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111 « Abstract «. * .. vi * 

/Variability in the catch and variability of f isrt is a dominant feature 

of the world's fisheries Two important tasks for fisheries scientists 

are the prediction of the catch~«nd determining controls on the size of 

that catch This thesis addresses these tasks for -a fishery in a devel­

oping country (Barbados) where the available data are simple landings 

records, and for the highlv developed herring fishery of southwest Nova 

Scotia (Qanada) for which a wide range 'of biological 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 expected 

siz£ of the "atches assuming the fisheries dc not arter their underlying 

structure, and so give a basejine for examining changes when they occur 

In both fisheries^ the forecasts generated from data, up to 1981 Derform 

well when comparted with actual catch data for 1982 

Structural or ca,usal wodels of catch dynamioa in Barbados describe 

effort and target species abundance as unobserved factors responsible for 

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

interactions between catches andrmarkets in Barbados. 

The-5effect of a new market facility was assessed using the structural 

models. An observed increase in catch was riot solely, due to increased 

numbers or boat trips but also was caused by a substantial- change in the 
abund ance of one of the target species. 

Causal models of her.r-lng recruitment Indicated that fall and spring " 

larval abundance and retention area sizes are important cadses of recruit­

ment variability. A stock recruitment relationship* does exist and is ap­

parently nonlinear. However", individual mature age group abundances are* 

more strongly related to recruitment, than the sum of all the mature fish. 

This implies that the success of spawners is size dr age dependent. This 

result, which is substantiated by literature observations on spawning and 

the appe~a*rance of larvae, has important^implications for the use of stock 

recruitment relationships in management planning. 

The methods "tepplJ-ed in'this thesis are appropriate for many types of 

data. While long term yield prediction's cannot be obtained from these 

methods, they donprovide valuable information^ for short-%erm fisher.y 

forecasting, development and regulation. ' • Forie 
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General 'Introduction 

'Too Much Coffee 
by • 

Edwin Arlington Robinson 
i 

T o g e t h e r , i n i n f i n i t e s h a d e * / 

They d e f y t h e i n v i n c i b l e dawji. 
The M e a s u r e t h a t was n e v e r made. 

The LJne t h a t n e v e r was d r a w n . ' 

T*he w o r l d ' s *f i t h e r i e i a r e c h a r a c t e r i z e d by u n c e r t a i n t y . 
> 3 

Variability occurs in almost all aspects of a fishery from 
• r 

availability of the, fish to the availability of markets for 

processed fish products. ( Si s senw ine- 1984) » This thesis is 

concerned with methods for forecasting fishery catch and 

describing the underlying causes of variation in that catch. 

The achievement of these two goals Would reduce the 

uncertainty in fisheries operations,- regulations and 

management. ' 

- Traditional fishery science is based On deterministic 

models and methods* for both resource assessment and. 

management advice on optimum yields. The theory of fishing 

as described in the classic works of Beve-rton and Holt 

(1957) and Ricker (1975) assumes causal relationships * 

between the variables of the- system, such as effort, catch,, 

abundance and recruitment. Using particular forms of these 



r e l a t i o n s h i p s one can s o l v e f o r t h e maximum y i e l d , f i s h i n g 

m o r t a l i t y or o t h e r some q u a n t i t y of u s e i n m a n a g e m e n t . Much 

of f i s h e r i e s r e s e a r c h i s d i r e c t e d t o w a r d d e s c r i b i n g t h e 

c a u s a l r e l a t i o n s h i p s among t h e s y s t e m v a r i a b l e s . 

F i s h e r ie.s> s c i e n t i s t s a r e c a l l e d u p o n t o p r o v i d e * 

s c i e n t i f i c a d v i c e t o management e v e n w h e n d a t a a r e v e r y , 

l i m i t e d . The i s aue t h e n i s how much c a n be d e t e r m i n e d from 

the a v a i l a b l e d a t a . Tn t h i s t h e s i s , I h a v e worked w i t h two 

f i s h e r i e s . 

The f i r s t d a t a s e t u s e d h e r e was from t h e s o u t h w e s t -

No^i S c o t i a h e r r i n g f i s h e r y . T h i s f i s h e r y h a s b e e n u n d e r 

s t u d y s i n c e t h e e a r l y p a r t of t h i s c e n t u r y , and a l a r g e body 

of d a t a r a n g i n g from l a n d i n g r e c o r d s t o l a r v a l s u r v e y s h a s 

b e e n c o l l e c t e d . The t o s t h v e i t NOTA S c o t i a h e r r i n g s t q c k 

c o n s i s f j o f m u l t i p l e a-ge g r o u p s , i s e x p l o i t e d by s e v e r a l 

« e i 

i n t e n s i v e management ( K e a r n e y 1 9 8 3 ) . The f o r e c a s t i n g of 

c a t c h b y ' e a c h g e a r and of e a c h age g r o u p i s u s e f u l t o t h e 

i n d u s t r y b e c a u s e d i f f e r e n t age g r o u p s p r o v i d e d i f f e r e n t 

p r o d u c t s . I t i s a l s o i m p o r t a n t f o r management i n a s s e s s i n g 

t h e i m p a c t o f r e g u l a t i o n s suqh as q u o t a s ( K i r k l e y e t a l . % 

1 9 8 2 ) * Multiaj0B t i m e s e r i e s a n a l y s e s pf t h e c a t c h - b y - g e a r 

and c a t c h - a t - a g e f o r t h i a f i a h e r y a r e p r e s e n t e d i n C h a p t e r 

Two. 
1 

C a t c h v a r i a t i o n s and l o n g t e r m f i s h e r y y i e l d s d e p e n d on 

s t o c k a b u n d a n c e . In many f i s h e r i e s , much of t h e v a r i a t i o n 

n s i s l s o f m u l t i p l e a-ge g r o u p s , i s e x p l o i t e d by s e v e r a l 

« r e t y p e s , p r o d u c e s s e v e r a l d i f f e r e n t p r o d u c t s and i s u n d e r 

W 



v. 

* -
in atock size cat) be attributed to recruitment variation 

(Sissenwine 1984). Causal models of reoruitment variation 

for southwest Nova Scotia herring are' presented in Ch.apter & 

0 M 

Three, Causal h y p o t h e s e s are *apeci f led a p r i o r i . The s 

support for t h e s e h y p o t h e s e s fn the a v a i l a b l e data i s then 

examined us ing path a n a l y s i s and a n a l y s i s of c o v r t i i n c e 
• - • * 

s t r u c t u r e (Joreskog 1 9 7 0 ) . • 
•i ' 

'Fox the Barbados multispecies pelagic fishery', the only. 

available biologictl data are catch records for a number of 

landings categories and the number of boats landing fir*.*" 

Barbados is a developing country and requires information 

for fishery development planning. The relevant information 

is a projection of expected catch from the fishery and 

models which can be used to assess, the impact of various \ 

development schemes. Chapter Three describes an analysis of 

the Barbadian fishery which uses time series analysis of the 
v 

available information to forecast catch. Path analysis 

(Wright 1934) is used to construct causal models of catchy 

effort and market interactions. ' The two sets of methods, 

tima^ series analysis and causal" modelling apply to many 

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

departure from traditional f isher'ies. science in that they * \ 

are statistical rather than deterministic. In such methods 

the variables in the system are considered random variables. 

Fisheries theory is not discarded. To the contrary,,the 

methods usei-it in a. statistical framework which heeds the 
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cjuu?m gut 

rote^cattiPK Sonthyeat NPY* Scgtjaft. Barring C_iXfiJL 
t 

l - t imc Jur ies ana lys i s approach 

- l a l xgd^s t lon 

" Catch f o r e c a s t i n g i s an i m p o r t a n t management t^ol for 

f i s h e r i e s which haa r e c e i v e d i-n'cr eas ing a t t e n t i o n r e c e n t l y 

( e . g . S tocker and Hi lborn 1 9 8 1 ) . 'Catch f o r e c a s t s are an 
% ' 

.expxes sion. .of the e x p e c t e d f a t e ĉ f a . y e a r c l a s s u p a n i t . s ' . 
* . • * * " * 

e n t r y i n t o the f i s h e r y " The f o r e c a s t e d c a t c h can provide a 

r e f e r e n c e by which, "the e f f e c t i v e n e s s of 'quotas , or -other £ 

• r e g u l a t i o n s and ince"ntiv»s can be i s i e t i e d J i e e C h a p t e r , 

Three and K i r k l e y e t a l . *1982)". From- the p*oint.pf view of 

i n d u s t r y , a p r o j e c t i o n of e x p e c t e d ca tch May be c r u c i a l 

* i n f o r m a t i o n for s h o r t - t e r m p l a n n i n g . -While s t o c k as se s sment 

i n f o r m a t i o n i s u s u a l l y a v a i l a b l e on ly on-an annual b a s i s , 

c a t c h f o r e c a s t s for q u a r t e r l y or monthly p e r i o d s are o f t e n 

p o s s i b l e and t h i a i s aa important atep toward r e a l - t i m e 

management. - , t 

F o r e c a s t i n g the l a n d i n g s from, a f i s h e r y r e q u i r e s a 

" d i f f e r e n t approach than i s taken in f i s h e r i e s a s s e s s m e n t 

procedures suoh aa those d e s c r i b e d by Gulland (1983) or 

Rivard ( 1 9 8 2 ) . Aaaessments are geared toward p r o d u c t i o n o j . 

long term y i e l d m o d e l s . . Quotaa are s e t us ing the .assessment 



information and a crit.erion such as Fo.i (Gullahd 1983) for 

calculating the deaired fiahing mortality of the stock for 

the coming year. Forecas/ting methods statistically model 

. ' the past history pf the catch (or other quantity to be 

* : % - -
forecast) and, assuming the patterns in the hisfory of the 

fishery up -to the present Ire correctly model led and will 
- - ' • • • , * * - -; *• V " ** .. » 

cont inue unchanged, f o r e c a s t the 'expected c a t c h in the 
- ' ' "* .. * 

futur'ef^* What ia required* is hot necessarily a'de tailed 

. knowledge of the dynamics and biology of the unit stock in 
- \ • 

y . \ * * j f > " 

/ que i t i o n , a* requ ired for c a l c u l a t i n g optimum yiel^d," but 

l e a d i n g i n d i c a t o r s of the s i z e of tffe c a t c h . 'A l e a d i n g 

*'* i n d i c a t p r must be a s i g n i f i c a n t c o r r e l a t e of the ca tch which 

precedes the a c t u a l taking of the c a t c h ' in time and i s 

r e l a t e d t q ^ i t s s i z 'e . These i n d i c a t o r s may be the a c t u a l 

. - causes of the oatch in thw sense of Granger ( 1 9 6 9 : see f 

Chapter Two), but t h i s i s not a n e c e s s i t y . A w i d e l y used 

s e t . of f o r e c a s t i n g procedures a r e - B o x - J e n k i n s type, time 

s e r i e s mode l s , a l s o known aa ant oxegrea s i ve i n t e g r a t e d 

w moving average, model s (ARIMAK They have t e e n a p p l i e d t o 

. f i s h e r i e s data in r e c e n t y e a r s by s e v e r a l ' authors (Jensen 

1976: Boudreau.lt e't al. . " 1917;: * S I H I e t a l , 1*980: Mendelaaohn 

1981: 1982: K i r k l e y e t a l . - l « 8 2 : P h i l i i p a 1983f . 

With the e x c e p t i o n Af Mendelaaohn (1982) t h e s e authors 

have only c o n s i d e r e d the u n i v a r i a t e c a s e , i . e . , the 

f o r e c a s t i n g of a s i n g l e ca tch -aer ies , u s ing data on i t a own 

past- h i s t o r y . A more com pi s-ca.ted, but p o t e n t i a l l y more 

^ 

http://Boudreau.lt
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u s e f u l a p p r o a c h i s m u l t i v a r i a t e t i m e s e r i e s m o d e l s ( T i a o and 

Box 1 9 8 1 : J e n k i n s and A l a v i 1 9 8 1 ) f o r rn.nl t i s pec i e s a n d / o r . 

age a t r n c t u r e d f i s h e r i e s . S e v e r a l i n t e r a c t i n g s e r i e s , e . g . , 

catqjhe,s o f d i f f e r e n t s p e c i e s or age g r o u p s , a r e m o d e l l e d 

s i m u l t a n e o u s l y t o a c c o u n t f o r i n t e r a c t i o n s b e t w e e n d i f f e r e n t * 

c o m p o n e n t s of t h e f i s h e r y . Such m o d e l s c a n a l s o d e s c r i b e • 

u n d e r l y i n g c a u s a l r e l a t i o n s h i p s b e t w e e n . t h e s e c o m p o n e n t s 

( Z e l l n e r and Palm 1 9 7 4 ) . 

TWn p a p e r d e s c r i b e s t h e a p p l i c a t i o n ' of u n i v a r i a t e and 

m u l t i v a r i a t e t i m e s e r i e s a n a l y s i s t o f i s h e r y d a t a -fox t h e 

s o u t h w e s t Nova S c o t i a h e r r i n g , Clupca^/faa r e n i n s , t o o b t a i n 

p r e d i c t i v e m o d e l s f o r t h e c a t c h of s e v e r a l g e a r t y p e s and 

age g r o u p s . F o r e c a s t s a r e made -on a q u a r t e r l y b a s i s two 

y e a r s i n t o t h e f u t u r e . 

i 
• Ajt_flyc.ryiejr_o_f_lh.e_F j f fr o r y 

T̂ he southweat Nova Sco tisP^herring fishery (NAFO Area 

41: Bay of Fundy) has been described in several recent 

papers (lies 1979: lies and Sinclair 1982: M. > Sinclair e,t 

al. 1982: A. Sinclair et al. 1982). It has a long 

history and ia central to the economy and social structure 

of the region (Kearney 1983). 

The fiahery operates with a variety of gear types and 

exploita several highly migratory atocka, oompoaed of more 

than 10 age groupa, throughout the year. The stock 

structure in the region is complex with several spawning 

http://rn.nl
http://Ajt_flyc.ryiejr_o_f_lh.e_F


8 

t 

grounds yetriitr ibut ing recruits to the fishery (lies and 

Sinclair 1982: Sinclair and Ilea 1981). Tagging studies 

have indicated that the majority of fish in the Bay of Fundy 
i 

spawn off the southwest corner of Nova Scotia (Stobo et al. 
> , l i 

1982) With smaller spawning areas located off Grand Manan 

Island' and ,iii* Sao t s Bay in the upper Bay qf Fundy (Figure 

1). In addition, there is a substantial contributio# to the 

juvenile herring fishery from the Gulf of Maine stocks 

(Sinclair et al. 1982). Although juvenile (less than ,4 yrs 

old) and adult herring are^mixed in some' of the catchea, 
i 

p a r t i c u l a r l y for the purse s e i n e f i s h e r y , the f i a h e r y 
i 

usually targets on one or the other in a particular seaaon 

with a particular gear type. Purse seiners fish 

overwintering adults in Chedabucto Bay in Eastern Nova 

Scotia from November to April. The main purse seine fishery 
/ 

takes place on the summer feeding and autumn, spawning 

grounds off the southwest corner of the province at the 

month of the Bay of Fundy. *, 

Gillnetters also exploit adult fish on the feeding and 

« 
spawning grounds. Purse seiners, particularly on the New 

Brunswick side bf the Bay of Fundy, fish juveniles aa well 

as adults. •Jhe purse seine catch is several times larger 

than ,the gill net landings. Figure 1 summarizes the 

distribution of landinga and important fishing areaa in 1981 

(Sinclair et al. 1982). 

The weir catch dominates the fiihery for juvenile) 

; . 



» / 

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

Brunawick aide of the Bay of Fundy with a smaller number in ' 

Nova Scotia. The number of weirs has changed little since'' 

1965 (Sinclair and Ilea 1981). 

The catch of foreign boata, which operated in- the < 

region in the early and mid seventies, ia aĉ t included in 

this paper. There has been no attempt to distinguish the 

contributions from each stock in the analysis of total catch 
« 

by v i r i o n , ! g e a r t y p e s . The, s t o c k was d e f i n e d aa i n S i n c l a i r 

and l i e s ( 1 9 8 1 ) f o r t h e c a t c h - a t - a g e a n a l y s i s . Time s e r i e s 

of t h e number of f i s h ( i n t h o u s a n d s ) l a n d e d i n a p a r t i c u l a r 

g e a r or age c a t e g o r y in e a c h q u a r t e r of. t h e y e a r w e r e t h e 

b a s i c d a t a f o r t h e a n a l y s i s . C o n v e r s i o n t o . u n i t s of b i o m a s s 
\ 

i s p o s s i b l e u s i n g t h e w e i g h t - a t - a g e i n f o r m a t i o n c o n t a i n e d i n 
r 

v a r i o u s a s s e s s m e n t d o c u m e n t s a v a i l a b l e from M a r i n e F i s h 

D i v i s i o n , D e p a r t m e n t of F i s h e r i e s and O c e a n s , H a l i f a x , Nova 

S c o t i a . 

The c o n c e p t of a u t o c o r r e l a t i o n i s c e n t r a l t o much of t i m e 

seTries, m o d e l l i n g . The a u t o c o r r e l a t i o n f u n c t i o n of a 

v a r i a b l e i s d e f i n e ? as t h e c o r r e l a t i o n of t h e v a r i a b l e a t 

t ime t , Z t , w i t h i t s v a l u e a t t i m e t - k . That i a 

cov (Z t ,Z t _ k ) 

»yvar(Z t)var(Z t_k) 

D e t e r m i n a t i o n of t h e a p p r o p r i a t e model form f o r a p a r t i c u l a r 
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time s e r i e s r e l i e s h e a v i l y upo/n the shape of the sample 

a u t o c o r r e l a t i o n f u n c t i o n and t h e sample p a r t i a l 

a u t o c o r r e l a t i o n f u n c t i o n , which i s s t r i c t l y analogous t o a 

p a r t i a l c o r r e l a t i o n c o e f f i c i e n t (Box and Jenki«ns 1,27 6: 

/ f ffamilton and Watts ,1978) . These sample v a l u e s ' a r e compared 

" • * 

with the theoretical or, expected shapes of the auto and 
\ » . 

p a r t i a l cor re l a t i o n . funct i o n s which can be der ived f o r each 

model form. This i s true both w i th u n i v a r i a t e and 

m u l t i v a r i a t e , m o d e l a. U n i v a r i a t e time s e r i e s m o d e l s - a r e 

p r e s e n t e d f i r s t and"the m u l t i v a r i a t e caae i s p r e s e n t e d aa an 

e x t e n s i o n of tffe u n i v a r i a t e . 
* " » 

Autor egr es s i v e movirig average models d e s c r i b e ttfe va lue 
«• 

of a time s e r i e s a t time t , Z t , as a' f u n c t i o n of the va lue 
of the s e r i e s at p r e v i o u s t i m e s . Z t - i . . . Z t - p , the va lue of a 

* i 

r e s i d u a l term or random shock, A t , and the past value of 

theae r e s i d u a l s , A t - i v . . A t - q . The genera l form of the model 

f o i / i i t t t i o n i t y time s e r i e s i s : 

l Z , - l + . . . + ^ Z t - p * 

A t - e l A t - l - . . . - 9 q A t - q 

(1) 
t » 

where the <fr i i = l . . . p are c a l l e d the auHoregress ive 

parameters and the e j j « l . . . q are c a l l e d the m o v i n | average 

terma. The .model assumes the At are normal ly d i a t r i b u t e d 

random v a r i a b l e s wi th mean z e r o and v a r i a n c e a,2. The time , 

a e r i e s are assumed t o be s t a t i o n a r y . S t a t i o n a r i t y means 

t h a t .the s e r i e s haa a c o n s t a n t mean and the oovarianoe of Zt 
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w i t h Z^-k d e p e n d s o n l y on k and n o t on t h e v a l u e of t . . In 

p r a c t i c e , , t h i s means t h a t t'ho\te i a no t r e n d or d e t e r m i n i s t i c 

s e a s o n a l i t y an tP- tha t t h e v a r i a n c e of t h e a e r i e s i s c o n s t a n t . 

D e p a r t u r e s from w i t h e r of t h e s e c o n d i t i o n s c a n o f t e n be 

d e a l t w i t h u s i n g V t r a n s f o r m a t i o n . Box and J e n k i n s ( 1 9 7 6 ) 

a d v o c a t e t h e use of t h e d i f f e r e n c e o p e r a t o r s V , f o r 

n o n s t a t i o n a r y s e r i e s w h i c h h a v e t h e e f f e c t % 

r 
4 

r 
V d Z t - Z t - Z . t - d . 

where s i m p l e t r e n d c a n be removed w i t h d«=l and a e a a o n a l i t y 

o f ' p e r i o d s removed w i t h d = s . N o * n - a t a r l o n a r i t y d-ue—<o 

c h a n g i n g v a r i a n c e can o f t e n be d e a l t w i t h \ u s i n g a 
- * 
t r a n s f o r m a t i o n from t h e c l a s s : 

* t - ( Z t + G ) F 

* t - l n ( Z t + G) 

F > 0 

' E=0 

described by Box and Cox (1964), where F and G are 

parameters choaen auch that the yariance of the series is as 

near constant and normally distributed as* possible. 

Normally diatrl'buted random shock terms, At, are assumed, for 

the recommended'estimation procedures of least squafes or 

maximum likelihood. — -
/• 

The n o t a t i o n f o r t h e m q d e l s i s more c o n c i s e u s i n g a u 

backward s f c i f t o p e r a t o r , B, d e f i n e d a a 

t » Z t - l , 
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The a u t o r e g r e s « lve terms can then be w r i t t e n « • " s* 

( l M , B + *J»2+...+o) Bp)Z t , ' 

Ik 

and the moving, /tvexag»e o p e r a t o r s as «• 

<X 

rv 

( l - e ^ - t e ^ i - . * . . - « B.«)At 4 
(' 

"Model (1) i s" w r i t t e n 
f 

4) (B)Z t - 6 (B)A t 

where MB) and 6(B) are p o l y n o m i a l a in B/ the, backward a h l f t 
\ - . J* 

operator A 

- Most fisheries operate on a seasonal basis, that is 

they have'repea ted yearly pattern in landings or effort or 

both. This meana that time se'ries of fisheries data often 

contain not only autocorrelation from one quarter to the 

.next, but alao significant autocorrelation at yearly lags. 

Both deterministic and atochaatie- aeaaonality may occur in a 

series. One way to model seasonality when data are 

aggregated quarterly 1* with nae of the difference operator 

of order 4 . * ' , - ^ 

V *Z t = Z t - Zt-4 . 

Thia removes d e t e r m i n i s t i c S e a s o n a l i t y and may induce , , 

s t a t i ona.r i t y in an o t h e r w i s e n o n - s t a t i o n a r y s e r i e s . 

D i f f e r e n c i n g tp remove s e a s o n a l i t y has t h e advantage of 

adapt ing t o a l i g h t s h i f t s in the /phase of the s e a s o n a l 



* , ; - " ' f * > t 

p a t t e r n .(Abraham and_ Box 1 9 7 8 ) , Other methods such aa 

r e g r e s s i n g on harmonics can not adapt i f the phase of the' 

s e a s o n a l i t y C h a n g e s / But n o n - d e t e r m i n i s t i c y e a r t o y e a r 

d e p e n d e n c i e s ""often s t i l l o c c u r . 

Box and J e n k i n s ( 1 9 7 6 ) , h a v e d e v e l o p e d a g e n e r a l 

m u l t i p l i c a t i v e model for s e a s o n a l time a e r i e s a* f o l l o w s . 

Consider a model c o n t a i n i n g o n l y s e a s o n a l ( y e a r to y e a r ) 

d e p e n d e n c i e s 
I • 

i 

*(B«)Z t= 0 (B»)Et , " > ' 

where 

and 

^ $ (B«) = 1 - GjB*- *2B2s, . . 

V Q(B«) - 1 - ©!_•- Q
2 B 2 * . , . 

[ 

are the s e a s o n a l a u t o r e g r e s s i v e and moving ave'rage o p e r a t o r s 

r e s p e c t i v e l y . If the r e s i d u a l s e r i e s i s a u t o c o r r e l a ted a t 

laga of l e a s than one" y e a r t h i a may be mode l l ed as 

H B ) B t - 6 ( J ) A t > 

Models for Zt and Et can be combined t o o b t a i n the g e n e r a l 

m u l t i p l i c a t i v e model ' 

(B) $ ( B a ) Z t - 9 (B) 0 ( B » ) A t . ( 1 ) 

( I t i a p o s s i b l e tq c o n s t r u c t *a non-mul t i p l ioa ti've 

seasonal: model sjpeh aa uaed by Sa i la - e t a l . (1980) and suoh 
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a mqde'l may perform q u i t e w e l l in f i t t i n g the data and 

f o r e c a a t i n g . However, m u l t i p l i c a t i v e mode l s -are ' more 

g e n e r a l and are e a s i e r t o i d e n t i f y from the sample J 

K 
a u t o c o r r e l a t i o n f u n c t i o n s than a d d i t i v e models (Box and 

J e n k i n s 1 9 7 6 ) . An a d d i t i v e model can o f t e n o n l y be c h o s e n , 

based on the a u t o c o r r e l a t i o n f u n c t i o n s , a f t e r i d e n t i f y i n g a 

c l o s e l y r e l a t e d m u l t i p l i c a t i v e form. Furthermore , 

mul t i p l i ca t i v e models o f t e n r e q u i r e fewer pa r ame tera ^ t n 

n o n - m u l t i p l i c a t i v e m o d e l s . 

The t e n t a t i v e s e l e c t i o n of a models for f i t t i n g a g i v e n 

s e r i e s i s made by. comparing t h e sample a u t o c o r r e l a t i o n 

f u n c t i o n and p a r t i a l a u t o c o r r e l a t i o n f u n c t i o n s w i t h the 

t h e o r e t i c a l p a t t e r n a d e a c r i b e d by Box and J e n k i n s (1976) and 

Hami l ton and K a t t s (1978) for s e a s o n a l modela . A f t e r the 

orders of the a u t o r e g r e a s i v e and moving average o p e r a t o r s 

for both the seaaonal and non-aeaaona l components have been 

t e n a t i v e l y s e l e c t e d , f o l l o w i n g any r e q u i r e d d i f f e r e n c i n g , 

the model may be f i t u s i n g e i t h e r leas^t squarea or exac t 
» 

maximum l i k e l i h o o d (Box and J e n k i n a 1 9 7 6 ) . Leas t squarea 

for u n i v a r i a t e models (aa prov ided in the MINI TAB 

s t a t i s t i c a l programs (Ryan e t a l . 1 9 8 0 ) ) are uaed in t h i s 

paper . , 

M u l t i v a r i a t e Models 

Much of the d e a c r i p t i o n of the form end s t r u c t u r e of 

u n i v a r i a t e time s e r i e a a o d e l a can be ex tended t o the 

( 
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m u l t i v a r i a t e case by c o n s i d e r i n g Zt t o be a v e c t o r v a r i a b l e 

and the parameters 4> and 9, t o be m a t r i c e s of the 

a p p r o p r i a t e o r d e r . M u l t i v a r i a t e ARIMA models have been 

deacr ibed 'by Tiao and Box (1981) and J e n k i n s and A l a v i 

( 1 9 8 1 ) . An example for f i s h e r i e s data was g i v e n by 

Mendelssohn ( 1 9 8 2 ) . , . 

Consider the genera l v e c t o r aut or e g r e s s i ve moving 

average model of the form 

I ( B ) Z t - 9,(B)A t (2) 

where B Z t « Z t - l (T iao and Box 1981) where 
f 

<MB) « I - <J> i B - i' 2 B 2 - . . . 

I (B) - I - e i B - ^ 2 B 2 ~ . . . 

are matr i cea of p o l y n o m i a l s in B> the backward s h i f t 

operator aa d e f i n e d above . Zt i s a v e c t o r of o b s e r v a t i o n s 

on> m i s e r i e s ' a t t ime , t . The A t ia a . v e c t o r of r e s i d u a l 
"> ^ \ , *** 

terms or'random shocks a t time t , which are independent 

normal random v a r i a t e s w i t h aero, mean and c o v a r i a n c e 

matr ix o2 . 

The d iagonal e l e m e n t s of the parameter 

m a t r i c e s A and e d e s c r i b e the dependence of a g i v e n e lement 

of Zt# «ay x i t , on i t s own p a s t h i s t o r y , z i , t - 1 . . . * i » t - p . 

and paat v a l u e s of the random shock terms a j ^ t - l . . . a j . , t - q 
f ' 

as in the univariate caae. The off diagonal parameters 

account for the dependence 'of *i,t on the paat value a,of the 
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o t h e r s e r i e s * j , t - 1 •'. .x j , t - p . j * 1 »n<* t h e i r random shock - t 

terms «j , t - 1 . . . *j , t - q . , ' 

M u l t i v a r i a t e modela i n c l u d e the case of one way 

i n t e r a c t i o n t r a n a f e r f u n c t i o n modela (Box and J e n k i n s , 197.6) 

as w e l l as c a s e s "where t h e r e i s f eedback between the s e r i e s . 
• V > 

Most o f t e n , the, parameter m a t r i c e s have r e l a t i v e l y few 

n o n - z e r o v a l u e s which s i m p l i f i e s the models c o n s i d e r a b l y . * 
> 

As an example , c o n s i d e r a b i v a r i a t e p r o c e s s which i s 

n o n s e a s o n a l . If the p r o c e s s i s a d e q u a t e l y d e a c r i b e d -by a 

f i r s t order a u t o r e g r e s s i v e model 

' 3 b (B) Z l t ia 

' cvd '2t 

It 

*2t 

For the caae where the 'pa rame t e r b i t -zero, the model 

corresponds t o a . t r a n s f e r f u n c t i o n w i t h z i , t aa the input 

s e r i e s and Z 2 , t •» the output s e r i e s . In o t h e r words, * i , t 

depends on ly on i t s own paat h i s t o r y , b u t * 2 , t depends on i t s 

own and the paat h i s t o r y of *\,t- I f *11 the parameters 

in <j> were n o n - z e r o , then t h e r e would be f eedback between 

the two s e r i e s such t h a t each depended on i t s own pas t 

h i s t o r y and t h a t of the o t h e r a e r i e a . 

• ' fc.' This s imple example' can be e x w d e d t o aoae c o m p l i c a t e d 

c a s e s of mixed aut or egr es s i ve moving average p r o c e s s e s a-nd 

more than two a e r i e a . , Aa w i t h the. u n i v a r i a t e mode l s , < 

txan af orma t i o n a and di f ferqnoing" may be neceaaary t o induce 

s t a t i o n a r i t y . , • 

M u l t i v a r i a t e m u l t i p l i c a t i v e s e a s o n a l ' model s - a r e d e r i v e d 

/ 
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as f o r the u n i v a r i a t e Caae. T h e - m u l t i v a r i a t e form ia more 

p a r s i m o n i o u s in many e a s e s compared w i t h n o n - m u l t i p l i c a t i v e 

( a d d i t i v e ) modela where terms a t s e l e c t e d l a g * are i n c l u d e d 

(Jenk ina and A l a v i 1 9 8 1 ) . M u l t i v a r i a t e modela can 

n e v e r t h e l e s s have a very l a r g e number of parameters because 

w m the c o m p l e x i t y of "the model i n c r e a s e s as the square of the 
* 

number" of s e r i e s . A u s e f u l s i mpl i f ica tMfcn f o r aeasona l 

p r o c e s s e s i a the m u l t i p l i c a t i v e d i a g o n a l model ( J e n k i n a and 

A l a v i 19K1) where on ly til*, d i a g o n a l e l e m e n t s of the 

^parameter m a t r i c e s c o n t a i n aeaaonal t erms . This means t h a t 

the aeaaonal behav iour of the s e r i e s r e s u l t s o n l y from the 
dependence of each ser irfs on it's, o#"ii~'pas't h i s t o r y . An 

example of one anch mpilel it A&$tivib6'A bellow. 

Because of jthe p o t e n t i a l c o m p l e x i t y -of m u l t i v a r i a t e \ 

time,, a e r i e s modela , th.ere has b e e n some c o n t r o v e r s y ovem the . 
V - ••' »v 

m o d e l l i n g p r o c e d u r e . ' Some a u t h o r s auggeat t h a t the 

*- P ' 
ind iv idna l» j>er iea should be prewfcitened, i . e . , f i t t e d t o 

univa'ri'rfte time Yer-iea "model f i r a t , w i t h t h e i n t e r a c t i o n a of 
if -« * i~ 

the Residuals modelled multiva*lately (Jenkins and Alavi 

1981). Tiao and Bo*^( 1981>-Jcoj*ten/-that ?x ewh it eni ng masks 

. " - " . ' 1- * .' ' " 4 ^ s ** * ' 
.-— •- the s t r u c t u r e of the m u l t i v a r i a t e proceaa making i t more 

d i f f i c u l t t o chop'se «a model form. PrewhJrtening„ was not used 

J \l<.-\ ~4a t h l _S »tndy bebause the pr ewhi t.£A«d a u t o c o r r e l a t i o n 

"" * v O * -- * .. -~ 
s t r u c t u r V w a s ' d i £f i c u l t t o i t f i e r p r e t compared t o the ', 

a u t o c o r r e l a t i o n a t r u c t u r e b e f o r e pr ewhit e n i n g . In a d d i t i o n , 

l p r i o r i model s t r u c t u r e , d e a c r i b e d below, waa in terma of 



-* 
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>*iSC*** 

H' 

the s e r i e s be fore p r e w h i t e n i n g . , "£"""'* • 
y , - ' "" ^ ^ , V > 

'' _ With., biological data, information on the* moVt t-uifable -i,.-

'form- of t̂h • model may of ton be available* __j__|_yf46f. Fox 

*̂ f" 

example, wi th age s t r u c t u r e d data a L«e<*l ie matr ix fyjie model 
* s-

, - \ . • * " v ' " * — » * * • 

( L e s l i e 1945) ma.y t e f t t a t i vel y ,be~ pr opceed'Nf or catch or 

abundance. Modela of t h i s tynw §xe de s c r i b e d below and i n 1 

* , * ' " „ * ' . . ' * • * . • * " „ * 

Chapter Two. v
 r - - ' - > < ' * ' - - „ ' * 

«• ' '*•« 

f 
4f • * f g t e c g f t J B g ' '', ** 

.̂  "One of the pr incipal'- 'reasorts f o r c o n s t r u c t i n g 

-A 

^ T 

u n i v a r i a t e or m u l t i v a r i a t e ARIMA modela of f i s h e r i e s catch 
. I . - ** 

. data i s . t o f o r e c a a t the f utnr e* ca t e h . Th« models d e s c r i b e d 

.- above 'provide auch f o r e c a a t s d i r e c t lev, and i t can be shown 
— ** i_ * ^ 

' t h a t , i f thev modol ia a good ^approximatHon t o "the under ly ing 

' ( r o s e i u i , the. e r r o r a; of the f o r e c a s t s w i l l be of minimum" 

-• v a r i a n c e (JBox and J e n k i n s 1976: T iao e*t* a l . 1 9 7 9 ) . ' 

Furthermore,' standard e r r o r s can be c a l c u l a t e d , ^ o r the 

f o r e c a s t s . Since -f iah l a n d i n g s are h i g h l y v a r i a b l e , 
# * ^ •• **" f «s» * 

p r o c e s s e s , these standard e r r o r s w i l l o f t e n be leprae. T_ri» 
- , « * *> • * •»* 

standard e r r o r s can be need t o compute p r e d i c t i o n i n t e r v a l s 

. - -•* . . <*' • . * <"*** *- -' -

f'~ 

for the forecasts" . * r 
-* r' 

The d i f f e r e n c e e q u a t i o n formvof the aodelj f (equftt^ona* ' -

(1) and ( 2 ) ) i s the simpTest for c a l c u l a t i n g f o r e e a e t a . Jh* 

f o r e c a s t i n g procedure i s i t e r a t i v e , w i t h the f o r e c Y s t s ^ b e i n g , 

oa^-culated in/ aeqjaenee from the end of the a e r i e a up t o the 

~̂ . 
s 

r) 
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aixinna lead time deaired. The expected value of this form, 

of the model for the value of the aeries at lead time,' L is 
1 > 

Z t ( D "= <J> i E [ Z t + L - l ] + . . ' • + * pECZt+L-p]" 

0 l E [ A t + L- l l -V . . ." 9 qfe[At + L-qJ . ' 
« -

the unknown r e s i d u a l t e r a , A t + L , i s s e t equal t'o z e r o ( i t s , 

e x p e c t e d valuet) for each f o r e c a s t . Values of the s e r i e s 

"between t ime t and time t+L are r e p l a c e d by t h e i r f o r e c a s t e d 

v a l u e s . Theae, v a l u e s a l low the c a l c u l a t i o n of the Aj+L-r, 

r » l . * . E - l . As new i n f o r m a t i o n becomes a v a i l a b l e , the 

f o r e c a s t s can be e a s i l y updated by r e p l a c i n g the e s t i m a t e d 

v a l u e s for Zt-*-L-r, r«=l. . . L - l in the f o r e c a s t i n g e q u a t i o n . 

.With the now i n f o r m a t i o n . 

The s tandard e r r o r s of the f o r e c a s t cap be- c a l c u l a t e d -

* as - I I w e i g h t e d sum Of the paat v a l u e s of the r e s i d u a l s . That 

[ (1 +1 <J> 2 ) 0 2 1 1 /2 1 - 1 . . . L - 1 . 
i 1 a 

r 

where the '{'.weights are determined by the parametera of the 

model auch that 

4>(B) * 9 ( B ) / e> (B) . 

-' ' * 
The procedure Is s t r i c t l y ana logous f o r u n i v a r i a t e and 

4 / 
multivariate modela (Tiao et al 1979). 
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' Amlvslt of the Southwest Nova Scotia Herring Fishery 

The landings data for the fishery are considered in 

• ' \ • 

three ways.* First, -univariate models" were constructed of 

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

the three major gear types: weir, purse seine, and gillnet, 

with all age groups added together.' The' data were for 1965 

to 1981, initally. The catches in 1982 were then forecast 

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

full data ae t for 1965 to 1982 was uaed -and forecasts for , 

1983 and 1984 were generated. These same data were also 

used to construct a multivariate model of the.catch by gear 
v 

type and the same p e r i o d s were f o r e c a s t . I 

N-ext, a m u l t i v a r i a t e model of the c a t c h - a t - a g e for the 

whole f i s h e r y in each q u a r t e r was c o n s t r u c t e d c o n s i d e r i n g 

the age groups 1 to 7 and 8-*- ( the l a t t e r encompassing a l l 

f i s h aged 8 and o l d e r ) . ^ The o l d e r age groupa were pooled t o 

reduce the d i m e n s i o n a l i t y of the model s i n c e t h e i r 

c o n t r i b u t i o n t o the t o t a l ca tch was s m a l l . The f o r e c a s t s 

for c a t c h - a t - a g e are for 1982 us ing the 1965 - 1981 data and 
for 1983 and 1984 ttaing the 1965 - 1982 d a t a . 

\ 

F i n a l l y , a m u l t i v a r i a t e model was c o n s t r u c t e d K o f the 

t h r e e j u v e n i l e age groupa 1, 2 , 3 and the 4+ ( a l l f i ah aged 

4 and o l d e r , r e p r e a e n t i n g t h e mature s t o c k ) . The f o r e c a s t s 
/ 

are for the same p e r i o d s as the o ther mode l s . 
C a t c h - a t - a g e modela c o n t a i n a p r i o r i a t r u c t u r e on 

> / < 

b i o l o g i c a l grounda. The f i s h in the catch e i t h e r were 

/ 
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p r e a e n t in,, the e x p l o i t a b l e p o p u l a t i o n in the p r e v i o u s 

y e a r ( s ) or are new r e c r u i t s (age one in t h i s s t u d y ) . The 

number of f i s h in an o l d e r age group ( g r e a t e r than age one) 

i s a f u n c t i o n of the number in the p r e v i o u s age group one 

y e a r a g o . The number of new r e c r u i t s w i l l depend in part on 

the number of mature f i s h (or mature b i o m a s s ) . The v e c t o r 

of numbers at'a-ge in y e a r t w i l l be equal to a maitrix of 

parameters t imes the v e c t o r of numbers a t age in y e a r t - 1 . 

IF the r e l a t i o n s h i p s .are l i n e i r , the parameter m a t r i x w i l l 
^ ' -

take the form of a L e s l i e m a t r i x N ( L e a l i e 1945) which haa 

n o n - z e r o - e l e m e n t s on the subdiagonal and a t l e a s t one ' 

n o n - z e r o e l ement in t h e - f i / r s t row. 

, 4 ^ same r a t i o n a l e w i l l apply t o the number caught aa 

w e l l aa the numbers in the s t o c k , bqt the r el a t ionah ip s w i l l 

be masked t o ~an e i t e X f by o t h e r f a c t o r r c o n t r o l l i n g 

r e c r u i t m e n t and the s i z e 'of the c a t c h . In te'rm* of ARIMA 7 
mode-Is for q u a r t e r l y d a t a , the L e a l i e matr ix I s a f i r a t 

order s e a s o n a l a u t o r e g r e s s i V e m a t r i x ( * i ) . For the two 

c a t c h - a t - a g e modela c o n s t r u c t e d in '-this atudy the L e a l i e 

m a t r i x s t r u c t u r e wa,s p a r t l y conf i r « e d by i n s p e c t i o n of the 

auto and p a r t i a l a u t o c o r r e l a t i o n f u n c t i o n s . , No e v i d e n c e of 

the r e p r o d u c t i o n terms in the- firs"t row was d e t e c t e d 

howevef . S u r v i v o r s h i p from one age/ t o t h e . n e x t i s e v i d e n t 

in the c a t c h d a t a , bnt the atock r e c r u i t m e n t r e l a t i o n a h i p ia 

e i t h e r masked or n o n l i n e a r . 

\ 
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f l£__l._i 

£lJ__L_il-6_l_______ 

I n s p e c t i o n of the s e r i e s of c a t c h e s i n d i c a t e s t h a t the 

w e i r l a n d i n g s have remained f a i r l y c o n s t a n t in mean va lue 

over the s tudy p e r i o d (1965-1982.) w i th some change in the 

var iance ." The purse s e i n e l a n d i n g s have d e c r e a s e d 

s u b s t a n t i a l l y in both mean and v a r i a n c e in l a t e r y e a r s , 

w h i l e the g i l l n e t l a n d i n g s have i n c r e a s e d in v a r i a b i l i t y 

with l i t t l e change in mean^ A a q u a r e r o o t t r a n s f o r m a t i o n 

(choaen a u b j e c t i v e l y from a l a r g e number of t r i a l s ) was used 

on a l l the s e r i e s t o s t a b i l i z e the v a r i a n c e . There was 

d e t e r m i n i s t i c s e a s o n a l i t y in a l l s e r i e s and a d i f f e r e n c e of 

order 4 was r e q u i r e d t o induce s t a t i o n a r i t y . 

The u n i v a r i a t e models f i t t e d t o the t h r e e s e r i e s 

i n d i v i d u a l l y (Table 1) show t h a t the w e i r and purse s e i n e 

f i s h e r i e s , which are the l a r g e a t c o n t r i b u t o r s t o the t o t a l 

l a n d i n g s , have the same a u t o c o r r e l a t i o n a t r u c t u r e . The bea t 
A 

fit (R2-0.32 and 0.37) is a firat order autoregreaaive 
-r, .• 

p r o c e s s in the n o n - s e a s o n a l component and a f i r s t order 

moving average in the s e a a o n a l component. The g i l l ne t 

l a n d i n g 'aer i e s waa beat f i t t e d ( R 2 - 0 . 4 8 ) by a p u r e l y 

aeaaonal t h i r d o r d e r moving average model . Theae t h r e e 

modela e x p l a i n between 30 and 50 % of the Variance for each 

a e r i e a . No a u t o c o r r e l a t i o n waa d e t e c t e d in the r e a i d u a l a 
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« f rom/ the m o d e l s , and an i n c r e a s e in the number of parameters 

d i d / n o t s u b s t a n t i a l l y d e c r e e s ^ the residual* V a r i a n c e . An 

e x a m i n a t i o n of the c r o s s c o r r e l a t i o n between the r e s i d u a l s 

from the models ind ica . t ed t h a t t'he w e i r f i s h e r y lead.* the «< * 

purse s e i n e f i s h e r y by a q u a r t e r and' t h a t the p r e v i o u s 

y e a r ' s w e i r c a t c h may be u s e f u l in f o r e c a s t i n g the g i l l , n e t 

c a t c h . These t e n a t i v e i n t e r a c t i o n s w i l l b e N d i s c n s s e d below 

in the c o n t e x t of a m u l t i v a r i a t e model . 

The f i t t e d m u l t i v a r i a t e model for the t h r e e s e r i e s in 

the c a t c h - b y - g e a r v e c t o r (Table 2) has a d i f f e r e n t a t r u o t u r e 

from the t h r e e u n i v a r i a t e modela . Thia model i s an example 

of a m u l t i p l i c a t i v e d iagona l model s i n c e the s e a s o n a l terms 

on ly appear on the d iagona l of ,Q(B) ( J e n k i n a and A l a v i 

1 9 8 1 ) . The n o n - s e a s o n a l component was b e s t f i t t e d by a 

f i r a t order moving average p r o c e s s (J^ m a t r i x ) , r a t h e r than 

the aut or e g r e s ' s i v e form of the u n i v a r i a t e m o d e l s . There i s 

no q u a r t e r l y dependence for t h e . g i l t ne t c a t c h , o n l y a 

y e a r l y one . The o n l y a i g n i f i ' c a n t i n t e r a c t i o n parameter f o r / 

the t h r e e a e r i e a was the l e a d i n g of the purse^'se ine ca tch by 
* 

the w e i r c a t c h in the p r e v i o u a q u a r t e r ( m a t r i x 
i i I 

element 9 21) . The reaidual variance for«*the multivariate 

modela ia similar to that for, the univariate modela. The 

multivariate model doea not fit the gillnet catch aeriea aa 

well however (R2«o.36). A smaller number of parameters was 

required in the multivariate model (6 va. 7 ) . An average 

of 3 5. % of the variance of each series waa explained by this 
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model (Table 2 ) . J ' / 

The error c o v a r i a n c e matr ix f o r t«>e f i t t e d model 

(Table 2) ia i n t e r p r e t a b l e aa the o n e - a t op-ahe ad, f oreca s t 

error c o v a r i a n c e s ( i . e . , the e r r o r when f o r e c a s t i n g Zft-i 

with data n p . t o Z t ) . , The d iagona l e l e m e n t s are a measure of 

how w e l l the models should f o r e c a s t f u t u r e v a l u e s of each 

s e r i e s . The sub-dia,gonal e l e m e n t s e x p r e s s the r e l a t i o n s h i p s 

between the f o r e c a s t e r r o r s f o r d i f f e r e n t a e r i e a . 

Examinat ion of r e s i d u a l ajit 6corr el a t i o n s t r u c t u r e , 

showed c r o s s c o r r e l a t i o n between t h e g i l l n e t c a t c h lag'ged 

th-ree q u a r t e r s and the o t h e r two gear's. A d d i t i o n a l f i r a t 

order parameters were not s i g n i f i c a n t , and a second order 

model did no$ remove t h i s res^dua /l a u t o c o r r e l a t i o n . 

Dntran-sformed f o r e c a a t s f o r 1982 fx>r both u n i v a r i a t e 

and m u l t i v a r i a t e mode l s c l o s e l y f o l l o w the a c t u a l c a t c h e a In 

1982 ( F i g u r e 2 ) . The square r o o t t rans formed c a t c h 

J 
f o r e c a a t s and atandard7 e rrora (Table 3) i n d i c a t e t h a t t h e r e 

i s c o n s i d e r a b l e u n c e r t a i n t y in the f o r e c a s t s . , The f o r e c a s t 

e rror bars Cor the u n i v a r i a t e and m u l t i v a r i a t e models are 

a lmost i d e n t i c a l . 

The untransfOrmed 1983 and 1984 f o r e c a s t s (F igure 2) 

. .project the r e g u l a r p a t t e r n of, the e a r l i e r d a t a . The^weir 

c a t c h p r e d i c t i o n a *are a lmost i d e n t i c a l fo,r t h e u n i v a r i a t e 

a n d x m u l t i v a r i a t e m o d e l s . However, f o r the o t h e r two s e r i e s , 

the p r e d i c t i o n s d i f f e r somewhat, because in the caae of the 

puree s e i n e c a t c h , t h e m u l t i v a r i a t e model' u s e s t h e w e i r ca tch 
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as a l e a d i n g i n d i c a t o r . For th-is s e r i e s , the m u l t i v a r i a t e , 

model i s a bet ' ter f o r e c a s t e r of c a t c h . The- standa rd t i r o r i 

of the f o r e c a s t s (Table 3) change l i t t l e a f t e r the seVond 

q u a r t e r of 1 9 8 3 . ' .-T , 

£ A t c h - a t - A g e Kodelg 

Only a m u l t i v a r i a t e model waa f i t t e d t o the data, for . 

the q u a r t e r l y c a t c h - a t - a g e 1 to 8+. By i n s p e c t i o n of the 

time s e r i e s i t was p o s s i b l e t o f o l l o w large peaks , 

a t t r i b u t a b l e to h igh r e c r u i t m e n t , through each of the age 

g r o u p s . In a d d i t i o n , s e a s o n a l i t y i s > q u i t e marked. This 

i n d i c a t e d the need f o r a aeaso'nal d i f f e r e n c e . The c r o s s 

c o r r e l a t i o n f u n c t i o n s of the s e a s o n a l l y (order 4) 

d i f f e r e n c e d a e r i e s confirmed the t r a c k i n g of peaks through 

age groups from year to y e a r . Some a u t o c o r r e l a t i o n at the 

s e a s o n a l l a g s was a l s o p r e s e n t p o s s i b l y r e s u l t i n g from the 

d i f f e r e n c i n g (Abraham and Box 1 9 7 8 ) . Quarter t o . q u a r t e r 

d e p e n d e n c i e s were l e s s p r e v a l e n t , but occurred f o r a few of 

the e i g h t s e r i e s . The f i t t e d model r e f l e c t s t h e s e 

o b s e r v a t i o n s (Table 4) , ' w i t h a f i r a t order n o n - s e a s o n a l 

autor e g r e s s i v e parameter matr ix ( <t> ) c o n t a i n i n g f i v e 

non-zero e l e m e n t a . The s e a s o n a l moving average parameter 

matr ix ( J0 1. i s d i a g o n a l , but.-the aeat .onal- nuto 'regreae ive 

parameter matr ix ( * ) has...only aundLrfonal npvn-tero 

e l e m e n t s wi th the ^xce? t io1 t . o*f t h e ' s m a l l nega'tive. $4 ,5 
- . 
, " ' - - •* 

ind icat ing some, reciprocal r e l a t i o n s h i p - be tween-age claaa 4 
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and 5. The subdiagonal parameters reflect survivorship from 

one age to the next. Several feedback parameters from the 

adult age groups to the recruits (age 1) or juvenile agea (2 

and 3) -were tried in the %. matrix, but none were significant 

aa indicated - from the sample croas correlation functions. 
Jf r « 

The R2 for each s e r i e s (Table 4) i n d i c a t e tha t about 60 % of 

the v a r i a n c e of each a e r i e a i s accounted for by the mode l s . 

The f o r e c a s t s f o r 1982 (Table 5) are d i f f i c u l t t o 

i n t e r p r e t because of the h igh d i m e n s i o n a l i t y of the model . 

Although the genera l p a t t e r n i t - w e l l p r e d i c t e d , the c a t c h e s 

to much t h a t the model 

Llthouch the genera l p a t t e r n i t - w e l l ] 

>f the i n d i v i d u a l ages seem to Wary si 

can no>t p r e d i c t the peak c a t c h e s very w e l l . The l a r g e 

s tandard e r r o r s of the f o r e c a s t s are" a t t r f b u t a b l e t o t h i s 

d i f f i c u l t y . The 1983 and 1984 f o x e c a e t s i n d i c a t e t h a t the 

genera l p a t t e r n aHould c o n t i n u e , w i t h no c l e a r i n d i c a t i o n of 

a d e c r e a s e in t h e - o v e r a l l l e v e l of the c a t c h , but once aga in 
i 

the peaks are unlikely to be well predicted. 

To circumvent the problems of dimensionality and high 

variability for the older age groupa, all the mature age „ 

groups (age 4 and older) were summed into a .4 + group. , A 
- \ 

m u l t i v a r i a t e model of the t h r e e j u v e n i l e s e r i e s (ages 1 ,2 

and 3) and t h i s a g g r e g a t e d 4+ group was c o n s t r u c t e d . 

I n s p e c t i o n of the s e r i e s and the sample' auto and c r o s s 

c o r r e l a t i o n f u n c t i o n s i n d i c a t e d aut or egr es s i ve n o n - s e a s o n a l 

( <}> ) and s e a s o n a l ( * ) parameters' and a d iagonal s e a s o n a l 

moving average parameter matr ix (Q ) . The L e a l i e matr ix 
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form waa h y p o t h e s i z e d f o r - t h e s e a s o n a l aut or e g r e s s i v e 

parameters ( <J> ) once, a g a i n . In t h e f i t t e d model < (Table 6) 

the on ly feedback from the matur'e s t o c k t o the j u v e n i l e s was 

f o r - t h e two y e a r o l d s ( $ 2 4 ) . Again, the subdiagdnal 

e l em en t s in the s e a s o n a l a n t o r e g r e s s i v e matr i x ( J ,̂) are 
* 

i n d i c a t i v e of s u r v i v o r s h i p , a l t h o u g h "tjrey can not be 

di r e c t l y . regarded as ' as f i s h i n g m o r t a l i t i e s , or o t h e r s imple 

me as u r e s . , • 

Comparing the - <J> m a t r i c e a in Table 4 and Table 6 , t h e r e 

„ ha-s "been a s u b s t a n t i a l change in a t r u o t u r e r e f l e c t e d by the 

changea in R2, p a r t i c u l a r l y for the j u v e n i l e age g r o u p s . In 

the a g g r e g a t e d a tock model, t h e r e i s no q u a r t e r l y e f f e c t of 

age one c a t c h on age two ca tch , . There ia an e f f e c t of age 

t h r e e On age one c a t c h c o r r e s p o n d i n g t o the o b s e r v a t i o n t h a t 

one y e a r o l d f i s h tend t o e n t e r the f i s h e r y l a t e r in the 

_ year (,A. S i n c l a i r e t al . 1 9 8 1 ) . No q u a r t e r l y d e p e n d e n c i e s 

for the mature s t o c k were s i g n i f i c a n t in t h i s model . 

O n e - s t e p - a h e a d f o r e c a a t e r r o r s ( e r r o r c o v a r i a n c e m a t r i x ) for 

the two models ( T a b l e s 4 and 6)' are not very d i f f e r e n t 

however . , 

In 1982 f o r e c a a t s (F igure 2 : Table 7) the c a t c h of the 

summed mature s t o c k i s w e l l f o r e c a a t , a l t h o u g h the age t h r e e 

c a t c h ia not becauae of a l a r g e 1979 y e a r c l a a s which had not 

Appeared s t r o n g l y in c a t c h e s of the younger agea ( I l e a and 

Simon 1 9 8 3 ) . There i s no d i f f i c u l t y wi th the o t h e r two 

j u v e n i l e age g r o u p s . The 1983 and 1984 f o r e c a s t s i n d i c a t e 



28 

-no decrease in the c a t c h over t h a t of the p r e v i o u s y e a r s . 

The s tandard e r r o r s (Tab le 7) are s t i l l q u i t e l a r g e , 

a l t h o u g h l e a s so f o r the mature age group s i n c e i t s 
„ . » * » < - • 

v a r i a t i o n i s smoothed by a g g r e g a t i o n . 

The time s e r i e s <mordeis p r e s e n t e d here ar.e e x p r e s s i o n s 

of the p r e d i c t a n i l i t y of the - r e p o r t e d l a n d i n g s of herr ing 

g iven data on past l a n d i n g s in v a r i o u s components of the 

f i s h e r y . Many of the r e l a t i o n s h i p s conta ined iri the models 
' i _ 

•* * «. 

d e s c r i b e general knowledge of herr ing catch dynamica in t h i s 

r e g i o n . For example,' i t i f not s u r p r i s i n g t h a t the catch of 

a g i v e n age group depends on the. catch of the p r e v i o u s age 

group i n the p r e v i o u a y e a r . The time s e r i e s a n a l y s i s ' 

i n c o r p o r a t e s t h i s knowledge ' so t h a t i t ' i s used t o g e n e r a t e , 

q u a n t i t a t i v e ' f o r e c a s t s of the expec ted c a t c h . 

What c o n f i d e n c e can be p laced on the f o r e c a a t s from a 

g iven 'model? In a l l of t h e modela preaented h e r e , the -

standard e r r o r s of the f o r e c a s t s are r e l a t i v e l y l a r g e . This 

i s p a r t i c u l a r l y true for the c a t c h - a t - a g e modela. When 

p r e d i c t i n g a q u a n t i t y as v a r i a b l e aa f i s h c a t c h - a t - a g e , 
v I 

p r e d i c t i o n l i m i t s a t th.e u b i q u i t o u s 95 % l e v e l are very 

l a r g e . However, the l e v e l of c o n f i d e n c e r e q u i r e d f o r 

management d e c i s i o n s on the c a t c h - a t - a g e i s r a r e l y as high 

as 95 %. A 50 % p r e d i c t i o n l e v e l and i t s corresponding 
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s m a l l e r i n t e r v a l e may be u s e f u l . The l e v e l s ' used f o r 

r 
management and r e g u l a t i o n may be d i f f e r e n t .from t h a t used t o 

prov ide i n f o r m a t i o n to the i n d u s t r y . However, i t i s an 

I important f e a t u r e of the modela, and one not shared by many 

of the methods used i n f i s h e r i e s management, t h a t p r e d i c t i o n 

l i m i t s can be p l a c e d on the f o r e c a a t s . 

Other a v a i l a b l e methods f o r abort ,terav ,f or eca s t i n g 

( S t o c k e r and Hi lborn 1981) r e l y on t h e a v a i l a b i l i t y of, • 

e f f o r t i n f o r m a t i o n . This i s i m p o s s i b l e w i t h h e r r i n g as w e l l 

as >other at-ocks where e x i s t i n g e f f o r t data are s u s p e c t a t 

b e s t . Most ,o f the methods c o n s i d e r e d by S t o c k e r and H i l b o r n 

'(1981) were d e t e r m i n i s t i c and assumed some c a t c h e f f o r t 

r e l a t i o n s h i p in t h e form of a s t o c k product i o n -model. These 

a u t h o r s did i n c l u d e an a u t o r e g r e a s i v e model in t h e i r 

comparison of for eca sting;/me tbod s . They d e s c r i b e t h e . 

problem aa c o r r e s p o n d i n g t o a t r a n s f e r , funct ip-n ( s i n g l e 

input sflTgle o u t p u t ) b u t ' h a v e n o t employed a t r u e t r a n s f e r 

f u n c t i o n model in t h e i r a n a l y s i s and have not used the 

i d e n t i f i c a t i o n and. e s t i m a t i o n methods d e s c r i b e d b y B o x and 

J e n k i n a (1976) . -' 

, ' C a t c h - e f f o r t models and c a t c h f o r e c a s t i n g as p r e a e n t e d 

here g iue r e s u l t s which are used i n d i f f e r e n t ways . 

C a t c h - e f f o r t models d e s c r i b e d by t r a n a f e r f u n c t i o n s ( s e e 

, Chapter Three) y i e l d i n f o r m a t i o n on, the exfffleted r e t u r n from 

aome l e v e l of e f f o r t . They a r e ' c a u s a l modela in t h i s s e n s e 
- , 

( Z e l l n e r and Palm 1979) and can be used in r e g u l a t o r y 
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d e c i s i o n s w h e r e f o r e c a s t s of b o t h e f f o r t and c a t c h a r e 

r e q u i r e d . I n a d d i t i o n , c a t c h - e f f o r t m o d e l a c o r r e s p o n d 

/ c l o s e l y w i t h more t r a d i t i o n a l p r o d u c t i o n m o d e l s f o r l o n g 

term y i e l d f o r e c a s t i n g . Theae m o d e l s a r e n o t u s u a l l y age 

s t r u c t u r e d b e c a u a e e f f o r t can r a r e l y be a s s i g n e d t o age 

grou-pa i n . t h e f i a h e r y . ' 

Catch f o r e c a s t i n g m o d e l s , on t h e o t h e r hand , assume 

t h a t e f f o r t i n t h e f i s h e r y - w i l l r e m a i n c o n s t a n t o r change 

de t e r m i n i a t i c a l l y ( e . g'. s e a s o n a l l y or w i t h a s i m p l e l i n e a r 

( t r e n d ) . Age s t r u c t u r e can* be b u i l t i n t o t h e m o d e l a and 

f o r e c a s t ' t h e r e t u r n f o r a de t e r m i n i a t i c l e v e l of e f f o r t . 

' T h e s e m o d e l s c a n . b e uaed t o a s s e s s w h e t h e r a r e g u l a t i o n h a s 

b e e n e f f e c t i v e i n c h a n g i n g t h e f i s h e r y ( K i r k l S p " t t a l , . 

1 9 8 2 ) ' . , The t i m e a e r i e a a n a l y s i s m e t h o d s ixr t h i s p a p e r can 

be u s e d »for e i t h e r c a t c h ef f o r t ' model a o r c a t c h f o r e c a s t i n g 

d e p e n d i n g o n a v a i l a b l e d a t a . In e i t h e r c a s e , t h e y u s e t h e 

i n f o r m a t i o n c o n t a i n e d i n s t o c h a s t i c v a r i a t i o n a i n . t h e s e r i e s 

t o f o r e c a s t i n t o th.ev f u t u r e . 

S t o c k e r and H i l b o r n (1*981) n o t e t h a t t h e i r d a t a s e r i e s 

a r e r e l a t i v e l y s h o r t ( -15-25 " p o i n t s ) compared t o t h i 

recommended f o r ARIMA' model s . T h i s i s an i m p o r t a n t Iproblem 

f o r t h e a p p l i c a t i o n of t h e a e m e t h o d s i n f i s h e r i e s . To f u l l y 

u t i l i x e t h e , p o w e r o f ' B o x J e n k i n s m e t h o d o l o g y , t i m e a e r i e a of 

a t l e a s t 50 p o i n t a a r e r e q u i r e d . W h e n . t h e q u a n t i t y of 

i n t e r e s t i s a g g r e g a t e d on a y e a r l y b a s i s , t h i s may n o t be 

p o s s i b l e . H o w e v e r , c a t c h d a t a a r e o f t e n a v a i l a b l e on a 

http://can.be


/ 

31 

m o n t h l y o r ' q u a r t e r l y b a a i s aa i n t h e p r e s e n t s t u d y . 

A n a l y a i s on t h i s s h o r t e r t i m e w s c a l e m e a n e t h a t , i « f o t m M o n 
• —-

t o t h e i n d u s t r y i s a v a i f f b l e on a s c a l e c l o a e r t o t h e i r t i m e 

s c a l e of o p e r a t i o n . For -management of t h e r e s o u r c e , 

e v a l u a t i o n of q u o t a s or p e r f o r m a n c e of t h e * i n d u s t r y may be 

c o n d u c t e d on a t i m e s c a l e m o r e - a p p r o p r i a t e t o a c t u a l e v e n t s 

i n a v o l a t i l e f i a h e r y . -~ 

I t i a p o s s i b l e t o w o r k * w i t h s h o r t e r t i m e s e r i e s . 
v 

U s u a l l y , two m o d i f i c a t i o n s t o t h e p r o c e d u r e a r e r e q u i r e d : an 
*̂ 

a p r i o r i h y p o t h e s i s of t h e model form and p a r a m e t e r 

e s t i m a t i o n by e x a c t l i k e l i h o o d m e t h o d a ( H i U s r e r and T i a o 
-** . * 

1979). The former is necessary because identification of 

the model form from the autocorrelation functions is more 

difficult with short series. The latter is becauae exact 

likelihood ia the moat efficient estimation method and thia 

• * 
ia particularly important for abort aeries. 

x — ' ^ • 

The choice between a univariate and multivariate . 

approach must be made for each problem individually. There 

waa little advantage* to using the multivariate methoda in 

terms of forecaating the catch-by-gear. 4The multivariate 

model has a lower standard deviation of the difference 

between' the forecasted catch and the actual catch in 1982 

(Table 8 ) . The univariate modela are, however, aimplqr to 

identify from the 'aut ocorrel a tion functions and computation 

of parame ter. eatimatea is, also simple^. Mul tivsriate .model s 

can be extremely oomplex and expensive to identify and *»• 
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• " 

) • " * 
e s t i m a t e . However, aa ahown above, a p e c i f y i n g t,he model • 

- •< ' * 

s t r u c t u r e us ing genera l p r i o r i n f o r m a t i o n about the f i s h e r y 

i s p o s s i b l e and important for i n t e r p r e t a b i l i t y . For/agerv 

s t r u c t u r e d data*, a m u l t i v a r i a t e approach i« advantageous 
' -• / - . 

since the series must be strongly interdependent. This is 

particularly true for abundance data where each successive 

series is output from the preceding age. For catch data*. 

this relationship is less strict but, as shown by the^ model* 
1 - % 

i •* 

preaented h e r e , s t i l l a t r o n g . The m u l t i v a r i a t e modela' 

correspond t o canaal models in t h i s way ( Z e l l n e r and Relm 

1979) which adds t o t h e i r n e e f u l n e s s as a management t o o l . 

A m u l t i v a r i a t e model, in many c a s e s , i s a l a o pars imonious , 

compared wi th the corresponding u n i v a r i a t e mode l s . 

F i n a l l y , an important use of time s e r i e s a n a l y a i s 

models and t h e i r accompanying f o r e c a a t a ia in p r o v i d i n g a 

r e f e r e n c e f o r a e n n r ing change . Time s e r i e s models f o r e c a s t 

wi th the assumpt ion t h a t the behaviour of the a e r i e s w i l l 

r-eaain the aaae. For u n i v a r i a t e modela, t h i a property and 

the c a l c u l a t i o n of p r e d i c t i o n l i m i t a on the f o r e c a a t a can be 

uaed t 4 a s s e s s changes due to new p o l i c i e s or o p e r a t i o n s 

( g e a r changes e t c . ) . With m u l t i v a r i a t e data suoh aa 
/ c a t c h - a t - a g e or mul t i s-pe c i e s c a t c h e a , a u b t l e r changea may be 

examined. For the southwest Nova S c o t i a f i a h e r y , quota 

a l l o c a t i o n t o d i f f e r e n t gear type a could be examined us ing 

the f o r e c a a t s from the m u l t i v a r i a t e modela, or changea in 

the age a t r u o t u r e of the catoh due to market ing c o n d i t i o n s 

v 
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cquld "be d i r e c t l y a s s e s s e d . For both f o r e c a s t i n g the 

-expected c a t c h as an input^jto management d e c i s i o n * and 

c o n s i d e r i n g the r e s u l t s of those d e c i s i o n s , time s e r i e s 

a n a l y a i s i* a powerful too l which must be inc luded in the 

- r e p e t o i r e of f i a h e r i e a s c i e n c e . < 

• ^1 

I 

! / 

f. 

I \ 
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Table 1: Univariate ARIMA models for catch by three gears. 
i 

Wt are the1 aquare r o o t tranaformed s e r i e s . 

/ 

** * » 

tf< '• • 

\ 

\ 
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s 

Univariate Time Series,.Models of Catch by Three 
' / - * 

Gear Types in Each Quarter 1965-1582;' 

Square Boot Transformed Data. 

» • » 

(weijr Catch 

ttf = 0.2$ W , + A --0.78 A,. . 
t t-1 t t-4 

R2 = 0.35 

Purse Seine.Catch . * 
• • - i 

W '= .0.34 V , + A^ - 0.58 At , 
t t-1 t t-4 

R2 = 0.33- * . -= 

Gillnet Catch 

Wfc = Xfc - 0.51 Afc_4 - 0-*4 At_8 + 0.59 A ^ 

*• v 
" V. 

*R2 « 0.48 

f 
*'» 
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Table 2: M u l t i v a r i a t e ARIMA model for c a t c h by t h r e e g e a r s . 

Wt i s the square r o o t tranaformed v e c t o r s e r i e s . The error 

c o v a r i a n c e matr ix i s the c o v a r i a n c e /ma tr ix of the o n e - s t e p -

ahead f o r e c a s t e r r o r s , At . 

/ 

J 
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Multivariate Time Series Model for Catch by Gear 

^ in Each Ouarter 1965-1982 Sauare Root Transformed V 

Data. * 
A 

4 4 
Model V w • = 6(B) 0(B } A 

~t. ~ »v -i»t 

JJ-,19 0 0 73 0 ^ 0 

= - 57 -.37 0 0 = 0 47" 0 
0 0j| 0 0 

Error Covariance Matrix 

Weir Purse Gill 

12601 

-2031 33451 

-1258 1217 1226 

2 
R Values for Each Series 

* 

Weir 

Purse 

G i l l 

-

-

._ * 

32 

. 37 

36 

4- . 

0 7>4 
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• i > 
Table 3: Forecasts from univariate and multivariate ARIMA 

models of aquare root tranaformed cateh by three geara. For 

each entry,.the top value ia the fore-cast and' the value-

» * 
parenthesis iy the standard error of the forecaat* 

* \ 

r 
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Forecasts from Univariate and Multivariate ARIMA Models ot 
Square Root Transformed catch in numbers by three gear types 

Year 

1982 

• 

* " 

B-

1983 

Q u a r t e r 

1 

2 

3 

4 

1 

2 

U n i v . 
\ > 

- 6 . 0 
( 1 1 1 . 1 5 ) 

284 2 
( 1 1 5 . 9 ) 

5 8 5 . 0 
( 1 1 6 . 3 ) 

3 4 0 . 8 
( 1 1 6 . 4 ) 

1.6 
( 1 0 9 . 7 ) 

241 2 
( 1 1 4 . 4 ) 

We IX 
M u l t i v 

t 

3 3 
(114 4) 

263 1 
(1,16.5) 

5 7 6 . 7 
( 1 1 6 . 5 ) 

342.6. 
( 1 1 6 . 5 ) 

3 4 
(112 2) 

2 2 3 . 2 
( 1 1 4 . 3 ) 

P u r s e 
Univ 

277 6 
(192 1) 

206 2 
( 2 0 2 . 9 ) 

4 4 3 . 3 
( 2 0 4 . 1 ) 

8 6 . 8 3 
(204 3) 

1 

2 8 7 . 9 
(190 5) 

1 8 0 . 6 
( 2 0 0 . 8 ) 

S e m e 
M u l t i v 

2 4 9 . 7 
( 1 8 2 . 9 ) 

1 9 8 . 9 
(203 6) 

487 1 
( 2 0 3 . 6 ) 

' 1 0 0 . 5 
( 2 0 3 . 6 ) 

2 5 5 . 4 
( 1 8 0 . 0 ) 

1 7 5 . 6 
( 2 0 0 . 7 ) 

Gi 
U n i v . 

0 . 0 
( 3 1 . * ) 

54.-9 
(31 6) 

1 5 8 . 3 
( 3 1 . 5 8 ) 

. - 7 . 0 
(31 6) 

0 . 0 
• ( 3 1 . 5 ) 

1 1 4 . 2 
( 3 1 . 5 ) 

11 n e t 
M u l t i v 

0 0 

7 8 . 9 
( 3 4 . 9 ) 

1 9 3 . 5 
( 3 4 . 9 ) 

0 . 5 
( 3 4 . 9 ) • 

0 . 0 
J34 7) 

8 4 . 0 
( 3 4 . 7 ) 

3 579.0 573.7 469.3 509.8 197.9 170 3 
(114.8) (114 2) (200.8) (200.7) (31*5) (34.7) 

335.5 333 4 196.4 226.8 '2.2 0.6 
(114.8) (114.2) (200.8) (200.7) (31.5) (34.7) 

1984 1 8.7 * 8.4 242.1 ' 235.3 0.0 0.0 

(117 5) (118.2) (216.5). (222.5), (35.1) (35.9) 

i 

2 2 4 3 . 3 2 2 3 . 2 1 8 0 . 6 1 7 5 . 6 7 2 . 8 * * 8 4 . 0 
( 1 1 7 . 8 ) ( 1 1 8 . 4 ) ( 2 1 8 . 2 ) ( 2 2 5 . 8 ) (35 1) ( 3 5 . 9 ) _ 

3 S 7 9 . 7 5 7 3 . 7 4 6 9 . 3 5 0 9 . 8 2 1 0 . 6 - 1 7 0 . 3 
( 1 1 7 . 8 ) (118 4) (218 2) ( 2 2 5 . 8 ) (35 1) (35 9) 

3 3 5 . 7 <?33.4 196 4 2 2 6 . 8 - 3 . 3 0 . 7 
( 1 1 7 . 8 ) (118 4) (218 2) (225 8) (35 1) C35.9) 
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Table 4 : M u l t i v a r i a t e ARIMA model for c a t c h at age 1 to 8*, 

The q u a r t e r l y data are iquirrf r o o t tranaformed (Wt) . 

A 



Multivariate Time Series Model for Age Classes 1 to 81- in Each Ouarter 1965-1982. 

Model <j>'(B) $(B -) V W = G(B ) A^ 

0 
63 
0 
0 
0 
0 
0 
0 

0 -
.43 
0 
0 
0 
0 
0 
0 

.46 
0 
0 
0 
0 
0 

'0 
0 

0 
0 
0 
0 
0̂ 
0 
'0 
0 

0 
0 
0 
0 
.30 
0 

q 
0 ' 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0%, 
0 
0 
.35 
0 

0 
0 
0 
0 
0 
0 
0 
0 

* = 

e 
35 
0 
0 
0" 
0 
0" 
0 

0 
0' 
.38 
0 
0 
0 
0 
0 

0 
0 
0 
.64 
0 
0 
0 
0 

0 0 
0 " 0 
0 0 
0 -.18, 
.64 0 
0 .49 
0 0 
0 0 

0 
0 
0 
0 

(O 
. CT^ 

0 

0 
0 
0 , 

&/ 
-~D 

0 
.66 

( °' 
a. 
0' 
0 

0 

0 = 

69 
0 
0 
0 
0 
0 
0 
0 

q 
.76 
0 
0 

p 
0 
0 
0 

0 
0 

-59 
0 
0 
0 
0 
0 

0 
0 
0 
.96 
0 
0 
0 
0 

0 
0 
0 
0 
.82 
0 
0 
0 

0 
0 
0 
0 
0 
.94 
0 
0 

0 
0 
0 
0 
0 
0 
84 
0 

0 
0 
0 
0 
0 
0 
0 
.90 

Residual Covariance Matrix 

19023^ 

-5816 
-1453 " 
-42£> 
-1141 
,-992-
-1176 
-1099 

32188 
2382 
-1504 
710, 
"1323 
930 
1474-

12574 
2611 
-236 
-552 
-906 
400 

3917 
606 
570 
-24 
114 

3337 
1625 , 
1012 ' 
509 

1740 
'l038 
758 55© 

R Values for Each Series 

Age 1 - .39 Age 5 - .73 

Age 2_- .62 Age 6 -„ .60 

Age 3 - .65 • , Age 7 ,- 62 

Aqe 4 - .77 Age 8+ - .49 

Age 1 Age"* 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 

1217 

J> 



42 

'Table 5 : ' F o r e c a s t s from m u l t i v a r i a t e ARIMA model for aquare 

r o o t tranaformed c a t c h at age 1 to €+ . For each en t*y , -the 

top number ia the f o r e c a s t , the s tandard error i s in 

-parentheses and the a c t u a l c a t c h i s in c u r l y b r a c k e t s . 

,-s £ 
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Forecasts-from lu l t ^va r^a t e *RIMA Model 
a t .age 1 t h r j "* and 3 + 

Square Root ""rarsrorTed c a t c i _-i numbers 

lear 

1932 

^ae 1 -ige 2 ^ge Age 4 Age 5 Age 6 Age 7 \ge 8+ 

1983 

2 3 ° V 
'142 0) 

46 4, 

-53 2 
..+2 w) 
10 3; 

1"2 1 J 

(142 0) 

log. 4> 

246 6 
142 3) 
158 0> 

yi 
(137 9) 

17 1 
(137 9) 

143 9 
(137 9) 

176 3 
(137 9) 

226 
(130 
59 

a 
6) 
5 

203 -
(180- 6) 
14" -

482 
180 
507 

167 
180 
344 

155 
(179 

161 
(179 

409 
(179 

231 
(179 

4 

5 
6/ 
8 

S 

l' 
4) 

1 

4) 

1 
4) 

43 

'an 
t>3 

35 

N ( 1 1 4 , 

"9 

115 
(114 
406 

3} 
(114 
137 

1 

93 
(112 

75 

(1X2 

320 
(112 

v. 

Ill 
(112 

3 

4) 

2 
-4) 
4 , 

4/ 
J. 

3 
4) 
1 

I , ' 
1 

1) 

4 
1) 

9 
1) 

--0.2 
to2 3) 
43 6 

140 -
(62 3/ 
4?. 4 

284 3 
("6 2 3) 

'126 8' 

23 3 
(62. 8) 

1107 1 

29 9 
(62 6) 

, ' 67 8 
(62 6) 

140.8 
' (62 6) 

19 5 
(62; 6) 

-11 
(57 
31 

170 
" (57' 

93 

3?3 

. (57 

221 

37 

'•V 
1167 

35 
(57 

114 
(57 

202 
(57 

88 
(57 

7 
") 
6 

9 

'-) 
6 

1 

"•) 

3 
7) 
4l 

0 
8) 

5 
8) 

0 
8) 

5 
8) 

1 
40 
8" 

65 
(*0 

'132 

112 
(40 

'320 

9 
(40 

(110 

9. 
(41' 

128 
(41 

276 
(41 

i 

53 
(41 

3) 
4 

0 
8) 
4 

6 
3 
8 i 

10 
8) 
1 

.6 
7) 

3 

7) 

3 

0 
7) 

-2 
(32 
^4 

26 
'32 
29 

31 
'32 
91 

-3 
(32 

40 

2 
(32 

37 
(32 

60 
(32 

17 
(32 

1 

9) 
2 

9 

2 

3 
9* 

3 
9) 
ll 

7 

3) 

5 
3) 

6 
3; 

0 
3) 

1 5 
(35 6) 
20 0 

50 3 
135 6) 
20 4 

50 3 
(35 6) 
40 4 

8 1 
'(35.6) 
(34 9j 

3 9 
(34 9) 

39 9 
(34 9) 

38 1 
(34 9) 

10 5 
(-34 9) 

1984 

J 

1 5 
(167 8) 

17 1 
(167.3) 

143 9 
(167 3) 

1176 3 
ly.7 8) 

155 

(225 

161 
i 225 

409 
(225 

231 
(225 

3 

3) 

1 
3) 

0 
3) 

1 . 
3) 

93 
(130 

75 
(130 

320 
(130 

111 
(130. 

7 

2) 

1 
2) 

4 
2) 

9 
.2) 

29 9 
(86 6) 

67,8 
(86 6) 

140 7 
(86 6) ' 

19 5 
(86 6) 

35 
(74 

114 
(74 

202 
(74 

88 
(74 

0 
8) 

5 
8) 

0 
8) 

5 
8) 

9.6 
(57 4) 

128 3 
(57 4) 

276 3 
(57 4) 

53 0 
(57 4) 

2 
(42 

37 
(42 

60 
(42 

17 
(42 

7 
2) 

5 
2) 

6 

2) 

0 

3) 1 

3 9 
(46 9) 

1 '39 9 
(46 9) 

38 1 
(46 9) 

10 5 
(46 9) 

/ 
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Table 6: M n l t i v a r i a t e ARIMA model of aquare r o o t t rans formed 

q u a r t e r l y c a t c h at agea 1 to, 4+ . 

V — •* . S. i 

. » . 

\ 
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M u l t i v a r i a t e Time S e r i e s ModeJ. fo r J u v e n i l e Age -Classes 
"* <> 

x n ar id-Mature,Stock; Square jtoote Transformed Data j 
- i' t " 

- / . " 
» - •* ' " 

1 * A A **" 

M o d e l : <j)(B) *(B y V.W = 0 ( B 1 ) A <. 
, .V "V - «» t r>" .*<j#; -.* » 

0 0 - . 5 1 Qr ~ - s > ~" ^ . . ^ » ff 9 ,0 
0 .34 0 0 ~" = / . 3 B 0 ^ 0 ^39 
Ck* 0 .40 -.0 ' "" *_ ~ ' 0 .28 0 0^ 
0 ' 0 , - H 5 / < } * * " " - . / " *" 1)^" 0 .30 0* 

0 = 

J" 

.70 
Q1 

0 

o"_ 

0 ^ 0 
.68-' 0 
0 ".88 
0 0 

0 

0 
.52 

* 

-

«-*_Values fo: 

Age 1 - * .4 

Age 2 - .31 
m 

-t 

Age 3 - .56 

Age 4+ - ^36 
Error Covariance Matrix 

Age 1 Age 2 Age 3 Age 4+ 

18754 
-6143 
-931 
-776 

3S?14 
3165 
2140 

•* „* — 
* v* 

9?64 * > 
59 „,-- 7442' "** ' 
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Table 7: F o r e o a s t a from the m u l t i v a r i a t e ARIMA model of 

aquare rjoot tranaformed c a t c h at age 1 to 4 + . For each 

e n t r y , tha top number i* the f o r e e a a t and tha number below 
r 

in parentheavs i a tha s tandard error of the f o r e e a a t . 

• ^ 

t 
, A*. i «-

•a. 

4 > J. f 

#r 

N..* 
* > 

/ . ' 

* » ' 



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

47 

Year Quarter Age 1 Age 2 Age 3 Age 4 + 

1982 25.5 
(141.0) 

189 2 
(200.6) 

22 2 
(101.3) 

-14 8 
(85.3) 

-45.6 
(141J3), 

185.8 
(200*. 6) 

151 0 
(101.3) 

207 4 
(85 3) 

181.3 
(141.0) 

79.7 
(200.6) 

152.4-
(101.3) 

468 4 
(85.3) 

< > 

1983 

N, 

265.0 
(I41.ro) 

8.3 
(136.9) 

159.0 
(200.6) 

168.6 
U96 7) 

9.8 
(101.3) 

v. 
95 9 
(99.5) 

61.2 
(85.3) 

-78.>5 
(86.3} 

19,8 
(136.9) 

136.7 
(196.7) 

105.4 
(99.5) 

177.8 
(86.3) 

148.6 
(136.9) 

i 

170.9 
(136.9) 

416.6 285.7 
(19*.7) - (99.5) 

268.5 
(196.7) 

125.5 
(99.5) 

426.1 
(86.3) 

145.9 
(86^3) 

196*4 8.3 
(166.9) 

168.6 
(238 d-r 

95.9 
(132.7) 

78.5 
(97.1) 

19.8 
(166.9) 

136.7 
(238.0) 

105.4 
(132.7) 

177.8 
(97.1) 

148.6 
(166.9) 

416.6 
(238.0) 

285.7 
(132.7) 

426.1 
(97.1) 

170.9/ 
(166.9) 

268.5 
(2,38.0) 

125.5 
(132.7) 

145.9 
(97.1) 

'* 

http://I41.ro
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^ Y 

Table 8: Forecaat errora for 1982 aqnare r o o t tranformed 

q u a r t e r l y c a t c h . Me'ane and s tandard d e v i a t i o n a are taken 

over a l l geara or ages and time p e r i o d s * 

< K 

\> 
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Forecast Errors for 1982 Catch, Square Root Transformed 

Data. . 

Forecast Error = Forecast-Observed Catch 

v Mean Forecast 
Frror 

Std Deviation 
of Forecast Error 

Catch By Gear 

' Univariate 

Multivariate 

0.43 

6.32 

102 33 

92.10 

Catch at Age 1-8+ 

* Multivariate -26.60 105.1 

Catch at Age 1-4+ 

Multivariate -32.41 115 42 

V, 
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Figure 1: Map of the Bay of Fundy r e g i o n North A f M n t i c 1 

* <• • . * 

F i s h e r y O r g a n i z a t i o n ar.eaa 4Xa- and 4Xb. A t l a n t i c h e r r i n g J 
- J- - - ' ' • 

. ovjsrwinter ing ( w ) , f e e d i n g ( f ) and spawning fa) -grounds* e r e 

, shown. The h i s tograms in the lower r i g h t -corner i n d i c a t e -

the j u v e n i l e (J) and a d n l t (A) landinga in m i l l i o n s Of f i s h 

by t h r e e gears during 1 9 8 1 . Weir l a n d i n g s ( s o l i d b a r ) , 

G i l l n e t l and inga (hatch b a r ) , purse s e i n e landinga ,(clea,r 

f bar) . 

< 

r ' , 

> 

i 
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Figure 2 : Time s .er ies p l o t s of q u a r t e r l y u n i v a r i a t e and. 

m u l t i v a r i a t e ASINA model c a t c h f o r e o a a t a for southwes t Nova 
*,, 

S c o t i a herriir-g t i l e s by t h r e e g e a r s . Thr- a c t u a l l a n d i n g s in 

1982 are a l s o shown. 
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Figure 3 : Time s e r i e s p l o t s of q u a r t e r l y m u l t i v a r i a t e ASIMA 

model ca tch for eca st s for jthree j u v e n i l e ages ( 1 , 2 , and 3 

yrs o l d ) and the aggrega ted mature age group ( 4+, a l l f i a h 
" .' 

aged 4 yrs and o l d e r ) of southwest -Nova S c o t i a h e r r i n g . . 
i 

Actual landings in 1982 are ahown, 
\ 

l i 

/ 

"2 

f 
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_Yl i i*b_ i I i IZ_£ i 

I n v e s t i g a t i o n s of the causes of r e c r u i t m e n t v a r i a b i l i t y 

have been c e n t r a l in f i s h e r i e s b i o l o g y a t l e a s t , s i n c e 

H j o r t ' s ( 1 9 1 4 , 1926) p i o n e e r i n g work on the subjec t . . . This 

r e s e a r c h has d i chotomized t o a c e r t a i n e x t e n t between the 
V 

1 , 

search for environmenta l factor's which c o n t r o l y e a r - c l a s s 
* . * 

s i z e ( e . g . N e l s o n e t a l . 1977: Laaker 1975) and 
V 

- r e l a t i o n s h i p s between the number of spawnera or eggs in a 

g iven year and the e v e n t u a l r e c r u i t m e n f from t h a t y e a r ' s 

spawn. Thia l a t t e r i s te.rmed the s t o c k r e c r u i t m e n t 

r e l a t i o n a h i p and ia a a a o c i a t e d w i t h t-he work of S i c k e r 

( 1 9 S 4 ) , B e v e r t o n and Holt (19S7) and, more r e c e n t l y , 

.Shepherd' (1982) .-

Compensatory -dens i ty dependence aa ezpreaaed by a 

n o n l i n e a r s t o c k r e c r u i t m e n t r e l a t i o n a h i p , occurs when 
r 

r e c r u i t m e n t i s a convex f u n c t i o n of mature atock abundance. 

Thia r e l a t i o n a h i p may r e a u l t from e f f e c t a of a d u l t a d i r e c t l y 

on r e c r u i t m e n t , such aa cann iba l i am, or through l a r v a l 

c o m p e t i t i o n which ia a f u n c t i o n of the d e n a i t y of the l a r v a e 
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(Bicker 1 9 7 S ) . Recrui tment , then, ia a fun'ct ion of mature 

' s tock abundance (numbers) and l a r v a l d e n s i t y (numbers per 

v o 1 urn e ) . ' 

The s t o c k r e c r u i t m e n t r e l a t i o n a h i p d e s c r i b e s a ,.causal 

mechanism for some of the v a r i a b i l i t y in y e a r - c l a s s s i z e . 

There i s no c la im that s t o c k i s the s o l e or even the 

dominant "cause of r e c r u i t m e n t v a r i a t i o n or t h a t o ther 

p r o c e s s e s do not i n t e r v e n e . S t u d i e s such as those of Lasker 

(197S) and N e l s o n e t a l . (1977) h y p o t h e s i z e s t o c h a s t i c 

cause and e f f e f j - r e l a t i o n s h i p s between environmental f a c t o r s 

and r e c r u i t m e n t . L o g i c a l l y , both t y p e s of r e l a t i o n s h i p s 

must e x i s t , and the q u e s t i o n i s , which c a u s e s are the most 

important for a g i v e n a tock . If the environment a f f e c t s 

r e c r u i t m e n t , i t muat be a c t i n g - through aome b i o l o g i c a l 

mechanism. In o t h e r words, a h y p o t h e a i s of environmental 

e f f e c t s on r e c r u i t m e n t aafould i n c l u d e an a p r i o r i h y p o t h e s i s 

of cauae and e f f e c t r e l a t i o n a h i p a w i t h b i o l o g i c a l v a r i a b l e a 

i f i t i s t o ex tend beyond the c o r r e l a t i o n a l l e v e l . 

Both environmenta l and atock r e c r u i t m e n t s t u d i e s have 

tended toward c o r r e l a t i o n a l arg-umenta r a t h e r than employing 

a causa l m o d e l l i n g approach. P i e r c e and 'Haugh (1977) have . 

s t a t e d some of the i n h e r e n t d i f f i c u l t i e s h e r e : 

» . t 

•The e l u c i d a t i o n of causa l r e l a t i o n a h i p a among a s e t of 
\J — 

v a r i a b l e a ia one of this major goa la of e m p i r i c a l 
/ » 

reaeareh. It haa long been recognized that the finding 



•58 
of h igh c o r r e l a t i o n among v i t i a t e s does not in any 

n e c e s s a r y sense e s t a b l i s h t h a t they are c a u s a l l y 

r e l a t e d . Var iab lea may be f u n c t i o n a l l y r e l a t e d y e t be' 

uncor re l a t e d : and perhaps more o f t e n , they may be 

c o r r e l a t e d y e t not c ,ausal ly r e l a t e d . The former e f f e c t . 

a r i s e s because c o r r e l a t i o n i s a measure of l i n e a r 

a s s o c i a t i o n o n l y : the l a t t e r becauae of common 

a s s o c i a t i o n of each w i t h a d d i t i o n a l f a c t o r s . " 

Stock and r e c r u i t m e n t r e l a t i o n s h i p s and environmental 

e f f e c t a s t u d i e s are s u b j e c t t o both of t h e s e d i f f i c u l t i e s . 

For example, s t o c k r e c r u i t m e n t r e la t i o n a h i p s are u s u a l l y 

b e l i e v e d t o be n o n l i n e a r , a l though i t may be d i f f i c u l t to ' 

propose a s p e c i f i c n o n l i n e a r form. Because of nonlj .nea.r i ty , 

s t o c k recru i tment - ' re l a t i o n a h i p s are p a r t i c u l a r l y s u b j e c t t o 
"» I ' » ' 

"v V 

the first pitfall cited above, that is, the kbsonce of 
V 

c o r r e l a t i o n between f u n c t i o n a l l y r e l a t e d v a r i a b l e s ' . The, 
i 

/< 
s tudy of environmental e f f e c t a u s u a l l y i n v o l v e s c o r r e l a t i o n 

or l i n e a r r e g r e s s i o n . So, the second problem mentioned by 

P i e r c e and Haugh o f t e n a r i a e a , c o r r e l a t e d v a r i a b l e s which 

are not c a u a a l l y r e l a t e d . 

This study d e v e l o p s cauaal modela of r e c r u i t m e n t 

v a r i a t i o n of the southwest Nova S c o t i a h e r r i n g , Cjnuea ' 

hayenans . a tock . I t ia moat natura l .to. th ink of c a u a a l i t y 
y 

in a temporal s e n s e , i . e . , the cauae muat prece'oe the e f f e c t 

in t i m e . Granger (1969) n o t e a t h a t , f o r the d e t e c t i o n of 

http://nonlj.nea.rity
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>>* 

c a u s a t i o n , i f t h e p r e s e n t v a l u e of Y can be b e t t e r p r e d i c t e d * 

by paat Va lues of X than by j iot us ing , rJ f X- A* a canse of Y, - ,, 

.. Thia i a not t o * x c l u d j / i n s t a n t a n e o u s ' c a u s a t i o n ,0 --
, ' ' " . „ . . , . ' < * * . . . « 

(oc cur ren.ce s wi th in the" «ame time period-: H e l s e 1.97-5: P i e r c e 
• . * * • • - ' * and Haug^h 1 9 7 7 ) V In' t h i s p'ap.er r el a ti'ten'sh ip_s are c o n s i d e r e d 

t o oe cauaal i f they confo-rm t o G r a n g e r ' s c r i t e r i o n and have , 

a b i o l o g i c a l necl iaai im between t h e - c a u s . e s and e f f e c t s . Thi* 

• m e a n s - t h a t a ' caurirX-mtode-l w l j l * e t e r ^ t o a_, s.pe c i f ic 

* hypo the s i t , 0 0 4 1 the f n t e r - r e l a t i & n s h i p * of,„the var iab les" . 

r See B a g o z z i (1980) or He iae (1975) "for a d i s c u s s i o n of the 
* "*' v ' 

concept of" c a u s a l fty' . " " .. , 

The nex t s e c t i o n givfe* an tvetrvfew of the b i p l o g y o f , . 
'- - . * ' 

h e r r i n g in t-his re|fron<'alq,nj wijth .a summary, of the data us-ed -
- » — * t> * p , . 

for the s t u d y . In s e c t i o n 3 t h e ' l i n e a r e f f e c t a , o f s'toc,k &n 
r * « 

r e c r u i t m e n t are consids>refi by p o s t u l a t i n g a L e s l i e - matr ix 

* 4 - ' 

- model, of numbers at age and estimating the parametera of the 
model with multiple time aeriea analysis (Tiao and ""Box f 

*" * 
19^1). ~~" 

J * 

• / 

S e c t i o n 4 p r e s e n t s two models of p r e - r e e r u i t m o r t a l i t y 

in a. more d e t a i l e d e x a m i n a t i o n of the l i n e a r e f f e c t of a tock 

on r e c r u i t m e n t aa d e a c r i b e d by the model of a e c t i o n 3 . -

P c e - r e c r u i t m o r t a l i t y i a r e p r e a e n t e d aa a a t e p w i s e p r o c e s s 

~using E v a l u e a (Haldane 1949) t o c a l c u l a t e the r e l a t i v e ' 

m o r t a l i t y between s u c c e s s i v e a t a g e a . Using p a t h a n a l y a i a 

(Wright 1934) the r e l a t i v e i n f l u e n c e of the m o r t a l i t y 

incurred by e t c h s t a g e on o v e r a l l pre—recrui t m o r t a l i t y and 

http://ren.ce
http://the-caus.es
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on r e c r u i t m e n t are compared. 

A more complex model of l i n e a r cauaal r e l a t i o n s h i p s 
t 

betw.een the abmndanoe a .in aucoeaaive stages if deaecibed in. 

• * • * 

Section S. Thia model ia an example of a more general form 
r 

of path a n a l y s i s c a l l e d a n a l y s i s of c o v a r i a n c e a t r u c t u r e s 
(Joreskog 1970: 1 9 7 3 ) . I t e o n t a i n a uwo b a s i c component*: 1) 

* \ a s t r u c t u r a l mdydel of the' causa l r e l a t i o n s h i p s between 

u n d e r l y i n g , o f t a a unobserved or l a t e n t v a r i a b l e s whfch are 

assumed t o o o n t a i n no measurement e r r o r and which' are 

ana logous t o the ' f a c t o r s ' in fac tpr 'a*a ly~e . i s : 2) 

measnremant modela which r e l a t e obaerved q u a n t i t i e a t o the 

unobaerved f a c t o r s . * *' n * ^' ' 

* * 

S e c t i o n 6 ooa's iders the ev idence f o r n o n l i n e a r i t y in -
4 ' A < 

the r e l a t i o n a h i p * betweett t h e abundances a t a n e c e a a i v e 
. " vv 

s t a g e a uaing graphical'' methoda* X v a l n e a of a o r t a l i t y - are 
- • . -

a g a i n employed. F i n a l l y , s e o t i o n 7 uaea g r a p h i c a l methods 
t o e x p l o r e 'the i d e a t h a t i n d i v i d u a l s u t u r e age "grouse have 

s e p a r a t e e f f e c t a on aubaequent . r e c r u i t m e n t aa}ng g r a p h i c a l 

me t h o o s . This i a f o l l o a e d ' b y c o n c l u s i o n s i*r»« the s tudy and 
* 

d i s c a s s i q t t of t h e impl ioa t l o n s ^ * the r e s a l e s . 

V » 

t 

m -.-* 

> -4 

.* • 

\ 
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2. JUXA 

The h e r r i n g atocka of the Bay of Fundy and a d j a c e n t 

f r e e s have been e x p l o i t e d f o r more than 200 y e a r s (Kearney 

1 9 8 3 ) . B i o l o g i c a l r e s e a r c h on theae s t o c k s waa conducted by 

J . . Hjort (1919) and haa i n c r e a s e d a long w i t h the economic 
'< " << 

importance of the f i a h e r y . Thia atudy f o c u a a e s on the 
I " 

period) 1965 to 1 9 8 2 . A l a r g e body of data haa been 
| / 

c o l l e c t e d by the Marine Fiah D i v i s i o n of the Department of 

F i a h e r i e a and Oceana (Canada) on the herr i ng s t o c k s in t h i s 

a r e a , p r i m a r i l y the group which apawna dar iag t h e aatuaa o f f 

southwest Nova S c o t i a . -The i a a a e of s t o c k s t r u c t u r e haa 
« 

been considered recently by Stobo et al . (1982), Ilea and 

Siaclai,r (1982) and the references cited therein. For the 

purposes of the present study, data on the aasessed stock 

off southwest Nova Scotia (Sinolair et al. 1982) waa uaed 

although thia ia not equivalent to a biological population. 

The data for each atage in the progression fro* apawnihg 

through to recruitaent is described below. 

There are several iadieatora of spawning stock size for 
a l 

this period, the most reliable one resulting f rom * sequential 

popalatioa aaalyaia (SPA) (Ilea sad Siaoa 1983) aappleaeated 

by inforaatioa pa the size of the parse seine cateh. The < 

term indicator hare aad throaghoat the paper iaplies a 

quantity which is proportional to or linearly related to the 

trae variable of^^Kreat which usually oaa aot be obaerved 
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d i r e c t l y . 

Herring spawn o f f sonthweat Nova S c o t i a dar ing l a t e 

Auguat and e a r l y September ( I l e a * 1 9 7 9 ) . The spawning p e r i o d 

e x t e n d s from J u l y t o October (Boyar 1 9 6 8 ) . Matur i ty at age 

and l e n g t h at age data are a v a i l a b l e from 1969 to 1982 for 

f e m a l e s ( e a r l i e r l e n g t h at age data e ' x i s t s , bnt not the 

i n f o r m a t i o n on the sex of the s p e c i m e n s ) . A. S i n c l a i r e t 

a l . (1982) and M. S i n c l a i r e t a l . (1981) ahow t h a t bo th 

age and l e n g t h at m a t u r i t y vary s u b s t a n t i a l l y between y e a r a . 

F e c u n d i t y aa indexed by gonad w e i g h t a l s o v a r i e s be tween 

yeara (Measieh%nd S i n c l a i r 1979) and i a a v a i l a b l e f o r 

1 9 6 9 - 1 9 7 4 and 1 9 7 8 - 1 9 8 1 . Weighted a v e r a g e s f o r gonad s i z e 

and body a i z e were computed f o r femalea i a the f i r a t q u a r t e r 

of each y e a r w i th the w e i g h t s de termined by t h e number of 

mature f e m a l e s i n each age c l a a a . 

Larvae of g £ l a n t i c h e r r i n g hatch from demersal eggs a t 

a l e n g t h of about 6 mm and b e g i n f e e d i n g in a p p r o x i m a t e l y 6 

days (Lough e t a l . 1 9 8 2 ) . Larval growth p r o c e e d s a t 

a p p r o x i m a t e l y 5 mm per month through tha f a l l (Lough e t a l . 

1 9 8 2 ) . An i n t e n a i v e l a r v a l survey haa been conducted i n the 

Bay of Fundy dar ing October or November a inoe 1972 ( S i n c l a i r 

e t a l 1 9 7 9 ) . Stock aaaeaamenta in r e o e n t yeara have need 

the g e o m e t r i c mean l a r v a l abundance as an index of apawning 
'/ 

s t o c k a i z e t o c a l i b r a t e SPA ( S i n c l a i r and I l e a * L 9 8 1 ) . 

1,1 es and S i n c l a i r (1982) p r o p o s e d , baae%#ef t h e f a l l 

l a r v a l survey d a t a , a f u n d a m e n t a l l y important b i o l o g i c a l 
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phenomenon f o r h e r r i n g a t o c k a . They h y p o t h e s i z e t h a t a 

' l a r v a l r e t e n t i o n a r e a ' f o r each- a tock e x i s t s and t h a t the" 

s i z e of the s t o c k i s r e l a t e d t o the mean s i z e of the 

r e t e n t i o n a r e a . A r e t e n t i o n a r e a j i e c h a r a c t e r i z e d by l a r v a l 

c o n c e n t r a t i o n s and may be r e l a t e d t o a r e a s of e n e r g e t i c 

t i d a l m i x i n g . Loder e t al . (1982) o b j e c t e d t o the term 

' r e t e n t i o n a r e a ' because c a l c u l a t i o n s ahow t h a t the 

r e a i d e n c e time of the water in auch r e g i o n a ia a h o r t e r than 

* / 

the ' r e t e n t i o n t i m e ' of the l a r v a e . So, t h e / l a r v a e are not 

r e t a i n e d i n a p h y a i c a l a e n a e . The t e r m i n o l o g y of I l e a and 

S i n c l a i r ( 1 9 8 2 ) w i l l be uaed below however. 

l i e s and S i n c l a i r (1982) s u g g e s t e d t h a t y e a r t o y e a r 

v a r i a b i l i t y .in y e a r - c l a s s s i z e may be c a u s a l l y r e l a t e d t-o 

v a r i a b i l i t y i n the a i z e of the r e t e n t i o n a r e a . Because 

d e f i n i n g the s i z e of a l a r v a l r e t e n t i o n area in ,any g i v e n 

y e a r ua ing p h y a i c a l o o e a n o g r a p h i c data ia not p o s s i b l e , a 

d i f f e r e n t e m p i r i c a l approach waa need t o o b t a i n an e s t i m a t e 

of r e t e n t i o n area a i z e . 

One c h a r a c t e r i s t i c which d i s t i n g u i s h e s a r e t e n t i o n area 

from the surrounding oce anogr aph i c environment in a 

p a r t i c u l a r y e a r , ia h i g h e r l a r v a l d e n a i t y . To d e l i n e a t e the 

bonadar iea of the r e - t e a t i o a area f o r t h a t y e a r aa o b j e c t i v e 

c r i t e r i o n i a needed t o de termine which s t a t i o n s have a 

s u b s t a n t i a l l y h i g h e r l a r v a l den a l l y . The s i a p l e s t ' n u l 1 

h y p o t h e s i s i s t h a t the l a r v a e 'are d i a t r i b a t e d a t randoa over 

the s t a t i o n s i n t h e s u r v e y , i . e . , f o l l o w a P o i s s o n 

/ \ 
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d i s t r i b u t i o n ( P i e l o u 197,4). I f t h i a were the c a s e , a s imple 

index of d i s p e r s i o n can be c a l c u l a t e d aa 

I - I ( X i - X ) 2 / I i - i . . . n , 

where X, is larval denaity* at station i and X is the mean 

denaity for all atationa in the aample of aize n (Pielou 

1974). However, the problem is choosing boundaries for an 

area of high abundance not a measure of dispersion per ae. 

If the larvae' are distributed at random in a particular 

subsample of stationa, deleting a station from that 

subsample ahould have little influence on I. Using this 

property, the larval survey stationa were ranked cm. the 

batis of their abundance of larvae per cubic meter. 

Stations were gxogressively delated from the list * starting 

* 
with the moat abundant, and I recalculated, holding the mqan 

conatant, until the index of dispersion for two successive 

seta of" atationa changed by less than 5 %. The areaa of the 

deleted atationa were then aaaaed aa aa estimate of the 

reteation area size.. The retention area atationa selected 

by this procedure in each year were mapped and oorreaponded 

to the regiona deacribed by Ilea and Sinclair (1982) 

(e.g. Figare 1) althoagh there ia eonaiderable year to year 

variability in both aize and exact looation of thia 

eapirioally defined area. v 

Thia procedare ia ad hoc aad ahoald not'be taken, aa'a 

general approach for analysing larval survey data. There 
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are many o t h e r p o s s i b l e i n d i c e s o f v s p a t i a l p a t t e r n i n g . 

Another w e l l known measure i s L l o y d ' s index of R a t e h i n e a s 

( L l o y d ^ l 9 6 7 : c i t e d in P i e l o u 1 9 7 4 ) . Thia ia c a l c u l a t e d as 

* * -
the r a t i o of mean crowding t o mean d e n s i t y , X/Jgjwhere mean 

crowding i s c a l c u l a t e d as ? •." 

~\ X*= X + ( ( S 2 / X ) - i ) ( i + ' ( s 2 A n X 2 f ) 

where S2 i» the sample v a r i a n c e in d e n s i t y of l a r v a e , X i s 

mean l a r v a l d e n a i t y and n i»a aample s i z e ! Bemoving a 

A a t a t i o n a t random ahould l e a v e the int}ex of p a t c h i n e a s 

unchanged. Such a measure could a l a o be uaed f o r choos ing 

boundar ies for a r e t e n t i o n a r e a . However, t h e r e ia no means 

of de termin ing which index performs b e t t e r for d e l i n e a t i n g 

the boundar ies of an area of h igh abundance. 

As i n d i c a t o r s of l a r v a l d e n a i t y in the f a l l , the 

a r i t h m e t i c mean abundance per m3 for a t a t i o n a in the 

r e t e n t i o n area* was c a l c u l a t e d . The a r i t h m e t i c mean number 

per m2 for the whole f a l l anrvey aa a neasure of abundance 

of l a r v a e over the whole Bay waa a l a o used . These two 

measures were s t r o n g l y c o r r e l a ted , ( r - 0 . 7 6 ) ao l a r v a l 

d e n a i t y ia . l i n e a r l y a a a o c i a t e d w i t h l a r v a l abundance and can 

be c o n s i d e r e d aa a r e l a t i v e abundance i n d i c a t o r . 

Larval herring.metamorphoae t o the a d u l t form at a 

l e n g t h of 40 to 45 am ia l a t e March o r , A p r i l (Lough e t a l . 

198~2). A apring l a r v a l anrvey haa been conducted in the Bay 

of Fundy d a r i a g t h i a per iod s i a e e 1 9 7 4 . The same procedure 
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for c a l c u l a t i n g r e t e n t i o n a r e a s i z e in the s p r i n g was 

/ ^ 

c a r r i e d out ,aa jfo^r the f a l l survey and "the index of l a r v a l 

d e n a i t y w\s the a r i t h m e t i c mean numbers per m3 for s t a t i o n s 

in the r e t e n t i o n area in the a p r i n g . Larval d e n s i t i e s are 

very low in most of the Bay in the s p r i n g and the mean 

number for the whole survey waa d i f f i c u l t t o i n t e r p r e t 
becauae a t many s t a t i o n a no l a r v a e were c a u g h t . 
. ~ , * .v -

^ T e a r - c l a s s s i z e haa been e s t i m a t e d from SPA ,and w i t h 

w e i r c a t c h a t age in New Brunswick . The movement p a t t e r n a 

- of j u v e n i l e h e r r i n g in the Bay of Fund^y a m s e p a r a t e from" 

thoae of the a d u l t a , and the j u v e n i l e s f i s h e d on the New 

Brunswick s i d e of the bay come from a e v e r a l apawning s t o c k s 

(A. S i n c l a i r e t a l . 1 9 8 1 ) . The New- Brnn^aw i e k l e i r" Catch 

data are not i n c l u d e d , in the SPA. Both the w e i r c a t c h e s and 

the SPA numbers a t age one w i r e uaed as r e c r u i t m e n t 
. - ' ' '. 

i n d i c a t o r s fox the aouthweat Nova S c o t i a h e r r i n g s-toek in a 
measurement model descr ibed , in SectLon 5 .* \ 
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- I 

3 . L-UtliP Maj ind Recrui tment 

An i n i t i a l s t e p in the a n a l y a i s was to determine i f a 

l i n e a r r e l a t i o n s h i p e x i s t s between the number of f i s h in the 

spawning s t o c k and subsequent r e c r u i t m e n t . A L e s l i e matr ix 

model ( L e s l i e 1945) was h y p o t h e s i z e d and the parameters in 

the matr ix e s t i m a t e d us ing m u l t i p l e time s e r i e s a n a l y s i s . 

*A L e s l i e matr ix lis a t r a n s f e r f u n c t i o n matr ix which 

V o j e c t s a v e c t o r of numbers a t age a t time t , to" numbers at 

age at t + 1 . The p o p u l a t i o n i s assumed t o be s t a t i o n a r y , 
' \ j ' " v . 

t h a t i s the parameters of tlKe matr ix a r e independent of the 

va lue v of t . The usual form of cite matr ix c o n t a i n a non-zero 
\ 

e n t r i e s on ly in th-e f i r s t row, r e p r e s e n t i n g p r o d u c t i o n of 

new' i n d i v i d u a l s by mature age group's \ i n the. p o p u l a t i o n , and 
4 

< non-zero s u b - d i a g o n a l e n t r i e s , r e>r eaent ing* eurv i v a l wTrom 

, one age t o , t h e n e x t . ' L e s l i e m a t r i c e s have been used in 

- s e v e r a l p r e v i o u s f i s h e r i e s s t u d i e s (Vaughn and S a i l * 1976: 

De A x g e l i s e t a l . 1980,: O ' N n i i l e t al . „ 1 9 8 1 ) . but not in 

c o n j u n c t i o n w i t h t i m e / a e r i e a a n a l y a i s . ^ ^ 
r 

• * • "V " 
M u l t i p l e time s e r i e s a n a l y s e s \.% the time domain- (Tiao 

a'nd Box 1981) r e l a t e s the Value of a v e c t o r v a r i a b l e at ,-
' . * « *' 

t ime , t , ' t o i t s va lue at prev ioua t imea , t - k , k » l . . . p and 
«- < * 

« i 

the v a l u e of a random shock or r e s i d a a l term at e a r l y U a e i 

t " --
t-m, m « l . . . q . D e t a i l s of the methodology a r e , g i v e n in 

Chapter One. For * the , anal y s i s here,,' - e i g h t e e n yeara Of 1 

y e a r l y data were? a v a i l a b l e from s e q u e n t i a l p o p u l a t i o n 

a n a l y s i s , f o r the numbers of herr i ng a t age 1 , age '2 and age » 
v * ' A v « * 
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3 and for the numbers of f i s h aged 4 and o l d e r , roughly 

e q u i v a l e n t t o the mature atock numbers. -The v e c t o r v a r i a b l e 

of l e n g t h 4 of theae numbers a t age at each t ime was 

c o n s i d e r e d an a u t o r e g r e s s i v e f u n c t i o n of the v e c t o r in the 

p r e v i o u s y e a r . Examinat ion of the auto and c r o s s 

c o r r e l a t i o n f u n c t i o n a of the component t ime s e r i e s (Table 1) 

i n d i c a t e d t h a t the number of f i s h in each age group 2 , 3 and 

44 waa c o r r e l a t e d w i t h the numbera. in the prev ioua age group 

in the p r e v i o u s y e a r , i . e . , the subdi agonal e l e m e n t s of the 

L e s l i e m a t r i x . However, t h e numbers a t age one c o r r e l a t e d 
t 

s i g n i f i c a n t l y ( p - 0 . 1 0 ) wi th the naabe ra in t h e aammed mature 

age group (4 +). l agged 3 y e a r a , for r e a s o n s e x p l a i n e d b e l o w . 

The model f i t by e x a c t maximum l i k e l i h o o d methods (Tiao 

e t a l 1979) (Table 2) i s a L e a l i e matr ix s p l i t in 0 two 
v 

•jcoatponent m a t r i c e s : (1 ) A f i r s t order ant oregr e s s i ve 

^pa-rameter m a t r i x ( $ -) c o n t a i n i n g nonzero subdi agonal 

e l e a e n t a and an nonzero e lement i n d i c a t i n g a u t o r e g r e s s i v e 

dependence of the, number of mature f i s h on t h e number of 

mature f i a h in the p r e v i o u a y e a r , becanse t h i a waa an 

a g g r e g a t e d age group: (2) A t h i r d order a u t o r e g r e a a i v e 

paraae t e r ' ma tr i x ( <J>a) c o n t a i n i n g o n l y one nonzero e lement 

e x p r e s s i n g the e f f e c t of the numbers of mature f i a h on the 

nnabe* of r e c r u i t a a t age one . A m a t r i x of c o n s t a n t terms 

( <r*o) i* a l a o n e c e s s a r y becauae the a e r i e a have a n o n - z e r o 

mean. .This' model e x p l a i n a a s u b s t a n t i a l p r o p o r t i o n of the 

.t .otal v a r i a n c e i a eaeh of the s e r i e s (S2 v a l u e s , T a b l e 2) 
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a l though l o s s so for the age one a e r i e a . 
v 

The error covar iance matr ix for ( the model (Table 2) 

g i v e s the v a r i a n c e a of the o n e - s t e p - a h e a d f o r e c a s t e r r o r s ~ 

( s e e Chapter One for a d e s c r i p t i o n of f o r e c a s t i n g ) and i s a 

aeasure of the p r e d i c t i v e a b i l i t y of the model . 

The reaaon for the t h i r d order a u t o r e g r e a a i v e parameter 

for the s t o c k r e c r u i t m e n t r e l a t i o n a h i p ia p a r t l y e x p l a i n e d 

by the mean (over a l l y e a r a ) r e p r o d u c t i v e output f o r each 

age group. Thia waa c a l c u l a t e d from the log gonad w e i g h t t o 

log body l e n g t h r e l a t i o n a h i p for each y e a r , the weight at 

age data and the number of mature femalea in each y e a r which 

v e r a need t o compute y e a r l y r e p r o d u c t i v e output at each age . 

Theae va luea were then averaged over the 18 y e a r p e r i o d f o r 

each age (F igure 2 ) . The r e p r o d u c t i v e output peaks f o r the 

5 and 6 year o ld groupa. The i m p l i c a t i o n ia t h a t the 

p a r e n t s of a r e c r u i t have an e x p e c t e d age of approx imate ly 6 

yra o l d . A cohort e n t e r a the mature s t o c k a t age 4 but i t s 

r e p r o d u c t i v e output inoreaaed f o r two more yeara e v e n though 

the abundance of the cohort d e c r e a s e s s u b s t a n t i a l l y . This 
" a* • accounts for 2 yeara of l a g in a d d i t i o n t o the one y e a r i t 

takes newly spawned young t o reach r e c r u i t m e n t . In terma qf 
V 

the time a e r i e a model , l i n e a r rarla t i o n s h i p s are hypothea ixed 

and the number of mature f i a h lagged 3 -year* l e moat 

s t r o n g l y c o r r e l a t e d w i t h the number of r e c r u i t s a t age one . 

The r e s u l t s of the t i a e s e r i e s a n a l y s i s pose a d i l e a a a 

N 
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for f u r t h e r m o d b l l i n g . Moat of the mode I s d e s c r i b e d i n t h i s 

paper are l i n e a r in t h e parametera . -The time a e r i e s 

a n a l y a i s i n d i c a t e s t h a t the b e a t l i n e a r r e l a t i o n a h i p i s 

between the r e c r u i t s and the age a i x f i s h . To c o n s i d e r the 

mechanism u n d e r l y i n g r e c r u i t m e n t v a r i a t i o n however, the 

e n t i r e a tock shou ld be i n c l u d e d i n the a n a l y a i s . The L e s l i e 

m a t r i x model , w h i l e i n d i c a t i n g t h a t a r e l a t i o n a h i p between 

mature a tock and r e c r u i t m e n t e x i s t s , g i v e s l i t t l e i n s i g h t 

i n t o the d e t a i l s ^ of the r e l a t i o n a h i p . In the cauaal modela 

to f o l l o w , the u n d e r l y i n g mechaniaa of the r e l a t i o n a h i p ia 

examined and the mature a tock aa a whole ia need . The 

q n e a t i o n of the r e l a t i v e i n f l u e n c e of each age group on 

r e c r u i t m e n t ia d i s c u a s e d in S e c t i o n 7 . 

4. Eath Analysis of Mortality 

* 

Recrui tment can be c o n a i d e r e d aa p r o c e e d i n g i n a tagea 

from atock t o apawn, t o e a r l y l a r v a e , t h e n t o o v e r w i n t e r i n g 

a 

l a r v a e , t o me tamorpho aing j u v e n i l e s , and f i n a l l y t o age one 

j u v e n i l e s which are here c o n a i d e r e d r e c r u i t a . The r e l a t i v e 

m o r t a l i t i e a be tweea s u c c e s s i v e a t a g e a caa be c a l c u l a t e d and 

t h e i r e f f e c t a on r e c r u i t m e n t e v a l u a t e d . Thia approach ia 

w e l l known, in entoaio logy as key f a c t o r a n a l y a i s (Var ley and 

Gradwel l 1 9 6 0 ) . M o r t a l i t y ia r e p r e a e n t e d by: 

I x i » x i + 1 • l » ( « i / * i + l > 

where the x j i« t h e abundance in atage i , « l n r e f e r s t o the 

I*, 
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n a t u r a l l o g a r i t h m and K X i , x i + 1 i * c a l l e d the X-va lue f o r x i 
- i 

to x i + i (Haldane 1 9 4 9 ) . The key f a c t o r ia t h e n dea-oribed 

g r a p h i c a l l y aa the E v a l u e which ia r e s p o n s i b l e for the 

l a r g e s t p o r t i o n of v a r i a t i o n in subsequent w recru i tment . The 

data i n the p r e a e n t study were i n d i c a t o r s assumed 
p r o p o r t i o n a l to abundance, not a c t u a l abundance. Because of 

t h i s i t waa not p o a a i b l e to de termine the key f a c t o r per a e . 
» 

I n s t e a d the L v a l u e s between s t a g e s have been used as 

i n d i c a t o r s of m o r t a l i t y , i . e . , assumed t o be p r o p o r t i o n a l t o 

i t . The X va lue , here ia e q u i v a l e n t t o the X v a l u e aa 
• \ 

d e f i n e d by Haldane ( 1 9 4 9 ) , p l u s an unknown c o n s t a n t of 

p r o p o r t i o n a l i t y . • , • f 

The i n f l u e n c e of each X v a l u e in the r e c r u i t m e n t 

p r o c e a s on the o v e r a l l X va lue from- a tock t o r e c r u i t m e n t ia 

d e p i c t e d i n a path di agr am* (Figur.e 3 ) . C o n a t r u c t i n g a 

diagram ia the f i r a t a tep of path a n a l y a i a (Wright 1934: Li 

1975) and s p e c i f i e s the causa l h y p o t h e s i s . Diagrams are 

drawn with the f o l l o w i n g c o n v e n t i o n s : 

1) A cause aMtd e f f e c t r e l a t i o n a h i p ia denoted by an 
•r ' , 

arrow wi th i t s head a t the e f f e c t . 

2) A c o r r e l a t i o n , imply ing no c a n a a l i t y l a i n d i c a t e d b y , 

a double arrow. 

3) A r e s i d u a l term ia i n d i c a t e d by a l i n e w i t h no 

arrow. I t i s a compos i t e of ' the v a r i a b l e a which a f f e c t . 

a dependent v a r i a b l e but are not i n e l u d e d in the t 

r 



,j diagram. The r e s i d u a l path i s c a l c u l a t e d aa the aquare 

r o o t of ( 1 - S 2 ) . 

•* 
l»n the diagram (F igure 3 ) , the s u b s c r i p t s of the X v a l u e s 

» 
denote the s t a g e a aa d e s c r i b e d in Table 3 . Al l of the X 

v a l u e s are s t a n d a r d i z e d t o aean z e r o and v a r i a n c e one, 

f o l l o w i n g Wright 'a i n i t i a l f o r a a l a t i o a of path a a a l y a i a . 

Severa l authors have argued f o r the use of unatandardized 

v a r i a b l e s (Tukey 1954: ^Turner and S t e v e n s 1971)' on the 

grounds t h a t i g n o r i n g a c a l e e f f e c t a o b s c u r e s the r e l a t i v e 

importance of de termin ing v a r i a b l e a . Abaolute measures of 

m o r t a l i t y are not a v a i l a b l e and s t a n d a r d i s e d v a r i a b l e a Were 

uaed a ince the u n i t e of measurement were a r b i t r a r y . 

The path diagram a l s o r e p r e s e n t s a s y s t e a of 

s imul taneous r e g r e s a i o a e q u a t i o n s . Uaing the a tandard ized 

normal e q a a t i o n a , the c o r r e l a t i o n between any p a i r of 

v a r i a b l e s can be w r i t t e n in terms of the parameters of t h e s e 

e q a a t i o n a , i . e . , the path c o e f f i c i e n t s and error v a r i a n c e s 

(Li 1975: J o r e s k o g 1 9 7 0 ) . More g e n e r a l l y , the c o r r e l a t i o n 

m i t r i x of the v a r i a b l e a can be w r i t t e n in terma of the model 

parametera . " 

The path diagram d e a c r i b e a how. the v a r i a n e e of X i r ' i s 

p a r t i t i o n e d between the v a r i o a a atage t o atage m o r t a l i t i e s . 

• This i s i a d i o a t e d by the d i r e c t pa tha from each R v a l u e t o 

X t r . M o r t a l i t i e a i a s u c c e s s i v e s t a g e a a r e . a l a o hypothea ixed 

t o be c a u s a l l y r e l a t e d . If d e a a i t y depeadenoe ia o p e r a t i n g . 

*^w* m %*£• m#? 
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high e a r l y m o r t a l i t y should reduce the m o r t a l i t y in the next 

s tage and the path c o e f f i c i e n t between them w i l l be . 
/ 

n e g a t i v e . I f mor/tart^y. in an e a r l i e r atage ia i n d i c a t i v e of 

the genera l m o r t a l i t y in t h a t y e a r , e . g . , h igh p r e d a t i o n 

p r e s s u r e or n e g a t i v e env ironmenta l e f f e c t a , t h e path 

c o e f f i c i e n t between auoobaaive s t a g e a should be p o s i t i v e . 

The e s t i m a t e d model i n d i c a tea* t h a t the d i r e c t e f f e c t of 

X sf and X j r on X , r are about e q u a l . X f j , which r e p r e a e n t a 

o v e r w i n t e r i n g m o r t a l i t y , haa a s t r o n g e r e f f e c t . However, • 

t h e r e are aevera l i n d i r e c t e f f e c t a . The m o r t a l i t y during 

e a r l y l i f e ( e g g , p r o l a r v a l and e a r l y p o a t l a r v a l ) haa a 

n e g a t i v e e f f e c t on o v e r w i n t e r i n g m o r t a l i t y aa e x p e c t e d under 

d e n a i t y dependence . The i n d i r e c t e f f e c t of e a r l y m o r t a l i t y ' 
er 

on overall mortality haa a netatiaa aign. Thia uses the 

rule of path analyaia that the coefficient of a compound 

path (indirect- through ân iateraediate variable) ia the 

product of its component pathways (Li 1975). The total 
I v" 

e f f e c t of one v a r i a b l e ok another i s the earn of th'e d i r e o t 
* . v 

and i n d i r e o t e f f e c t s . The t o t a l e f f e o t of Kcf on X , r i s 

small becauae of t h e a e two paths of o p p o s i t e a iga (Table 

4 a ) . 

The i n d i r e c t e f f e o t of I f j i s p o s i t i v e sad tiCi 

i a e r e a a e a i t a t o t a l e f f e e t oa X , t . Overwinter ing m o r t a l i t y 

( I f j ) ia t h e moat s t r o a g l y r e l a t e d t o t o t a l p r e - r e e r a i t 

m o r t a l i t y . However beeaaae the model i s i a terma of 

s t a a d a r d i s e d v a r i a b l e a , t h e a t r e a g t h a of the pathway^ axe 

J • r^ -wMta&fato*^ 
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r e l a t i v e s treagtAs . I t i e pos s ib l e that / i ' ebaolute 

aambera w e r e / a v a i l a b l e , the atroagert r e l a t i v e morta l i ty may aaabera w e r e / a v a i l a b l e , the atroagert relative* mortal N i 4 
not be the most iaportaat ia deteraialag overall mort 

e l i t y , 

.simply duetto e o i l e e f f e c t s , 

' - O 

*V 

J 

' • i 

VariatiOas i a o v e r a l l pre-recr%it a o r t a l i t y , k s r 

accoaat for 27 % of i the v a r i a t i o a ia reera i tmeat . (This la 

not the saae as the ia f laeaee oa reeraitmeat of aortal i ty 

dariag aay p a r t i c a l a r atage however. For example, 

overwintering morta l i ty aay be aa iaportaat deterpinaat of 
* * 

t s i a f laeaee oa o v e r a l l pre -recru i t ; 
• . • . •* . . 

morta l i ty aay be aaalW Thia i s becaaae ov*s rw l a t e r lag , 

morta l i ty aay ia*r*lueac7 eveata i a H u t e r atagea aeide ir< 

i ta d i zee t e f f e c t oa overal p r e - r e c r a i t a o r t a l i t y . Ia 
a, \ ' 

a d d i t i o a , high r e l a t i v e aorta l ity. does Sot i ap ly a low ^ 
i f , ' I 

absolute aaabn* of surv ivors . The-'-iaflaeace of each atage* » 
, - • . * . 1 * 

' o n overall* pre -recru i t morta l i ty haa cogoe-raed reaqarehera 

siaoa Hjozt '(1914'). 

rom 

The I v e l i e e betweea tha foar atage s (*ef»> If j» ' j ) 

e z p l a i a 82 % of the v a t i a t i o a ia refcraitmeat (Flgare. 4) . 

Tae j a a t i f i e a t i o a f ez the pathway* betweea the stagea ia the 

"* saa* us foz tk̂ e l a s t abde i . Early aorta l i t y (Kgf) haa 

l i t t l a iaf laeace'oU'sabseeiaeat r e e r a i t a e a t . The si^aa 0f 

the totaT e f f e c t a of each of thV aorta l i t y ooapoae,ata oa 
—.- * • • 

r e e r a i t a e a t ere a e j a t i v e > . a a expected *• n r l o r l . The d iraet 
' ~. ' "' 

e f f e , e i of In"* ©a reoraitareat is' p o s i t i v e however (Table 4 b ) . 
• * \ ' . 

T$» s taoagly aegat ive e f f e a t o f ' I j z i s a l s o the. atzoageat 
'- - • "** -» '• *. ' ' 

»%, • » -: 



r e l s t i o a s h i p in the diagram. The email poai t ive direct 

e f f e c t of overwintering mortal i ty on aabaeqaeat reera i taea t 

may' indicate that there ia aa e f f ec t from the overwiater lag 

period vhioh does aot sppear ia the jfureaile aortal i ty or 

abundance data. For example, high overwintering mortal i ty 

may inereaae growth of the aarvlvora aad, i f l a t e r aarvival 

ia s i z e - s e l e c t i v e , iaprovie r e e r a i t a e a t . Thia poiat w i l l be 

considered farther ia thelacxt aee t ioa . 

The key faetor aodelalhave aeveral i a t e r e e t i a g featarea 

deapita the l i m i t a t i o a a of \aeasaxeaeat aad l i a e a r i t y . > 

Deasity depeadeat aarvival I ia saggested ia both path 

.*• diagrams by the o f f s e t of ejarly aortal i ty oa overwiateriag 

m o r t a l i t y . Thia re la t ioaah lp does aot aeeeaaar i ly implv 

dens i ty depeadeace. aiaoe a 

,̂ aorta l i t y oaa occur even i f 

BoweVer, eiaee roera i taea t l a r i e a aaeh aere thaa atock (aad 

acoompaayiag egg p^rodactioa] 

large a amber of overwiateriag 

ear ly Borstal i ty ia high. 

d e a s i t y depeadeace i s 

saggested. Ovurwiater lag a < r t a l i t ? ia aore strongly re lated 

Wb" to ta l pre -recra i t mocxal: tjr thaa j u v e a i l e aorta l i t y . 

aTihoagn. only s l i g h t l y . Hoiever-, juvea i l e mortal i ty haa a 

i t roagex to ta l e f f e c t oa re<c ru i taea t jlfcaa the overwintering 

period. 

\ 3 - A S t r B . t l t g l Modtl Ol I^c^lscrugtMtaV Process lljjj 

Within the eoas t r a ia ta ff l i a e a r a o i e t a . i t Was 

poss ib le to speci fy ossse aad. e f f e c t r e l a t i o n s h i p s betweea 
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the r e l a t i v e aboadaacea a t aevera l a t a g e a . A g e a e r a l 

approach t o m o d e l l i n g caaaal r e l a t i o a a h i p a as a system of 

s i m u l t a n e o u s e q u a t i o n a haa been d e v e l o p e d by Joreakog ( 1 9 7 0 . 

1973) aa f o l l o w s . The true v a l u e s of the q u a n t i t i e s of 

i n t e r e s t , c o n t a i n i n g no measurement e r r o r , are r a r e l y 

obaerved . The r e l a t i o n s h i p s between t h e s e v a r i a b l e a can be 

w r i t t e n in m a t r i x form aa 

q - Bn + T{ + c (1) 

where q ia a vector of the eadogenoaa variablea, £ ia a 

vector of the exogeaoua variablea aad B aad r are 

paraaeter aatricea aad C deaotea the veetor of reaidaal 

terms for the relatioaahipa. Now, coaaider that there -are 

obaerved indicators, T aad X, for each of the unobserved 

trae variablea in the q and ( veetora reapeetively. The 

relationships between the observed and unobserved variablea 

ia 

I - XTfl + e ' (2) 
t ^ 

X - X x { + 6 ( 3 ) 

\ 

where Xv and Xz are p a r a a e t e r m a t r i c e s and s and 6 are 

v e e t o r a of raadoa v a r i a b l e ! i n t a r p r e t a b l e aa The a e a a a r e a e n t 

e r r o r a i n the obaerved v a r i a b l e a . 

The e o v a r i a a e e matr ix f o r t h e obaerved v a r i a b l e e aa a 

f a u c t i o n of the p a r a n e t e r e of the model o a t l i n e d l a jL 

e q u a t i o n s ( l ) - ( 3 ) , i s 
» x (i-JB)"1 (rAr'+vOtt-B)"1* + e2 x (I.-B)"1 r*x 

y - y E y x # 
1 " x *r'(i-B)x; ° • ' x AX-' +e| 
. xT y x v-x 6 
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where * is the covariaace matrix ot the error terma S in 

^ 

equation (1) and $ ia the covariance matrix of the 

* 7 7 

exogenoaa v a r i a b l e a I . 9^ aad 9^ are the c o v a r i a a c e 

m a t r i c e s of e sad <5 r e s p e c t i v e l y . Bs t imatea of the -»- t 

p a r a a e t e r s in theae m a t r i c e a are o b t a i n e d by comparing the 

m a t r i x I t o the sample covar iance a a t r i x , S, for the 

obaerved v a r i a b l e a T and X. I f the v a r i a b l e a are 

a tandard ized t o a e a n z e r o and v a r i a n c e one, then E and S 

are c o r r e l a t i o n a a t r i c e s . The caaaal h y p o t h e s e s f o r a aodel 

s p e c i f y which e l e a e a t a of the p a r a a e t e r m a t r i c e s are 

n o n - z e r o , f i x e d , or f r e e aad t o be e s t i m a t e d . A s c a l e for 

each aaobaervab le ia s e t by f i x i n g s ons in eaeh c o l a a a of 

the Xj aad Xz a a t r i c e s . 

A n a l y s i s of c o v a r i a a c e s t r a e t u r e s can d e a c r i b e a wide 

range of l i n e a r caaaa l models i n c l u d i n g path a n a l y a i a , 

f a c t o r a n a l y s i s and c a n o n i c a l c o r r e l a t i o n . No 'auch model 

can prove or demonatrate cause and e f f a c t r e l a t i o n a h i p a . A 

f i t t e d model d e t a i l a the support in the data f o r a 

p a r t i c u l a r h y p o t h e s i s . Models which do not a d e q u a t e l y f i t 

the d a t a , i . e . , do aot reproduce the o b a e r v e d - a a a p l e 

c o r r e l a t i o n a a t r i x , aay be aa u s e f u l aa qfae which doea y 

becaaae l a c k of, support for t h a t h y p o t h e a i a i e s h o w a . . Tha 

a i a g l e a t r u c t u r a l a o d e l p r e a e a t e d h e r e ( F i g a r o 5) l a t h e 

r e a a l t of t r i a l s of a. l a r g e aaaber of al t e r a a t i v e a . I t iq 

ao t p o a a i b l e t o d e t a i l a l l the a l t e r n a t i v e s which d id not "' 

f i t , o o n t a i a e d e x t r a a e o a a parametera' or gave improper* 
Sr 
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answers (parameter ral ne s ont si de admissible 'paraaeter spaoe 

such as negative variances). Tee models were very seasitive 

to small changes ia the structure of the aeasuremeut models 

due to sample size (Vaa Driel 1978). 

Aaalyaia of covariaace atraotarea has been implemented 

is the -computer program LISBEL VI (Joreakog aad Sorboa 

1981). The program performs either maximaa likelihood, 

aaweighted least sqaarea or geaeralized least sqaarea 

estimatioa. Unweighted least sqaarea eatiaatioa waa aaed 

for the preaeat work becauae it requires no distributionsl 

sssuaptions. The aaaber of data poiata waa aot eqaal for 

each variable ia thia atady which resulted ia a aample 

correlation aatrix which waa not poaitive definite. Thia 

precluded the uae of the other available estimators. The 

role of sample aize ia aaalyaia of covariaace atraotarea ia 

in the estimation of the aample covariance (correlation) 

matrix. A amall aample aize impliea that the covariance 

structure of the data aay aot be well deacribed, which auat 

• '" ^ J * 
be kept .ia mind* when iaterpretiag theae' aodel a. 

* * 
Tha baaio structure of a l l the modela containing 

re lat ionahipa corresponding to equation ( 1 ) , waa the 

influence of each ''.atage oa i t a successor in the reera i taea t 

prooess . The stagea were .spawning stock numbers, f a l l 
larva-fc d e n s i t y / spring larval daaaity aad age oae 

< ' " * *• • * 

r e e r a i t a e a t . Fa l l larvai , deas i ty was hypotheaixed to 

' * • 

d i r e e t l y af feet ree-raitmeat based oa the observat ioa ia the 
• • / * r 

> 



laat section of density dependence in early mortality and 

that overwintering-mortal ity aay be positively related to j 

reeraitaeat. A aegative coeffieieat ia expected.for thia 

pathway. Three.additioaa^ caaaal variablea are iacluded ia 

the model: fall aad apriag reteatioa area sizes aad the 

reprodaotive char acteriatie a of the atock aa measured by 

meaa gonad weight aad mean weight of a mature female. Fall 

retention area waa initially hypotheaized to affect both 

fall and' spring larvae because the lies and Sinclair (1982) 

hypothesis suggeata both the amount of larvae produced aâ d 

the aaaber surviving will be affected by the *avaliable 

reteatioa area. A a'iailar ratioaale waa aaed to hypothesise 

.. effects of spring reteatioa area saze oa spriag larvae aad 

' recruits. * 

Reproduct ive c h a r a c t e r i s t i c s of the s t o c k were 1 

h y p o t h e s i z e d t o d i r e c t l y a f f e c t f a l l l a r v a e s i a o e atock 

. a b a a d a a c e i a not n e c e a s a r i l y p r o p o r t i o a a l t o egg p r o d u c t i o n -

(Ware 1 9 8 0 ) . k 

There were oae or aore aeaaurad i n d i c a t o r a a v a i l a b l e 

for aaeh of the v a r i a b l e a in the a o d e l , bat the baa io *-

r e s t r u c t u r e waa a s sua e^. t o be r e l a t i o a a h i p a aaoag aaobaervable 

q u a n t i t i e s which are the u n d e r l y i n g f a e t o r a measured by 

f . y 

t t e a e i n d i c a t o r s . "-% 

The f i t t e d model correapoadiag* t o tk-'ia e t r U e f t r e i s > 

showa i a F l g a r e 5 us iag j jbnr ev" i a t i p a a from Table" 3 . Stoek ''" 
* • J< / -, • VI 

aaabeza waa ae<asarsC by SPA abaadaaee a t age 4 aad o l d e z aad 

< -
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' the puree ae iae c a t c h , bat here parse s e i n e c a t c h adda s-

l i t t l e i a f o r a a t i o a t o the SPA. The-aeasured i n d i c a t o r s Tor 

r e p r o d a o t i v e charaot e r i a t i c a of t h e s t o c k art) meaa we ight of 
- - *" 

a matare female o a l c a l a t e d from the aaaber of mataze f emale* 

id each age c l a s s aad the meaa female body weighta i n . - e a c h ' 

age c l a a a , aad meaa goaad waight of a a a tar e ' female 

c a l c u l a t e d the same way. 

F a l l l a r v a l d e a a i t y was a e a s a r e d by the a r i t h m e t i c meaa 

l a r v a l d e a a i t y (aaabera/m2) for a l l a t a t i o a a o f tke f a l l 
' * v 

aarvey aad by the arithmetic meaa aaabers per a3 in the 

retention area .. Spring larval nambers per m3 in tha 

reteatioa area waa the only measured indicator of apriag 

larval deaaity., Fall retention area aize and spring 
r r 

r e t e n t i o n area a i z e are a e a s a r e d by t h e c a l c u l a t i o n 
ft < ^ 

d e s c r i b e d i n S e c t i o n 2 . ' / . 

F i n a l l y , r e a r u i t a e n t waa aeaaared by SPA numbers a t ago 

one and the New Brunawick w e i r c a t c h e s of%ages twb aad 

t h r e e . ' " . . . 

In t h i a model a l l pathways w i t h ooef f i c i e a t a , aaal ' ler . 

than 0 .1 ware e l i m i n a t e d . Confidence l i m i t a aad ataadard 
• "' 

*' . ( * 
e'rrori for the parametera ara aot available for uaweighted 
"least aqua res .estimates.. Since the variables are 

* 
ataadardised however, th,e relative aixe of the aoeffiaieata 

* eaa be ooapared aad thia ,critecioa waa need to,delete email 
paraaeter vslues. 

i ' • * ' *• / ' , • 

Tie aode l shows t h a t , a i e x p e c t e d , (each' atage a f f e c t s 

^ V 

' / r 
1 " _*-/ 

k 
. / 

A 
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' the subsequent s t a g e . \ Spring l a r v a l d e n a i t y haa a atro^ng 

• e f f e c t on* redr'ui t a e n t . However, t o repro'dueb the , j 
i 

c o r r e l a t i o n a a t r i x of "tha obaerved v a r i a b l e s we' l l , a d i r e c t 

n e g a t i v e pathway froa f a l l l a r v a e to r e c r u i t a e n t waa a l a o 

n e c e s s a r y . This pa'thway can be i n t e r p r e t e d aa an e f f e c t df 

f a l l l a r v a l d e n s i t y , t h a t ia not d e t e c t a b l e in the" spriUg 

d e n s i t y , bnt appeara in subsequent r e e r a i t a e a t . - For 

exaaple1 , i f tha aaabers of f a l l l a r f a e af fac t eo% the a i r e o f . 
r> }. " • t 

apriag l a r v a e , t h i a e f f e c t aay o n l y a-ppear ia tha abundance 

of r e c r u i t s . The X va lue aaa lyaea qf the l a a t s e c t i o n 

s u g g e s t e d t h i s pathway. 
* * ^ i 

4 

S i m i l a r l y , a t o e k s i z e appeaza t o have a d i r e c t p o s i t i v e 

e f f e c t o a ^ f a l l l a r v a l d e a a i t v bat aa i n d i r e c t .aega t i v e 

. e f f e c t throagh s i z e ( r e p r o d a o t i v e c h a r a c t e r i s t i c s * ) , Ia 

. o.ther words, more sp^awanra meaa more l a r v a e , but l a r g e -

apawaera r e a a l t i a the o p p o s i t e e f f e c t . I t i a ao t c l e a r a t 

t h i s poiatNrhy t h i a she a id be s o . bat aa i a t e r p r e ta t i o n 

,baaed on the r e a a l t a of S e c t i o n 8 w i l l be g i v e n be low. 

F a l l r e t e a t i o a area s i z e p o s i t i v e l y af f a c t s_ the d e n a i t y 

of s p r i n g l a r v a e as expec ted from l i e ' s aad S i n c l a i r ' s (1982) 
f t * 

h y p o t h e s i s . ' HpwaVer, there* was no,, e f f e c t on the d e n s i t y of 

f a l l l a r v a e . Such a pathway has s very smal l coaf f - i c i ent , i f 

i n c l u d e d i n the model:" . 

Spziag r e t e a t i o a area a i ze al s o ' p o s i t i v e 1 y i f f e e t a 

apriag aanai . ty , oaoe again' in accord, w i t h I l e a a ' n d ' S i n c l a i r . 
• V » \ . 

The e f f a e t of .the aprina r e t e n t i o n area e l s e on r e e r a i t a e a t 

ft 

. / • • • 
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V . ' 

waa n e g a t i v e however and very s t r o n g . This was true in a l l 
T 

the a o d e l a t r i e d , bat the reason i s not o b v i o u s . Ona 

p o s s i b i l i t y r e f e r s t o d e n s i t y dependent m o r t a l i t y arguments . 

According t o the model, a l a r g e r apring r e t e n t i o n a r e a ' - * 
. < 

causes a h i g h e r d e n a i t y of larvae- in the s p r i n g . Higher 

l a r v a l d e n a i t y msy mean g r e a t e r a o r t a l i t y - h e n c e lower v 

r e c r n i t m e n t . Thia ia a i m - i l a r ' t o t h e h y p o t h e s i z e d e f f e e t s of 

f a l l l a r v a l aaabera , which haa both p o s i t i v e aad n e g a t i v e 

e f f e c t a on r e c r u i t a e n t . Other p o s s i b i l i t i e s e x p l a i a i a g the 
/ > " . • ' ' ' ' ' 

J n e g a t i v e c o e f f i c i e n t for t h i a pathway are deacr ibed i a the » 

: » 

c o a c l u d i a g a a c t i o a of t h i s c h a p t e r . 
» . . - , . . . - " • . , - -

The t o t a l e f f e c t s f o r the aodel (Table 5) summarize the 

i n f l u e n c e - of each v a r i a b l e oa r e e r a i t a e a t . They' are the sua 

of a l l causa l pa ths froa ona v a r i a b l e t o a n o t h e r . S p r i n g ' 

l a r v a e and the a i z e a of the r e t e n t i o n areaa have the l a r g e a t 

. t o ta l e f f e c t a on r e c r u i t a e n t . " Although there ara two 

, N * pathways f r o a f a l l l a r v a e t o ^ e c r u i t a e a f , they are of 

o p p d a i t e a iga and t h e t o t a l e f f e c t i s a a a l l . The ef f a c t s of 

*• s t o c k s i z e on r e o r n ' i t a e n t are a l a o very a a a l l even .though i t . 

a f f e e t a both of the l a r v a l s t a g e * . The c o e f f i o i e a t of a 

.eempban'd pathway ( through ..one or aoze i n t e r m e d i a t e 

, A ;"' - v a r i a b l e s ) . i s the Pftaduct of eaeh of" I t a ooapoaeat pathways . 

- ' '* 'Thia aea'ns, witn path c o e f f i c i e n t s l e s s than one, t h a t 

. e f f e c t s are d i l a t e d byVisHeraed ia te v a r i a b l e a . The' t o t a l 
' i 

H ' , v , 

\ e f f e d t a t r a c e throagh tha proceaa the e f f e c t s oa r o e r a i t a e a t 
« 

of . a tock Wise or aay d t h e r a t a g e . There ia aot' a o loae 

•J. 

^ 
I * » 

i • • 
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l i n e a r r e l a t i o n a h i p between atock and r e c r u i t a e n t in part 

because tnby are r e l a t i v e l y far apar t in t h e p r o c e a a , i . e . , 

'there, are a e v e r a l i n t e r m e d i a t e a t e p a . Thia ia not tha same 

as s a y i n g t h e r e i s no e f f e c t of s t o c k on r e e r a i t a e a t s inoe 

t v. 

s took a i z e haa s u b s t a n t i a l l i n e a r e f f e c t a on the o t h e r 

a tagea a long the pathway. 

The a o d e l e x p l a i n s a very l a r g e p r o p o r t i o n of the 
i 

o v e r a l l v a r i a n c e in r e e r a i t m e a t (over 85 %), but the amoaat 

of the variaae>a o f apr iag l a r v a l d e a a i t y e x p l a i a e d by the 

a o d e l i s f a i r l y low. Thia i m p l i e s * t h a t a t t e a t i o a ahoald be 

focaaaed on the overwinter ing ' p e r i o d f o r a d d i t i o n a l c a u s e s 

of apr iag l a r v a l d e a a i t y aad r e e r a i t a e a t v a r i a t i o a . 

*• NgBliBtirity *a4 Cpapfaietpry Ptmity DiPtadmee 

A l l the modela p r e a e a t e d thaa f a r have beea l i a e a r . 

R e l a t i o a a h i p a between many of the v a r i a b l e a , e . g . , ' be tween 

the abandancea a t a g e , aay be n o n l i n e a r . 'Compensatory 

d e n s i t y dependence may occur aa o f t e a p o a t u l a t e d f o r s t o c k 

r e c r u i t m e n t r e l a t i o n s h i p s ( B e v e r t o n and Hol t 1957: Richer , 

1 9 5 4 ) . For the aouthweat Nova S c o t i a h e r r i n g a t o c k , l i t t l e 

ev idence of ' anv r e l a t i o n a h i p between a tock and r e c r u i t m e n t 

• „ ha-a been noted i n t h e p a a t , and auch a r e l a t i o n a h i p haa e v e n 

been c o n a i d e r e d ' i n a p p r o p r i a t e ' f o r h e r r i n g ( I l e a 1 9 7 9 ) , 

- However, when one uaea a running median aaooth ing t e e h n i q u e 

v (Tukey 1977') to p lo t - r e c r u i t m e n t v e r s u s atoe'k, the r e s a l t 

/ looks' l i k e a doae ah aped a tock r e e r a i t a e a t r e l a t i b a a h i p 

• . . • \ ' • ' 

\ - ' 

i te*s\*^ 4 
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(F igure 6 a ) . This method does not assume any u n d e r l y i n g 

f u n c t i o n a l form for the r e l a t i o n s h i p . • 

An a l t e r n a t i v e way o f g r a p h i c a l l y d e p i c t i n g the aame 

data ia t o p l o t t h e X va lue for a tock t o r e c r u i t m e n t (Xtx>) 

a g a i n a t s t o c k numbers. A '1ogar i thmic curve i m p l i e s 

' c o n t e s t ' c o m p e t i t i o n (Be l lows 1981) corresponding i n the 

f i s h e r i e s l i t e r a t u r e t o a Beverton-Hol t type r e l a t i o n s h i p 

( B e v e r t o n and Hol t 1 9 5 7 ) . An e x p o n e n t i a l p l o t i m p l i e a 

' s c r a m b l e ' ^competit ion, i . e . , ' a R icker (1954) type 

r e l a t i o n a h i p . The data for aouthweat Nova S c o t i a h e r r i a g 

p l o t t e d i n t h i a way (F igure 6 b ) , -uaing a median smoother, ' 

aga in impl i ea aeraab le c o a p e t i t i o n or a R icker type c u r v e . 

The l e s s o n t o be drawn froa F igure 6 ia not t h a t aay 
p a r t i c a l a r e q u a t i o a f i t s the atock and r e c r u i t a e n t data 

/ 

e s p e c i a l l y w e l l , but t h a t there ia a p a t t e r n in the a.tock 

r e c r u i t m e n t p r o c e s s . 

A l o g i c a l e x t e n s i o n of the o b s e r v a t i o n of a n o n l i n e a r 

s t o c k r e c r u i t m e n t r e l a t i o n s h i p ia t o look f o r r e l a t i o n s h i p s 
a* 

between s u c c e s s i v e s t s g e s in t h i s p r o c e s s . The Kx4,x4 + i 
va lue i s p l o t t e d v e r s u s abundance a t s tage -xi ( F i g u r e 7 a - c ) . 

V 

Compensatory d e n a i t y dependence ia ahown by d e v i a t i o n from a 

l i n e of zero s lope ( B e l l o w s 1981) w i t h the a l t e r n a t i v e a of 

c o n t e a t and scramble c o m p e t i t i o n o u t l i n e d above . There ia 

the p o s s i b i l i t y of a s p u r i o u s r e l a t i o n s h i p in stfbh a p l o t 
however because I X i x . ^ i g a o t i n d e p e n d e n t l y s a a p l e d fzoa 

the abaadaace at X i . Southwood (1978) g i v e a two >sinple 
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t e a t a for conf i rming denai ty- dependence . The f i r s t i s 

s imply r e g r e s s i n g In (abundance a t X£) on ln(abundance a t 

z i + l ) and the o o n v e r a e . Both a lopea a i g n i f i c a n t l y l e a s than 

one ia a very conle-rva t i v e t e s t f o r d e n s i t y dependence 

(Vickery and Nudds 1 9 8 4 ) . The second t e s t (Bulaer 1975) 

c a l c u l a t e s . 

* - $ <*t-x>/ * | ( x t + i - x t ) 2 

v. 

where Xt i« abundance a t time t , X i a aean abundance and a 

i s s a a p l e a i z e . S i g n i f i c a n t d e n a i t y dependence i s shown by 

R l e s s than t h e ' t a b l e d v a l n e a g i v e a i a Balmer ( 1 9 7 5 ) . 

S i g n i f i c a n t d e n a i t y dependent m o r t a l i t y waa o n l y 

obaerved between the the f a l l and spr ing s u r v e y s , in Kfj 

^ T a b l e 6 ) . While 4ne r e g r e a a i o n t e a t did not i n d i c a t e 

d e n a i t y dependence , Balmer'a t e a t did ( p - 0 . 0 5 ) . The form of 

the c o a p e t i t i o a i a a o t c l e a a from the r e g r e s s i o n s however, 

a l though the o v e r a l l a t o e k r e c r u i t a e n t r e l a t i o n a h i p auggeata 

s o r a a b l e c o a p e t i t i o a . If Kaf and Kfj 'are r e g r e s s e d on s t o c k 

abundance and f a l l l a r v a l r e l a t i v e abundance r e a p e c t i v e l y aa 
r 

w e l l aa the aquare of tlaoae abundance a, the aqaared t e r a a 
i 

are a i g n i f i c a a t l y a e g a t i v e a t the 0 . 1 5 l e v e l (Table 7) 

imply ing c o a t e a t c o m p e t i t i o n f o r bvth the p r o d a e t i o a aad 

a a r v i v a l of f a l l l a r v a e ( I t f ) aad f o r the o v e r w i a t e r i a g 

p e r i o d ( I f j ) . J 

C o n s i d e r i n g the aaaple a i z e a f o r the a n a l y a i s , 

p o a e l a a i o S a . aboat t i e ah ape of the r e l a t i o a a h i p a are 

/ 
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t e n t a t i v e . The i m p l i c a t i o n of c o n t e a t e o a p e t i t i o a betweea 

a u e e e a s i v e s tagea bat o v e r a l l s or s a b l e o o m p e t i t i o a froa the 

a tock z e c z a i t a e n t eazve aeeaa p a r a d o x i c a l . I f in f a c t each 

of the coapoaent r e l a t i o n s h i p s , are' a o a o t o a i e a l l y i n c r e a s i n g 

f u n c t i o n s ( B e v e r t o a Hol t type c u r v e s ) t h e n the o v e r a l l 

c o a p o a i t e f u a e t i o a for the s t o c k r e e r a i t a e a t r e l a t i o n a h i p 

a u s t be a o a o t o a i e a l l y i n c r e a s i n g by t h e cha in r a l e of 

d i f f e r e a t i a l c a l c u l u a . However, a dome ahaped r e l a t i o n a h i p 

need e x i a t a t o n l y oae p o i a t i a the p r o c e s s foz the 

d e r i v a t i v e of the j s o a p o s i t e f a a e t i o a t o be n e g a t i v e a t h igh 

a tock a i z e a . Where aaeh c o a p e a a a t i o a aay DO car i s not c l e a r 1 

aa y e t . * 

7 . The I a f l a e a e e of I a d i v l d a a l Mataze Aae Claaaoa 

Thia a e c t i o a o o n s i d e r s in aoze d e t a i l the i n f l u e n c e of 

i n d i v i d u a l a a t u z e age groupa auggeated by the c o a a i d e z a t i o n 

of the L e a l i e a a t z i x t i a e a e z i e a a o d e l . Ia the a a a l y a i a of 

S e e t i o a 3 the l i n e a r i a f l a e a e e of age a i x a d u l t s appeared in 

the a a t o c o r r e l a t i o a f a a e t i o a . Thia r e s u l t e d f z o a the 

r e l a t i v e abaadaaee aad r e p r o d a o t i v e o a t p a t of d i f f e r e n t agea 

i a p l y i a g t h a t the a e a a age of a p a r e n t of a r e e r a i t i a g f i a h 

waa aboat a i x . Froa the r e s u l t s o f the t i a e a e r i e a aode l 

the g e a e r a l a * * a a p t i o a t h a t t i e aad of the pareat i a 

u a i a p o r t a a t aay be i a e o z z e e t . To i a v e a t i g a t a t h i a 
a 

r 

p o a a i b i l i t y the I valaa of the abaadaaee of eaeh age elaaa at 

with tota l age oae r e e r a i t a e a t waa oa lca la ted as : 
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Xxr - ln(abuadance at age x/zeezaitaeat) 

and p lo t t ed vezaaa the reapeet ive age. e laaa abaadaaee of 4) 

aged x f iah (Figare 8a-f ) . Theae eaa be eoapared with 

aaalogoua p lota for the aummed mature atoek (Figure 7 a ) . In 

moat caaes . the r e l a t i o n a h i p between the I valuea aa a \ 

meaaure of the p r e - r e c r u i t morta l i ty of the progeay of a 

given.matare age elaaa aad the abaadaace of that age elaaa 

i s stroag aad the alope ia s i g n i f i c a n t l y d i f f e r e n t froa zero 

at the 0.05 l e v e l . Denaity dependenee waa eonfiraed in a l l 

/•cases by both the regreaaion a^ethod aad Bulmer's t e s t as 

described above. The r e l a t i o n a h i p for the 6 year olda 

(Figure 8c) ia tha weakeat although a i g n i f i e a a t coapeaaatory 
• * 

deaai ty depeadeaee ia preeeat ( a - 0 . 1 0 ) . Ia other words, the 

number of 6 year o ld* i* the most l i n e a r l y re la ted to 

reoru i tnent . Thia c l a r i f i e s the lag atraetare of the t i a e 

aeriea aodel which as suae s l i a e a r a a s o c i a t i o a betweea atoek 

aad z a c z a i t a e a t . ,-^ 
I 

The ex iateace of coapeaaatory'deaai ty dependent 
i 

rel a t ionahipa-be tw-een the aaaber of recru i ta and the aaaber 
' -* ' 

of apawaera ia each aataze age gzoap eoald ar iae ia two aaia 

waya. If the -apawaiag of the age gzoape weze aeparate ao 

that t h e i r lqrvae fozaed d iae z e t e oohozta whiofc weze exposed 

ta d i f f e z i a g eav izoaaeata l e o a d i t i o a s , thea the v i a b i l i t y of 

the eggs aad the s a z v i v a b i l i t y of the larvae aay depend oa 

the aaaber a ia the larval eohezt , aot„the t o t a l aaabers of «r 
t 

larvae prodaeed by the atoek aa a whole. Alternatively, 

« 

^ « 

^j > # . ^ - »mmm'"'̂ ^wpsiaaaaaaaam 



viability,of eggs and larvae may depend upon the age of the 

parent. There is substantial evidence that spawning of 

herring and other species is neither sychronous for all 

individuals nor evenly spread over the spawning period, but 

occurs in waves or distinct events (Lambert et al 19 82: 

f 
Lambert 1984: Dempsey and Bamber 1983: Fortier and Leggett 

1984). This accords* well with the general observation that 

smaller fish mature later than larger (Blaxter and Hunter 

,.1981: Nikolskii 1969); Discrete cohorts of larval herring 
i 

Mid larval capelin dq occur (Lambert in press: Lambert et al 

1982: Fortier and Leggett 1984). These cohorts are usually 

separated by 2-3 weeks and can be detected in larvae of 

several stocks in the western North Atlantic including the 

southwest.Nova Scotia stock (Lambert in press). 

Furthermore, there is evidence that the time of appearance 

on the spawning grounds is related to the size of the 

* * 

spawners (Ware and Hendrikaen 1978: Lambert e t a l . 1982: 

Lambert p e r s . comm. ) . 

The e x i s t e n c e of compensatory d e n s i t y dependence for 

the progeny of i n d i v i d u a l age groups of spawners has not 

been p r e v i o u s l y noted in t h e l i t e r a t u r e . The use of s i z e 

r a t h e r than age groupings would perhaps show even Stronger 
/ 

r e l a t i o n s h i p s . I f one ^ o r r e l a t e a the X va lue f o r the •* 

progeny of a cohort of mature spawners throughout t h e i r 

r e p r o d u c t i v e l i f e , t h e r e appears t o be some c o n s i s t e n c y in 

•the v i a b i l i t y of the spawn of tha cohort from year to y e a r . 
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T h i s i s e v i d e n t from of F i g n r e s 8 a - f w h e r e y e a r - c l a s s of t h e 

s p a w n e r s i s i n d i c a t e d and t h e p r o g e n y of t h e l a r g e r 

y e a r - c l a s s e s c o n s i s t e n t l y e x p e r i e n c e h i g h p r e r e c r u i t 

m o r t a l i t y . T h i s i n t u r n i m p l i e s t h a t some of t h e b a s i s of 

the r e l a t i o n s h i p i s i n v i a b i l i t y o f t h e spawn from a c o h o r t , 

w h i c h may be r e l a t e d t o t h e r e l a t i v e s i z e of the , a n i m a l s a t 
% V 

age compared t o o t h e r c o h o r t s . 

Some b i a s e x i s t s i n t h e s e « r e l a t i o n s h i p s b e c a u s e t h e X 

v a l u e can n o t be c a l c u l a t e d f o r t h e p r o g e n y of a g i (ven â ge 

g r o u p , but f o r « a l l r e c r u i t s v e r s u s t h e a b u n d a n c e of a 

p a r t i c u l a r g r o u p of s p a w n e r s . The c a l c u l a t e d X v a l u e i s 

a s s u m e d t o be i s a m e a s u r e of t h e X v a l u e f o r t h o s e s p e c i f i c 

p r o g e n y , but t h e r e i s n'o means of e x a m i n i n g t h i s a s s u m p t i o n 

a t p r e s e n t . U n f o r t u n a t e l y , i t i s n o t p o s s i b l e t o c a l c u l a t e 

even' r e l a t i v e s u r v i v a l of t-he l a r v a l c o h o r t s o f f s o u t h w e s t 

Nova S c o t , i a d o c u m e n t e d b y ' L a m b e r t ( i n p r e s s ) u s i n g d a t a from 

Das ( 1 9 6 8 ) . I f s u c h d a t a w e r e a v a i l a b l e or i s f o r o t h e r 

s t o c k s w h i c h show t h e same p a t t e r n s , i t may be p o s s i b l e t o 

e x p l i c i t l y e x a m i n e t h i s h y p o t h e s i s i n ' m o r e d e t a i l . 

T h e r e a r e b r o a d i m p l i c a t i o n s of t h e a e o b s e r v a t i o n s f o r 

t h e . t h e o r y of s t o c k and r e c r u i t a e n t i n g e n e r a l . ) The 

n o i s i n e s s of t h e r e l a t i o n s h i p b e t w e e n s t o c k and r e c r u i t m e n t 
t 

or e v e n e g g p r o d u c t i o n and r e c r u i t m e n t may in l a r g e p a r t be 

due t o t h e a s s u m p t i o n t h a t a l l e g g s a r e c r e a t e d e q u a l . In 

t e i a t ^ o f t h e e f f e c t of f i s h i n g on s u b s e q u e n t r e c r u i t m a n t , i t 

seems c l e a r t h a t t h e age a p e c i f i c i t y of t h e f i s h e r y may p l a y 
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i a larger role than previously thought. The observation that 

recruitment does not appear to level off or decrease in many 

stocks as the number of spawners increases may be due t.o the 
a 

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

the r e c r u i t m e n t from p a r e n t a from l a r g e c o h o r t s e n t e r i n g t h e 

s p a w n i n g s t o c k . I t may be t h a t o v e r a l l r e - c r u i t m e n t o n l y , 
r» 

/ 

decreases when this large cohort is the dominant one 

reproductively ia the population. 

8. Conclusions 

The m o d e l s p r e s e n t e d i n t h i s c h a p t e r d e s c r i b e s p e c i f i c 

c a u s a l h y p o t h e s e s , but a r e e x p l o r a t o r y . - For e a c h of t h e 

v a r i o u s m e t h o d s , v a r i a b l e s w e r e h y p o t h e s i z e d t o r e l a t e t o 

one a n o t h e r . i n s p e c i f i c w a y s . The a n a l y s i s t h e n d e t e r m i n e d 

t h e s u p p o r t i n t h e d a t a f o r t h e e x i s t e n c e of t h e 

r e l a t i o n s h i p s . P a t h a n a l y s i s and a n a l y s i s of c a v a r i a q c e 

s t r u c t u r e s i n h e r e n t l y p r o c e e d i n t h i s w a y , bnt a c a u s a l 

m o d e l l i n g a p p r o a c h ca\n be u s e d w i t h t i m e s - e r i e s a n a l y s i s , ^ 

l i n e a r r e g r e s s i on and g r a p h i c a l m e t h o d a . 

1 To r e v i e w t h e a n a l y a i s , t h e f i r s t s t e p was t o • 

h y p o t h e s i z e a l i n e a r r e l a t i o n s h i p b e t w e e n s t o c k and 

r e c r u i t m e n t i n t h e forxi of a L e s l i e m a t r i x . The 

m u l t i v a r i a t e t i m e s a r i e a a n a l y a i s model h a v i n g t h i s 
I'I 

structure explains 44 % of the variance in recruitment. 

This may be directly useful in a management context either 

for forecasting or aa a baseline for examining changing 
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r e c r u i t m e n t p a t t e r n s ( s e e C h a p t e r O n e ) . The L e s l i e m a t r i x 

model s u g g e s t e d t h a t t h e r e i s a r e l a t i o n s h ip be-tve en 

i n d i v i d u a l age g r o u p a b u n d a n c e s i n t h e m a t u r e s t o c k and 

r e c r u i t m e n t . * 

} 
B a s e d on t h e d e m o n s t r a t i o n of a l i n e a r s t o c k 

r 
r e c r u i t m e n t r e l a t i o n s h i p , t h e n e x t two s e t s of m o d e l s 

d e t a i l e d t h e r e c r u i t m e n t p r o c e s s . j F i r s t , t h e c o n t r i b u t i o n 

of s t a g e t o s t a g e m o r t a l i t i e s t o t o t a l p r e - r e c r u i t m o r t a l i t y 

i n e x a m i n e d . The m o r t a l i t y o v e r an i n t e r v a l , e x p r e s s e d a s 

a X v a l u e , waa h y p o t h e s i z e d i n a p a t h a n a l y s i s t o a f f e c t t h e 

m o r t a l i t y i n t h e n e x t i n t e r v a l and t o t a l p r e - r e c r o l t 

m o r t a l i t y . D e n s i t y d e p e n d e n c e i n o v e r w i n t e r i n g m o r t a l i t y 

was s u g g e s t e d by t h e n e g a t i v e e f f e c t of e a r l y l a r v a l 

m o r t a l i t y . Overw i n t e r ing" m o r t a l i t y and j u v e n i l e m o r t a l i t y 

b o t h c o n t r i b u t e d s u b s t a n t i a l l y t o t o t a l p r e - r e c r u i t 

m o r t a l i t y . The d i r e c t e f f e c t s of s t a g e w i s e m o r t a l i t i e s on 

r e c r u i t m e n t Were t h d n c o n s i d e r e d u s i n g a s i m i l a r s t r u c t u r e . 

J u v e n i l e m o r t a l i t y had t h e s t r o n g e s t e f f e c t on r e c r u i t m e n t , 
i » 

but t h e d i r e c t e f f e c t of o v e r w i n t e r i n g m o r t a l i t y on 

1 
r e c r u i t m e n t was p o s i t i v e t h o u g h s m a l l . / 

A more d e t a i l e d a n a l y s i s of c o v a r i a n c e s t r u c t u r e , 

h y p o t h e s i z e d l i n e a r r e l a t i o n s h i p s b e t w e e n t h e a b u n d a n c e s o r 

d e n s i t i e s a t e a c h s t a g e . The r e s u l t s of t h e X v a l u e 

a n a l y s i s a l a o s u g g e s t e d a d i r e c t r e l a t i o n s h i p b e t w e e n f a l l 

l a r v a l d e n s i t y and r.&crui tme n t . L a r v a l r e t e n t i o n a r e a s i z e s 

w e r e i n c l u d e d a s c a u a e s of l a r v a l d e n a i t y and r e c r u i t m e n t . 

s 



Support for lies and Sinclair (1982) hypothesis was found 

with respect .to the influence of the fall retention ir»l 

size on the number of larvae surv 
t 

dominant variables with respect to recruitment sre spring 

iy^inj to the spring. The 

larval density and the size of the retention area in the 

spring. The rple of the retention area here is unclear. In 

the springj when the larvae are metamorphosing, they are 

probably beginning to school and 'leave the overwintering 

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

index of dispersion, -In the spring, it may be more 

' i 

representative of schooling or movement away from tne 

overwintering area than of the size *tit the retention area. 

/ 

r t s e l f . If j u v e n i l e morta Lj/ity i s a major cause of 

r e c r u i t m e n t v a r i a t i o n , l a r v a e which are more d i s p e r s e d may 
rV 

be exposed t o a v a r i e t y of c o n d i t i o n s , thereby i n c r e a s i n g 
» t 

the chances of g o o d " r e c r u i t a e n t from t h a t y e a r ' s spawn. 

Another p o s s i b i l i t y i s . that a l a t g e spr ing r e t e n t i o n area , 

which i s i n d i c a t e d by l a r v a l c o n c e n t r a t i o n s , r e s u l t s f roa * 

l a r v a e remaining in the area- l o n g e r , rsfther than 

metamorphosing and moving' away. This may be a r e s u l t ,̂ of 

slow l a r v a l growth in some y e a r s which make the you^ng 
v> ' ', 

h e r r i n g a p i e s u s c e p t a b l e to p r e d a t o r s . , J 

T h e ~ s n n l y s i s turned t o ev idence for: n o n l i n e a r i t y in the 

r e c r u i t m e n t p r o c e s s . Scramble -type compensatory d e n s i t y 
^ 

dependence i n the s t o c k r e c r u i t m e n t r e l a t i o n s h i p waa shown 

g r a p h i c a l l y . Only the o v e r w i n t e r i n g per iod showed den a i t ; 
X 
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dependent l a r v a l m o r t a l i t y however aad i t was 'o f the c o n t e s t 

t y p e . This waa a l s o s u g g e s t e d ' b y the -path a n a l y a i a - o f X 
* 

v a l u e s in S e c t i o n 4 . i * 
' I F i n a l l y , the i m p l i c a t i o n s of the L e s l i e matr ix model 

/ *v/ * " " , * ' * 

t h a t i n d i v i d u a l mature age group, abunda nee s a t e r e l a t a d t o , 

r e c r u i t m e n t was aapported by g r a p h i c a l a n a l y s i s for a l l the 

mature ace groups . The r e l a t i o n s h i p s showed, c l e a r d e n s i t y 
dependence ef r e c r u i t m e n t on abundance of each n a t o a ^ e a g e . 

** — - ^ TV 
The p o s i t i v e e f f e c t 'of s t o c k s i z e and n e g a t i v e er^ext 

, of mean a i z e of spawners on f a l l l a r v a e may a l s o he a 
* 

r e f l e c t i o n of the i n d i v i d u a l c o n t r ib-ut iona of mature age 
/ . • 

g r o u p s . ' Large mean s i z e of matare femalea i n d i c a t e s t h a t 
"•• < ' * '' 

o l d e r ' fish* are mbr e 'pr om inant In. the spawning s t o c k . Big 

f i s h produce more eggs and t h e i r r e s u l t i n g larval , c o h o r t * ' 

w i l l be l a r g e r . Under d e n s i t y depende nee ' these - cohort s may 

w have r e l a t i v e l y fewer s u r v i y o r s . ' 

The h y p o t h e s i s \ t h a t i n d i v i d u a l mature age groups r e l a t e 

d i f f e r e n t l y t o r e c r u i t m e n t i s a d e p a r t u r e from c l a s s i c a l 

s t o c k r e c r u i t m e n t t h e o r y . If t h i s phenomenon can be 
/ 

s u b s t a n t i a t e d i t s i m p l i c a t i o n s are wide w i t h r e s p e c t to 

atock s t a b i l i t y and the use of a s t o c k reorul^ment 

r el a t i on sh ip . in management p l a n n i n g . For .example ,*> the age 

s p e c i f i c i t y of the f i s h e r y or i t Snaabil i t y \ o s u b s t a n t i a l l y 
/ 

a l t e r the p o p u l a t i o n s age a t r u o t u r e aay be a more c r u c i a l 
r 

f a c t o r than t o t a l f i s h i n g m o r t a l i t y . The e x p l o r a t i o n of , 
> 4 

t h q s e , h y p o t h e s e s must ex tend t o e t h e r f i s h e r i e s and o t h e r 

/ -> 
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s t ocks 

The g e n e r a l p i c t u r e of t h e c a u s e s of r e c r u i t m e n t 

v a r i a t i o n i n t h e s o u t h w e s t Novs S c o t i a h e r r i n g s t o c k i s t h s t 

t n e r e i s a s t o c k r e c r u i t m e n t r e l a t i o n s h i p but i t r e s u l t s 

from the r e l a t i o n s h i p s b e t w e e n i n d i v i d u a l mature age g r o u p 

a b u n d a n c e s and t h e s u r v i v a l b f t h e i r p r o g e n y t o r e c r u i t m e n t . 

These r e l a t i o n s h i p s p r o b a b l y a r i s e as a r e s u l t of t h e 

s e p a r a t i o n of t h e s p a w n e r s by age or s i z e in t i m e a n d / o r 

s p a c e . ^ ' , 

/ 
Larvae in a particular/cohort (pr6duced by one of the 

mature age groups), directly compete with other Varvae in 

the,4r cohort rather than larvae in other cohorts. ,The 

initial abundancb of the cohort depends u p o * the size of the 

spawning group.' The number of survivors through the 

overwintering period depends partly on the size of the 

cohort but also on environmental factors. Retention area 

size is a fundamentally important environmental factor both* 

before and after the winter. A large fall retention area 

enhances survival to the spring. Â large spring retention 

area may indicate that the young herring are remaining as 

larvae longer and are more susceptavle to predators than 

metamorphosed fish. The early juvenile period, before the 

fish appear in the fishery, may hold the key to much of the 

unexplained variation in herring recruitment. 

X 

L 
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T a b l e 1 : C r o s s c o r r e l a t i o n m a ' t r i c e s f o r h e r r i n g a b u n d a n c e a t 

age 1 , 2 , 3 , and 4+ ( a l l f i s h age 4 and o l d e r ) . The 

m a t r i c e s f o r the f i r s t f i v e l u g s a r e g i v e n w h e r e t h e col'umn 

^ v a r i a b i l e s a r e l a g g e d and " c o r r e l a t e d w i t h t h e row v a r i a b l e s . 

y 

r 

• ) \ 

.4 
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Cross Correlation Mar€rice* for Leslie,Matrix Model of 

Stook and Recruitment, Jjgs 1 to'5 

r 

• - J . . 
Age 1 

*• 
Al 

A2 

A3 

A4+ 

Al 

A2 

A3 

A4+ 

or 
914 

- 001 

084 

\ 
015 

- 021 

801 

- 005 

0) 
y 
e 
•« •c 

Al 

A2 

y 

» 

Age 2 

Abundance 

341 ' 

- 013 -

912 

,025 

at 

. Age 3 

^ y 
160,-ef 

- 040 „' 

V 1 8 . 
760 . -

Age 4+ 

. 

191 

136 

- i35 

421 

t 

Abundance at t-2 
\ 

195 - 023 278 

00«* * | .084 ( ' 129 * 

- 12% * 166 0l9 » 

' * 
784 * ' 373 026-1 

m 

Abundance at t-3 •» 

Qpl \ 209 - 100 457 

- 023 069 - 077 243 

= A3 - 110 - 144 - 027 088 

""• A4+ '659 335 ' - 021 ,w - 057 , 

/ Abundance af t-4 „ -^ 

"««T* J-

' • - c 
* 

Al 

A2 

A3 

A4> 

Al 

A2 

A3 

A 4+ 

,281 

- 103 

&™ " 
245 

» 

- i33 

- 238 

- 1 M -

- 133 

- 110 

' 163 

- 053 

- 031 
V 

Abundance 

$62 

- 100 

237 

- 108 

•A 

at 

» 

- 383 

- - 065 «k 

- 027S*| 

* - 032-

t-5 ' 

1'67 

322 

- 105 

- 155 

096 

* 356 

ife"" 

- 137 
. V 

1* 

- 134 

024 

360 

- 048 

V 

/ • 
f 
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Table 2. Tiae series model of stock and recruitment. The 

multiple time series model is shown at the top. where Z t is 
v • 

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

and older) at time t. The parameter matricea are described 
I r, 

i n ^ h e t e x t . The R* for each s e r i e s i s a l s o g i v e n . The 

eraor c o v a r i a n c e matr ix g i v e s the v a r i a n c e s of the, 

o n e - s t e p - a h e a d f o r e c a s t e r r o r s and t h e i r c o v a r i a n c e s for 

each s e ' r i e s . A 

I 
" > 

/ 

*< 

/ 

/ 
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Multivariate Time Series Model of Stock and Recruitment; 
Untra«sfprmed Data. 

Model: Z 
r*t ~o* ~x.*t-l i^t-3 ~t 

9 
*vo 

2253.2 
3072.0 
6058/0 
1295.7 

0 ) 1 = 

4 

0 
.74 
0 
0 

0 
0 

.60 

"o 

0 
0 
0 

. 6 9 

0 
0 
0 

. 6 

f 

% 
4>3 

0' 
d 
0 
0 

0 . 

8 
- 0 
'o 

0 1.02 
0 0 ( 

o- o' 
0 0 

R , 

^ 
Age 

Age 

Age 

Age 

F o r 

1 -

2~ -

3 -

4+ -

Each 

. 4 4 

.'98 

. 8 3 

. 9 6 

S e r i e s 

* 

Error Covan-arnca "Matrix 

Age 1 Ag# 3. Age 3 Age 4+ 

1.41x10 "--•* 

-1.59xl05 3.61*10* 

-3.9Txl04 1.7tel6* 1.42X10*5 

-7.57xl03 -l.*333f!03, -9.63xl03 2.02x10 

*. 
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Table 3; Abbreviations used in Chapter Two. The data are 

> 

" d e s c r i b e d i n S e c t i o n 2 . 1 va l ue c a l c u l a t i o n s are d e a c r i b e d 

i n S e c t i o n s 3 and 7 . 

'•V 

N T 

k 
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Abbreviations Used in Chapter Two 

% 
-% 

SPA 4+ - SPA Sbundance a t age 4 and o i d e r 
a 

B^C - Purse seine catch in numbers landed ftl}ousanjfcs) 

MW - mean weight of a"mature female in 3rd quarter g£ th\* year 

>fc i- Mean gonad weight of a mature female in 3rd quarter of the year 
2 ' 

LAI - Arithmetic, mean larval abundance ,in nd /m for entire fallvsurvey 

3 — • # * - -

FRA -" Fall retention area size 

FAB - Mean number of iarvae per m~ in the fall retention ar*?-1 

SRA - Spring retention area size ' , 

SAB - Mean number of l a rvae , pe r ra in the s p r i n g reTTemtion a rea 

SPA' 1 - SPA numbers at age one 

WC2 - New Brunswick weir catc®i (numbers ^anded) of* 2 year olds 

WC3 - New Brunswick weir catdh (numbers landed) of 3 yea*olds 
t 

- . 
K . - K value from SPA 4+, to FAB7 "• 
sf 

K„ - K value from FAB to SAB • . 

U - K value from ft B to SPA 1 

K , - K value from SPA 4+ to SPA 1 
sr -

JC, - K value from SPA 4 to SPA 1 H 4r -, _ 
Kr - Revalue fron SPA 5 to SPA 1 
5r 

K - K value from SPA 6 to SPA 1 
• 6r 

K„ - K"-value from SPA 7 to SPA f* 
7r 

K„ - K value from SPA a to SPA 1 

K - K value from SPA 9 to'SPA X 

YL.n - K value from SPA 10 to SPA 1 ' ( 

lOr 

a-

• i -
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Table 4": Tptal - a f f e c t s" for *pa th a n a l y s i s o f K "Valnea 

c a l c u l a t e d as- the- sum of a l l caaaal pathways between"" 

v a f i T b l e s o n the -path diagram. A b b r e v i a t i o n s a£a g iven in 

Table 3 . A. T.ot al ef f ec t s"1* Or F i g u r e d . A B . Tote* fef i « H i 

for Figure 3 . 

4**?*®1' 

-n-

$ 

t 

K . 



Total Effec'ts for Path Analysis" of K-values 

-'" *A. Total Effects of Stage to1 Stage Mortality on'Qverall 

Pre-recruit Mortality (Figure ). 
* * 

T 

Effect » " Cause 

.v»-
.. 

* 
V 

v 

j 

" 
K 

+. 

, 

* 
0.09 t 

w» 

\ 

- VJ " 

. 
, " 0 , 9 6 

' • , 

* 

0.6 ' 

' 

-~ B Total Effects of Stage, t6 Stage Mortality; on Recruitment 

- (Figure, V. " 

Effect , ' ' Cause" 
* 

K . K, K 
sf fj - :r 

Recruits -0.02 -0.09 -0.97 

: ' \ 

Mr 

/ 
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Table 5: Total effects for the structural model of 

' V ) 

r e c r u i t m e n t diagrammed i n F igure 4 . . Each entry i s the sum 

of£a*il causa l paths fe|bm a cause t o an e f f e c t . 

A b b r e v i a t i o n a are g i v e n in Table 3 . •>_ , 

/•-

% 



Total Effects for Structural Model of Recruitment 

Effects 

Size 

Fall Larvae 

Spring Larvae 

Recruitment 

«-

FRA 

0 

0 

0.41 

0.24 

SRA 

0 

0 

0.48 

-0.55 

Stock 

0.57 

0.68 

0.23 

-0 03 

Size 

-0.38 

-0.13 

0.02 

Causes 

Fall 
Larvae 

0.34 

-0.05, 
\ 

Spring 
Larvae 

0.58 

X 

r 
.* 

&' 

ft 

y 

\ 
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Table 6: { ( a g r e s s i o n s of t value.s on sbundsnce of esch s t s g e 

to show d e n s i t y dependence of m o r t a l i t y . Abbrev ia_t ions are 

g iven i n Table 3 . A c o e f f i c i e n t s i g n i f i c a n t l y d i f f e r e n t 
Is 

from zero a t the . 9 5 l e v e l has a T - r a t i o of two or g r e a t e r . 

/ 

< 

& 
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/* 

Regre s s ions of K v a l u e s on vAbuj-ida-nce of Each .S tage 

Variable Coefficient S D. of Coeff. T-Ratio- •" 

K on 
sf \ 

Stock 
constant 

0.32 
0 51 

0.37 
. 0.55 

0.86 
0.92 

r = 0.08 
*. 

K,. on 

FLAB 
constant 

1.22 
1..71 

0 43 
0 32 

2.84 
5 30 

5*. t 

r = 0'57 , 

K„ on 

SLAB 
constant 

* 9 34 
-17.20 

18.80 
0.91 

0.50 
-18 88 

r = 0 04 .1 

X 
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'Table 7: R e g r e s s i o n s of I v s l u e s on abundance and squsred * 
\ - , 

abundance at eaeh a t a g e . A b b r e v i a t i o n a are g i v e n in Tahle 

3 . A c o e f f i c i e n t s i g n i f i c a n t l y d i f f e r e n t f roa zero a t the 
• / <•> v * 

i 95 % l e v e l has a T - r a t i o of two or g r e a t e r . ' 

( 

*, 

. * 

* * . 

/ 



V 

Variable 

Regressions of K values on Abundance and 

Squared Abundanqe at Each Stage. 

\L 
Coefficient S.D. of Coeff. T-Ratio 

K , on 
s f ' 

S t o c k 
2 

S t o c k 

c o n s t a n t 

-, 

K . on 
. f 3 

FLAB 

FLAB2 

c o n s t a n t 

K on 

SLAB 

SLAB 

c o n s t a n t 

\ 

/ 

V X 

R2= 

2 

R 2 -

0 . 

0. 

0 . 

2 . 8 1 

- 0 . 8 5 

- 0 . 9 2 

.39 

1.74 

- l . " 7 3 

1 .11 

.70 

1 8 . 6 0 

- 8 9 . 2 

- 1 7 . 4 1 

.08 

4t 

1.38 ^ 

0 46 

"- 0 90 

1 .79 

1 .20 

0 51 

**\ 

_ 

1 1 6 . 1 

' 1 1 0 7 . 0 

2 . 6 3 

8 

" 

r 

. . 

* 
-

• 

2 . 0 4 

- 1 . 8 6 

- 1 . 0 1 

2 . 0 9 

- 1 . 4 4 ' 

2 . 1 6 *' 

A 

* r 

"0.1~6 

-o.m 
-6 .62 

', 'V 
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F igure 1: Larval d e n s i t y -and the e s t i m a t e d r e t e n t i o n area 
f 

for the f a l l of ;1977 s u r v e y . ThLT example i l l u s t r a t e s the c 
retention sre*a definition method for selecting areas of 

larval concentration. 

s 
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Figure 2: Mean reproductive output (grama of gonad x IO7) 

for each mature age group of the southwest Nova "Scotia 

herring stock. Means are taken over all years. Error bars 

indicate plus/minus one standard error. 
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• 

f igure , 3 ; Path diagram, f o r , the r e l a t i i F igure 3 ; Path diagram, f o r , the r e l a t i o n s h i p s among s t a g e t o 

atage m o r t a l i t i e a and t o t a l ' p r e - r a c r n i t m o r t a l i t i e a . / 

A b b r e v i a t i o n s are' g i v e n in Tabl'e 3 . Rnlea for r e a d i n g the 

diagram4 a-te g i v e n i n the t e x t or i'n Li ( 1 9 7 5 ) . 
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* -

Figure 4-« Path diagram for the r e l a t i o a a h i p a among atage t o 

sta'ge m o r t a l i t i e s and r e c r u i t m e n t . A b b r e v i a t i o n s are g i v e n 

in Table i . Rulea f o r ' r e a d i n g the diagram axe g i v e n in the 

t e x t or. i n Li (197 5 ) . 

l ' 

4 - 4 4 

• » . * -

"\t 

>~ 

*,-. 

»'* 

#• "-



116 

r ' f 

^ * 

-.562 _ / K 

/ 

.81 

/ 

.93 

•359 „ / K , 

.42 

J 

) 



117 

\ 

F igure 5: S t r u c t u r a l model for r e c r u i t m e n t v a r i a t i o n of 
• t 

southwest Nova S c o t i a h e r r i n g . , A b b r e v i a t i o n s are g i v e n in 

Table 3 . S tock , S i z e . F a l l Larvae , Spring Larvae and 

R e c r u i t s are unobserved f a c t o r s w i th i n d i c a t o r s g i v e n in t h e 

f i g u r e . Two a d d i t i o n a l exogenous v a r i a b l e s are FRA and SRA, 

assumed measured wi thout**error . Rules f o r read ing the 

diagram are g i v e n in the t e x t . 

V 
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Figure 6: Stock recruitment relationship for southwest Nova 

v Scotia herring. A. Recruitment plotted on stock size. 
t 

4%, S o l i d d o t s are raw d a t a , open c i r c l e s are running median 

smoothed d a t a . B. K v a l u e from s t o c k t o r e c r u i t m e n t aa a 

measure of p r e - r e c r u i t m o r t a l i t y p l o t t e d on s t o c k ' ' s i z e . 

^ S o l i d c i r c l e s s r e raw d a t a , opcfn o i x c l e a are running median 

smoothed d a t a . , , 

v 
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Figure 7: S tagewiae m o r t a l i t i e s p l o t t e d on abundance a.t 

b e g i n n i n g of th-e i n t e r v a l . A. K-value o f s t o c k t o f a l l . 

l a t v a l abundance v e r s u s s t o c k . B. I - v a l u e of f a l l t o 

s p r i n g l a r v a l abundance v e r s u s f a l l la^rvel abundance. C 

K-value of s p r i n g l a r v a l abundance to r e c r u i t s v e r s u s s p r i n g 

l a r v a l abundance. A b b r e v i a t i o n s are g i v e n 'in Table 3 . 
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Figure 8: I - v a l u e s of mature age group abundances^(age 4 to 

10) t o r e c r n i t m e n t veraua mature age group abundances . 

A b b r e v i a t i o n s are g iven in Table 3 . 
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•CATCH I OF THE BARBADOS 

PELAGIC FISHERY 
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Deve lop ing f i s h e r i e s in'many p a r t e of the v o r l d have 

l i m i t e d data a v a i l a b l e for a s s e s s m e n t , development and 

management p l a n n i n g . The f i r a t type o f ' d a t a compiled i s 

o f t e n s imple l a n d i n g s r e c o r d s . The c l a s s i c a l approach to 

the a n a l y s i s of t h i s data haa been aome form of p r o d u c t i o n . 

madelLing auch as the snrplua p r o d u c t i o n model deve loped by 

S c h a e f f e r (1954) and extended t o the m n l t i s p e c i e a f i s h e r y 

s i t u a t i o n by P o p e - ( 1 9 7 6 ) . The p r e s e n t study adopta a 

d i f f e f t n t approach . Rather than u t i l i z i n g ' a n a n a l y t i c a l or 

s u r p l u s pr'oduction model, the Barbadian m u l t i s p d e i e s p e l a g i c 

f i s h e r y i n d e s c r i b e d us ing s t a t i s t i c a l methods. The 

a n a l y a i s haa two components: 

1) Time s e r i e s a n a l y a i a t o d e a c r i b e the p a t t e r n a in the 

ca tch of, groupa of s p e c i e s . This method -prov ide a 

f o r e c a s t i n g models for catoh and nominal e f f o r t . 

2) A a t r u c t u r a l m o d e l l i n g technique^^o examine . 

h y p o t h e s i z e d cause and e f f e c t r e l a t ionah ipa between tbe 

c a t c h e s 0"f the v a r i o u s s p e c i e s groupa a tod w i t h f i s h i n g 
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I fro B f t l H U U a fglaKJC F i s h e r y 

The i s l a n d of Barbados i s the f u r t h e s t e a s t of the 
« 

L e s s e r A n t i l l e s i n the e a s t e r n Car ibbe an. I t has a very 

smal l s h e l f area w i t h o f f a h b r e s h o a l s o n l y t o the south ,-• 

( F i g u r e 1 ) . The p e l a g i c f i a h e r y i s pr i n a r i Ly "ar t i sanal and 

conducted f r o a boata of about' 2"0-40 f e e t . T h e a e ' b o a t a or 

l a u n c h e s make day t r i p s t o the o f f s h o r e f i s h i n g . g r o u n d s . . 
* e> 

The c a t c h ia landed at one* af ftiur- major markets or 

s even s m a l l e r l a n d i n g s h e d s around t h e i s l a n d (NcConney 

1 9 8 3 ) . The Department of F i s h e r i e s ^ Barbados haa c o l l e c t e d 

d a i l y data a ince 1957 on the w e i g h t of th«r*catch in v a r i o u a 

s p e c i e s groups 'and the number of b o a t a l a n d i n g f i a h each dajr 
( c a l f e d h e r e boat t r i p s ) at the major markets (McConney 

«. 

1 9 8 3 ) . There are 15 a p e c i e a groupa on the r e p o r t i n g forma. 

, Thia study only d e a l a w i t h the two p e l a g i c t a r g e t s p e o i e s . 

f l y i n g f i a h ( f l i rPBdigt t l lYt i f f J B i i ) *»d d o l p h i n (ilajXILfe JLfiJLi 

h i p p u r n s ) . The o t h e r spec' iea are grouped t o g e t h e r as 

a l t e r n a t e l a r g e p e l a g i c s and non p e l a g i c s aa d e a c r i b e d 

b e l o w . 

There are four o t h e r a p e c i e a groupa of l a r g e o c e a n i c 

p e l a g i c f i s h e s recorde'd by -the F i s h e r i e s Department and 
v * 

together they account for 15% of the current ca.tch (Hunte 

and Mahon 1982). They are in the alternate large pelagics 

category for thia study. The main apeciea are: kingfiah. 
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Acanfcapcybinm. efr laadcri or Scomberom^orus sp-p. : a l b a o o r e . 

" T 
Ihunnfct »lbtCttVf^. T• M i t a U c t t f . 

Kat/uwonna o e l a m i a / B i f l f i t h , I j t i 

t'eae large p e l a g i c a p e c i e a are taken as 

t i e ia known of t h e i r b i o l o g y in the 

•s-> 

Makaira niaric^na(; and »hj»rk8 of s e v e r a l s p e c i e s (Mahon e t 

a l . 1 9 8 2 ) . A l l 
* L \ 

byoatch t o the~/dolphi»;- f i s h e r y during the wain f i s h i n g 

s e a s o n (Janua rjr-May) , Jeut are f i a h e d a t o ther t i a e a of the 

y e a r aa w e l 1 . 

e a s t e r n CarTbbean. 

The n o n - p e l a g i c c a t e g o r y i n c l u d e s n ine s p e c i e s g r o u p s , , 

'* although- the term n o n - p e l a g i c a i s somewhat ^ f a misnomer 

s i n c e many of the s p e c i e s i n c l u d e d are small p e l a g i c 6r 

n e r i t i c apecLea. N e v e r t h e l e aa. vthe c a t e g o r y i n c l u d e s 

s p e c i e s taken i n the deep s e a , aa ine and trap f i a h e r y and 

t o g e t h e r account'"for the remaining 10% of the l a n d i n g a . 

Theae f i a h are taken uaing d i f f e r e n t gear thaa the ocean ic 
- j * 

p a l a g i c a and Often duriqg a d i f f e r e n t s eason (Hahon e t al . 

1 9 8 2 ) . Mahon e t al . (1982) .descr ibe the genera l s"peoies 

compoa i t ion of theaa groupa which w i l l not ba repea ted h e r e . 

F l y i n g f i a h conpr iae approx imate ly 50% of the current 

landinga (Hunte .and Mahon 1 9 8 2 ) . Hirnndichthva a f f i n l a ia 

the overwhelmingly dominant f l y i n g f i a h s p e c i f s t a k e n in 

BarbadoVa, but o c c a s i o n a l landinga of Cypse lurus ovanocterua 

v o c c u r and are mixad in w i t h H. a f f i n i a . F l y i n g f i a h are 

taken wi th aurface g i l l n e t a , s h o r t b a i t e d l i n e a or d ip n e t a 

u s u a l l y between 15 and 40 km o f f a h o r e (Mahon e t al'. 1 9 8 2 1 . 
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There ia c u r r e n t l y no i n f o r m a t i o n a v a i l a b l e c o n c e r n i n g the 

s t o c k s t r u c t u r e of H . a f f i n i s , but the s p e c i e s appears t o be 

h i g h l y migratory and the ; stock, i s probably e x p l o i t e d by 
S • » 4" i 

o t h e r t e r r i t o r i e a in the r e g i o n (Hnnte and Mahon 1 9 8 2 ; . 

Dolphin , Corvphaena h i p p u r u s . .account for about 25% of 

the c u r r e n t l a n d i n g s . They are captured by t r o l l i n g i n the 

pen ocean but main ly in the v i c i n i t y of f l o a t i n g d e b r i s , 

around which they c o n g r e g a t e . F l y i n g f i a h are used f o r b a i t 

and are commonly found in the stomacha of d o l p h i n (Lewia e t 

a l . 1962: H. Oxenford p e r a . o o m m . ) . Dolphin are a l a r g e , 

f a a t swimming, migratory f iah, w i t h a h igh growth r a t e 

(Bearda ley 1967: Oxenford and Hunte in p r e s s ) . The s t o c k 

s t r n c t u r e of C. h ippurus i s c u r r e n t l y under i n v e s t i g a t i o n 

(Oxenford u n p n b l . ) but the dolphi'n caught o f f Barbadoa are 

a l m o s t ; c e r t a i n l y e x p l o i t e d by o t h e r i a l a n d a aa w e l l (Hunte 

and K # o o 1 9 8 2 ) . Do lph in , f l y i n g f i a h and the o t h e r l a r g e 

pe lagi /bs are u s u a l l y f i s h e d on the same t r i p s . 

Monthly landinga* i n the major markets nverage around 12 

MT dar ing the peak s e a s o n ( F e b r u a r y - J u n e ) . In t h i a atudy 

data from-two of the markets are a n a l y a e d , O i s t i n s on the 

south ooaat and Spe ighta town in the northweat (F igure 1 ) . 

McConney (19.83) has e s t i m a t e d t h a t the m i s - r e p o r t i n g of 

l a n d i n g s dne t o bypaaaing the markret r e p o r t e r at O i a t i n a and 

S p e i g h t s town i s between -5 and 10%. I t ia d i f f i c u l t t o 

e a t i m a t e the p r o p o r t i o n of the t o t a l c a t c h f o r the whole 

i a l a n d landed<at theae two marketa becauae the r e p o r t i n g 

> / 
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error at the largest market on the island, (Cheapaide in 

Bridgetown) is very large. However, of the re'ported 

landings at the four major markets, Oistine and Speightstown 
e 

t o g e t h e r account for approx imate ly 75% of the l a n d i n g s and 

were taken t o be r e p r e a e n t a t i v e of the f i s h e r y in Barbados . 

Although records have been kept aince 1957 , on ly data 

for the per iod 1961 through 1982 were used becauae 

m e c h a n i z a t i o n of the f i a h e r y was completed by t h e n . A 

c o n t i n u o u s record waa r e q u i r e d f o r the a n a l y a i s t o f o l l o w 

but f i v e months of data were miaaing for O i s t i n s and four 

months for S p e i g h t s t o w n . The mi s s ing months were 

i n t e r p o l a t e d by a p e c i e a group as a mean of the same month in 

a l l the o t h e r y e a r a , we ighted by how c l o s e in time e a c h ' y e a r 

was froa the year w i th miaaing data ( i . e . , the a e r i e a of 

w e i g h t s waa 1 / 1 , 1 / 2 , 1 / 3 , . . . f . No extreme p o i n t s were 

generated by t h i a method and ao the i n t e r p o l a t i o n s should 

not e f f e c t the r e s u l t s unduly . The a d j u s t e d data s e t 

c o n s i s t s of the number of boa t t r i p s per month from 1961 to 

1982 i n c l u s i v e , and landinga in pounds for the fonr groupa 

f l y i n g f i a h , d o l p h i n (F igure 2 ) , l arge ' p e l a g i c s , and 

n o n - p e l a g i c s over the same p e r i o d 

l int S n i n AatlYiii tad Fprccgstiai 

Chapter One of t h i a t h e s i s d e s r i b e s u n i v a r i a t e and 

m u l t i v a r i a t e ant o r e g r e a a i v e i n t e g r a t e d moving average 

(ARIMA) modela i n d e t a i l . Only a b r i e f d i s c u s s i o n of the 
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' r a t i o n a l e for t h e i r uae for the Barbados m u l t i s p e c i e s 

p e l a g i c f i s h e r y w i l l be g i v e n h e r e . -> 

ARIMA models have s e v e r a l d e s i r a b l e p r o p e r t i e s . Since 

the'y,are in the t i n e r a t h e r than the frequency domain l i k e 

o ther stethods, t h e i r i n t e r p r e t a t i o n i s i n t u i t i v e l y s i m p l e . 

If the procedures of Box and J e n k i n s (1976) are f o l l o w e d the 

models are pars imonious in tha sense of u s ing the f e w e s t 

number of parameters to d a s c r i b e a time s e r i e s . They ajce 

s t o c h a s t i c models and moat var iables^ encountered i n . 

f i s h e r i e s da ta , such as catch records from Barbadoa, can be 
\ 

moat appropriately thought of random, variables. 

ii " 

The method can uae e x i s t i n g knowledge <&f-the dynamics 

of the f i s h e r y t o s p e c i f y model s t r u c t u r e a l o r i o r i . 

Knowledge of the dynamica bf d e v e l o p i n g f i s h e r i e s i s o f t e n 

sparse however. Box and JeftkinV (1976) i d e n t i f i c a t i o n 

procednres a l s o enable a time s e r i e s ' m o d e i to be c o n s t r u c t e d 

wi thout e x t e n s i v e a p r i o r i a t r u o t u r e . 

The f o r e c a s t i n g of ca tch and e f f o r t i s one of the main 
« 

reaaons for c o n s t r u c t i n g ARIMA m o d e l s . The f o r e o a a t a , which 

i n c o r p o r a t e s t o c h a a t i c changea in the s e r i e s , . can be updated 

as new i n f o r m a t i o n becomea a v a i l a b l e . The updated f o r e c a s t s 

are s imple t o compute ( s e e Chapter One) and do not r e q u i r e 

r e - . e a t i m a t i o n of the model, and ao are p r a c t i c a l for nae in 

d e v e l o p i n g c o u n t r i e s . 

KSnels were f i t t o the time s e r i e s of c a t c h (pounds) 

for d o l p h i n , f l y i n g f i s h , a l t e r n a t e l a r g e p e l a g i c s and 
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n o n - p e l a g i c a and the number of boat t r i p s for each of the 

markets , O i s t i n s and Spe ights town* Choosing a model form 

r e q u i r e s e x a m i n a t i o n of the sampl e , aut o c o r r e l a t i o n f u n c t i o n , 

i . e . , the' c o r r e l a t i o n of the va lue of the s e r i e s w i t h i t s 

^alue at e a r l i e r t imes 1 . . . K , and the p a r t i a l 

tut o c o r r e l a t i o n f u n c t i o n , i . e . , the a u t o c o r r e l a t i o n of the 

va lue of tha a e r i e s w i t h i t s va lue i t time t - k c o n d i t i o n a l 

upon the a u t o c o r r e l a t i o n s t - k + I . . . t~k+j j = 2 . . . k - l , and 

comparing them w i t h t h e o r e t i c a l p a t t e r n s generated by 

v a r i o u s u n d e r l y i n g p r o c e s s e s ( s e e Box *nd Jenkina 1976: 

Hamilton and Watts 1978 for examplea ) . The model s t r u c t u r e 

i s chosen "by t r i a l of a s e t of a l t e r n a t i v e s s u g g e s t e d by the 
V 

identification procedure. It accounta for the .-

autocorrelation in therSeries and had the smallest mean 

squared error, while representing the series with aa few 

parameters,as poaaible. The estimation of model parameters x 

in this- paper utilized an unconditional least squarea 

criteria (Box and Jenkins 1976). 

Monthly time series, of boat tripa, flying fiah and 

dolphin catch at the markets (Figure 2) show a strong 

seaaonal pattern- in effort ann landings. There is also, some 

change in variance over the aeriea, particularly in the 

Oistins dolphin catch series.- All four of the.catch series 

return to zero in the off seaaon, but the boat tripa do no.t 
\ 

se of the .non-pelagic and alternate large pelagic 
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Al l the s e r i e s were square r o o t transformed t o 

s t a b i l i z e t h e i r v a r i a n c e s . A d i f f e r e n c e t r a n s f o r m a t i o n of 
t 

order 12 ( ) was used t o account for de termini s'tic 

a e a a o n a l i t y . Moat of the d i f f e r e n c e d s e r i e s conta ined 

trenda t h a t r e q u i r e d an a d d i t i o n a l f i r a t order d i f f e r e n c e . 

The only e x c e p t i o n s were the S p e i g h t s t o w n do lph in and , 

r non-pe l ag ic c a t c h e s . The need, for f i r s t order d i f f e r e n c i n g 

here i s a r e f l e c t i o n of the i n c r e a s e in importance of the 
< 

O i s t i n s market in the l a a t 20 yrs and-'fioncur rent s l i g h t 

d e c l i n e of the f i s h e r y at S p e i g h t s t o w n . 

'The f i t t e d u n i v a r i a t e ' models and R2 v a l u e s for O i s t i n s 

(Table 1) ahow t h a t the number"of boat t r i p a in each month 
i- * 

* i s dependent on the number of t r i p s in the p r e v i o u s month. 

For the. c a t c h a e r i e a , the ca tch in the prev ioua month was 

r e l a t e d t o p r e s e n t c a t c h . The moving average parametera in 

a l l the models a r e ^ l a r g e , bnt t h i a i s due to the 

d i f f e r e n c i n g (Anderson 1976: Abraham and Box 19,78). The 

modela f i t the s e r i e s w e l l in a l l c a s e s w i t h R2 averag ing 

0 . 8 1 . No a u t o c o r r e l a t i o n remained i n / t h e r e a i d u a l s e r i e s . 

Spe ights town market modela (Tab,le 2) had the same 

s t r u c t u r e in genera l aa t h o s e f o r O i s t i n s . The average R2 

( 0 . 7 5 ) waa s l i g h t l y lower but no r e s i d u a l a u t o c o r r e l a t i o n 

s t r u c t u r e could be d e t e c t e d . The a l t e r n a t e l a r g e p e l a g i c s 

a e r i e a was f i t * by a pure moving average model which in 

general have l e a s memory or p e r s i s t e n c e than aut or egr eaai ve 

modela (Tiao and Box 1 9 8 1 ) . .The S p e i g h t s t o w n f i s h e r y for 
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a l t e r n a t e l a r g e p e l a g i c a in more o p p o r t u n i s t i c than a t 

L - y5 

O i a t i n a becauae Spe ightatown market i s main ly f o c u s s e d on 

f l y i n g f i s h . O i s t i n s haa more of mixture of the two t a r g e t 

s p e c i e s . Outs ide of the s e a s o n a l p a t t e r n , therti i s l i t t l e 

y e a r to y e a r dependence in the f i a h e r y . The a i z e of the 

peak s e a s o n ' s ca tch does not seem to f o l l o w from the peak 

c a t c h in the p r e v i o u s y e a r . Month to month s u c c e s s or 
f a i l u r e i s more important in de termin ing the c a t c h . . 

Two s e t s of f o r e c a s t s have been generated for each 

marke.t. Using the 1961 to 1981 data and f or eca s t i n g ' the 

c a t c h e s and boat t r i p s for 1982 a l lowed a s s e s s m e n t of 

f o r e c a s t a e c u r a a y . \ The e n t i r e data s e t through 1982 l a s 

then used t o f o r e c T T t ° t h e 1983 f i s h e r y . At the S p e i g h t s t o w n 

market , the 1982 f i s h e r y t a r w e l l p r e d i c t e d by the models 

for boat t r i p s and f l y i n g f i s h , bnt l e s s w e l l for do lph in 

and the o t h e r groupa (Table 3 : F i g u r e 3 ) . At O i s t i n s 

market , both t a r g e t a p e c i e a and boat t r i p a were w e l l 

f o r e c a s t for 1982 (Table 4: FLgure 4 ) . Some of the 

' f o r e c a s t i n g a b i l i t y ia due s imply t o the p r o j e c t i o n of 

s e a s o n a l i t y expreaae'd by the d i f f e r e n c e o p e r a t o r s ; The uae 

of the p r e v i o u s -month's va lue as a l e a d i n g i n d i c a t o r of 

c a t c h or e f f o r t ia important to t h i a f o r e c a s t i n g a b i l i t y 

however s i n c e the shape of the peak changes from year to 

y e a r . The s tandard errora of the f o r e c a a t a are smal l and a 

50 % conf idence l i m i t (p lua and minua 0 .647 of the standard 

e r r o r ) for the square r o o t o f . t h e ca tch i s narrow. These 

• 
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a r e not the aame as the c o n f i d e n c e l i m i t s for the 

untransformed data (Newbold and Granger 1 9 7 6 ) . 

F o r e c a a t s f o r the f i r a t f i v e months of*1983 at . • 

Spe ighta town al sO correspond c l o s e l y t o the a c t u a l ca tchers 

( F i g u r e ^ a - c . Table 3 ) . The c a t c h did not d e c l i n e as 

e x p e c t e d i n June however, but c o n t i n u e d t o i n e r e a a e . - .The 

r e a s o n for t h i s i s becauae of a major change in the 

s t r u c t u r e of the f i s h e r y in 1983 at O i a t i n a . ' The f o r e c a s t s 

of the 19 83' f i a h e r y at O i s t i n s (Tabla 4: F igure 4 d - f ) 

d e v i a t e s u b s t a n t i a l l y from the observed catch l e v e l s . 

However, a new market w i t h g r e a t l y improved l a n d i n g , s t o r a g e 

and market f a c i l i t i e s opened a t O i s t i n s in January of 1983 , 

with a 100% i n e r e a a e in the number of boat t r i p a over * 

prev ioua y e a r s . • In the time s e r i e s the seaaonal p a t t e r n i s 
the same but a l a r g e change in l e v e l has o c c u r r e d . W.?th 

• » 

more data , t h i s change could be model led uaing i n t e r v e n t i o n 

a n a l y s i s (Box and Tiao 1 9 7 5 ) , an e x t e n s i o n of ARIMA models 
i 

t o adcount for e v e n t s cauaing fundamental changes in the 

course of a time a e r i e a . 

The time s e r i d s models provide a b a s i s for examining 

changea in tha f i a h e r y because they p r e d i c t the c a t c h 

assuming the, behaviour of the f i s h e r y does not change . In 

o t h e r words, the d e v i a t i o n of the obaerved c a t c h e a and boat 

t r i p a from the f o r e c a a t a ia a measure of the change' in the 

f i a h e r y dne t o tha new market and, p o a a i b l y , o t h e r f a c t o r a . 

Thia f e a t u r e of the a n a l y a i a w i l l be uaed in a l a t e r 



V 

136 

se ct ion. 

Sfrjes Interaction 

All of the time series models presented have considered 

each catch or boat tripa series as independent from the 

others, i.e.,' as a univariate process. The series must 

interact to some extent, since the number of boat trTps is 

' expected to* affect .the amount of fish caught and fishery 

interactions, such as the bycatch of large pelagics while 

fishing for dolphin, and biological interactiona, such as 

predation of dolphin on flying fish (Lewis et al. 1 9 6 2 ) , do 

o c c ur . 

Series interactiona are not necessarily useful for 

forecasting. If the interactions are completely 

contemporaneous, i.e., occur within one month, then one 

series can not be used as a leading indicator for another. 

If there are time lagged effects however, forecasting models 

using this information may- be an improvement over univariate 

models. Foreoast accuracy ia one important improvement, but 

fewer parametera and model in terpr e tabil ity a&e equally 

valid goala. * 

Accounting for interactiona requires a multivariate 

approach (Jenkins and Alavi 1981: Tiao .and Box 1 9 8 1 ) . The 

series to be modelled are vector processes and the 

parametera are matricea. The parameter matrices account for 

interactiona between the series and may contain deaignated 
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zeros a. priori specifying no interaction between certain 

vector elements. Multivariate ARIMA models have been 

described in Chapter One. 

Multivariate models were fit to time series of the 

target species, flying fish and dolphin, and the boat trips 

series for the two markets separately. The other aeries 

were not included because the expense and complexity of 

fitting these models increases rapidly with dimensionality. 

The fitting program (WMTS-l) waa 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 aa well as the univariate modela (average R2 « 

0.82). The structure is the same for the univariate and 

multivariate models of boat tripa and flying fish catch but 

is different for tbe dolphin catch series. The dolphin 

catch is modelled as a purely moving average proceaa which 

is affected by flying fish catch one year ago. This may 

indicate changing target prefarence of the fisherman. This 

model, which contains only seven parametera, ia quite 

paraimoniona compared with the univariate repreaentation of 

these data. 

At Speightatown, flying fiah catch is a function of 

boat tripa in the previoua month (Table 6). The fit of the 

multivariate model (average R2 * 0.75) is comparable to-the 

univariate models. Speoies interaotipna in the catchea are « 

f 
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not i n d i c a t e d in the f i t t e d model . Note t h a t the e f f e c t of 

e f f o r t on c a t c h in t h i a model i s d i f f e r e n t from the usual 

c a t c h - p e r - u n i t - e f f o r t uaed i n f i s h e r y s t u d i e s . 

C a t c h - p e r - u n i t - e f f o r t ia a contemporaneous r e l a t i o n a h i p not 

i n c l u d e d i n these m u l t i v a r i a t e mode l s . Becauae the models 

p r e s e n t e d h e r e do not c o n t a i n contemporaneous r e l a t i o n a h i p s , 

they are not e q u i v a l e n t t o t r a n s f e r f u n c t i o n s as d e s c r i b e d 

by Box and J e n k i n s ( 1 9 7 5 ) . Contemporaneous r e l a t i o n s h i p s 

between e f f o r t and ca tch w i l l be cona idered in the 

s t r u c t u r a l models p r e s e n t e d be low. 

The m u l t i v a r i a t e f o r e c a s t s for both markets (Tabla 3 

and 4) are c l o s e t o t h e i r u n i v a r i a t e c o u n t e r p a r t a . They are 

a l a o ahown in compariaon t o the a c t u a l c a t c h e a in F igure 3 

& * 

and 4 . The s tandard errora of the f o r e c a s t s are a l a o Jfc 

s i m i l a r to the u n i v a r i a t e c a s e . 

In summary, boat t r i p s and c a t c h e s of the t a r g e t 

s p e c i e s can b|t w e l l f o r e c a a t by e i t h e r u n i v a r i a t e or 

m u l t i v a r i a t e ARIMA modela e x c e p t for s t e p changea in the 

^ f i a h e r y such aa- occurred at O i s t i n s market in 1 9 8 3 . Even in 

t h i s caae , the time a e r i e s models provide a b a a e l i n e for 

measuring change, which w i l l be cona idered f u r t h e r in the 

remainder of t h i s c h a p t e r . The cho ice between a 

m u l t i v a r i a t e or u n i v a r i a t e approach must weigh/ 

i n t e r p r e t a t i o n a l c o n s i d e r a t i o n s a g a i n s t computat iona l 
» 

d i f f i c u l t y . M u l t i v a r i a t e modela may r e p r e s e n t the s t r u c t u r e 
of the f i s h e r y more a c c u r a t e l y or in a more nae fn l way frost 
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a management or biological point of view, auch aa 

considering catch a tranafer function of effort. In Chapter 

One multivariate models were used to describe and forecast a 

fiahery on an age structured population. However, 
a 

u n i v a r i a t e models are f a r s impler to i d e n t i f y and e s t i m a t e . 

M u l t i v a r i a t e models are more paraimoniona in parametera but 

in the case p r e s e n t e d h e r e , t h e r e i s l i t t l e advantage when 

the o b j e c t i v e i s o n l y f o r e c a s t i n g . , 

St ivntni i l Moflo-iliai 

S t r u c t u r a l m o d e l l i n g r e f e r s t o a v a r i e t y of a t a t i s t i c a l 

t e c h n i q u e s which try t o d e s c r i b e cauae and e f f e c t 

r e l a t i o n s h i p s between v a r i a b l e s in r sy s t em. These 

r e l a t i o n s h i p s are c h a r a c t e r i z e d by a p e c i f y i n g v a r i o u s 

h y p o t h e s e s aa s e t s of s imul taneoua l i n e a r e q u a t i o n s . An 

e q u a t i o n d e a c r i b i n g a r e l a t i o n a h i p between random v a r i a b l e s 

i s r e f e r r e d t o aa a s t r u c t u r a l r e l a t i o n a h i p - (Kendal l and 

S t u a r t 1 9 7 3 ) , hence the term a t r u c t u r a l m o d e l l i n g . The s e t 

of e q u a t i o n s correspond ing t o a s p e c i f i c h y p o t h e s i z e d 

s t r u c t u r e can t h e n be d e p i c t e d in a path diagram f o r 

conceptua l p u r p o a e s . The method waa p i o n e e r e d by Wright 

(1934) and i a r e f e r r e d t o aa path a n a l y a i a . E x t e n s i o n s of 

W r i g h t ' s methods have been p r i m a r i l y deve loped in the f i e l d a 

of s o c i o l o g y afad p s y c h o l o g y (Joreakog 1970: 1973: 1977: 

B e n t l e r Tnd Weeks 1980) and a r e c a l l e d a n a l y a i a of 
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c o v a r i a n c e s t r u c t u r e s . 

Both p a t h a n a l y a i s and a n a l y a i a of c o v a r i a n c e 

s t r u c t u r e s w e r e d e s c r i b e d i n C h a p t e r Two. In a n a l y a i n g t h e 

B a r b a d o s f i s h e r y two m o d e l s of t h e o b s e r v e d c a t c h e s and b o a t 

t r i p s w e r e c o n s t r u c t e d . F i v e a d d i t i o n a l m o d e l s h y p o t h e s i z e d 

d i f f e r e n t c o m p o n e n t s of e f f o r t or f i s h a b u n d a n c e aa 

u n o b s e r v e d f a c t o r s . - The u n o b s e r v e d f a c t o r s w e r e n o t 

c a u s a l l y r e l a t e d t o one a n o t h e r . T h i s s p e c i a l c a s e of 

a n a l y a i s o f c o v a r i a n c e s t r u c t u r e i s c a l l e d c o n f i r m a t o r y 

f a c t o r a n a l y a i s ( J o r e s k o g 1 9 7 0 ) . 

A l l t h e s t r u c t u r a l m o d e l s u s e d r e s i d u a l a from t h e 

u n i v a r i a t e t i m e s e r i e a m o d e l s d e s c r i b e d above aa i n p u t i n , 

o r d e r t o e l i m i n a t e l a g g e d r e l a t i o n s h i p s and s i m p l i f y t h e 

m o d e l s . I n o t h e r w o r d s , t h e h y p o t h e s i z e d r e l a t i o n s h i p s ax,e 

c o n t e m p o r a n e o u a . V a r i a b l e s i n a l l a e v e n m o d e l s w e r e 

s t a n d a r d i z e d t o a mean of z e r o * a n d u n i t v a r i a n c e f o l l o w i n g 

W r i g h t ' s i n i t i a l f o r m u l a t i o n of p a t h , a n a l y s i s . 

M o d e l s 

Hgdc l 1 

I 
w * 

«-

Oistins is the main market for dolphin on the island. 

Speightstown is predominantly a flying fiah market. The 

effort at each market ahould be related to their reapective 

target species catches. In addition, market interaction nay 

cauae Speightstown to affect the Oistins flying fish catch 

i 
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and O i s t i n s t o a f f e c t the Spe ightatown d o l p h i n c a t c h . % 

E f f o r t at the two markets w i l l be c o r r e l a t e d due to i a l a n d 

wide market ing and weather e f f e c t s . » 

Path a n a l y a i s (F igure 5) s u b s t a n t i a t e s t h i a genera l 

p i c t u r e . . The e f f e c t of S p e i g h t s t o w n boat t r i p a on f l y i n g 

f i s h ca tch ia very s t rong oompared w i t h the b o a t t r i p s t o 

d o l p h i n c a t c h p a t h . At O i s t i n s the e f f e c t s of boat t r i p s on 

the t a r g e t s p e c i e s c a t c h e a are more b a l a n c e d , a l though the 
« 

path to f l y i n g f i a h ca tch ia a l i g h t l y s t r o n g e r than the path 

to d o l p h i n ca teh from boat t r i p s . 

The p o s i t i v e e f f e c t s ' o f the c a t c h a t one market on the 

o t h e r are probably due t o market ing s t r u c t u r e or1 

a v a i l a b i l i t y of the t a r g e t a p e c i e a . Thera are o n l y very * 

emai l d i r e c t i n t e r a c t i o n a of the t a r g e t s p e c i e a c a t c h e s 

w i t h i n each market . » 

O v e r a l l , the a o d e l reproduce a the aample c o r r e l a t i o n 

m a t r i x w e l l w'ith the e x c e p t i p n a of the e o r r e l a t i o n a between 

O i a t i n a f l y i n g f i a h and Spe ighta town do lph in and between 

O i a t i n a d o l p h i n w i th Spe ighta town f l y i n g f i a h . Thia 

i n d i c a t e a t h a t market i n t e r a c t i o n ia not w e l l d e a c r i b e d by 

the modal. Since the c o e f f i c i e n t s from f l y i n g f i s h ca tch t o . 

d o l p h i n c a t c h are n e g a t i v e a t both markets , i t ia* l i k e l y 

t h a t the ca tchea r e f l e c t e f f o r t r a t h e r than abundance. 

A model of the observed, v a r i a b l e s i n c l u d i n g the c a t c h e a 

> 



- r 

*.< A .. 
142 

> 

Of the , la^r gospe l a gi'c and the ,non-"pe-l a g i o groupa waa alao' 

* - •*• -J-

cons truc ted- . The a t r u o t u r e and - r a t i o n a l e was the same ne^ 
*. * ' « -

for Model 1 . A d d i t i o n a l paths from .boat t r i p s t o a l t e r n a t e 
- -* - ' * -*** 

"large p e l a g i c s and n o n - p n l a g i c a a t each* market ware 
o 

i n c l u d e d . Dolphin c a t c h waa" a l a o hypo the six'ed t o d i r e c t l y 
a f f e c t the ca tch of a l t e r n a t e ' l a r g e , pel r g l c s . The e s t i m a t e d 

% "* - - - ' - ' ' - ' 
mod«4 had the f o l l o w i n g a d d i t i o n a l , i n f o r m a t i o n . The path 

• "* I S ' -

c o e f f i c i e n t s from boat t r i p a t o the n o n - p e l a g i c c a t c h were 

smal l "as e x p e c t e d f i n e l y usual l y o n l y l a r g e boata l a n d i n g e> 

f i s h a>e recorded but many smal l c r a f t and d ivera land 
' . , . - ^ " * 

f f b h e s in t h i s c a t e g o r y . The**catch Of o t h e r l a r g e p e l a g i c s 
, * * ) 

waa r e l a t e d a t r o a g l y %,o t h e - d o l p h in^ca t c h . Hawever^, t h e 
* - - -* 

t *»* / '"". 

coefficient of the direct pathway froa boat tripa to large" 
*** r -

p e l a g i c s w a s ^ s i z a b l e , i n d i c t t i n g t h a t t>ere i s an a f f e c t of 

e f f o r t . independent of do 1 pit in f i s h i n g . This nay r e f l e c t 

i n c r e a a e d importance of l a r g e p e l a g i c a during the o f f f e a s o n 

for d o l p h i n . '*'" _ 

•""V 

i^4 

Cgnfirmato*y F a c t o r folly, in. H 9 d f l i 

A- fur tha r d i m e n s i o n of path, models i s tha i n c o r p o r a t i o n 
«* . 

of unobserved o r l a t e n t v a r i a b l e s . Aa unobserved v a r i a b l e 
r vr*-

i s hypo tha s i x ad t o Se an u n d e r l y i n g e | a a a of,, observed 

r p l a t i o n a h i p s J>a tween jmeasar ed v a r i a b l e a . The e f f o r t 

d i r e c t e d f t a s p e c i e s , crony ia an unobserved v a r i a b l e 
• - - » ' » 

u n d e r l y i n g the r e l a ti-onah ip .be tween nominal e f f o r t * i . e . / 

the number of boat t r i p a , aad" canton.~. l a addita*ra, abaadaaee 

* 
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tlje obaerved v a r i a b l e a can be thought of aa i n d i c a t o r s of 

the nnobaerved v a r i a b l e a . As HI 1th a l l th*n cause and e f f e c t 

r e l a t i o n a h i p a mode l l ed here tha* observed v a r i a b l e a ar.e 

aaanmed t o be 1 inearljp-^xel a ted t o the vflpobservablea . Once 

a g a i n , the r o l e of the unobserved v a r i a b l e s can o n l y be 

i n t e r p r e t e d w i th reapec t to a g i v e n path diagram. The 

g e n e r a l i z a t i o n of path, a n a l y a i a t o i n c l u d e nnobaerved 

v a r i a b l e a waa d e a c r i b e d in d e t a i l in Chapter Two/-' 

I n t h i s s e c t i o n , the s p e c i a l c a s e of conf i rmatory 

f a c t o r analy ai a" w i l l 'be o u t l i n e d w i t h an e x a a p l e . Theae 

models do not c o n t a i n cauaal r e l a t i o n s h i p * between the 

u n d e r l y i n g f a a t o r a . ^ 

The ' h y p o t h e s i z e d s t r u c t u r e i s e x p r e s s e d as a system of 

s i m u l t a n e o u s e q u a t i o n a r e l a t i n g s t a n d a r d i z e d v a r i a b l e a . The 

C o r r e l a t i o n matr ix for the obearved v a r i a b l e s i ,s w r i t t e n aa 

a f u n c t i o n of the parameters ,of the- aode l by t a k i n g expecte'd 

Valnea of the a p p r o p r i a t e ' produc t s of the e q u a t i o n a 
r r \ 

(Goldberger 1974: Joresko>g 1 9 7 0 ) . For example, c o n a i d e r 

X1.X2 and'x3 aa o b s e r v e d ' v a r t a b l e s which are i n d i c a t o r s of 

' S * 
an nnobaerved v a r i a b l e £, auch t h a t ' --

* 

K 

*1 - - U , + . 1 ^ ^ 

x2 - X2{ + a2 . J , 

X3 - X3{ + 8 3 . 
where Xi,fo a'ad X3 are parametera and si, e2**d*'3 are 

i I 
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independent random v a r i a b l e a w i t h me an a of zero and 

v a r i a n c e a g i v e n by o 8 l , a g 2 t n d a 8*3 . I f x l , x 2 and x3 »nd $ 

are a t a n d a r d i z e d t h e n , E , the c o r r e l a t i o n m a t r i x of the 

obaerved v a r i a b l e a as a f u n c t i o n of tbe model parameters i s 

g i v e n by 

X2+oe2 

2 
X2X3 X3+OB3 . 

This model c o r r e l a t i o n m a t r i x can then be compared t o the 

aample c o r r e l a t i o n m a t r i x of the obaerved v a r i a b l e a uaing an 

a p p r o p r i a t e e s t i m a t i o n c r i t e r i a auch aa l e a s t squares or 

maximum l i k e l i h o o d . Thia r e s u l t s in e s t i m a t e d parameter 

v a l n e a t h a t c l o a e l y reproduce the aample c o r r e l a t i o . n matr ix 

from the g i v e n model s t r n c t n r e . In t h i a paper,'maximum 

l i k e l i h o o d e s t i m a t i o n waa uaed . Maximizing t h e l o g of the 
a 

l i k e l i h o o d f u n c t i o n ia e q u i v a l e n t t o m i n i m i z i n g 

F - In |E| + t r ( S E _ 1) 

* 

(Joreakog 1970). This procedure waa performed with the 

COSAN computer program (Fraaer 1982). 

Models -3 to 7 contain theoretical conatrncta of effort 

or abundance aa nnobaerved variablea. The likelihood ratio 

teat for lack of fit (Joreakog 19,70) waa uaed aa a criterion 

* 

*l+o81 

X1X2 

X1X3 
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for selecting the models. None of the models presented 

showed any significant lack of fit at the 0.01. level <a» The 
» 

purpose waa t o d e s c r i b e s the mechaniam cauaing t h e v a r i a t i o n 

in c a t c h s i z e and prov ide modela of d i r e c t uae t o 
< 
management. In the Barbadian f i s h e r y , the v a r i a b l e a l i k e l y * 

to be c o n t r o l l e d by development or a management acheme' are 
v. 

r e l a t e d t o ' e f f o r t , r a t h e r than s t o c k s i z e as in many 

f i s h e r i e s in deve loped c o u n t r i e s . 

E f f o r t i s p a r t i t i o n e d in two ways, f i r s t as t a r g e t 

e f f o r t , r e f e r i n g t o e f f o r t aimed, a t a p a r t i c u l a r t a r g e t 

s p e c i e s ( f l y i n g f i s h or d o l p h i n ) and a l t e r n a t e e f f o r t or 

byca tch for l a r g e p e l a g i c a and n o n - p e l a g i c t . S e c o n d l y , 

e f f o r t was di s t i n g u i shed- by gear type as t r o l l i n g and 

n o n - t r o l l i n g e f f o r t . The two markets have been mode l l ed 

s e p a r a t e l y . The sample c o r r e l a t i o n m a t r i c e a f o r the 

obaerved v a r i a b l e a in each mo-del are g i v e n in T a b l e s 7, 8 

and 9 . 

Model 3 

Mode l v l and 2 i n d i c a t e d t h a t O i a t i n a e f f o r t was 
V. ' s 

balanced between dolphin and flying fish. The catch of ^ 

large pela|ica waa atrongly dependent on dolphin catch, but 

waa alao atrongly affected by the number of boat tripa. 

In model 3 (Figure 6: Table 7) the targeted and a 

alternate effort were related to boat trips with equal 

atrength. This is not the same aa saying that they equally 

\ ' / 
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determine the number of boat trips since the variablea are 

standardized. The variation in boat tripa is cauaed by the 

variation in theae two effort components in proportion to 
* 

their variances.; "This emphasizes the importance of the 

alternate apeciea at the market. The strong pathway from 

target effort to the flying fiah catch indicates that, even 

though Oistins is the main dolphin market flying fish is a 

mainstay of the Oistins fishery.' 

The atrong correlations of the error terms indicate 

interactiona other than those Hue to components of effort. 

The effect of the dolphin catch on the alternate large 

pelagics catch appears as the correlation of their 

residuals. The negative interaction of the dolphin and 

flying fiah catch at Oiatina from Model 1 alap shows* up here 

independent of effort. 

-v 
Model 4 ' / " " . . 

A s i m i l a r model s t r u c t u r e did not a d e q u a t e l y deacr ibe 

the Spe ightatown market data (Figure 7: Table 8 ) . 

Spe ight s town i s more dominated by f l y i n g f i s h than O i s t i n s . 

Dolphin and a l t e r n a t e l a r g e p e l a g i c a are bo th , to an e x t e n t , 

bycatch t o the f l y i n g f i s h f i s h e r y . The pathway from t a r g e t 

e f f o r t to the number of boat t r i p a ia much s t r o n g e r than 
v 

f r o n . n o n t a r g e t e f f o r t »nd the f l y i n g f i a h catch i s the 

major r e s u l t . The n o n - p e l a g i c ca tch on ly r e l a t e a t o the 

e f f o r t v a r i a b l e a through the ca tchea of the two t a r g e t 
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s p e c i e s . The t a r g e t spec ie ' s c a t c h n e g a t i v e l y a f f e c t 

n o n - p e l a g i c ca tch i n d i c a t i n g t h a t t h e i r presence d e c r e a s e 

n o n - p e l a g i c c a t c h . 

The e o r r e l a t i o n a of the e r r o r terma are weaker at t h i a 

market i n d i c a t i n g a g a i n t h a t the e f f o r t d i r e c t e d - a t f l y i n g 

f i a h predominates the s t r u c t u r e of the f i s h e r y . 

P a r t i t i o n i n g the e f f o r t by gear type a ia uae fu l for 

management purpoaea, s i n c e i t may be p o s s i b l e t o c o n t r o l or 

enhance the type of f i s h i n g done by the b o a t a . T r o l l i n g 
* ' _ ' 

e f f o r t i s d i r e c t e d a t d o l p h i n and l a r g e p e l a g i c s . . 

v Non-rtr-ol l i n g e f f o r t i n c l u d e s the g i l j ^ n e t s and dip n e t s pf 

the f l y i n g f i s h f i s h e r y and the t r a p a , h a n d l i n e s , s e i n e a and 
s p e a r s of the n o n - p e l a g i c f i s h e r y . 

i 
For Oistins (Figure 8: Table 7) there ia again balance 

. V » 

between the components of the f i s h e r y . Lack of -d irect 

c o r r e l a t i o n between t h * two e f f o r t t y p e s i n d i c a t e s l i t t l e 

d i r e c t trade o f f . ThereNis a smal l n e g a t i v e c o r n e l a . t i o n 

be twe en t̂h-e resid/ua>s-^o_f/the two t a r g e t a p e c i e a however . 
>̂ , ' 

The a l t e r n a t e l a r g e p e l a g i c a aga in appear a t r o n g e r than 

e x p e c t e d i n r e l a t i o n to- e f f o r t . The - c o r r e l a t i o n between the 

n o n - p e l a j i c c a t c h r e s i d u a l and t h o s e of f l y i n g f i s h and 

d o l p h i n c a t c h probably i n d i c a t e t h a t tha e f f o r t on the 

n o n - p e l a g i c group i a p o o r l y accounted f o r in t h i a a o d e l . 

The f i a h e r y i s thought of i a aimed a t two a p e c i e a w i t h a 
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bycatch, theae models indicate that the bycatch is not a 

negligible component in terms of the dynamics of the 

fishery. 

Hodel 6 

At S p e i g h t s t o w n , the t r o l l i n g v e r s u s n o n - t r o l l i q g 

approach to p a r t i t i o n i n g e f f o r t (F igure 9: Table 8) aga in 

y i e l d s a d i f f e r e n t p i c t u r e than a t O i s t i n s . N o n - t r o l l i n g 

e f f o r t i s the major cauae ot the number of boat t r i p a and 

the pathway from t r o l l i n g ef for t 4 through n o n - t r o l l i n g e f f o r t 

to boat t r i p a i s s t r o n g e r than t h e d i r e c t p a t h . Thia 

i n d i c a t e s t h a t n o n - t r o l l i n g b f f o r t ia an important cause of 

the ca tchea of t h e s p e c i e s caught by t r o l l i n g . The boata 

t r o l l on t h e i r way t o the f l y i n g f i s h grounds . Both t y p e s 

of ef.for't are re'duced when f l y i n g f i a h are - u n a v a i l a b l e . The' 

re l a t i o n a h i p a between the do lph in and l a r g e p e l a g i c s c a t c h e a 

and t r o l l i n g e f f o r t are of a i m i l a r a t r e n g t h . Thia a long 

wi th the r e a u l t a of Model 4 s u g g e s t t h a t both of theae 

c a t e g o x i e a are 'bycatch t o the f l y i n g f i a h f i a h e r y at 

S p e i g h t s t o w n , in c o n t r a s t t o the a i t u a t i o n a t Oiatina". 

Models 7 

*" The final model (Figure 10: Table 9) reexaminea market 

interaction uaing the 'number of boat tripa at each market 

and the landinga of the target apeciea. It ia an attempt to 

aort out the relative effecta of abundance veraua effort , 
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changea on the landings of the target species. Abundance 

variation of a* given species is hypothesized to cauae 

.similar changea in landinga at both marketa. So, an 
.- v 

nnobaerved variable reflecting abundance will be related to 

the catches of a apeciea at both marketa. Effor*t on the 

other hand, is related to boat trips and catches of both 

species at each market. Here the *"ef fort is only divided, by 

market. 

In -this model, the importance of flying fiah in the 

Speightatown catch ia again evident and the path 

coefficients make it clear that the effecta of effort, are 

stTonger than those.of changing flying f is* abundance. 

Dolphin seams to clearly be of secondary importance at 

Speightstown. There is surprisingly little correlation 

between effort and abundance at Speightstown* This would 

obtain if the fiahermen are expending a consistent level of 

effort permitted by weather or controlled by other factors 

not related to the expected return. »- At Oiatina, the catchea 

of the two apeciea are more balanced. The effort does not 

completely determine the number of boat tripa reflecting the 

.importance of alternate species at Oistins. Flying fish 

landings are again atrongly related to bffort. However, it 

is clear that the availability of dolphin plays a greater 

role than at Speightstown. The overall picture ia that 

flying fiah, the staple of the fishery, is the focns of most 

of the effort at the two marketa,. bnt that Oiatina responds 

# 
1 
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to changing d o l p h i n abundance q u i t e a t r o n g l y , w h i l e 

m 

Speightstown responds more to flying fish availability. The 

efforts at the two markets are tightly correlated, and the 

catches are also linked through the, availability of the 

fish, due to island wide effecta, such aa weather and fish 

movements. 

[ the l . F a c i l i t y »t O i s t i n s 

V -

To examine the effects of the new facility at Oiatina, 

the effecta of effort and abundance on the obaerved changea 

in landings were examined. This was done uaing Model 7 

(Figure 10) to estimate the val-ue s of the unobserved 

variables (Herman 1970) during the firat six months of 1983, 

given the boat tripa and landinga for this time period. As 

expected, the effort at Oiatina increases rapidly atarting 

in February (Figure 11). Howe/ver, estimated dolphin 

abundance alao increases substantially in March. The 

effects of 'the new Oistin market and the changed dolphin 

abundance are also felt at Speightstown, The former does 

not affect effort until May, bnt the latter affects landings 

earlier. The changing effort at both marketa results" in 

increased catches of flying fish, which however, show little 

increase above noraal abundance • 

L * 
The power of theae methoda ahould now be a p p a r e n t . 

Time aer i ea modela have deacr ibed the d e t e r m i n i s t i c and 

^ s t o c h a s t i c p a t t e r n a in the f i s h e r y . In a d d i t i o n , they have 
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provided a means of quantifying the changea in the landinga 

by predicting the catch if the behaviour of the fiahery had 

remained the same. Cauaal models of the r,e si duals from the 

time series models examine interactiona of the componenta of 

the fishery.- They also describe and quantify underlying 

causes of catch and effort variationa. By attributing" the 
V , 

change to d i f f e r e n t f a c t o r s , they have i n d i c a t e d why the 

observed d e v i a t i o n s from the expec ted b e h a v i o u r , aa g i v e n by 

the time a e r i e a model f o r e c a a t a , o c c u r r e d . Without t h i a 

i n f o r m a t i o n the p i c t u r e of the e f f e c t of the new market 

g i v e n by i n a p e c t i o n of the f i n d i n g s data a lon e would be 

i na c c ur a t e . 

PMcnssjop 
\ i 

\ 

Time series and structural models have two advantagea 

over mo/e traditional methods such aa- production modelling. 

Firat, the time series models give direct .forecaata with 

confidence intervale and theae forecaata can be updated aa 

new information becomes available, without refitting the 

model (Box and Jenkins 1976). Catch and effort are 

estimated' given the hiatory of the fiahery, in a stochastic 

rather than determini a tic way. Secondly, cauae and effect 

relationships in the data can be examined and a large number 

of hypotheaixed configurations can be explored. With 

goodness of fit testa available, aubjectivity in the cauaal 

modela ia no more than with other methoda. The 
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computa t iona l d i f f i c u l t y of these g e t h o d s are w e l l w i t h i n 

the c a p a b i l i t y of a microcomputer . 

r The approach p r e s e n t e d i n t h i s paper should not r e p l a c e 

b i o l o g i c a l s t u d i e s of the s t o c k s e x p l o i t e d by the Barbadian 

f i s h e r y . The need t o d e f i n e ca tch c o m p o s i t i o n s , d e l i n e a t e 

s t o c k boundariea and d e a c x i b e the b a s i c b i o l o g y of the 

important a p e c i e s in the f i a h e r y ia o b v i o u s . What i s 

i n t e n d e d i s t o p r e s e n t a s e t of metho'ds which try t o u t i l i z e 

the a v a i l a b l e i n f o r m a t i o n in a e f f i c i e n t and c o h e r e n t manner 

for the f u r t h e r deve lopment of t h i a f i a h e r y . \ 

I n s u f f i c i e n t i n f o r m a t i o n ia a v a i l a b l e t o de termine 

whether the f i s h atocka p a s s i n g Barbados are o v e r f i t h e d . 

The l a n d i n g a data o n l y p a r t i a l l y r e f l e c t a tock abundance. 

Afiother important cauae of c a t c h var^^Sion ia the p r o p o r t i o n 

of the t o t a l a t o c k which p e a s e s near enough t o Barbados t o 

be v u l n e r a b l e t o the f i a h e r y . In t h i a s e n s e , the abundance 

v a r i a b l e s i n the aodaU s r e a l l y r e f e r t o l o c a l abundance, not 

s t o c k abundance. To d e t e c t o v e r f i s h i n g , i n f o r m a t i o n on the 

l a t t e r i s r e q u i r e d . 

The r o l e of the l a r g e p e l a g i c a aedma much s t r o n g e r than 

e x p e c t e d . The l a n d i n g s in t h i a c a t e g o r y are s t i l l smal l 

compared t o the t a r g e t a p e c i e a , but the modela ahow t h a t -

they are s t r o n g l y r e l a t b d t o e f f o r t p a r t i c u l a r l y a t O i s t i n s . 

Future e x p a n s i o n w i l l ' c e r t a i n l y i n c l n d e a- l a r g e i n e r e a a e i n 

the l a n d i n g a of theae a p e c i e a . ". 

I t ia v e r y ' important t o c o n s i d e r the n a t u r e of -the 
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nnobaerved v a r i a b l e a in the m o d e l s . These t h e o r e t i c a l 

v a r i a b l e s , e f f o r t and abundance in the f o r e g o i n g mode l s , 

r e s u l t from the c o v a r i a n c e s t r u c t u r e of the observed 

v a r i a b l e s , which are t r e a t e d as i n d i c a t o r s . The' as sumpt ion 

i s , for example, t h a t e f f o r t i s l i n e a r l y r e l a t e d t o boat 

t r i p s , and c e r t a i n of the c a t c h e a , (but not a l l t h a c a t c h e s ) 

and abundance i s l i n e a r l y r e l a t e d t o the c a t c h e a , but not 

the boat t r i p a . In' a s e n s e , the names a t t a c h e d t o the 

nnobaerved v a r i a b l e s can be m i s l e a d i n g . The o n l y 

i n f o r m a t i o n on abundance a v a i l a b l e ia t h a t c o n t a i n e d in the 

l a n d i n g s . The unobserved abundance v a r i a b l esr al ao r e f l e c t 

unmeasured f a c t o r a such aa changes in the f i s h i n g power of 

the b o a t s becauae an i n c r e a s e in f i s h i n g power per boat 

w o u l d - i n e r e a a e c a t c l i e s w i t h o u t a f f e c t i n g the number of boat 

t r i p a . S i m i l a r l y , changing the l e n g t h of time the boata 

s tay out on a t r i p w i l l a f f e e t c a t c h e s but not be r e f l e c t e d 
f 

in the number of. boat trip's. However, this does not make 

the modela nninterpretable. The main questions are, what 

information does the data contain about abundance and 

effort, and how can that information be moat effectively 

used 7 

More traditional approaches to catch and effort data 

assume that the atock ia in aome sort of equilibrinm with 

fishing mortality (see Caddy 1983 for a critique of thia 

assumption). Time series models alao require a kind of 

equilibrinm aaaumption, aa doea any type of predictive model 
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(Gottman 1981). However, there is an important difference 

between the kinda of equilibria. Time series models assume 

stationarity, that is, that the model is independent of 

historical time, though not of the distance between any two 

points in the series, and that the mean and variance do not 

change. However, note that both deterministic time 

dependence and changing mean and variance can be included in 

the general ant or egr easi ve integrated moving average claaa 

of models (Box and Jenkins 1976). This type of equilibrium 

is -quite different from the biological aaaumption that the 

stock is in equilibrium with fishing mortality. In 

practice, it is much eaaier to examine the statistical 

assumption than the biological. Neither the time aeriea nor 

the atructural modela predict optimum or maximum auatainable 

yield. They provide a reference model with forecaata 

assuming no change in the atruoture of the fiahery and 

modela to examine the effecta of proposed changea. Thia 

enables managers to assess the consequences of proposed 

actiona. 

X 
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Table 1: Univariate ARIMA models for Oistins market. The Wt 

are sqnare root transformed monthly series. 
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Or s tans* M a r k e t : - Univar ia te 'ARIMA Models-
S q u a r e Root Trans fo rmed Dat^a l * 

Boat E r i p s 

W = . 36W -l-iA + .87A + . 92A + . 80A> 
t t - l r / . t e 31-1 - t - ^ t-13 

i 

Flymvq Push 

• V 

W * .31W +.A - .97A - .87A - .84A 
t t -1 t ' 7 ' t -1 ' <* t-12 ' ' >&*12 

2 
' * » ».75 *" 

. • * . . t -* 

Dolph in 

W = .55W + A - .99A ^ .72A - ^71A 
t t - 1 tr" t-»l t - 1 2 t - 1 3 

R = 0 .90 

Lagrge PeraTgics ^ 

-ir- - ^ 

W * .36W + A - .92A - .87A + .80A 
t t - 1 t t - 1 t - 1 2 t - 1 3 

.72 

N o y r P e l a g i c s 

« * ' 

w * . : 

*«?-

t 

2 
R - 0 .87 

• 53W + A -
t - 1 t 

. 94A - ,^5A + .70A 
t-1 ' . t-12 t-13 

• 

r»v 
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.Table 2: Univariate ARIMA modela for Speightatown market. 

V 
The Wt are aeaare r o o t tranaformed m'onthLy" a e r i e a . • 

f 
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St-

5 r >• 1 

' 4. * v . 
*-, 

i% 

* ' ' ' f 

y* 

#* 

* * • _ * 

V . 

\ rffc 

i 

*»# 



Speightstown Market: Univariate ARIMA Models: 
Square Root Transformed Data 

Boat Trips 

W = .33W + A +..84-A + .87A + . 73A 
t t-1 t t-1 t-12 t-13 

2 
R = 0.82 

Flying Fish 

W = .52W + A + .96A + .87A + .84A 
t t-1 t t-1 t-12 t-13 

2 
R = 0.79 

Dolphin 

W = . 33tf + A + .89A 
t ' t-1 t t-12 

2 
R = 0.77 

Large Pelagics 

W ="A + .81A + .88A + .71A 
t -t t-1 t-12 t-13 

e> 

2 
R = 0.64 

Non-Pelagics 

* 

W = .68W ^ B » + .76A 
t t-aaaaaaaV t-12 

# 2 
R - 0 . 7 1 . 
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Table 3: Univariate and multivariate ARIMA model forecasts 

for square root tranaformed monthly cateh at Speightatown 

market. The top number in each entry ia the forecaat and 

the number in parentheaes is the standard error of the 

forecast. 
i, 
I 

w 

.r 

t ) 
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Year 

1982 

1983 

Month 

Jan 

Feb 

vjhar 

A 
Apr 

Hay 

Jun 

J u l 

lug 

Sept 

Oct 

vjov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

J u l 

Aug 

Sept , 

Oct 

Nov 

Dec 

Boat 

Univ 
12 73 
(2 04) 

13*23 
(2 26) 

13 
(2 

14 
(2 

16 
(2 

13 
(2 

10 
<2 

a 
(2 

a 
(3 

7 
(3 

a. 
(3 

10 
(3 . 

11 
(1 

1 1 . 
(2 . 

12 
(2 

1 3 . 
(2 

15 . 
(2 . 

1 2 . 
( 2 . 

9 
( 2 . 

7 
(2 

6 
( 2 . 

6. 
(2 . 

6 
( 2 . 

9 
( 2 . 

53 
41) 

39 
52) 

12 
64) 

32 
73) 

68 
85) 

19 -
95) 

00 
00) 

81 
14) 

.06 
21) 

63 
.30) 

45 
9 3) 

.70 

.19) 

25 
24) 

.00 
30) 

.10 

.36) 

,69 
,41) 

72 
,50) 

03 
55) 

01 
,59) 

,25 
.64) 

45 
,68) 

14 
. 721 

: T r i p s 

MulViv 

* 

11 49 
(2 01) 

11 90 
(2 22) 

12 44 
(2 33) 

12 93 
(2 44) 

14 23 
(2 541 

12.24 -
(2 64) 

9 62 
(2 73) 

6 S3 
(2 81) 

5 91 
(2 90) 

6 68 
(2 98) 

6 62 
(3 OS) 

9 32 
(3 144) 

F l y i n g F i s h 

Univ M u l t i v 
174 32 
(39 55) 

207 
(44 

199 
(48 

^ 5 

rei 
245 
(55 

182 
(58 

97 
(61 

34 
(64 

35 
(67 

45 
(70 

80 
(72 

145 
(75 

143 
(137 

168 
(40 

50 
07) 

16 
12) 

04 
88) 

53 
38) 

16 
67) 

23 
79) 

87 
76) 

57 
59) 

79 
33) 

64 
94) 

07 
47) 

54 
89) 

16 
38) 

1 7 3 ^ 0 
(42 08) 

194 
(42 

236 
(43 , 

178 
(43 

97 
(44 

31 
(44 

29 . 
(44 

33 
(44 . 

64 
(44 . 

116 
(45 

83 
76) 

71 
.11) 

11 
33) 

65 
38) 

12 
52) 

.65 
61) 

06 
.77) 

22 
.88) 

79 
01) 

* 

150 IC 
(39 06) 

186 35 
(42 99) 

184 81 
(46 59) 

203 63 N 

(49 93) 

213 53 
(53 0«) 

165 78 
(56 02) 

91 11 
(58 83) 

U 15 
(61 5fl) 

U 58 
(64 07) 

i a 42 
(A6 54) 

63 56 
(68 92) 

123.08 
(71 22) 

Do lph in 

Univ M u l t i v 
44 89 

(14 55) 

48 
(17 

45 
(20 

50 
(23 

50 
(25 

A 
(27 

7 
(29 

0 
(22 

0 
(19 

0 
, (21 

0 
(34 

14 
(37 

65 
(16 

66 
(18 

67 
(18 

69 
(18 . 

69 
(17 

43 
(17 

26 
(13 

3 
(13 

4 
(13 

3 
( 1 3 . 

16 
( 1 3 . 

33 
(13 

68 
23) 

72 
54) 

96 
05) 

75 
42) 

53 
57) 

f-

62 
55 # 
00 
65) 

00 
87.) 

00 
00) 

00 
42) 

14 
97) 

49 
01) 

98 
20) 

72 
84)" 

95 
.16) 

09V 

40) 

21 
35) 

69 
57) 

91 
57) 

58 
57) 

67 
,57) 

89 
57) 

91 
57) 

• 

• 

75.60 
(14 77) 

82 38 
(17 17) 

83 80 
' (20 50) 

85 06 
122 92) 

82 91 
(25,26) 

56 88 
(27 35) 

40.35 
(29 31) 

21 57 
(31.14) 

17 86 
(32.87) 

17 60 
(34 51) 

31.21 
(36 08) 

48 49 
(37 58) 

Large 
P e l a g i c s 

Univ 

-

-» 

i 

29 51 
(8 81) 

22 54 
( 8 . 9 7 ) 

30 15 
(9 12) 

37 58 
(9 25) 

34 76 
(9 40) 

2 7 . 7 1 
(9 53) 

28 40 
(9 87) 

10 02 
( 1 0 . 0 1 ) 

8 97 
(10.-15) 

8 . 8 1 
(10 29) 

25 21 
. ( 1 0 . 4 2 ) 

2 9 . 4 1 
( 1 0 . 5 7 ) 

Noh 
.Pelagics 

Univ 

. 

17 32 
(13 19) 

15 43 
(15. .96) -

16 76 
(17 09) 

16 73 
(17 57) 

16 79 
(17 82) 

34 18 
(17 92) 

76 21 
(17 98) 

80 81 
(18 36) 

35 44 
(U8 37) 

83 85 
( 1 8 . 3 8 ) 

53 72 
(18 38) 

2 8 . 0 1 
(18 38) 
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Table 4: U n i v a r i a t e and m u l t i v a r i a t e AKIMA model f o r e c a s t s 

for square r o o t tranaformed monthly ca tch at O i s t i n s market. 

The top number in -each entry ia the f o r e c a a t and. the numb.er 

in p a r e n t h e s e s i s the s tandard e r r o r of the f o r e c a a t . 

\ 
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Year 

1982 

1983 

Month 

Jan 

Feb 

Mar 

A P r „ 

May 

Jun 

J u l 

Aug 

Sept 

Oct 

NOV 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

J u l 

Aug 

S e p t 

' Oct 

ttov 

Dec 

Boat 

Univ 
18 00 
(1 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) 

1 3 , 2 3 ' 
(2 36) 

15 23 
(2 37) 

19 92 
(1 79) 

20 69 
(1 98) 

21 84 
( 2 . 0 6 ) 

21 46 
(2 10) 

21 63 
_ (2 13) 

18 00 
( 2 . 1 6 ) 

15 62 
( 2 . 1 9 ) 

14 76 
(2 22) 

1 4 . 4 2 
( 2 . 2 5 ) 

1 4 . 5 8 
( 2 . 2 8 ) 

1 6 . 1 2 
( 2 . 3 1 ) 

1 7 . 6 5 
( 2 . 3 3 ) 

T r i p s 

M u l t i v 

( 

. 

i 

, 

20 0? 
(1 96) 

20^ 
(2 

22 
(2 

:78 
03) 

28 
U)' 

21 44 
(2 16) 

21 31 
(2.21) 

18 07 
(2 25) 

16 05 
(230) 

14 
(2. .2r\ 
1,4 52 
(2 39) ^ 

14 40 
(2 43) 

15 89 

17 87 
(2.51) 

F l y i n g F i s h 

Univ M u l t i v 
138 37 
( 3 0 . 8 1 ) 

171 25 
(32 50) 

"200 45 
(32 87) 

187 69 
(32 96) 

187 ->0 
(32 98) 

115 19 
(32 98) 

53 02 
(32 98) 

10 6 3 
( 3 2 . 9 8 ) 

0 .00 
(32 50) 

15 81 
(32 97) 

56 21 . 
!32 98) 

104 82 
(32 98) 

4 
151 11 
(33 53) 

164 41 
( 3 5 . 4 8 ) 

203 75 
( 3 5 . 8 0 ) 

1S5 .38 
( 3 5 . 8 9 ) 

• 2 1 5 . 5 3 
( 3 5 . 9 5 ) 

156 35 
(35 99) 

9 3 . 1 6 
( 3 6 . 0 4 ) 

3 9 . 0 3 
( 3 6 . 0 7 ) 

33 96 
(36 10) 

42 70 
• ( 3 6 . 1 5 ) 

8 2 . 2 3 
( 3 6 . 1 9 ) 

128 78 
( 3 6 . 2 2 ) 

* 

175 
<3£ 

1B8 
(34 

«R 
44) 

44 
13) 

237 75 
(34 57) 

194 57 
(34 84) 

206 35 
(35 08) 

144.38 
(35.31) 

97 83 
(35 '53) 

28.; 
(35 

27 < 
(35 

23 
75) 

12 
97) 

30.93 
(3« 19) 

87 : 
(36 

)9 
41) 

1*3 60 
(36 63) 

Dolphin 

Univ Mul t iv 
180 02 
(22 94) 

233 
(25 

251 
(26 

211 
,(26 

158 
(26 

101 
(26 

45 
(26 

17 
(2b 

12 
(26 

18 
(26 

44 
(27 

90 
(27 

187 
(22 

229 
(25 

264 
(26. 

241 . 
(26 

182 
, (26. 

119 
(27 

85 
(27 

34 
(27 

33 
(27 

36. 
(27 

62, 
(27 

115 
(27 

83 
76) 

49 
14) 

99 
41) 

24 
60) 

40 
73) 

20 
84) 

3% 
91) 

04 
93) 

6 0 * 
98) 

59 
02) 

41 
04) 

59 
24) 

58 
51) 

13 
.49) 

55 
83) 

01 
.95) 

46 
01) 

48 
04) 

40 
06) 

39 
0 7 v ' 

.30 
09) 

. 51 
09) 

50 
10) 

y \ 

• 

183 71 
(24 68) 

226 77 
(28 57) 

263 05 
"(31 99) 

239 37 
(35 07) 

178 94 
(37.91) 

116 05 
(40 55) 

83 57 
(43 02) 

31.00 
(45 37) 

30 20 
(47 5«) 

32.82 
(49 7?) 

59 67 
£51 76) 

112 84 . 
(53 72) 

Lakge 
P e l a g , i c s 

Univ 

Mm 9 

-

-

*. 

1 2 2 . 2 2 
(17 22) 

123 56 
(18 83) 

127 68 
(19 29) 

128 26 
(19 .50 ) 

127 34 
(19 65) 

116 09 
( 1 9 . 7 9 ) 

97 98 
(19 91) 

67 88 
(20 04) 

- 76 44 
(20 16) 

94 55 
(20 29) 

1 1 3 . 9 3 
(20 40) 

130 .58 
( 2 0 . 5 2 ) 

Mon 
P e l a g i c s 

Univ 

. . 

.. 

82 07 
(16 95) 

6 2 . 8 1 
(19 69) 

57 07 
(20 70) 

7 4 . 1 7 
(21 16) 

84 87 
( 2 1 . 4 2 ) 

128 58 
( 2 1 . 6 1 ) 

1 8 2 . 4 0 
(21 76) 

1 9 8 . 2 5 
( 2 1 . 8 8 ) 

177 74 
( 2 1 . 9 9 ) 

1 5 9 . 6 9 
( 2 2 . 1 1 ) 

149 42 
(22 21) 

1 2 0 . 0 9 
(22 32) 
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\ 

Table 5: M u l t i v a r i a t e ARIMA models for square r o o t 
r » 

. t rans formed monthly ca tch at O i a t i n a market . Capi ta l greek 

- . l e t t e r s denote se.asonal parameter matr icea and lower caae 
• 

greek lettera are nonaeaaonal parameter matricea. 

* . 

L I 

. . \ 



* 
Multivariate Time Series Model for Oistins Market / 

r 
Boat Trips and Target Species Landings > 

Model- (I-vtB)VV12W = (I-9B) (I-BB12)A 

, "Boat Trips 

W = Flying Fish CatctV 
t -» 

Dolphin Catch 

0.25 0.0 0.0 

= 0.0 0.23 0.0 

0.0 0.0 0.0 

0.81 0.0 0.0 

e =.o.o 0.90 o.o 

0.0 0.0 0.41 

0.86 0.0 0.0 

0.0 0.84 - . 2 1 

o.o o.o o.e9 

Error Covariance Matrix 

3.49 

31.49 1052.64 

lfc'. 14 -24.06 60S ."15, 

-2 
R Values for Each iSeries 

Boat t r i p s - 0.81 

Flying-Fish Cattfh - 0.76 

Dolphin Calfcch - 0.88 

. * 

• : \ 
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Table 6; Mul t i v a r ia te ARIMA mode-1 s for aquare r o o t 

tranaformed monthly c a t c h at S p e i g h t a t o w n market . C a p i t a l 

greek l e t t e r a d e n o t e aeaaonal parameter m a t r i c e a and lower 

case greeki l e t t e r s are nonaeaaonal parameter m a t r i c e a . 

/ 

/ . 
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Market Boat Trips and Target Species Landings 
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Model: (I-<(>B)VV12W = • (I-9B) (I-OB12)A 

r 
Boat Trips 

Flying Fisl 

Dolphin £atch. 

- . ' 
, W = Flying Fish Catch 

• 0.17 0.0 0.0 

$ = 0.0 0.0 0.0 

0.0 0.0 -r^O 

' . 0.71 0.0- 0.0 

9 = 0.54 0.9 0.0 

f 0.0 -*o.o 0.0 

0.79 0.0 0.0 

G.= 0.0 0.7* 0.0 

0.0 'o.O 0.85 
- V-

Error Covariance Matrix 

4:05* 

60.20 1526,03 

,13.08 144.72 216.78, 

2 
R Values for Ea"ch Series 

Boat Trips - 0.81 

Flying Fish Catch - 0„75 

Dolphin Catch - 0.70 

«. ' 
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0 
Table 7: Correlation matrix for reaidnals from ARIMA models 

(Table 1) for boat trips and catches at Oistins market. 0 

X' 

a 



<¥ 

Oistins Market Correlation Matrix 

B 

FF 

N 

Boats 

1.00 

.50 

.36 

.26 

.19 

Flying Fish 

4 

1.00 

* -.001 

-.013 

-.082 

Dolphin 

1..00 

,27 

-.18 

Large Pelagics Non-Pelagics 

1.00 

-.018 1.00 

00 

s*& ***>-* 

/ 
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Table 8: C o r r e l a t i o n m a t r i x for r e a i d n a l a from ARIMA models 

(Table 2) for boat t r i p a and c a t c h e s at Spe ighta town market. 

i 

9. 



f 

Speightstown Market Correlation Matrix 

Boats Flying Fi'sh Dolphin Large Pelagics Non-Pelagics 

B 

FF 

1.00 

N 

. 7 4 

. 3 8 

. 3 2 

- . 0 6 5 

1 .00 • 

. 2 7 4 

. 1 3 9 

- . 1 9 5 

1.00 

.23 

-.23 
** 

1.00 

.062 1.00 

I 

t/^~ 

\ % 

o 

w-4— - £ *H*.-s^»2fe»K-*»~v 
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V 

\ * 

! '•-> 

Table 9: Correlation matrix o£ reaidnals,'from ARIMA model* 

(Tables 1 and 2) for boat tripa and target species catohe* 

at both fish markets. \ 

. t • \ 

f 

\ 

% , 

VU 

v* 

•i 

* • 

/ * • 

» » . 

*. . 

• i 



,* 
I* 

•C '» 
> 

\ 

* ^ 

•'"' .J^S '• 
.Market interaction Correlation' Matrix 

- • 

,SB 

06" 

1 

SD 

OD , 

SF 

Speiglftstown 
Boats -

•1.00 
* 

' - ' < " • ' " . 

, ' .38 

.16 
* t 

Oxstins 
Boats 

-*• 

1.00 

. 2 3 

.36 

,.33 

Speightstown 
Dolphin 

<* 

• 

1.00 * 

.42 

.27 

Qistms 
Dolphin 

-

» 

1.00 

« 

.12 

Speightstown 
Flying Fish 

• 

• 

1.00 

Oistins 
Flying Fish 

• 

-

J 

OF ,31 .50 .19 ,001 .45 1.00 

\*r* 

'^Sts^m^^^m^^^s^ % «***,1wh*e'» ' - a t * * -
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Figure 1: Barbados and the l o c a t i o n of the f i a h marketa (1) 

O i a t i n a (2) Bay S t r e e t (3) Spe ighta town . 



174 * 

* . 
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Figure 2: Time series plots.of Oistins (a,b and c) aad 
v » • 

Spe ighta town (d, e and f ) t a r g e t a p e c i e a c a t c h e s and boat 

t r i p a by month for 1961 to 1 9 S 2 . 

/ 

V 

•*K -^ :> 

* *. / n 
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Oistins Dolphin SpemwttPvvwi Dciphm 

600-
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Ouhru Boats 

20O-
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KX»-
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600-
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Figure 3 : Compa ris-ons of f o r e c a a t and a c t u a l boat t r i p s and 

ca tehas for the S p e i g h t s t o w a market . For 1982 (a ,b,aa\d e) 

u n i v a r i a t e f o r e c a s t s are cpmpared wi th the a c t u a l data for 

the two t a r g e t s p e o i e s and the boat t r i p a a e r i e a . For 1983 

(d , a, f, and g ^ b o t h u n i v a r i a t e and m u l t i v a r i a t e f o r e c a a t a 

I M compared t o the data for ca t ehee in a l l . four ca te for i e 'a 

aad boat t r i p a . 

S 

1>< 

• ( 

\ 
v* 
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, 
+ f 

Figure 4: Comparisons of forecast and actual boat trips and 
! 

catches for the Oiitins market. For 1982 (a, b; and c) 

unLvariate forecasts are compared with the data for the two 

target species and the boat tripa aeriea. . For 1983 (d, e. 

f, and a) both univariate and multivariate forecasts are 

compared to the data for catchea in all four categoriea and 

boat tripa. 

V 
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Figure 5: Path diagram for Model 1. Relationships betweea 

J 
boat trips and target species catches at both mvrhets 

including market interaction. The data are thef residual a 

from the univariate time series mode** of Table 1 and 2. 

All variablea-are standardized to st/tn aero and variance 

one. •» 
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U 
Figure 6: Path diagram for Model 3., E f f o r t a t O i s t i n s i s 

v d i v i d e d i n t o t a r g e t and a l t e r n a t e oompon^flts which are H f 
i n c l u d e d as unobserved f a c t o r s in the model . The data are 

r e s i d u a l s for the u n i v a r i a t e time a e r i e a modela . The , 

c o r r e l a t i o n matr ix of the observed v a r i a b l e a in the model i s 

% 

given in Table 7*. All variablea are standardized to mean 
t 

zero and v a r i t n c e ' one'. \ 
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F igure 7': Path diagram for Model 4 . B f f o r t a t S p e i g h t a t o w n 

i s p a r t i t i o n e d i n t o t a r g e t and a l ' t e rnnte componenta which 

are' i n c l u d e d as unobserved f a c t o r s in the mode l . J'he data 

are the. r e s i d u a l s from the u n i v a r i a t e time a e r i e s m o d e l s . 

The c o r r e l a t i o n m a t r i x " o f ' t h e observed v a r i a b l e a in t h r 

model i s g iven, in Table 8 . A l l v a r i a b l e a are s t a n d a r d i z e d 

t o ate an z e r o and v a r i a n c e o n e . { & » 
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Figure 8: Path diagram for Model 5. Effort at Oiatins is, 

partitioned by gear type and included as unobserved factora 

in the model. The data are reaidnals from the univariate 

time aeriea modela. The correlation matrij/of the observed 

variable ia given in Table 7. All variablea are 

atandardized to mean zero and variance one. 
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Figure 9: Path diagram for Model 6. Effort at Speightstown 

is partitioned by,, gear type and included as unobserved ^ 

fadtors in the model. The data a're reaidnals from the 

( univariate'time aeriea modela The co'rrelation matrix for the 

v observed variable in the model ia given in Table 8. All 

variables are atandardized to mean zero and variance one. 
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/ 

. F i g u r e 10; Path diagram fox Model 7 . This model c o n s i d e r s 

market i n t e r a c t i o n in r e l a t i o n t o dol'phin abundance f l y i n g 

f i s h abundance and e f f o r t at each market as unobserved 

f a c t o r s . The c o r r e l a t i o n matr ix for the observed variab^e-s 

in the model i s g i y e n in Table 9 . The data are r e a i d n a l s 

from the u n i v a r i a t e time s e r i e s m o d e l s . A l l v a r i a b l e s are 

s t a n d a r d i z e d t o mean z e r o and variance* one . 
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\ 

Figure- 11: Calculated values of the unobserved variables 

froa Model 7 in the first six months of 1983. The 

calculations were made using the parameter estimates in 

Figure 10. The units are standardized *o mean zero and 
r 

variance one • 
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£jgnolndiBK &<»arks 

T h e r e a r e two a s p e c t s of t h i s * t h e s i s : t h e d e v e l o p m e n t -

of m e t h o d o l o g y and t h e s p e c i f i c r e s u l t s f o r t h e two 

f i s h e r i e s under s t u d y . The m e t h o d o l o g i e s a d v o c a t e d a r e 

c a u s a l a n a - l y s i s f o r e x a m i n i n g of the* d y n a m i c s of a f i s h e r y 

and t i m e s e t i e s ' a n a l y s i s f o r f o r e c a s t i n g t h e c a t c h of that* 

f i s h e r y . 

F o r e c a s t i n g m o d e l s , suoh as t h e ARIMA m o d e l s u s e d i n 

t h i s t h e s i s , can o f t e n u t i l i z e e x i s t i n g t h e o r y o n ' t h c * 

d y n a m i c s o f a f i s h e r y . E x a m p l e s of t b i s a r e t h e L e s l i e 

m a t r i x m o d e l s p r e s e n t e d i n C h a p t e r s One and Two f o r age 

s t r u c t u r e d c a t c h and abundance d a t a . However , m o d e l s b a s e d 

s o l e l y on e x i s t i n g t h e o r y o f t e n p e r f o r m p o o r l y in 

f o r e c a s t i n g . A more e m p i r i c a l a p p r o a c h t o d e t e r m i n i n g t h e 

s t r u c t u r e of a s y s t e m i s r e q u i r e d (MacDonald 1 9 8 1 ) . T h i s ks 

p a r t i c u l a r l y t r u e of d e v e l o p i n g and m u l t i s p e c i e s f i s h e r i e s 

f o r w h i c h b o t h b a s i c b i o l o g i c a l i n f o r m a t i o n and t h e o r y on 

f i s h e r y d y n a m i c s may be s c a r c e (Kirkwood 1 9 8 3 ) . The 

B a r b a d o s f i s h e r y d e s c r i b e d i n C h a p t e r T h r e e i s a c a s e i n 

p o , i n t . V 

Time s e r i e s a n a l y s i s , and pa r t i c ul a r l y "the ARIMA 

m e t h o d o l o g y , i s u s e f u l i n t h i s c o n t e x t . I t can a c c o m o d a t e 

s t r u c t u r e s u g g e s t e d by o t h e r s t u d i e s or t h e o r y , but t h e 

model i d e n t i f i c a t i o n and d i a g n o s t i c c h e c k i n g p r o c e d u r e s (Box 

and J e n k i n s 1 9 7 6 ) can be u s e d b o t h t o c h e c k a p r i o r i 

s t r u c t u r e and s n g g e s t a d d i t i o n a l s t r u c t u r e n e e d e d t o 

4$ 

/ 
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a d e q u a t e l y d e s c r i b e t h e d a t a . As shewn i n C h a p t e r T h r e e , 

t i m e s e r i e s a n a l y s i s i s u s e f u l f o r f o r e c a s t i n g when t h e 

s t r u c t u r e of t h e f i s h e r y r e m a i n s c o n s t a n t or f o r p r o v i d i n g a 

b a s e l i n e f o r m e a s u r i n g c h a n g e . 

The c a u s a l m o d e l l i n g t e c h n i q u e s d e s c r i b e d i n t h i s 

t h e s i s , w h i l e v a r i e d , have s e v e r a l f e a t u r e s i n common. For 

e a c h m o d e l , t h e r e l a t i o n s h i p s b e t w e e n t h e v a r i a b l e ' s a r e 

s p e c i f i e d a or j lor 1 • A d i s t i n c t i o n i s made b e t w e e n 

c o r r e l a t i o n s , w h i c h o n l y i m p l y l i n e a r a s s o c i a t i o n , and 

caus"al 9|rel a t i o n s w h i c h i m p l y d i r e c t i o n a l i t y and a c a u s a l 

o r d e r i n g . A c l e a r e x a m p l e of c a u s a l o r d e r i n g i s g i v e n i n 

C h a p t e r Two w h e r e t h e r e c r u i t m e n t p r o c e s s c o n t a i n s a 

d i s t i n c t o r d e r i n g of t h e v a r i a b l e s . H e i s e ( 1 9 7 5 ) d i s c u s s e s 

c a u s a l o r d e r i n g i n d e t a i l . 

. Causal- a n a l y s i s i s a w i d e l y a p p l i c a b l e a p p r o a c h b e c a u s e 

of t h e s e f e a t u r e s . The e x p l i c i t d e t a i l i n g of a h y p o t h e s e s , 

by means o f a p a t h d i a g r a m f o r e x a m p l e , i s an a p p r o a c h 

a p p r o p r i a t e t o m o s t e m p i r i c a l s t u d i e s . W h i l e f o r m a l 
« 

h y p o t h e s i s t e s t i n g may be d e s i r a b l e , i t i s o f t e n i m p o s s i b l e 

}n n o n - e x p e r i m e n t a l s t u d i e s : Causnl* a n a l y s i s can be u s e d t o 
* 

a s s e s s t h e s u p p o r t ( or l a c k t h e r e o f ) i n t h e d a t a f o r a 

p a r t i c u l a r mode l s t r u c t u r e ( B l a l o c k 1 9 6 1 ) . 

Unobse 'rved v a r i a b l e s or f a c t o r s w e r e e m p l o y e d i n t h e 

a n a l y s e s . U n o b s e r v e d v a r i a b l e s a r e t h e o r e t i c a l c o n s t r u c t s 

h y p o t h e s i z e d t o u n d e r l i e t h e r e l a t i o n s h i p s b e t w e e n t h e ' 

o b s e r v e d v a r i a b l e s . The v a r i a b l e s t h a t a r e m e a s u r e a r e 

\ 

( 
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o f t e n q u i t e d i f f e r e n t from t h e t r u e v a r i a b l e s of i n t e r e s t 

e i t h e r b e c a u s e of m e a s u r e m e n t e r r o r such as c a t c h 

m i s - r e p o r t i n g or b e c a u s e t h e v a r i a b l e of i n t e r e s t c a n n o t be 

d i r e c t l y m e a s u r e d . An e x a m p l e of t h e l a t t e r i s t h e 

e s t i m a t i o n of e f f o r t f o r t h e B a r b a d o s f i s h e r y . Driobse'rved 

v a r i a b l e s can be u s e d b o t h t o a t t e m p t t o i m p r o v e m e a s u r e m e n t ' 

and t o s-pe c 1 f y t h e v a r i a b l e of i n t e r e s t a s r e l a t e d t o t h e 

o b s e r v e d v a r i a b l e s i n a p a r t i c u l a r w a y . In a l l of t h e 

a n a l y s e s p r e s e n t e d h e r e , and i n many o t h e r s t u d i e s , 

i n a b i l i t y t o m e a s u r e t h e a p p r o p r i a t e q u a n t i t i e s a c c u r a t e l y 

may be t h e g r e a t e s t o b s t a c l e / t o r e s e a r c h . 

S p e c i f i c r e s u l t s f o r t h e a n a l y s e s have b e e n d e s c r i b e d 

i n e a c h c h a p t e r . The two f i s h e r i e s r e p r e s e n t d i f f e r e n t 

s i t u a t i o n s f o r a n a l y s i s . The s o u t h w e s t Nova S c o t i a h e r r i n g 

f i s h e r y e x p l o i t s an age s t r u c t u r e d s t o c k of a s i n g l e 

s p e c i e s . The v a r i a t i o n s i n c a t c h i n t h e f i s h e r y a r e c a u s e d 

p r e d o m i n a n t l y by r e c r u i t m e n t v a r i a t i o n . The r a n g e of 

b i o l o g i c a l d a t a i s w i d e and s c i e n t i f i c a d v i c e i f r e q u i r e d 

f o r r e g u l a t i o n . The f i s h e r y i s c u r r e n t l y u n d e r s t r i c t q u o t a 

Management ( K e a r n e y 1 9 8 3 ) . 

The B a r b a d o s mul t i spe oeVe s p e l a g i c f i s h e r y e x p l o i t s 

h i g h l y m i g r a t o r y s t o c k s a b o u t w h i c h l i t t l e i s known. 
i 

V a r i a t i o n s i n ' t h e f i s h e r y a r e l e s s l i k e l y t o d e p e n d on 

r e c r u i t m e n t t h a n on £he m i g r a t o r y p a t t e r n of t h e f i s h , e . g . , 

the p r o p o r t i o n of t h e s t o c k w h i c h p a s s e s c l o s e t o t h e 

i s l a n d , and e f f o r t r e l a t e d v a r i a b l e s . The l a n d i n g s d a t a i n 
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Barbados/are extensive but little additional data are 

available. Scientific advice is required for development, 

such as the new market f.acility at Oistins. * 

Rather than applying the same model, such as a 

Schaeffer model, to these two fisheries, the same set of 

methods have luen applied to both according to the type of 

data available and the result required. The rationale" haa 

been consistent'throughout: what can the available data tell 

us about variations in catch and recruitment ? In both 

fisheries the anawer haa been, quite a lot. 

* 

% 

* 
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/ 



JL 21kyw«* 

* Literfffrfe Citefl 

X 
Abraham, B. and G.E.P .Box . 1 9 7 8 . D e t e r m i n i a t i c and f o r e c a s t 

a d a p t i v e time- <lepe fide nt m o d e l s . A p p l . S t a t . 27 :120-1 ,30 . 

Anderson, O.D. 1 9 7 6 . Time s e r i e s a n a l y s i s and f o r e c a a t i n g : the 

B o x - J e n k i n s approach. Butterwortha Pub'l . , London. 182p. 

R 

B a g o z z i , R.P. 1 9 8 0 . Causal models i n m a r k e t i n g . J . Wiley and 

Sona, New York. 303p. *S 

Beardelex* 6 . L . 1 9 6 7 . Aw.e, growth and r e p r o d u c t i o n of the 

d o l p h i n , Coryphacna hippurus in the S t r a i t s of F l o r i d a . 

, Copeia 1 9 6 7 : 4 4 1 - 4 5 1 . 

B e l l o w s , T . S . j r ; 196%. The d e s c r i p t i v e p r o p e r t i e i of aome 

models for d e n s i t y dependence . J . 

13 9-156 . f . 
h E c o l . 5 0: 

^ 

B e n t l e r , P.M. and 0 . 6 . Weeks. 1980 . Linear a t r u c t u r a l 

e q u a t i o n a w i th l a t e n t flrarikbles. Psychometrika 4 5 : 2 8 9 - 3 0 8 . 
» 

B e v e r t o n , t .J . 'H* and S \ J . H o l t . 1 9 5 7 . On t h e dynamics of 

e x p l o i t e d f i s h p o p u l a t i o n a . U.K. Min. A g r i c . F i a h . , F i sh , 

I n v e s t . 1 9 : 5 3 3 p . 

B e v e r t o n , I . J . H . and S . J . H o l t . 1957 . On t h f dynamics of 

exp lo i t e 'd f i s h p o p u l a t i o n a . F i a h . I n v e s t . London S e r . 

u 2n 1 9 : 5 3 3 p . 

B l a l o c k , H.M. - 1 9 6 1 . Cansal inferenfo-v^in non-exper imenta l 
* 

y „_ 
» * ** .^*n«»$M * 



•**r ^ 

•^Sv. s*o 

* * 212 

r e s e a r c h . Univ. North Carol ina P r e s s , Chapel H i l l , North 

C a r o l i n a . ' * „ 

B l a x t e r . J,H.ftv and J . R . Hunter. 1982 . The e c o l o g y .^f 

c l u p e i o d f i s h e s . Adv. Mar. B i o l . 20 V 

Boudreau l t , F . R . , J . N , Dupont and C r""^Sy lva i n . 1977 . Modeles 

l l n e a i r e a de p r e d i c t i o n des debarqnementa de homard anx 

I l e a - d e - l a - M a d e l e i n e . J . F i s h . S l e i . Bd. Can. 
* 

3 4 : 3 7 9 - 3 8 3 . . . ' " 

Box, *G.JL.P. and D.R. Cox. 1964 . An a n a l y s i s o f„ 
4 

t r a n s f o r m a t i o n s . J . Royal S t a t , Soc . Ser . B 

" - 26": 2 1 1 - 2 4 3 . , 

Box, G.B.P. and 6.M. J e n k i n s . 1976 . Time ^ s e r i e s , an^l y s i a : 

f o r e c a s t i n g and c o n t r o l . ' Holdani-Day, San F r a n c i s c o . 

fij>n, G.E.P. a n d G . C . T i a o . 1975 . I n t e r v e n t i o n a n a l y a i s w i t h 

a p p l i c a t i o n s t o economics and environmenta l probleaaa. J . 

Am. S t a t . A s s o c . 7 0 : 7 0 - 7 9 . 

« •* 

Boyar, H.C. 1968. Age l e n g t h and gonadal s t a g e s of herr ing 

from Georges Bank and the Gulf of Maine. ICNAF Res . B u l l . 

5 : * 9 - 6 1 . 

Bulmar. M.G. - 1 9 7 5 . The s t a t i s t i c a l a n a l y a i a of d e n a i t y 

dependence^ B i o m e t r i c s 3 1 : 94)1-911. 

Caddy* J . F . 1983 . An a l t e r n a t i v e t o e q u i l i b r i a * theory for 
*». 

^tUfht 



213 

management of f i a h e r i e s . Paper prepared for the Expert 

c o n s u l t a t i o n on the r e g u l a t i o n of f i s h i n g e f f o r t . FAO, 

Rome. . 

Das, N. 1968 . Spawning, { d i s t r i b u t i o n , s u r v i v a l and growth of 

l a r y a l her* in g (Clupea harengus) in r e l a t i o n to 

hydrographic c o n d i t i o n s in the Bay of Fundy. F i s h . Res . 

Bd. Can. Tech. Rpt. 88: 159p. 

- * 
D e A n g e l i s , D . L . , L . J . Svoboda, S.W. C h r i s l e n s e n and D.J . 

$W»ghn. 1 9 8 0 . S t a b i l i t y and r e t u r n t imes of L e s l i e 

m a t r i c e s with d e n s i t y - d e p e n d e n t s n r v i v a l : a p p l i c a t i o n s t o 

f i s h p o p u l a t i o n s . E c o l . Model l ing 8: 1 4 9 - 1 6 3 . 

Dempsey, C.H. and R.M. Bamber. 1983 . Spawning of herr ing 

(•Clupea harenaoa) in the Blackwater Es tuary , spr ing 1979. 

J . Cons. i n t . E x p l o r . Mer 4 1 : 8 5 - 9 2 . 

F o r t i e r . L. and W.C. L e g g e t t . 1984 . S m a l l - s c a l e 

c o v e r i a b i l i t y in the abundance of f i a h l a r v a e and t h e i r 

prey . Can. J_. F i a h . Aquat. S c i . 4 1 : 5 0 2 - 5 1 2 . { 

F r a s e r , C. 1 9 8 2 . Cosan u s e r ' s manual. Dept . of Measurement, 

E v a l u a t i o n and Computer A p p l i c a t i o n s . The Ontario 

I n s t i t u t e for StudHes in Edncat ion . Toronto . 80p. 

Goldberger , A .S . 1974 . Unobaervable v a r i a b l e a in e c o n o m e t r i c a . 
* a. 

in P. Zarenibka (ed.) Frontiers of econometrics. 

Academic Press. New York. p. 193-213. 



• J 
1 9 8 1 . Time s e r i e s a n a l - y s i s : / a comprehensive 

214 

Gottman, J.M. 

i n t r o d u c t i o n f o r s o c i a l s c i e n t i s t s . Cambridge Univ . 

P r e s s , Cambridge,. 400p~ 

Granger, C.W.J. 1969 . I n v e s t i g a t i n g causa l r e l a t i o n s h i p s by 
s 

econome tr ic -model s and c r o s s s p e c t r a l methods. 

Econometrica 37: 4 2 4 - 4 3 8 . 

Granger, C.W.J. and P. Newbold. 1976 . F o r e c a s t i n g 

transformed s e r i e s , J . Royal S t a t . Soe^. Ser . B 

3 8 : 1 8 9 - 2 0 3 . 
' \ 

Gulland, J. 1983. Fish stock assesment. A manual of basic 

methods. J. Wiley. New York. 223p. 

Haldane, J.B.S. 1949. Disease and evolution. Symposium sui 

fattori ecologici e genetic! della speciazone negli 

animali. Ricera Scientific* 19 (Suppl.): 3*11. 

Hamilton, D.C. and D.G. Watts. 1978. Interpreting partial 

autocorrelation functions of seasonal time series models, 

Biometrika 65:135-140. 

V 

Herman, H.H. 1970. Modern Factor Analysis. Univ. Chicago 

Press. Chicago. 487p. 

t 

Heise, D.R. 1975. Causal analysis.. Wiley Interscience. New 

York. 301p. 

Hillmer, S.C. and G.C. Tiao. 1979. Livelihood function of 

r 

* , 



215 

s t a t i o n a r y m u l t i p l e ant o r e g r e s s i v e moving a v e r a g e m o d e l s . 

J . Amer. S t a t . A s s o c . 7 4 : 6 5 2 - 6 6 0 . 

o r t , J . 1 9 1 4 . F l u c t u a t i o n s i n t h e g r e a t f i s h e r i e s of 

n o r t h e r n E u r o p e . J U p p . P . - v . ICES 20 

H j o r t , J . 1 9 1 9 ; I n t r o d u c t i o n t o t h e C a n a d i a n F i s h e r i e s 

E x p e d i t i o n , 1 9 1 4 - 1 9 1 5 . i n , C a n a d i a n F i s h e r i e s E x p e d i t i o n , 

1 9 1 4 - 1 9 1 5 . D e p a r t m e n t of Naval S e r v i c e s , O t t a w a , Canada . 

4 9 5 p . 

H j o r t , J . 1 9 2 6 . F l u c t u a t i o n s i n t h e y e a r c l a s s e s of i m p o r t a n t 

f o o d f i s h e s . J . C o n s e i l ICES 1 

H u n t e , W. and R. Mahon. 1 9 8 2 . How i m p o r t a n t a r e m i g r a t o r y 

p a t t e r n s of p e l a g i c f i s h e s i n t h e C a r i b b e a n T FAO 

F i s h e r i e s Rept y*- 11 8( S u p p l . ) : 1 6 5 - 1 7 5 .• 

r ' 
' l i e s , T . D . 1 9 7 9 . The e c o l o g y of t h e h e r r injh f i s h er i e s bf t h e 

Bay of Fundy . j j i D . J . S c a r r a t ( e d ) . E v a l u a t i o n of r e c e n t 

d a t a r e l a t i v e t o p o t e n t i a l o i l a p i l l s i n t h e Paasamaquoddy 
i 

area. Can. Fish. Mar. Serv. Tech. Rpt. '901. 

lies, T.D. and M. Sinclair. 1982. ' Atlantic herring : atock 
s 

discreteness and , abundance. , Science 215: 627-633. 

lies , T.D. and J, Simon. ^ 19,83.. Assessment of the 1982 4WX 

h,erring fishery. CAFSAt Res. Doc. 83/89: 37p. 

Jenkina, G.M. 1979. Practical experiencea with modelling and 



f o r e c a s t i n g t i m e s e r i e s . 

~l 

4 3 - 1 6 6 i n O.D. A n d e r s o n 

216 

r 
( e d . ) . F o r e c a s t i n g . N o r t h - H o l l a n d . New Y o r k . 

J e n k i n s , G.M. and A . S . A l a v i . 1 9 8 1 . Some a s p e c t s of >v 

« 

modelling and forecasting multivariate time series. J. 

; Time Series Analysis 2:1-47. 

\ 
J e n s e n , A . L . 1 9 7 6 . T i n e s e r i e s a n a l y s i s and f o r e c a s t i n g of 

A t l a n t i c menhaden c a t c h . C h e s a p e a k e S c i e n c e 1 7 : 3 0 5 - 3 0 7 . 

J o r e s k o g , K.G. 1 9 7 0 . A g e n e r a l method f o r a n a l y s i s of 

c o v a r i a n c e a t r u c t u r e a . B i o m e t r l k a 5 7 : 2 3 9 - 2 5 1 . 

J o r e s k o g , K.G. 1 9 7 3 . A g e n e r a l » e t h o d f o r e s t i m a t i n g a l i n e a r 
a 

s t r u c t u r a l e q u a t i o n s y s t e m . p . 8 5 - 1 1 2 i f i A . S . G o l d b e r g e r 
v 

and O.D. Duncan (eds.). ' Structural equation models in the 

social sciences. Seminar press. New York. 

> 

J o r e s k o g , s K.G. 1 9 7 ? . S t r u c t u r a l e q u a t i o n m o d e l s i n t h e s o c i a l 

s c i e n c e s : s p e c i f i c a t i o n , e s t i m a t i o n and t e s t i n g . p p . 

\ 
2 6 5 - 2 8 7 i n P . R . K r i s h n a i a h ( e d . ) . A p p l i c a t i o n s of 

S t a t i s t i c s . N o r t h - H o l l a n d . A m s t e r d a m . 
a 

Joreakog, K.G. and D. Sorbom. 1981. LISREL V: analyais of 

linear structural relationships by maximum likelihood and 

least squares methods. National Education Reaources, 

Chica go. 

Kearney, J.F. 1983. Common tragedies: a study of resource 

accoss in the Bay of Funfy herring fisheries. Institute 



217 

for Resource and" Envi ro omental Studies, Dalhousie Univ. 

<41p. + 

t t f r k l e y , J . E . , M . P e n n i n g t o n , a n d B . E . Brown. 1 9 8 2 . A s h o r t 

term f o r e c a s t i n g a p p r o a c h f o r a n a l y s i n g . t h e e f f e c t s of 

h a r v e s t i n g q u o t a s : a p p l i c a t i o n t o t h e G e o r g e s Bank 

y e l l o w t a i l f l o u n d e r f i s h e r y . J . C o n s . I n t . E x p l o r . Mer 

- V 
40:173-175. 

Kendall, M.G. and A. Stuart. 1973. The advanced theory of 

' statistics. Vol. II 3rd ed. Hafner Publ., New York. 

Kirkwpod, G.P. 1982. Simple models for multispecies fisheries. 

An. D. Panly and G.I. Murphy (eds.) Theory and management 

of tropical fisheries.. ICLARM Conference Proc. 9. .83-98. 

Lambent, T.C. 1984. Larval cohort succession in herring 

(Clapca harengus) and capelin (MA.llgtui v i l l o m a ) . ' Can. 

J. Fish. Aquat..—B<i 

Lambert, T . C , D.M. Ware and J.K. MeRuer. 19&2. Spawning u d 

early life history of herring and capelin in St. Georges 

Bay, Nova Scotia. Can. Tech. Rept. Fish. Aquat. Sci. 

1128: 82p. ** 

Lasker, R. 1975. Field criteria for survival of anchovy 

larvae: the relation between inshore chlorophyll maximum 

layerr and successful first feeding;. Fish-. Bull. US 
I 

73:453-462. 

\ 



218 

L e s l i e , P .H . 1 9 4 5 . The use of m a t r i c e s i n c e r t a i n p o p u l a t i o n 

; 
mathematics. Biometrika 35: 213-245. 

Lewis, J.B., J.K. Brundritt and A.G. Fish. 1962. The biology 

of flying fish (Hirundichthys affinis). Bull. Mar. Sci. 

12. 73-94. 1 ^ 

i 

Li, C.C. 1975. -'Path analysis: a primer. Roxwood Press, 

~ / .Pacific Grove,/ Calif. 

Loder, J.W., D.G. Wright, C. Garrett and B.-A. Juszko. 1982. 

Horizontal exchange on central Georges Bank. Can. J. 

• A 
F i s h . A q u a t . S c i . 3 9 : 1 1 3 0 - 1 1 3 7 . „ 

Lough, R . G . , M. P e n n i n g t o n , G. B o l z and A . A . R o s e n b e r g . 

1 9 8 2 . Age and g r o w t h of l a r v a l A t l a n t i c h e r r i n g ( C l n o e a 

h a r e n a u s ) i n t h e G u l f of Maine - G e o r g e s Bank r e g i o n b a s e d 

o n o t o l i t h growth i n c r e m e n t s . F i s h . B u l l . ' U . S . 8 0 : 

1 8 7 - 1 9 9 . i 

MacDonald , J . 1 9 8 1 . M o d e l i n g d e m o g r a p h i c r e l a t i o n s h i p s : an 

a n a l y s i s of f o r e c a s t f u n c t i o n s f o r A u s t r a l i a n b i r t h s . J . 

Am. S t a t . A a a o c . 7 6 < O 8 2 - 8 0 l . 

Mahon, R . , W. H u n t e , H. O x e n f o r d , K. , &torey and R . E . 

H a s t i n g s . 1 9 8 2 . S e a s o n a l i t y i n t h e c o m m e r c i a l m a r i n e 
i 

f i a h e r i e s of B a r b a d o s . P r o c . G u l f . C a r i b . F i s h . I n s t . 

3 4 : 2 8 - 3 7 . <• 

McConney, P . 1 9 8 3 . A r e v i e w ot c a t c h s t a t i s t i c s i n B a r b a d o s : 



219 

an e x a m i n a t i o n of m e t h o d o l o g y and r e c o r d s . U n p u b l i s h e d 

r e p o r t t o t h e M i n i s t r y of A g r i c u l t u r e Food and Consumer 

A f f a i r s , B a r b a d o s . 7 4 p . 

> 
M e n d e l s s o h n , R. 1 9 8 1 . U s i n g B o x - J e n k i n s m o d e l s t o f o r e c a a t 

f i a h e r y d y n a m i c s : i n d e n t ! f i c a t i o n , e s t i m a t i o n and c h e c k i n g . 

F i s h . B u l l . U . S . 7 8 : 8 8 7 - 8 9 6 . 

M e n d e l s s o h n , R. 1 9 8 2 . E n v i r o n m e n t a l i n f l u e n c e s on f i s h 

p o p u l a t i o n d y n a m i c s : a m u l t i v a r i a t e t i m e s e r i e s a p p r o a c h . 

P a p e r p r e s e n t e d a t N a t i o n a l M e e t i n g A m e r i c a n S t a t i s t i c a l 

A s s o c . A u g u s t 1982 . 

M e s s i e h , S. and M. S i n c l a i r . 19 8 l \ B e t w e e n y e a r v a r i a b i l i t y 

i n the f e c u n d i t y of 4WX h e r r i n g . NAFO/SC Working P a p e r . 

8 1 / I X / 4 3 : 9 p . • 

Munro, J . L . ' 1 9 8 1 . S t o c b i i t e s t a e n t m o d e l s : a p p l i c a b i l i t y and 

u t i l i t y i n t r o p i c a l s m a l l - s c a l e f i s h e r i e s . i n S a i l a , S . B . 

( e d . ) . S t o c k a s s e s s m e n t f o r s m a l l a c a l e t r o p i c a l 

f i s h e r i e s . U n i v . Rhode I s l a n d . 

N e l s o n , W . R . , M.C. Ingham and W.E. S c h a a f . 1 9 7 7 . L a r v a l 

i t r a n s p o r t and. y e a r c l a s s s t r e n g t h of A t l a n t i c m e n h a d e n . 

F i s h . b u l l . US 7 5 : 1 - 2 2 . 

\ 
N i e , N . H . , C.H. H u l l , J . G . J e n k i n s , K. S t e i n b r e n n e r and D .H. 

B e n t . \ 1 9 7 5 . S t a t i s t i c a l p a c k a g e f o r s o c i a l s c i e n c e s . 

M c G r a w - H i l l , Ne> York . « 7 5 p . 



; 

220 

N i k o l s k i i , G.U. 1 9 6 9 . T h e o r y of f i s h p o p u l a t i o n dynamic's a s 

t h e b i o l o g i c a l b a c k g r o u n d f o r r a t i o n a l e x p l o i t a t i o n and 

management of f i s h e r i e s r e s o u r c e * . O l i v e r and B o y d . 

E d i n b u r g h . 3 2 3 p . 

O ' N e i l l , R . U . , R.H. G a r d n e r , S.W. C h r i s t e n s e n , W. Van W i n k l e , 

J . H . Carney and J . B . Mankin . 1 9 8 1 . Some e f f e c t s of 

p a r a m e t e r u n c e r t a i n t y in d e n s i t y - i n d e p e n d e n t and d e n s i t y -

d e p e n d e n t L e s L i e M o d e l s f o r f i s h p o p u l a t i o n s . Can. J . 

F i s h . A q u a t . S c i . 3 8 : 9 1 - 1 0 0 . 

O x e n f o r d , H. and W. H u n t e . 
J" 

preas. Growth of Dolphin, 
f 

hippurus. from d-aily growth rings. Fish. Bull 

U.S. 

Phillips, G.M. 1983. Interactions between fishery effort and 

catch per unit effort in the San Pedro fishery: a 

statistical note. CalCOFI Rep, 24: 255-258. 

Pielou, E.C. 1974. Population and community ecology: 

principles and methods. Gordon and Breach, New York. 

424p. 

Pierce, D.A. and L.DT Haugh. 1977. Causality and temporal 

systems: characterizations and a survey. J. Econometrics 
w 

5 : 2 6 5 - 2 9 3 . 

P o p e , J . G . 1 9 7 6 . The e f f e c t of b i o l o g i c a l i n t e r a c t i o n on t h e 

t h e o r y of m i x e d f i s h e r i e s . I n t . Comm. Nor thw. A t l . 



F i s h . S e l . ' P a p . 1 : 1 5 7 - 1 6 2 . 

t i c k e r , W.E. 1 9 5 4 . S t o c k and r e c r u i t m e n t , 

Bd. Can. 1 1 : 5 5 9 - 6 2 3 . 

221 

J. Fish. Res. 

Rivard, D. 1982. APL programs for stock assessment. Can. 

Tech. Rpt . Fish. Aquat.. Sci. 1091: 146p. 

Rya'n, T . A . , B . L . J o i n e r and B . F . Ryan. 1 9 8 0 . MINITAB 

r e f e r e n c e m a n u a l . S t a t i s t i c s D e p a r t m e n t , P e n n . S t a t e 

U n i v . , U n i v e r s i t y Park , P e n n . (mimeo) 1 3 7 p . 

S a i l a , S . B . , M. W i g b o u t , and R . J . L e r m i t , 1 9 8 0 . C o m p a r i s o n 

of some t ime s e r i e s m o d e l s f o r t h e a n a l y s i s of f i s h e r i e s 

d a t a . J . C o n s . i n t . E x p l o r . Mer 3 9 : 4 4 - 5 2 . 

S c h a e f f e r , M.B. 1 9 5 4 . Some a s p e c t s of d y n a m i c s of p o p u l a t i o n s 

i m p o r t a n t t o t h e management of c o m m e r c i a l m a r i n e f i s h e r i e s , 

B u l l . I n t e r Am. T r o p . Tuna Comm. 1 : 2 7 - 5 6 . 

S h e p h e r d . J . G . 1 9 8 2 . A v e r s a t i l e new s t o c k - r e c r u i t m e n t 

r e l a t i o n s h i p f o r f i s h e r i e s , and t h e ^ c o n s t r u c t i o n of 

\ 

s u s t a i n a b l e y i ^ l d c u r v e s . J . Cons,. i n t . E x p l o r . Mer 

4 0 . 6 7 - 7 5 . 

S i n c l a i r , A . , M. S i n c l a i r and, T . D . l i e s . 1 9 8 1 . An a n a l y s i s 

o f some b i o l o g i c a l c h a r a c t e r i s t i c s of t h e 4X j u v e n i l e 

h e r r i n g f i s h e r y . P r o c . N . S . I n s t . S c i . 3 1 : 1 5 5 - 1 7 1 . 

S i n c l a i r , M. , J . B l a c k , T.Dk l i e s and W.T. St^oWl 1 9 7 9 . 


