the woakest although significant compensatory

density dependence is present (2;0.10). In other words, the
number of 6 year olds is the moét linearly related to .o
recruitment. This glarifies the lag structure of the time ;

series model which assumes limear association betweea stosck

and recruitment.
M

\ .

rolu}ioashipt~b;tvoon the number of recruits aad 'the number

The existence of compeasatory ‘demsity dependeit

St b

-

of spawners in each mature age group could arise¢ ia two maina

.

ways, If thc-sp;vning of the age groups were separate so
. &

that their larzvae formed discrete cohorts whiock weze sxposed °
 J

1

N\

te differing enviroamental conditions, then the vifbility of

the oggs and the survivability of the larvae may h.’.l‘ oa

~

the asmbexs in' the laczval %OhOtt. aot, the total awmbers .of o

lazvae produced by the stock as 2 whole. Altermatively,

. L3
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vilbility»bf eggs and larvae may depend upon the age of the

parent. There is substantial evidence that spavning of
herring Qnd.pther species is neither sychron;ns for all
}ndividnn}s mor evenly spread over the spawning p{riod, but
occurs in waves or distinct events (Lambert et al 1982:
Lambert 1984: Denp,oy and Bamber 3983: gortier and.Peggett
19§4). This nccor{r well with the generni observation that

‘smaller fish mature later than larger (Blaxter and Hunmter

1982: Nikolskii 1969). Discrete cohorts of larval herring

~

#nd lar;nl capelin do occur (Lambert in press: Lambert et al
1982: Fortier and Leggett 1984). These cohorts are usovally
separated by 2-3‘;eeks and can be detected }n larvae of
several sfogk: in the wostern North Atlantic including the
southwest .Nova $cotia stock (Lambert in press).

Furth;rnore. there is evidence that the time of appearance
on the spawning grounds is related to the size of the

spawners (Ware aﬂd Hendriksen 1978: Lambert et'al. 1982:.

Lambert pers. comm.).
The existence of compensatory density depehdonce for

the progeny of 1ndivg$pay age groups of spawaners has not

been previously noted in the literature. The use of size

t
-

rather than age groupings would perhaps show even ftronger

-

. /
relationships. If one Qorrolatea the K value for the
}

progeny of a cohort.of mature spawners throughout their

reproductive life, there appears to be some consistency in

the viability of the spavn of the cohort from year to year.

.
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This is evident from of Figures 8a-f where year-class of the

spawvners is indicated and the progeny of the larger
. .
year—classes consistently experience high prerecruit

mortality., This in turn implies that some of the basis of
the relationship is in viability of the spawn from a cohort, ¥

4 .
which may be related to the relative size of tha<{nintls at

N A
age compared to other cohorts. -

' \
w

R Sgne bias exists - in thesesrelationships because the K

value can not be calculated for the progeny of a gﬂyen age

' D

" group, but for-all recruits versus the abundance of &

LY

pirticular group of pawners. The calculated K value is

assumed to he is a meszsure qf the K Qulue for those specific
progeny, but there is no means of examining this assumption
at present. Unfortunately, it is not possible to valculate

even relative survival of th; larval cohorts off southwest

Nova Scotia documented by -Lambert (in press) using data from
Das (1968). If such data were available or is for other

stocks which show the same patterns, it may be possible to

"

explicitly eiamine this hypothesis in'more detail.
There are broad inplicatiéns'of these obsekvations for

tho.theory of stock and recruitment in general.| The

noisiness of the relationship between stock and recruitment
s # . .

or even egg production and recruitment may in large part be
4

due to the assumption that all eggs are created equal, 1In
terms Nof the effect of fishing on subsequent recruitment, it

) A
seems clear that the age specificity of the fishery may play

s

-

'* »
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!\ a larger role than previously thought. The observation that.

¢ ? i
recruitment does not appear to level off or decresse in many
stocks as the number of spawners increu:esanuy be due to the

fact that it is not recruitment per se which decreases, but

the recruitment from parents from large cohorts eptering the

®

spawning stock. It may be that overall recruitment only

decreases when this l;rge cohort is the dominant one

)
reproductively ia the population. ’

8. Conmnclusions . < i ($

2

The models presented in this chapter describe specific

»

causal hypotheses, but are exploratory.: For each of the

r

- Y

varjous methods, variables were hypothesized to relate to

»

one another .in specific ways. The lfulysis then determined

\ -
the support in the data for the existence of the
r 3
relationships., Path analysis and analysis of cavariance

structures inherently proceed in this way, but a2 causal
modelling approach O.E\;f used with time series analysis,

linear regression-and gifphical methods.

!
{

=

"To review the analz}is. the first step was to -
hypothesize a linear {olationshiy between stock and

recruitment in the form of a Leslje matrix. The

multivariate time series analysis model having this

structure explains 44 % of the variance in recruitment.

This may be directly useful in a management coantext either

for forecasting or as a baseline for examining changing
. N
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recruitmont patterns (see Chapter Ome). The Leslie matrix

model suggested that there is a relationlhip'botvcen
individual age group abundances in the mature stock and
*
recruitment, ) ®
L "o
Based on the demonstration of a linear stock

4

recruitment relationship, theé next two sets of models

detailed the recruitment process. 'First, the 9ontribut10n s

of stage to stage mortalities to total pre-recruit mbrtality

4
wvas examined. The mortality over an interval, expressed as

a K value, was hypothesized in a path analysis to affect the

mortality in the next interval and total pre-recruit
mortality., Density dependence in overwintering morinlity

was suggested by the negative effect of early larval

D]

no}tality. Overwintering mortality and juvenile mortality

both contributed substantially to total pre-recruit

mortality. The direct effects of stagewise mortalities on
recruitment were thén considered using a similar structure.

Juvenile mortality had the strongest of foct on recruitment,

i 3

but the direct effect of overwintering mortality on

t

}
recruitment was positive though small. - A
A more detailed annlysi; of covariance structure 1

hypothesized linear relationships between the ubundficel or

<
@

densities at each stage. The results of the K vaiue
L
analysis also suggested a direct relationship between fall
&

larval density and recruitment. Larval retention area sizes

were included as causes of larval density and recruitment.

A

A 4
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Support for Iles and Sinclair (1982) hypothesis was found

with respect .to the influence  of the fall retention IIKI
) h
size on the hﬁl;?r of larvae surviging to the sprimg. The
h . L
dominant variables with respett to recruitment are spring

larval density and the size of the retcnlioa area in the
\J

spting.' The role of the retention area here is unclear. In

the sprin;j when the larvae are -etanérphosin;, they arce
i . {
probably beginning to school and -leave the overwintering

»
o

area (retention area). The size of the retention ‘area is an

index of dispersions, - In the spring, it may be :ore‘( A

representative of schooling or movement away from the -

—t

overvfﬂtering area than of the ;ize,df the retention afea
4
ftself., If juvenile norta}ﬁtf is 2 major cpuse of
] A »

rccrnitibnt variation, larvae which are more dispersefrnay
. A

-

be exposed to & variety of conditions, themeby increasing
~ - R u ¢

,the chances of 8003 recruitment from that year’'s spawn, . .

U g : S

Another possibility is that & la*ge spring retehtion areas,

wvhich is indicated by larval concentrations, results from * °

- -

LY

larv:e remaining in the ntelrIong;rp r‘%nar than R
. 4
moetamorphosing and moving away, This may be a rogult,of
Ty , -
* slow larval growth in some years which make the young ,
\.> .r)
herring mpre susceptable to predators. | , + . .

N ., . The~anslysis tirned to evidence for mnonlimnearity in the

recruitment process. §cranble type compensatory demsity

¥
-

doependence in the stock recruitment relationship was cPovn

[
x

graphically.‘ Only the overwintering period showed denalﬂ{

~
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dependent ll:xnl lﬁxtality however ald'it wvas ‘of the confelt

type. This was 5129 suggested by the ratﬁhlnnly&i;’of K .
-

. -

. values in Segtion‘4.
1 ¥

/“/ FPrally, the implications of the Lesfde matrix model

i
' ¥

that ipdividmal matyre age group. abundanées are related to,

2

recruitment was supported by graphical anmalysis forAull the

mature %‘e 3t3nps. The rclntion:hipé shoved clear density

, ’ devendenxg of rcc:nifuont{on abundiance of each mat

[ 3

The positive effect of stock size {nd negative e

of mean size of sp;'nots on fall lgrvas may also be a
F .
+ reflection of the individual contributions of mature age

+

.

* r r
’

a groups.’ Large mean size of matare females indicates that

{
older fish are more prominant 4in the spavning stock. Big

- -«

fish produce more oggs and their resulting larve] cohorts’

will be larger. Under density dopandonce;tho;emcoqortt ng

\ « have relatively fewer snrvi{ors. g

” L Y P hd "
The hypotyesij\ﬁhlt individual mature age groups relate

v ‘ .

-

. differéntly to recsujitment is & depazture from classital
¢ ‘1‘{ N *
stoci recruitment theory. If this phenomenon can be
t 1 » 1
/
substantiated its implicatiohs ate wide with regspect to

stock stability and th; nse of a stock reorut neng
rela{{onship.in n;nageuent pladning. For.;xu-éfit*the‘a;e
:;ocificity of the fishery or itggability \p substantially
alter the populations ‘;e stfucture may be a more crucial

)
f factor than total fishing mortality.  The expioration of .

' * +

these hypotheses must extend to other fisheries and other

) \ ) . s ~
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stocks.

* [ . -
The genoré) picture of the canses of recruitment

varistion in the southwest Nova Scotia herrimg stock il.thlt
there is a stock recruitment relationship but it results

-
from the relationships between individual mature age group
lbundanceslnnd the ll}%ﬁvll bf their progeny to recruftment.
Th:se relationships probably arise ;; a result of the
separation of the spawners by age or size in time and/or

space, . *

.
Larvae in a pnrticnlnt/COhOtt (produced by one of the

mature age groups) directly compete with other Yhrvae in

th%gf cohort rather than larvae in other cohorts. ,The

’ . %

initial abundanck of the cohort do%pnds upow the size of the

spavning group. The nunber'of survivors through the

&

~

. *
overwintering period depends partly on the size of the

.

cohort but also on envirommental factors. Retontion area

@ .

size is a fundamentally important emvironmental factor both*
before and after the winter. A large fall retentiaon area
enhances survival to the spring. A large spring retention

area may imdicaté that the young herring a;: remaining as

" lagvae longer and are more snucapt’tle to predators than

metamorphosed fish., The early juvenile pegiod, before the
fish appear in the fishery, may hold the key to much of the

unexplained varjation in herring recruitment.
.

+
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Table 1: Cross correlation matrices for herring abundance at
age 1, 2, 3, and 4+ (all fish age 4 and older). The

matrices for the first five liia are given where the column

d o=

a . -~ - *
[vnriubﬁls are lagged and correlated vf}h the row variables.

.
-

T

+2

'
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' ' Age 1 . Age 2 . Age 3 Age 4+ ' .
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L) * e
LA . \’\ - : . P
& Abundance at «-1 .
, Al 017 041 ' 160.{ 191
. A2 914 - 013 - - 040 | 136
e
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,
. . A%+ 084 025 760 - 421
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y Al 015 195 - 023 378 .
-~ 'S \ T
A2 - 021 006 .084 129
T A3 801 .- 1% s 166 ofs ,
1 -:J
P A4+ - 005 784 A V2| 026+ -
- . ‘
' v
PRI . ‘ » .
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- . “ 13 B -
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. \ - . N -
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< ; ‘ 4 - N 'N , .
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~ . ) .
A2 - 103 163 .~ 065 w < 386~
. : B ,
v A3 2179 - 053 - 027 8K 1%
v ' Ad+ 245 - o3l A - 032 1377 e, s
N . - '
kY . A
t I G i * * Abundance at t-5" e
“ - -
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Table 2. Time series model of stock and recruitment. The

multiple time series model is shown at the top, where Z.; is

n

a vector of numbers a't ages 1, 2, 3, and 4+ (a1l fish age 4
T

and older) at time t. The parameter matrices are described

in the text. T%e R2 for each series is also jiven. The

ersor covariance matrix gives the variances of the

¢ .

one—step—lhe;d forecast errors and their covariances for

-~

each :e}ies.//:
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Table 3: Abbreviations used in Chapter Two., The data are

»

'described in Sectiom 2. K value calculations are described

N
in Sections 3 and 7. .
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Abbreviations Used in Chapter Two

-~

~

-

4
"

-

~ SPA dbundance at age 4 anq older
T

.

.
- Purse seine cateh in numbers landed (thousaniis)
-«

- mean weight of a 'mature female 1n 3rd quarter Qf th® vear

»

+= Mean gonad weight of a matqré female 1n 3rd quarter of the year

4
- Arjrhmetic, mean larval abundance,in nd /m2 for entire fall survey

t

Fall retention area size

- Spring retention area size

3
- Mean number of éprvaa per m” in the spring re¥antion area

- SPA numgers at age one

- New Brunswick weir catd

- New Brunswick weir catch (numbers 1anded) of 3 yeamwolds
’ .

- K value
- K valie
- K value
- K value
- K value
- K*value
- K value
- K v§lue
- K value
- K value

~ K value

N

from
from
from
from
from
from
from
from
from
from

from

[y

SPA 4+ to FAP

FAB to SAB

4

3 B toSPAL

SPA

SPA

SPA

SPA

SPA

SPA

SPA

SPA

4+ to spa 1
4 to SPA 1
~
5 to SPA 1
6 to SPA 1
7 to SPA P*
8 to SPA 1
9 to spa

10 to spa 1

[

~

Y

3
- Mean number of larvae per m3 in the fall retemtion ar e JE
»

~

(numbers {gnded) of" 2 year olds

/s
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»
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Table 5: Total effects for the structural model of

-

4 '
recruitment diagrammed in Figure 4., Each entry is the sum

-~

oféwll causal paths ﬂ‘?- a cause to an effect.
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Effects

S1ize
Fall Larvae
Spring Larvae

Recruitment

0.41
0.24

~
SRA Stock
0 0.57
0 0.68

0.48 0.23
-0.55 -0 03

A

CAuses
Size Fall , Spring
Larvae Larvae
-0.38
-0.13 0.34
0.02 —2.05, 0.58
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Table 6: Regressions of K values on abundance of eacth stage
to show density dependence of mortality. Abbrevi‘tions‘ are
) 4
given in Table 3. A coefficient significantly different
%

“from zero at the .95 level has a T-ratio of two or greater,
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Figure 1: Lerll depsity 'and the estimated retention area

*

for the fall of 1977 survey. TE%; example illustrates the

ratention uria definition method for selecting areas of
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larval concentration,
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Figure 2: Mesn reproductive output (grams of gonad x 107)
for each mature age group of the sonthwest Nova Scotia
herring stock. Means are taken over all years. Erfor bars

indicate plus/minus one standard error.
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Figure 5: Strnctuéal noi;l for recruitment variation of
hd i

I ~ »

southwest Nova Scotia herring., Abbreviations are given in .

» ’

Table 3. Stock, Size, Fal1 Larvae, Spring Larvae and

Recruits are unobserved factors with indicators given in the

v

figure. Two addisjonal exogenous variables are FRA and SRA,

!

assumed measurod without“error. Rules for reading the

diagram are given in the teéxt.
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Figure 6: Stoc} recruitment relationship for soathv;st Nova

Scotia herring. A. Recruitment plotted on stock size.

> -
[

Solid do'ts are raw data, open circl;s are running ibdfln
smoothed data. B. K value from stock to recruitment as a
- §

measure of pre—-recruit mortality p}otted on stock‘&ize.

& -

Solid circles are ravw data, opdg circles are tunnipg mwédian'

-

smoothed data.
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|, .
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‘ ' Chapter Ihree o
' CATCHE DYNANICS. OF THE BARBADOS -
NULTISPECIES PELAGIC FISHERY
. \ -

N

N 1

,
Intzoduction . .y

Developing fishorie; in*many parts of ;he wvorld have
limited data a‘ailable for assessment, development and
management planming, The first type of ‘data compiled is
often simple landings records. The classical spproach to
the analysis of this data has been some for; of production
madeiLing sugh as the surplus production model developed by
Schaeffer (1954) and extended to the nnléisp;cics fishery
situ;tion by Pope- (1976). The present study adopts a
diff.‘.ﬂt app;oich. Rather than ntiliiin;'an analytical or

surplus production model, the Barbadiaq multispécies pelagi{

fishery was described using statistical wethods. The

.

analysis has tio'cg-pononts:
1) Time serips analysis to describe the patterns in the

catch of groups of species. This method -provides

'forccasting models for catch and nominal effort,

2) A structural modelling iechniqn:‘!ouoxlnin;-
hypothesized cause and of fect relationships botvoon’tho

catcles of the various species groups and with fishing

a



.

4
«

L1

-

-

effort. ,

Ike Bacbddian Pelagic Fishery ) -
’ The island of Burbaddg is the furthest east of the

- - ]
Lesser Antilles in the eastern Caribbean. It has a very

small shelf area with offshore shoals only to the south

(Figure 1). The pelagic fishery is primarily agtisanal and

condnctedkfro- boats of abount 20-40 feet. Thesé boats oi

launches make day trips to the offshore fi;hgn;.g:ounds.
The catch is landed at ones of fOur major n:rfets é;

seven smaller landing shedes around the’islané (NcConney

398%). The Dopartment of Fisheries, Barbados has collected

daily data since 1957 on the weight of thJ‘cntch in various

sppcies groups and the number of boats landing fish each day .

(called here boat trips) at the major markets (McConney
rd

‘e

1983). There are 15 species groups on the reporting forl;;
- »

¥ e

«, This study only deals with the two pelagic target species,

flying fish (Hirundichthys affinis) and dolphin (Coxyphaena
bippusps). The other species are grouped tojethdr as
alternate large pelagics and non pelagics as described

2

below,

There are four other sp;cies groups of large ocesnlc
Ypoln;i¢ fishes recorded by -the iishorios Department and
together they account for 15% of the curr;nt ce.tech (Hunte

and Mshon 1982). They are in the alt;rnati large pelagics

category for this study. The main spocies sre: kingf ish,

. N -

=1

3
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Ach or Scomberomorus spp.: albacore,

I;.~nsinniixnzf 14__1ﬁslnnxg or ";

/ Bif1fish, 111122h2111_1124£1g;::r
: and ihj;js of several species ( hon et

11: 1982). All

o

yoear as well. / tle is Enown of their biology im the
\

- ’ »

. eastern Cartbbean, . . ‘ -

The non—pefa;ic category includes nine species groups,

* Y
h 4 & .

o lltiz'on;h the term ;on-péll;tcc is somevhat ef &t mispomer

since many of the species included are small polagic or

7 B

neritic species. Nevertheless, .the vategory incliudes

-

species taken in the do?S sea, doine and trap fishery and

-

together account “for the remaining 10% of the landings.

Thesé fish are takén using differzent gear than the oceanic
.~ . +
pelagics and often during a.d{fferont soason (Mahon et al,

»

13

1982). Mahon et al. (1982) .describe th;»;gnernl ibooies‘

}o-po:itiOn of thess groups which will {ot be ropeated here.

) Flying fish comprise approximately 50% of“tho curt;nt
{u;din;s (Hunte and Mshon 1982), Hixn;ﬂjghghxg~1111111 is

-

the overvhelmingly dominant flying fish species taken in :

Bnrbaddh. but occasiomal landings of Cypselnzus OovARORLeIns
‘occur and are mixed in with H. affinis. Fiying fish are
taken with surface gill nets, lbor\baitcd lines or dip nets

- usually between 15 and 40 km of fshore (Mahonm et al.  1982),
»

v

At

L]

Lo b
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There is currently no infor-at{on available concerning the

#
L]

stock structure of H.affinis, but the‘spocies(ippears to be

’
highly migratory and the; stock is probably exploited by

1]

|
ot{;x territories in the regionl(ﬂnnte and Mahon 1982),

Dolphin, Coryphaens hippugrps, ,account for about 25% of

the currdnt landings. They are captvred by trolling in the
open ocean but mainly in the vicfnity of floating dedris,
around which they congre;a%o: Flyigg fish nr: used for bait
an; are commonly f;und in the stomachs of &olphi; (Loewis et
al, 1962: H. Ozxenfoyd pers.comm.). Dolphin‘iro s llt;en
fu;; s:I::inl. migratory fish with a high grovwth rate ‘
(Beardsley 1967: Oxenford and Hunte in press). TFhe stock
structure of C, hippurus is currently under imvestigation
(Oxenford unpubl,) but the dolphin caught of f Barbados are
almost] certainly exploited by other islands as well (Hunmnte
and Mghon 1982). Dolphin, flying fish snd the other large
pelagits are usually fished on the same trips.

Monthly landingé in the major markets average around 12
NT dyring the peak season (February-June). In this study
da fro--tv;'of the markets are amnalysed, Oistins¥9n the
south coast and Speightstown in the northwest (Rigure 1).
IcCo#ﬂo;f(1283) has estimated that the mis—-reporting of
lnigingt due to bypassing the market reporter at Oistins and
Spe'i ghtstown is between -5 and 10%, It is difficult .to

estimate the proportion of the total catch for the whole

® .
island landed.at these twvo markets because the reporting
’ -

-~
Ne | »
'y Q/

*

(\ . -
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error at the 155‘..t market on the island (Cheapside in
Bridgetown) is very lqg’e. However, of the reported .
landings at the four major markets, Oistins and Speightstown
together account for approximately 75% of the llndin;s and
were taken to be representative of the fishery im Barbados.
Alfhough records have been kept since 1957, only data
for the period 1961 through 1982 were used because
mechanization of the fishery wn; completed by then. A
continuous record was required for the analysis to follow
but five months of data were missing for Oistins and four
months for Speight:tovn. The missing months were
interpolated by species group as a mean of the same month -in
all the other years, woighted by how close in time each year
vas from the year with missing data (i.e., the series of
weights was 1/1, 1/2, 1/3,...5. No extreme points were
generated by this method and so the interpolations should
not effect the results unduly. The adjusted data set
consgists of the number of boat trips per month from 1961 }o
1982 inclusive, and landings {n pounds for the fomr groups
flying fish, do%phin (Figure 2), large 'pelagics, and .

&
nén—pelngics over the same period

3

Iime Sozies Apnalvsis snd Forecastinxg

-

P
Chapter One of this thesis desribes univariate and

4

multivariate antoregressive into;x‘tod moving averagé

(ARIMA) models in detail. Only a brief discussios of the
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[}

Tationsle for their use for the Barbados multispecies

pelagic fishery will be given here.

ARINA -odels have sevsral desirable properties. Since
~

3
theéy _are in the time rgthor than the froqnoncy donnin like
other sethods, their interpretation is intuitively simple.

If the procedures of Box snd Jenkins (1976) are followed the

models are parsimonious in the sense of using the fewest

number of parameters to describe a time series. They axe
stochastic models and mogt variables encountered in.

> * LN
fisheries data, such as catch records from Barbados, can be

3

most appropriately thought of tnndo- variables. .
" v

The ‘me thod can use existing knowlodgﬁ f-the dynamics
of the fishery to specify model structure g priorxi.
Knowledge of the dynamics df dovelop@b}vfﬁ;heries is offen
sparse however. Box and Jenkiny (1976) idéhtificutipn
procedures also enable a time iegies'lodcl to be comstructed
withont extensive g priorj structure.

The forecasting of catch and e}fort is one of the main

-

reasons for consttuotin; ARINA models. The forecnstl. which

-

incorporate stochastic changes in the series, .can be updated

.
Il

&3 new information becomes available. The updated forecasts
lreltinﬁle to compute (see Chapter Ome) and do not require
re—estimation of the model, and so are prac;%cnl for nse in
rdovelopin; counatries. -

Mimels were fit to the time series of catch (pounds)
- ¢

for dolphin, flying fish, aslternate large pelagics and

0
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non-pelagics and the number of boat trips fer each of the

~

markets, Oisting and Speightstown; Choosing a model form
roquires examination of the sample avtocorrelation function,
tee., the‘gorrelmtion of the vnluetlf the series with its
;lno at earlier times 1...K, and the partial
utocorrélation function, i.;., the autocorrelation of the
valune of the series with its value at time t-k comditional

»

ipgn the ‘autocorrelations t-k+l...t-k+j j=2...k-1, and

' comparing them with theoretical patterns gemerated by

various underlying provesses (see Box snd Jenkins 1976:
- \

Hamilton and Watts 1978 for examples). The model structure
N\

i chosén ‘by trial of a set of alternatives suggested by the

identification procedure. It accounts for the &

-

autocorrelation in the .series and had the smallest mean
squared errar, while topresenting the series with as fevw
parameters as possible., The estimation of model parameters *

in this paper utilized an unconditional le;it squares

criteria (Box and Jenkins 1976).

4

Monthly time series of boat trips, flying fish and
dolphin cateh at the markets (Figure 2) show a strong

seasonal pattern in effort amd landings. There is alsq some

-

v | A Y v “« .
changé in variance over the series, particularly in }ho

Oistins dolphin catch series.- All four of the.catch series

return tg zero in the off season, but the boat trips do nqt

L]

se of the .non-pelagic and alternate large pelagic

catches.



A ]

XN

.

. 133 *
All the series were square root transformed :to

stabilize their variances. A difference transformation of
order 12 ( ) was used to account for deterministic
seasonality. Most of the differenced series conta%ned

trends that required an ndﬁitional first order difference. .
The only exceptions were the Spaightst6in dolphin and .

fon-pelagic catches. The need for first order differencing

here i1s a reflection of the increase in importance of the

® hS ‘ *

Oistins lltkO} in the last 20 yrs and<goncurrent slight
decline of the fishery at Speightstown,.

"The fitted univariate models and R2 values-for Oistins

(Table 1) show that the number’ of boat trips in each month

is dopenden; on the number of trips in the pre%ions -onth.°

For thwa catch series, the catch in the previous month was

related to present catch, The moving average parameters in

all the models are Jarge, but this 'is due to the

»

differencing (Anderson 1976: Abraham and Box 1978). The

L 28
+

nodels‘fit«ihe serioes well in all cases with R2 averaging

s *

0.81. No autocorrelation remained in/?he residual serfes. 9

y

W7 Speightstown nariet models (Table 2)'ind the same

structure in genora} a; those for Oistins. The average R2
(0.75) ';n slightly lover but no resi§nal antocorrelation
stinctn;e counld be detected. ’Tho alternate large pelagics
series was fit b} a pure moving average model which in
general have less memory ox persistence than autoregressive

e

models (Tiso and Box 1981). .The Speightstown fishery for

s
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alternaxte large pelagics is more opportunistic tham at

PR

& Oistins because Speiiht:tovn market is mainly focusse&ﬂon
flying fish. Oistins has more of mixture of the two target
species. Outside of the seasonal pattern, there is 1lititle

1

year to year hependence in the fishery. The sixze of the

peak season’s catch does not seem to follow from the peak

catch in the previouns year. Nonth to month success or

failuore is norj.ilportant in determining the catch..

Two sets of forecasts have bheen generated for each

market. Using the 1961 to 1981 dats and forécasting'tye
catches and boat &rips for 1982-;110'0} asseossment onl
forecast accur «\ The entire data set'thronlh 1982 4&:
then used to forecist the 1983 fishery. At the Speightstown
market, the 1982 fishery was“well predicted by the models
for boat trips and flying fish, but less well for dolpiin
and the other groups (Table 3: Figure 3). At Oistins
market, both target species and boat trips were well .
forecast for 1982 (Table 4: thnr; 4). Some of the -

*forecasting ability is due simply to the projection of

seasonality expressed by the difference operators:s The use

‘\

of the previous‘no;th's value as a leading indicator ‘of
P

catch or effort is important to this forecasting ability

hoyever since the shape of the peaf changes from year to
year, The standard errors of the forecasts are small and a»

50 % confidence 1imit (plus and minus 0.647 of the standazd

error) for the square root of.the catch is narrow. These

- -
~
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are not the same as the anfiQancoili-i;s for the

untransformed data (Nevbold and éran.%r 1976).
Forecasts for the first five months of 1983 at .-

Speightstown also corre:pbnd c¢losely to the actual cafches

(Figure‘Q a-o. Table 3). Theé catch did not decline as

- A

expected in June however, but comtinued to imncrease.,  .The

reason for this is because of a major change in the

strnctnr‘ of the fishery in 1983 at Oistins. The forecasts
of the 1983 fishery at Oistins (Table 4: Figure 4 d-f)
deviate substantially from the observed catch levels.

However, a nevw market with greatly improved landing, storage

s

and market facilities opened at Oistins {n Janvuvary of 1983,

v

vith a 100% increase in the number of boat trips ovér

¥

previous years, - In the time series the seasonal pattern is

the same but a large change in level has occgrred. Weth

more data, this chamge could b: smodel led using intervention
analjsis‘(Box and Tiao 1975), an extension of ARIMA models
[}

-

to adcount for events cavsing fundamentsl chanios in the

course of 2 time series.

The time seriés models provide a basis for examining
¢hanges in the fishery because they predict the catch
assuming the behaviour of the fishery does not change. In

"

other words, the deviation of the observed catches and boat
trips from the forecasts is a measure of the change. in the
fishery due to the nev market and, possidbly, other factors.

This feature 1{ the analysis will be used in s later

\
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section.

st

Sexies Interaction

All of the time series models presented Iave considered
each catch or boat trips series as independent from the
others, i.e., as a univariate process. The series must
interact to some extent, since the number of boat tJ!%s is
'cxpected td uffe{t,tho amount of fish caught and fishery
iﬁteractions, suckh as the bycatch of large pelagics whiie

figshing for dolphin, and biological interactions, such as

.
predation of dolphin om flying fish (Lewis et al, 1962), do

'
-

occur. ¥
Series interactions are not neces;nrily useful for
forecasting. If the interactions are completely
contempor aneous, i.e., occur within one month, then one
series can not be used as a I?ading ind;;utor for another,
If there are time lliged effects howvevex, forecasting models
using this information may be an improvement over univariate
models. Forecast accuracy 1: one important improvement, but
fewer parameters and model interpretability s equally
valid goals. .
Accounting for interactions requires a multivacziate
approach (Jenkins and Alavi 1981: Tiao .and Box 1981). The
soeries to be loé’ll;d are vector processes and the

parameters are matrices. The parameter matrices account for

interactions between the series and may contain designated
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10ros 8 prioxi specifying no interaction between certain

vector elements, Multivariate ARIMA models have been

described in Chaptér One.

Multivariste models were fit to time series of the
target species, flying fish and dolphin, and the boat trips
series for the two nnrket{ separately. The other seriecs
were not included because the expense and complexity of
fitting these models increases rapidly with dimensionality.
The fitting program (WNTS-1) was developed by the Statistics

Department at the University of Wisconsin (Tiao et al.

1979).
The multivariate model for Oistins market (Table 5)

fits the data as well as the nnivariate models (average R2 =

0.82). The structure is the same for the univariate and

multivariate models of boat trips and flying fish catch but

“

is different for the dolphin catch series. The dolphin
\ 1
catch is modelled as a purely moving average process which

is affected by flying fish catch one year ago. This may

indicate changing target preforence of the fisherman. This

model, which contains only seven parameters, is quite

parsimonious compared with the univariate representation of

these data. .
At Speightstown, flying fish catch is a funotion of
boat trips in the previous month (Table 6). The fit of the

multivariate model (average R2 = 0.75) is comparable to- the

univariate models. Species interactions in the catches are

.
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not indicated in the fitted model, Note that the effect of

effort on catch in this model is different Trom the usual
catch-per—unit-effort used in fishery studies.
Catch-per-unit—-ef fort is a con;enporcneogs relationship not
included in these multivariate models., Because the models
presented heia do not contain comntemporameouns relationships,
they n;e not equivalent to transfer functions a; described
by Box and Jenkins (1975). Contemporaneous rela}iohlhips
between effort and catch will be considered in the

str;cturgl models presented below.

The multivariate forecasts for both markets (Table 3

-
]

nﬁd 4) are close to their univariate cbuntetplrts. They are

also shown in comparison to the actual catches in Figure 3

.

and 4. The standnfﬁ errors of the forecasts are also "
similar to the univariate case. ’

In summary, boat trips and catches of the target
species can bg well forecast by either univariate or
multivariate ARINA models except for step ch;nges in the
fishery such as occiirred at Oistins market in 1983, Even in
this case, the time series models provide a baseline for
measuring change, which will be considered further in the
remainder of this chapter. The choice between a

L

multivariate or univaridte approach must voi;y/

- - -
»

difficulty. Multivariate models may represent the structure

of the fishery more accurately or in a more useful way from

) v

t
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-

a management or biological point of view, such as

considering catch a transfer function of effort. In Chapter
One multivariate models were used to describe and forecast a

fishery on an age structured population. However,

E3

univariate models are far simpler to'identify and estimate.
Multivariate models are more parsimonious in paran%tets but

in the case presented here, there is little advantage when

the objective is only foretasting. .

L

Stroctural modelling refers to a va:&ety of statistical

3

*

techniques which try to describe cause‘and effect
relationships between variables in ’syste-. These

relationships are characterized Py specifying various

hypotheses as sets of simultanecous ljinear equations. An

~

equation describing a relationship betweoen random variables

is referred to as a structural relationship (Kendall and

Stusgt 1973), hence the term structural modelling. The set

’

of equations corresponding to a spaéi?ic hypothesized

_structure can then be depicted in a path diagram for

‘concoptual purposes. The method was pioneered by Wright

(1934) and is referred to as path analysis. Extensions of

Wright's methods have been primarily developed in the fields

of sociology and psycholo.’ (Joreskog 1970: 1973: 1977:

Bentler ¥nd Weeks 1980) and are called analysis of

.
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covariance structures, . -

Both path analysis and analysis of covariance
structures wore described in Chapter Two. In analysing the
Barbados fishery two models of the observed catches and boat
trips woere constructed. Five additional models hypothesized
different components of ef fort or fish abumdance as
unobserved factors:- The unobserved factors were not
causally related to one another. This special case of
analysis of covariance strpcture is called confirmatory
factor analysis (Joreskog 1970).

-

All the structunral models used residuals from the

univariate time series models described sbove as input inl
order to eliminate lagged relationships and simplify the

models. Imn other words, the hypothesized relationskips azre

contemporaneous., Variables in all seven models were

standardized to a mean of zero:-and unit variance following

)
v

Wright's initial formulation of path analysis.

T —

Model 1 '

LS

Oistins is the main market for dolphfn on the island.
Spoigytstovn is predominantly a flying fish market, The
effort at each market should be related to their respoective
target species catches, In addition, market interaction may

caunse Speightstown to n}foot the Oistins flying fish cstch
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and Oistins to affect the Speightstown dolphin catch, .
Effort at the two markets will be correlated du; to island
wide marketing and weathor effects. ’

Path analysis (Figure 5) lnbltaﬁtintes this general
picture. . The effoct of Speightstownm boat trips on flying
fish catch is very strong compared with the bo;tftrips to
dolphin catch path. At Oistins the effects of boat trips onm
the target sp;cibs catches are more balanced, ult%ou]h the’
path to fiying fish. catch is slightly stronger th;n the path

to iolphin cateh from boat trips.
The positive effects of the catch at one market omn the

other are probably due to larkefin; structuze or:

“ - K}

avuilability of the target species. There are only very -

small direct interactions of the target species catches

v

within” éach market. ) ) >,

. \
Ov;:all. the model reproduces the sample correlation
nJErix well with the exceptions of the cortelstions between
distin: ;lyin! flsh ;nd Speightstown doRphin and betv;on
Oistins dolphin with Speightstowa flying f;sh. This
indicates that market intorlctiog is not well described by
the model., Since the coefficients from flying fish ocat¢ch to,

dolphin catch are negative at both markets, it is 1likely

that the catches reflect effort rather than abundance.

Model 2

A model of the observed variables inclunding the catches

-

~ T

o

wi
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otbgﬁgfiﬁxge»pelngiw and tﬂi;ﬁ;ﬁ“§;1(%io ;rgqj; was slso .
. . - -~ R -

- e

constructeds The structure and -xationgle was iho_cnlﬁ as.

v

e . & -
for Nodel L. Additional paths fronwboat trips to alternate

ﬁQ:;e pelagi'cs ard non~poln;£cs at eacf"qarket were .. -
<> - - included. Dolphin catqh was’ llxo thothosizod to direetly
St r:‘ﬁ‘“w -
’ af fect the catch of‘ultornaté largd,pelt;gcs. ﬁl estimated -
, moded had the follo&dn;,n}drl;;nal inf;r-at;;n. The puth

coefficients from boat ttlpl fo thc non—pel&;ic etteh were

- ~
e +

imall Yas expocted iind@.usnally only lnt;g boats lnndin; L
fi;; d;e rooordod bvt many small cr;tt nnd divorl 1and

— ffihes in this cafe;oé;.” The~catch of other lnr;e p{lt;;cs

- was :ZI:Gad strongly to tho~dolphin’eatch Hewever, tHe ;
0 coafficiont o; tho Jirect pathway from ;;ut trips to ltrlo

o~

. peligics was” siznble. indicltin; that there is an tffect of ‘

<

- effort ,independent of doljﬁin’fishin;. *This may reflebt

incroased importince of large pelagics during the off geason

3
- N o

- ‘p .
" . 'for dolphin, C " o

0“
«
*

-~
* +
4 o v

. " A furthes dilension of path lodols i3 the imcerporation

ot ynobsorvod or lttent v:tinblos:# An unobservid variabte

‘8 »

’ is hypothckizcd vb Be an nn%o:fyig; chus® of“oisérQQd ) ' a
ﬂ‘“i * t,ltglonsh{?s“hntwecnfno;nurod variables. The offo:t) .
% AR " directed pt & sp:ciesd;rouy ;l.ii unobszrvod‘variibio
'-~ w . nnd:rlying tho tclutionship botveon nominal o!f;rt. %.c.} -
-

the nlnbor of bont trips, and cqseh. If addithgn, Rbuandamce

. “
A - - - A . . ~
v T -
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Jis b wnobse:vo&*olace of variation in catch., In this way,

L4

the observed varisbles can be thought of as indicators of a
the unobserved variables. Asiiith al¥ ti¥e cause and of foot
reIntion:hips modelled here tgy observed varisbles are

assumed t'o be linearly%;el:;ed to the qﬁ@bsorvables.l Once .

l;ain,utho role of the unobserved vagiables can only be
-‘5

interpreted with respect to a given path diagram. The

&

’ *

generalization of path analysis to include unmobserved
variables was described in detail in %gnpter Two.” e

ll
I this section, the special case of confirmatory

L. Ch-
factor analysis will'be outlined with an oxample. These

models do not contain cavsal relwtionships between the

P
«

,underlying fastors. \\\} ) .

L 4 " 3 1
’Tho’f&pothe:dzed structnre is expressed 2s a system of
,l‘" *
simultancous equations refating standardized variables. The
r e A

v ey -
torrelation matrd¥x for the observed variables %; written as
~ I a f%nct\on of the parameters of the model by taking expected
values of the }pproprinto'prodncts of the equations

% — " »

« N -
(Goldberger 1974: Jﬁrogkot f§70). For example, consider
- 3

~ X1,x2 nﬁ;’xa i; obsotveqfvarigilos which are 1ndictgvrs of

an unobserved variable {, such }Bﬁt T ’
- 4
X1 = A1% + &1 -

" v ® £

X2 = A2% + 82 . ”
x3 = A3} + &3,

¢, ‘ -
~ vhere 11.f, and A3 are parameters aad 1, 82 and ¢3 are

.

- £ i -~
- 4 / -
‘ ¢
.
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indipqnde:t random variables with means of zero and

variances given by 054,059 and 6;3. If x1,x2 and x3 and §

are standardized then, 7 , the correlation matrix of the

\

observed variables as a function of the model parameters is

given by
M+as,
A1A2 A2+cds
~N 2
Al1A3 A2)3 A3toces .

This model correlation matrix can them be compared to the
sample correlation matrix of the observed variables using an
appropriate estimation criteria such as least squares or
maximum likelihood. This results in estimated parameter
values that closely reproduce the O‘IPIO correlation matrix
from the given model structure. In ghis paper,‘nuzi-u-

likelihood estimation was used. MNaximizing the log of the

likelihood function is equivalent to minimizing

F = 1n || + tr(8 3z 1)

r
4 "

(Joreskog 1970). This procedure was performed with the
COSAN computer program (Fraser 1982). v
Models '3 to 7 contain theoretical constructs of effort

or abundance as unobserved variables. The 1ikelihood ratto

tost for lack of fit (Joreskog 1970) was used as a criterion

»

‘e
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for selecting the models. None of the models presented

-

showed any sfgnificant lack of fit at the 0.0I,IJvolar The
'purpose was to ﬂescribeeth; nechngi:- causing the variation
in catch size and provide models of direct ns;\io
;nnage-ent. In the Barbadian fishery, the variables likelys
to be controlled by development or a nnnn;enent scheme are

related to ‘effort, rather than stock.:iza as in many
fisher;os in developed countries. )

Effort is partitioned in two ways, first as target
effort, refering to effort aimed,at a particular target
species (flying fish or dolphin) and slternate effort or
bycatch for large pelagics and non-pelagics. "Secondly,
ef fort was distinguished by gear type aé trolling and

non-trolling effort. The two markets have been modelled

separately. The sample correlation matrices for the
observed variables in each model are given in Tables 7, 8

and 9, ¢

Model 3

. Model, 1 and 2 indicated that Oiﬂpinf effort was
balanced between dolphin and flying $ish. The catch of
large pelagics was étrongly dependent on délphin catch, but
was also strongly affected by the number of boat trips.

In model 3 (Figure 6: Table 7) the targoted and &
alt€rnate effort were related to boat trips with equal

strength. This is not the same as saying that they equally

1

v /



.

146
dotqrnine the number of boat trips simce the variables are

standardized. The variation in boat trips is caused by the
variation inm these two effort compoments in proportion to‘
their variances.,. “This emphasizes the importance of Fhe
alternate species at the market, The strong pathway from
target effort to the flying fi;h catch indicates that, even

S

though Oistins is the nnin4aolphin market flying fish is a
mainstay of the Oistin; f}shery.'

The strong correlations of the error terms indicate
interactions other tham those Hue to components of effort:
The effect of the dolphin catch-"on the alternate large
pelagics catch appears as the corretation of 1@01:
residnn{s. The negative intofactioi of the dolphin and
flying fish catch at Oistins from ioﬂel 1 slsp shows up here
independent of effort.

\:» ~

I ¥ ’ 1/ . -

¢

A similar model structure did not adeguately describe
the Speightstovn market data (Fignre 7: Table 8).

\

Speightstown is more dominated by flying {1.1 than Oistins,
Dolphin and altermate la£;e pelagics are both, to an extent,
bycatch to the flying fish fishery. The pathway from target
effort to the number of boat tr;ps is much st;on(er thax
from .non target e}forg and the flxing fish catch {a\the ’

major result. _The non—pelagic catch only relates to the

effort variables through the catclies of the two target

Al

.
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species. The target species catch negatively af fect

non-pelagic catch indici;in; that their presence decrease

8%
non-pelagic catoch.

The correlations of the error terms are weaker at this

\nurket indicating again that the effort directed at flying

¥

*

fish predominates the¢ structure of the fishery.

"~

. N

Model 5 -

\
Partitioning the effort by geéear types is useful for
management purposes, since it may be possible to control or

enhance the type of fis¢hing done by the boats. Trolling

[

effort is directed at dolphin and large pelagics..

dip nets of

L

Non—xnoliin; effort includes the gilk’nets and

the ff;ing fish fishery and the traps, handlines, seines and
% .

spears of the non—pelagic fishery. )
“" For Oistins (Figure 8: T\hle 7) there is again balance

kY A3

between the éonponents of the fishery. Lack of direct

T~

correlation between t

<

two effort types indicates little

¢

betvoen‘jha\cfsi

The alternate large pelagics again appear stronger tham

¢

the two target species however,

expected in relation toreffort. The co;rolntion between the

non-pelagic catch residupl and those of flying fish and
EY

»

dolphin catch prohubly indiggte that the éffort on the
. z‘
non-pelagic group is poorly accounted for in this model.

The fishery is tﬂought of &s aimed at two species with a

b

L

Q

/v

.
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bycatch, these models indicate that the bycatch is not a
negligible compoment in terms of the dynamics of the
fishery. .
¥ S Rl
odel 6

At Speightstown, the trolling versus non-trolldng
approach to partitioning effort (Figure 9: Table 8) again
yields a different pict?re than at Oistins. Nom-trolling
effort is the ;;jOt cause of the n;-ker of Qbat trips and
the pathway from trolling e{fort‘throngh no?—trolling effort

to boat trips is stromger. . than %he di;ect rath., This

indicates that nom-trolling effort is an important cause of

Y
f

the catches of ti; species caught by trolling. The boats
troll on their ’Qy to the f{ying fish grounds. Both types

of effort are reduced when flying fish are wnavailable. The"
relationships between the dolphid and lnr;empolu;ics catches
’nd trollin’g ef fort are of similar strength. This along
with the results of Model 4 .suggest that both of these
categories are ‘bycatch to the flying fish fishery at

Speightstown, in contrast to the situation at Oisting.

.
.
Model 1 )
:

-

The final ‘model (Figure 10: Table 9) reexamines market
interaction using the 'number of boat trips at each market
and the landings of the target species., It is an attempt to

sort out the relative effects of abundance versus efifort
’ Ty

s

"
3

S
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changes on the landings of the target species. Abundance

vuriltidn of o given species is hypothesized to cause
AY

8imilar changes in landings at both markets. So, an
" v

t
\

unobserved variable reflecting abundanmce will be related to

N

the catches of a species at both markets. Effort on the -

. -

other hand, is related to boat trips and catches of both

species at cach market, Here the “effort is only divided,bf
7 o =

market.

In:this model, the importance of flying fish im the

-,

Speightstown catch is again evident and the path
coefficients make it clear that the effects of effort are

stronger than those,of changing flying fish abundance.

14

Do}phin scems to clearly be of secondary importance at
Speightstown, There is surprisingly little correlation
beiveen effort and abundance at Speightstown. This would

obtain if the fishermen sre expending a consistent level of

-
.

effort permitted by weather or controlled by other factors
not related to the expected returm., » At Oistins, the catches
of the two species are more balanced. The effort does not
completely determine the nnn;e: of bo;t trips reflecting the
.importance of alternate species at Oistins., Flying fish

P

landings are again ltgo;zly related to éffort. “Hovovot. it

is clear that the availability of dolphin plays a grpater
role than at Speightstown. The overall picture is that"
flying fish, the staple of the fishery, is the focus of most

of’tho ef fort at the two -nrgfts.-but that Oistins responds

-~

~
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to changing dolphfn abundance quit& strongly, while

L3

Speightstown responds more to‘ﬁlying f£ish availability. The

efforts at the two markets are tightly corr;latod. and the

catches are also }inked through the availgbility of the

fish, due to island wide effects, such as weather and f ish

’

A
movements. -

M&Mmhﬂm_mm

To examine the effects of the new facility ng Oiséins.
the effoects of effort and abundance on the observed c%ai.el
in landings were examined. This was d;no us?n. Model 7
(Figure 10) to estimate the values of the unobserved
variables (Harman 1970) during the first six months of 1983,
given the boat trips and landings for this time period. As

expected, the effort at Oistins increases rlpidlyvttarting

B

¥

in February (Figure 11): ﬂovqg;é, ;stinatod dolphin
abundance also incresses substantially inm Maréh. The
effects of the new Oistin market and the changed dolphin
abundance are also felt at Speightstown, The for;er does
not affect effort until May, but the latter affects landings
eariier. The changing effo;t at both markets results in

increased catches of flying fish, which however, show little

- : )
inérease above normal abundance.
M
The povercni these moethods should now be apparent.

Time series models have described the deterministic and

.stochastic patterns in the fishery. 1In addition, they have
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provided a means of quantifying the changes in the landings

by predicting the catch if the behaviour of the fishery had
remained the same., Causal models of the residuals from the

time series models examine interactions ef the components of

s

the fisherys They also descrihe and quantify underlying

causgses of caéch and effort variations., By attributing- the
A - .

change to different factors, they have indicated why the

observed deviations from the expected behaviour, as given by

¢
S

the time series model forecasts, occurred, Vithout this
information the picturi of the effoct of the nev market
given by inspection of the Andings data alone would be

. ’

inaccurate.

.
.
Discussiop .
N M ’
LY
.
. ]
! ‘ //?

Time series and struyctural models have two advanta;ei

over mofe traditional methods such as production modelling.

First, the timé sexries models give dir;ct,forecasts with
confidence intervals and these forecasts can pe updated as
now informatiom becomes available, 'ithong refitting the
model (Box 'and Jenkins 1976). Catch and effort are
estimated: given the history of the fishery, im a stochastic
rather than dotet-in;stic way. Secondly, cause and effect
telati?nships in the data can bg examined and a large number .
of hypothesized confjgurations can be explored. VWith
. goodness of fit tests availablie, subjectivity in the causal "

models is no more than with gther methods. The
, [ d
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computitional difficulty of these methods are well within

the ?apability of a microcomputer. :
p The approsch presented in this paper should not replace
biological studies of the ;tocks exploited by the Barbadian
fishery. The need to define catch compositions, delinoate
stock boundaries and describe the basic biology of the
important species in the fishery is obvious. VWhat is
intended is to present & set of methods which try to utiliz;

the available information in a efficient and coherent manmer

for the further development of this fishery. \

Insufficient infor-ation is available to determine

N
-

whether the fish stocks passing Barbados are overfished.

The landings data only partially reflect stock abundance.

Afiother important cause of catch var‘ion is the proportion

- o+

of the total stock which passes near enoungh to Barbados to

'

be vulnerable to the fishery. In thft sense, the abundance

-

v!rinblez in the modlls really refer to local abundance, not

stock abundance. To detect overfishing, information on the

€

latter is required. . .

The role of the large pelagics seéms much stronger than

expected. The laﬂdingn‘in this category are still small

s compared to the target species, but the models show that -

- they are stromgly relatdd to effort particularly at Oisting,

Foture expansion will ‘certainly include a large inq;oase in
AN ¥

. the landings of these species. ' p

»

It is very important to consider the naature ot-t%a

~e
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unobserved variables in the models. These theoretical

variables, effort and aqudnnce in the foregoing models,
result from the covariance structure of the observed

’

variables, which are trested as indicators. The assumption
is, for example, that effort is linearly rela;ed to boat
trips, and certain of the catches, (but not all the gntdhes)
and abundance is line{rly related to the catches, but not
the boat trips. In a sense, the names attached to the
unobserved variables can be misleading. The only
information on Ahnnd{nce available is that contained in the
landings. The unobserved abundance variabley also refloct
unmeasured factors such as changes in the fishing power of
the boats because an increase in f%shin; power per boat
vould -increase catches without affecting the number of boat
“ttips. Similarly, changing the length of time the boats
stay out on a trip will affeect :atches but not be reflected
in the number of boat trips. However, this does not make
the models uninterpretable. The main questions are, what
Al N
infornntion-does the data conéain about abumdance and .
effort, and how can that information be most effectively
used ?
More traditional approachkes to catch and effort data
assume that the stock is in some ‘sort of ;quilibtiu- with
fishing mortality (see Caddy 1983 for a critique of this

sssumption). Time series models also require a kind of

equilibrium assumption, as does any type of predictive model
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(Gottman 1981). However, there is an important difference

«

between the kinds of equilibria. Time series models assume
stationarity, that is, that the model is indepemdent of
historical time, though not‘of the distance betwveen u;; two
point; in the series, and that the mean and variance do not
change. However, note that both deterministic time
dependence and chlnqing mean and variance can be inclPded in
the general auntoregressive ;ntegrated nov}ng average class
of models (Box and Jenkins 1976). This type of equilibrium
is guite di'erent from the biological assumptiom that the
stock is in equilibrium with fishing mortality. In )
practice, ,it is much ecasier to examine the statistical
assumption than the biological. Neither the time series nox
the structural models predict optimum or n‘}i-un sustainable
'yield. They provide a reference model with forecasts
assuming no change in the str;;ture of the fishery and
models to examine the ef fects pf proposed changes. This

lenlblo,s managers to assess the consequences of proposed

actions,
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Table 1: Univariate ARINA models for Oistins

-

are ;qua:o root transformed monthly series.

..

market.,
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series.

.Table 2: Un vn:iatolilIlA models for Speightstown market,
L] - ¥

5 3
The W¢ are square root trnnlforn%d monthl



158
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Speightstown Market: Univariate ARIMA Models:
Sguare Root Transformed Data

Boat Traips
h )
W= .33W + A +.,84A + .87A + .73A
t t-1 t t-1 t-12 t-13
5 -
R =10.82
Flying Fish
W = .52W + A + ,96A + .87A + ,.84A
t t-1 t t-1 t-12 t-13
2
R = 0.79
Dolphin
W= ,33Ww + A + .89A
t T t-1 t t-12
2 -
R =0.77
Large Peléglcs
W =24+ .81A + .88A + .71A . .
t t t=1l t-12 t-13
2 .
R = 0.64 s
A

Non-Pelagics

W = .68W + .76A
t t t-12

¥ 2
R = 0.,71.




159

& ’ &
. I 4
Table 3: Univariate and multivariate ARIMNA model forecasts

for square root transformed monthly catch at Speightstown

market, The top number im each entry is the forecast and

the number in parentheses is the standard error of the

.’ﬁ

-forecast.



Year
1982 Jan
Feb

\t"

Apr

May

Aug
Sept
Oct
Nov

Dec

1981 Jan

Feb

Jun
Jul
Aug
Sept
Oct
Nov

Dec

Month

Forecasts for Speightstown Market

Boat Trips
Univ Mul}iv
12 73
(2 04)
13.23
(2 26)
13 s3
(2 41)
14 39
{2 52)
16 12
(2 64)
13 82
(2 73)
10 68
(2 85)
8 19 =
(2 95)
8 00
(3 00)
7 81
(3 14)
8.06
(3 21)
10 63 \
(3.30)
11 45 11 49
(193 (20D
11.70 11 99
(2.19) (2 22)
12 28 12 44
(2 24) (2 33)
13.00 12 33
(2 30) (2 44)
15.10 14 23
(2.36) (2 54)
12,69 12.24
(2.41) (2 64)
9 72 962
(2.50) (273
7 03 6833
(2 55) (2 81)
6 01 591
(2.59) (2 90)
6.25 6 68
(2.64) (2 9®)
6 45 A 62
(2.68) (3 06)
9 14 9 32
(2.72% (3 144)

Flying Fish

Univ Multav
174 82

(39 55)

207 50

(44 07)

199 16

(48 12)

35 04 A
51 88)

245 58

(55 38)

182 16

(58 67}

97 28

(61 79)

34 87

(64 76)

35 57

(67 59)

45 79

(70 33)

80 64

£72 94)

145 07

(75 47)

143 54 150 18
(137 89) (39 06)
168 16 186 35
(40 38) (42 99)
173%0 14 81
(42 08) (46 59)
194 83 203 63
(42 76) (49 93)
236 71 21353
(43.11) (53 06)
178 11 165 78
(43 33) (56 02)

97 65 9111
(44 38) (58 83

1112 118
(44 52) (61 5Q)

29.65 1158
(44 61) (64 07)

33 06 18 42
(44.77) (86 54)

64 22 6356
(44.88) (68 32)
116 79  123.08
(45 01) (71 22)

LN

Square Root Transformed Daga

Dolphin
Univ Multiv
44 89
(14 55)
48 68
(17 23)
45 72 )
(20 54)
50 96
(23 05) .
50 75
(25 42)
J' 53
(27 57)
7 62
(29 ss>"'
0 00
(22 65)
0 00
(19 87)
0 00
L(21 00)
0 00
(34 42)
14 14
(37 97)
65 49  75.60
(16 01) (14 ™)
66 98 82 38
(18 20) (1711
67 72 83 80
(18 84)" (20 50)
69 95 05 06
(18.16) 122 92)
59 09 82 91
(17 40) (25.26)
43 21 5688
(17 35) (27 35
26 69 40.35
(13 57) (29 3D
8 91 2157
(13 57) (31.14)
458 17 86
(13 57} (32.87
367 1760
(13.57) (34 50
16 89 31.21
(13.57) (36 08)
33 91 48 49
(13 57) (37 58)

Large

Peldgics

Univ

29 51
(8 81)

22 54
(8.97)

30 15
(9 12)

37 58
(9 25)

34 76
(9 40)

27.71
(9 53)

28 40
(9 87)

10 02
(10.01)

8 97
(10:15)

8.81
(10 29)

25 21
(10,42)

29.41
(10.57)

a

160

Non
JPelagics
Univ

17 32
(13 19)

15 43
(15.96) -

16 76
(17 09)

le 73
(17 §7)

16 79
(17 82)

34 18
(17 92)

76 21
(17 98)

80 81
(18 36)

85 44
(18 37

83 8as
(18.38)

53 72
(18 38)

28.01
(18 38)

o . oo

=

kf
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Table 4: Univariate an& multivariate ARIMA model forecasts

for squsre root transformed monthly catch at Oistins market.

1]

The top number in each entry is the forecast and the number
in parentheses is the standard error of the forecast.

-
- 1

-

-



Year

1982

1983

Month

Jan

Feb

Mar

Apr

May

Jun

Aug

Sept

Oct

Nov

Dec

Jan

Feb

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Forecasts for Oistins Market

Boat Trips

Unaiv Multiv

18 00

(L 98)

19 49

(2 09)

20 47

(2 14)

19 47

(2 21)

18 92

(2 25)

15 43

(2 26)

13 53

(2 32)

12 49

(2 33)

12 08

(2 34)

11 75 .

(2 32)

13.23I

(2 36) .

15 23

(2 37)

19 92 20 0?2

(1 79) (1 86)

20 &9 2078

(1 98) (2 03)

21 84 22 28,

(2.06) (2 1)

21 46 21 44

(2 10) (216

21 €3 21 1
_(2 13) {2.20)

18 00 18 07

(2.16) (2 259)

15 62 16 0S

(2.19) (230)

14 76 u 9

(2 22) (2.30

14.42 14 52

(2.25) (239

14.58 14 40

(2.28) (2 4))

16.12 15 89

(2.31) 12 a»

17.65 17 87

(2.33) (2.5D

“

Flying Fish

Unaiv
138 37
(30.81)

171 25
(32 50)

=200 45
(32 87)

187 69
(32 26)

187 70
(32 98)

115 19
(32 98)

53 02
(32 98)

10 63
(32,98)

0.00
(32 50)

15 81
(32 97)

56 21.
{32 38)

104 82
(32 98)

s

4
151 11
(33 53)

164 41
(35.48)

203 75
(35.80)

185.38
(35.89)

. 215.53
(35.95)

156 38
(35 99)

93.16
(36.04)

38.03
(36.07)

33 86
(36 10)

42 70
*{36.15)

82.23
(36.19)

128 78
(36.22)

Multiv

v

175 o8
(32 40)

188 ¢4
(34 13)

237 75
(34 57)

194 57
(34 84)

206 35
(35 08)

144.38
(35.31)

97 83
(35 '53)

28.23
(35 75)

27 92
(35 97

30.92
(36 19)

87 39
(36 41)

143 60
(36 63)

~

Square Root Transforped Data

L\?
Pelagics

-

, Dolphin
Unav Multiv
180 02
(22 94)
233 83
(25 78)
251 49
(26 14)
a1 9s ¥
(26 41)
158 24 .
(26 60)
101 40
(26 73)
45 20
(26 84)
17 38
(26 91)
12 04
(26 93)
18 607
(26 98)
44 59
(27 02)
90 41
(27 04)
187 59 113 71
(22 24) (24 68)
229 58 226 77
(25 51) (28 87)
264 13 263 05
(26.49) =(31 99)
241.59 239 37
(26 83) (3% oM
182 01 178 94
. (26.9%) (37.91)
119 46 116 05
(27 01) (40 55)
85 48 83 57
(27 04) (43 02)
34 40 31.00
(27 06) (45 37
3339 3020
(27 07) (47 59)
36.30 32,82
(27 09) (49 72)
62.51 59 67
(27 09) (51 76)
115 50 112 84
(27 10) (53 72)

Unaiv

122.22
(17 22)

123 56
(18 83)

127 68
(19 29)

128 26
(19.50)

127 34
(19 65)

116 09
(19.79)

97 98
(19 91)

67 88
(20 04)

t 76 44
(20 16)

94 55
(20 28)

113.93
(20 40)

130.58
(20.52)

3

Non
Pelagics
Unav

82 07
(16 95)
¢

62.81
(19 69)

57 07
(20 70}

74.17
(21 186)

84 87
(21.42)

128 58
(21.61)

182.40
(21 76)

198.25
(21.88)

177 74
(21.99)

159.69
(22.11)

149 42
(22 21)

120.09
(22 32)
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Table 5: Multivariste ARIMNA smodels for squmare root
¥ )
.transformed nopthly catch at Oistins market. Capital pgrecek
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greek letters are nons;lsonal parametedr matrices.

- ’
. %
.
3}
. .
{ .
. -
- [ S
v
3 s ,
-
» r \
‘I
¢ »
.4 " .
’ .
~
. A .
! : . -
-~ - .
~ .
- o - .
:
i -
3, A
)
-
. . "
- Ve N
*
] . .
.
- 4 - - * .
\4- M )
& a L4 *
\ - «
Al -
, R oo
~
[} N ‘ t \
s
* > ¢ -
. 'S .
¥
. L * .
a R
.
a
o -
- A - ¥ "i
. ! £
"
[ 8 ' "
. A Y
.
. .
+ . X » L
e . -
\
. . *
, '
. » . [} LA
,
- \ -
.
- - 4 D -
N ¥



ﬁoﬁel'

.

. "Boat Trips

164

Multiv;riate Time Series Model for Oistins Market /‘ .
1

Boat Trips and Target Specles Landings

Wt: Flying Fish Catch
Dolphin Catch

.« 3

' 0.81 0.0

8 =.0.0
0.0

0.0
0.90 0.0
0.0 0.41

Error 'Covariance Matrix

M »

3,49

“51.49%
15.14

“ﬁz Values for Fach .Series

L

1052.64
-24.06 60915,

Boat Trips - 0.81
Flying Fish Cat¢h - 0.76
" Dolphin Cakch - 0.88

Ty

x 1

~

L)

»

¢

(I-¢B)vv12wt = (1-93)(1—@312)At

0.25 0.0

= 0.0
0.0

0.86
= 0.0
0.0

0.23
0.0

0.0
0.84
0.0
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I
Table 6: Nultivariate ARINA models for square root
transformed monthly catch at Speightstown market. Capital
greek letters denote seasonal paxameter matrices and lowesx q

l

case grook\letters are nonseasonal parameter matrices.
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Multivariate Time Series Models for Speightstown
Market Boat Trips and Target Species Landings

<

Model: (1-¢B)vv12wt =-(1—eB)(I-0312)At . »

¢

»

’

Boat Prips

i

W, = Flying Fish Catch .
+ Dolphin Latch,

£ ,0.71 0.0- 0.0
9 = 0.54 0.9 0.0
0.0 #0.0 0.0 !

*

14
. - * )
Error Covariance Matrix

4205%
60.20 1526.03

13.08  144.72  216.78,

-~

R2 Vajues for Edch Series
Boat Trips - 0.81

Flying Fish Catch - 0,75
Bolphin Catch - 0.70 ‘

-

0.17 0.0 0.0

$ = 0.0 0.0 0.0

0.0 0.0 =,40

-

0.79 0.0 0.0

9.= 0.0 0.7% 0.0
0.0 0.0 0.85

-m

/
2



167

4

Table 7: Correlation matrix for residuals from ARIMNA models

~

(Table 1) for boat trips and catches at Oistins market.
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Oistins Market Correiatlon Matrix

Boats Flying Fish Dolphin Large Pelagics Non-Pelagics

B 1.00

v 4

‘ * FF .50 1.00 ,
. D .36 © -.001 1,00
L .26 -.013 .27 1.00 °
N .19 ) -.082 -.18" -.018 1.00
’ ’
I
N 7

- -
S e B g - - a

891
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Table 8: Correlation matrix for residuals from ARIMA models

(Table 2) for boat trips and catches at Speightstown market.
A 4 .
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Table 9: Correlstion matrix of :otf&ualtftro- 'IIA models

(Tables 1 and 2) for bost trips and target species catches
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Figure 1: Barbados and the location of the fish markets (1)

Oistins (2) Bay Street (3) Speightstown.
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Figure 2: Time series plots .of Oistins (u:ba-nd c¢) and

Speightatova (d, o and f) target species citches and doat

trips by month for 1961 to 1982,
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Figure 3: Co-pl;imonsaof forecast and-actmal boat trlps and

catches for the Speightstowa market. For 1982 (a,bd,and ¢)

P}

univariate forecasts are opmpared with the actual data fer

-

the two target species and the boat trips series.

For 1983

(d, o, £, and g) both wnivariate apd multivariate forecasts

are compared to the data for catches iz all. four cat;gorioh

7.
4

and boat trips.
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Figure 4: Comparisons of forecast and ac;ual boat trips and
\ . catches for the Oiftims market. For 1982 (a, b; and c)
univariate forecasts are compared with the data for the two
~y % -
target species and the boat trips series. . For 1983 (d, e,
‘ h - »

£, and g) both univariate and multivariate forecasts are

LN
compared to the data for catches in all four categories and

boat trips.
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Figure 5: Path diagram for MNodel 1. Relationships between :

-«
[l

boat tri{: and target species catches at both markets

including market interdction. The data are tho’ residuals

. 4 ‘
from the univariate time series IOJ£.I of Table 1 and 2.

AIl1 variables-are stmdardized to mean zero and variance

© N N .
one. -
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Figure 6: Path diagram for Model 3., Effort at Oistins is

R
divided into target and alternate compoagtits which are
. . . t 2

included as unobserved factors in the model. T%o.dntn are

residusls for the pnivariltu time series models., The

»

correlation matrix of the observed variables in the model is

given in Table 7. All variables are standardized to mean

]
. zero and varidnce' one. ‘\
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Figure 7: Path diagram for Model 4. Effort at Spoiih“tstovn
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1) ’

is partitioned into target and alternute conpznont: which
~
. . -
are included as unobserved fac;ofs in the model, Jhe data
. * &
are the residuuls from the univaridte time sories models.
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Figure 8: Path diagram for Model S. Effort at Oistins is

parxtitioned by gear type and included as unobsexved factors

in the model. The data are residuals from the univariate

time series models. The correlation lAtti;/é} the observed

variable is givem im Table 7. All variables are

standardized to mean 2er0o and variance one.
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+Figure 9: Path diagram for Model 6. Effort at Speightstown

‘

nd included ss unobserved -

orrelation matrix for the
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N

dar

v

.



Speightstown

.“\

Ji ro//mj
tEffort
Ny

L]

u

;Von - fro///ng
Effort

w

.46

50

»

89

AV}



Vid

. 203

- »

. -

‘Figure 10: Path diagram for Model 7, This model considers

e

market interaction in relation to dolphin abundance flying

o
fish abundance and offo?l at each market as unobserved

factors. The correlation matrix for the observed variables

in the model is giyen in Table 9. The data are residuals

.
from the univiriate time seriess models. All variables are

standardized to mean zero and varianceé one.
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, Comeludins Remszks
' There are two aspects‘of th'if thesis: th{ development .
of methodology and the specific results for t;e two
fisheries under stundy. The methodologies advocated are
cattsal analysis for examining of the dynamics of a fishery
and time series‘analysis for forecasting the catch of that
fishery.

Forecasting models, such as the ARIMA models used in
this thesis: can often ntilize existing theory on’'the ‘
dynamics of a fishgry. Examples of this are the Leslie
matrix models presented in Chapters One and Two for age
structured catch and abundance data. However, models based

2

solely on existing theory often perform poorly in
forecasting& A more empirical approach to determining the
structure of a system is required (MacDonald 1981). This f{
paf’icwlaxly true of developing and multispecies'fisperies
for which both basic biological information and theory on
fishet% dynamics may be scarce (Kirkwood 1983). The
Barbados fishery described in Chapter Three is a case in
roint. \

Time series analysis, and particularly“the ARIMA
methodology, is useful in this context. It can accomodate
strugture suggested by other ;tudies or theory, but the
model identification and diagnostic checking procedures (Box

and Joenkins 1976) can be used both to check a_priori

structure nndosuhgest'addition;l structure needed ts
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adequately describe the data. As shewn in Chapter Three,
time series analy;is is useful for forecasting when the
structure of the fishery remains donstant or for providing a
baseline for measuring change. '

The causal modelling techniques described 1n this
thesi1s, while varied, have se;ernl features in common. For
each model, the relationships between the variables are
specified a_priori. A distinction is made between
correlations, which only imply linear association, and
causalMrelations which imply directionality and a causal
ordering. A clear example of causal ordering is given in
Chapter Two where the recruitment process contdins a
distinct ordering of the variables. Heise (1975) discusses
causal ;rdeting in detail.

. Causal analysis is a widely applicable appgroach becaunse
of these features. fﬁe explicit detailing of a hypothesﬁs,
by means of a path diagram for example, is an approach
appropriate to most e;piricnl studies. VWhile formal

4

hypothesis testing may be desirable, it is often impossible

jn non-experimental studies: Causal' analysis can be used to
assess the ;quOtt ( or lack th;reof) ;n the data for a
particular model structure (Blalock 1961).

Unobserved variables 9r factors were.enployed in the
analyses, Unobserved variables are fheoretical constructs

hypothesized to underli; the relationships between the °

observed variables. The variables that are measure are



209
often quite different from the trume variables of interest
e1therﬂbecuuse of measurement error such as catch )
mis—teporting or becausgse the variable of interest cannot be
d1reca1y measured. An example of the la;ter is the

estimation of effort for the Barbados fishery. Unobserved

viariables can be used both to attempt to improve measurement .

s
.

and to specify the variable of interest as related to the
observed variables in a particular way, Imn all of the
annlyszs presented here, and in many other studies,
inability to measure the appropriate quantities accurately
may be the greatest obstaclg to research.

Specific results for the andlyses gave been described
in each chapter. The two fisheries represent different
situations for analysis, The southwest Nova Scotia herring
fishery exploits an age structured stock of a single
species, The variations in catch in the fishery are caused
predominantly by recruitment variation., The range of

?

biological data 18 wide and scientific advice 14 required

~.
< ~

for r\§u1|tion. The fishery is currently under strict quota
nlaag;;ent (Kearney 1983),
The Barbados multispecikes pelagic fishery exploits
highly migratory stocks about which little is known.
\
Variations in"the fishery are less likely to depend on
recruitment than on the migratory pattern of the fish, e.g.,

the proportion of the stock which passes close to the

island, and effort related variables. The landings data in



/ .
N . - : 210
Barbadospare extengive but little additional data are

available. Scionéific'advice is required for development,

N .

. such as the new market facility at Oistins, ¥

*

Rather thnh applying the same model, such as a
"Schaeffer model, to these two fi;hories. the same set of
‘methods have "en applied to both according to th? type of
data available nnd‘the result required. The rationnl&‘h{s
been consistent' throughount: what can the available data tell

us about variations in catch and recruitment ? In both

fisheries the answer has been, quite a lot.

ERE RSP
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