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INTRODUCTION

The silver hake Merluccius 	 stock from the
Scotian Shelf (NAFO Division 4VWX) has posed some interesting
contradictions for fisheries managers in recent years. Quota
allocation for this stock began with'the 2 	 mile extension of
jurisdiction in 1977. The mean, annual catch prior to this time
was approximately 100,000 tonnes - the mean catch since that time
has been approximately 50,000 tonnes. Contrary to expectations
the mean population numbers (taken from the latest assessment
'Waldron •and Harris, 1984' for the latter period have dropped from
2-.3 billion fish to 1,9 billion fish, a drop of 20% in the
population with a 50% reduction in the catch.

Variation in recruitment in this stock is not extreme with
only a factor of 4 separating the biggest and smallest year
classes at age I The reproductive strategy of these fish. may. be
a contributing factor, that is, their serial spawning capability
with a. protracted spawning season lasting-from May until
September. A second possible factormay be the high rate of
cannibalism acting as a density dependent control mechanism.,
Schaefer • (4960) pointed out that silver hake cannibalism could. be,
a • limiting factor upon their own population numbers and more
recently Lleonart et al (1985) discussed the effects on
management•advice of incorporating such information into virtual
population analysis (VPA) modelling. 	 •

A serious constraint with VP( is the necessity (for most
stocks) of assigning one natural mortality rate for all age
groups and all years of the analysis. In an attempt-to understand
the effect of using age-specific natural mortality we have chosen
to investigate the effects of the specialized form of predation,
that is • cannibalism.Swan• and Clay . •( 1979). and Clay et al -(1994)
presented feeding data collected specifically to test the effects
of age specific natural, mortality du to predation on and by the
Scotian shelf hake stock..

THE MODEL

The standard VPA model was modified to allow the natural
mortality to be divided between the known' cannibalism mortality
and the 'unknown residual mortality; the later- -due to predation
disease, senesence, etc. In an attempt to use a varying non-
fishing mortality that mbre realistically reflects a fish •
population's true 'natural rate, we have partitioned the natural
mortality into 2 components - an age-specific predation
(cannibalism) rate and the remaining 'undefihed' or residual
natural . mortality rate ,.assumed to be 'a constant.'
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The changes required in the VPA to accomodate this
partitioning of the usual natural mortality are as follows:

First, several assumptions were made:
all age classes of fiSh- up to and including a
maximum age of prey are susceptible to cannibalism,
(in this example ages 1 to 3 are the preY),
all age classes greater than e the minimum age of the
predators are considered to be predators, (in this
example , ages 2 to 10 are the predators), and

3) a matrix of the number of fish of age i eaten
annually by fish of age j is 4vai l abl ee this matrix
is considered to be time independent (Table 1).

Secondly, the analysis follows a format similar to that
of the usual virtual population analysis:

for each year proceeding backwards:
- the fishing mortality rate (F) for the previous
year is calculated for all age classes greater than•
the oldest prey,
-the population for the current year is there
determined for these ages,
-the total number of fish of each prey age eaten in
the current year is calculated,
-the total defined mortafity rates are found for the
prey ages similar to finding the F in the VPA, ie:.
by solving the equation:

ez
(# defined deaths) = (defined rate) X (population) X (1-e

z

2). this rate is partitioned into its cannibalism and
fishing portions in the same ratio as the total numbers
dying due to. Cannibalism and fishing,

3) the population in the current year for each of these
prey ages is then calculated.

The algorithms used are presented in Appendix I. The
cannibalism mortality is age specific; the remainding non-fishin
mortality is assumed to be age independent. Several
individuals have suggested the inclusion of predation mortality
as a variable component of natural mortality in VPA (Pope, 1979;
Helgason and Gislason, 1979; Pope and Knight, 1992). However, the
major draw back in applying this in practice is the complexity of
multispecies interactions. Studying the same effect with
specialized 'form of predation mortality - cannibalism - allows a
single species VPA to mimic the 'real' multi-species world. This
adapted VPA we have referred to as VPAC.

INPUT DATA

The starting VPA input parameters for this initial trial
were taken from the 1954 assessment of the 4VWX silver hake stock
(Waldron and Harris, 1984) and the cannibalism parameters (Table
1) were modified from . those presented in Clay et al.- (1984).

ESTIMATION OF PARAMETERS

Traditional techniques of 'tuning' a VPA may not be
applicable when working with age specific values of M. However,
despite this fact, we have attempted to follow past practices in
order to compare the resulting populations from the 1984
assessment and our VPAC.

The partial recruitment (PR) was derived by iteration, using
the 1984 PR as a starting point with a terainal F of 0.2. The
average PR of 1978 to 1981 inclusive was then used for the VPAC.
A fully recruited age of 5 was used, although it may be higher.

The residual natural mortality (referred to as M') was
selected by tuning the VPA at 6 levels of M- (Figure 1). The M'
chosen was 0.15, by coincidence the same as the value of the
terminal F for the 1983 catch. The population numbers were very
different in both absolute values and age composition from the



f1984 assessment. Despite these differences, the goodness of fits
(R2) for the various tuning relationships were similar to that
achieved by Waldron and Harris (1984). The choice of terminal F
was made as the point at which a levelling-off was observed in
the value of. R2. The M' was selected as the level at which the
R2 for the chosen terminal F-begins to decline ie. W=0.15.
These are not presented as the best pOssible estimates, however
they should be reasonably gioOd ibdicators of relative population
parameters.

ASSESSMENT RESULTS

The population numbers (able 2) from the VPAC are very
different from thote.of the 1984 VPA (Table 3). The total VPAC
population for the years prior to 1977 , are about 4 times higher
than-those derived from the 1954' VPA, totals After 1977 are
approximately e r times higher.The percent composition of the VPAC
population (Table 4). shows over 60/ by numbers are age 1 fish
while the VPA population has generally less than 50% at age 1.

The fishing mortalities from the VPAC (Table 5) follow the
same pattern as thOSe from . the VPA (Table 3) , howeVpr they apPear
slightly higher. This 'Creates some doubt as to ' the ./alidityfof
the low terminal F used. (For this reason, only the data frOm
1970 .to 1980 "-the stable portion of the matrix- for the VPAC are
presented in the tables.)

The data on the cannibalism rates and numbers (Table 6)
indicate'the magnitude of 'this form of mortality and the
variability of 'total' natural mortality_between age, groups. ,The
cannibalism level in most years approaches 50% of the age 1 fish.
The total mortality CZ) calculated within cohort from the VPAC
population numbers shows low initial Z's increasing to a peak at
age 3, thereafter decreasing to age 9 (Table 7)0

DISCUSSION

Such high rates of natural mortality in the first 3 years of
life by those hake over 2 years of age leads to the unmistakable
conclusion that if the older fish are under-exploited, they will
have a detrimental effect on hake recruitment. A management
scheme based on mesh regulations, aimed at placing heavier
fishing mortalities on the cannibal age groups, will have a
greater effect than placing catch and or effort restrictions upon
a fishery exploiting mainly the cannibalized age groups.
Likewise, restrictions in overall fishing mortality will be
unlikely ILO lead to higher population levels and eventual higher
yields as the increased numbers of odder fish will themselves
harvest any expected increase.

Although data are only presented on cannibalism mortality,
it is known that the hake do prey upon other species such as
haddock, red hake, sand lance, etc. With the ,population numbers
indicated here, it can be calculated that even low rates
of predation would result in very great absolute numbers of prey
being removed. It can therefore be seen that a reduction in
numbers of older (3+) silver hake would increase total production
of silver hake, albeit requiring more effort, and possibly permit
a more rapid recovery and higher standing stocks of other species
in the area
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Table 1. Matrix of cannibalism in the NAFO Division 4VWX

	 PREDATOR
5 6 7 A3	 9 10+ age

PREY	 .......
1	 0 1.'5 2.5 2.5	 13 13 13 15	 0 ' 0

age	 2	 - 0	 0 0 2	 16 21 21 23 69 0
0	 0	 7 11 15 le 49 49
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1970	 1971	 1972	 1973 1975 1976 1977 1980	 1981	 1982	 19831978	 1979

:1:994	 drbri	 Hah

SILVER .- HARE HOULATION	 (	 AT TFt425-.AND Oa,

1 1 1711006 1689321 3807998 1435711 1366446 1492339 901581 	 719373 866332 1010972	 705900 685618 1878611 374654
2 1 1772299	 995308 954788 2245392	 763723	 833941 882831	 480424 480477 557406	 669816 468080 458320 1243248
3 1 518837	 593324 340865	 275549	 353240	 204058 268428	 288594 286767 248873	 334469 399914 297907 265394
4 I 7193181	 175803 257414	 170865	 107384	 116985	 94336	 121790 130639 120376	 111403 158264 17	 25 145788
5 1	 74083	 81568	 58427	 133916	 31299	 66227	 30458	 38202	 57868	 53264	 43592	 45952	 75104	 67024
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8 1	 33697	 5441	 3124	 12890	 1094	 1089	 4811	 2918	 4502	 3490	 529	 396	 1749	 2442
9 1	 13006	 20975	 2575	 1741	 4289	 645	 439	 3139	 1501	 1424	 946	 88	 160	 354

10 1	 3269	 7815	 12390	 1238	 778	 2826	 149	 7	 1683	 670	 03	 561	 12	 11

1+I 4359301 3613336 5495199 4320975 2645157 2738804 2202110 1677663 1858793 2026286 )881673 1779300 2917020 2127611
2+1 2648296 1924015 1687202 2885263 1278711 1246465 1300529 	 958290 992461 1015314 1175773 1093683 1038409 1752957
3+1 875996	 928707	 732414	 639871	 514989	 412524 417698	 477866 1511984 457908	 505957 625603 580089 509709

. 4+1:9. 357159	 .335383	 391549, , 364322 161749.	 .208447 . 149270 :.:189272 .. 22521 .7	 209035 	 171.408 . 225689. .282183,- 244315
154 1 1.-	 159580- : 134135	 193457	 5465..	 91482	 . 54934	 67482	 91578	 88659..	60085 .	67425 • 103358	 • 98527

FISHING MORTALITY AT AGE

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 10.14 0.17 0.13 0.23 0.09 0.12 0.23 0.00 0.04 0.01 0101 0.00 0.01 0.01
2 1 0.69 0.67 0.84 1.45 0.92 0.73 0.72 0.12 0.26 0.11 0.12 0.05 0.15 0.08
3	 0.68 0.44 0.29 0.54 0.71 0.37 0.39 0.39 0.47 0.40 0.35 0.40 0.31 0.25
4 10.,46 0.70 0.25 1.30 0.08 045 0.50 0.34 0.50 0.62 0.49 0.35 0.58 0.25
5	 0.41 0.39 0.45 1.78 0.47 1115 0.25 0125 0.51 1.06 0.54 0446 0.79 0.25
6 10.54 0.07 0.28 2.26 0.30 0.57 0.26 0.16.001 1.81 049 0.49 0.79 0.25
7	 0.43 0.83 0.07 2.44 0.07 0.05 0.13 0.08 0.55 2.12 1.46 0.27 0.65 0.25
8	 0.07 0.35 0.18 0.70 0.13 0.51 0.03 0.26 0.75 0091 1.40 0.51 1.20 0.25
9 10.11 0.13 0.33 0.41 . 0.2 1.06 3.71 0.22 .: 0.41 2.44 0.12 1.63 2.29 0.25

10 10,29 0.34 0.22 1.45 0.13 0,55 1.03 0,18 0,61 1.82 0096 0072 1.21 0.25
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perldix

instantaneous rate of fishing mortality
M	 instantaneous rate of natural mortality

instantaneous rate of the defined portion o
predation (cannibalism *)
instantaneous rate of the undefined natur

predation

components)
natural mortality,

rtality ie. other than

population (numbers) at the beginning of the year
population (numbers) at mid-y'ear

C	 catch LT. numbers dying from fishing mortality
numbers dying naturally other than fr-em-frredation cannibalism)
number dying from 'Predation (cannibalism)

# prey	 age i eaten by a fish	 age j.

+ t. + 1	 1 9

	 U

where	 age class
7.: year

VPA Algorithm 

is found by iteratively solving the aqua ion

	

Fi t	 N i+1 t+1
	 t	 1)

then N.

•	

t1,

Throughopt this documentation, the genera l
specific example to refer to cannibalism.

errn	 redation' s used in this
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VPA (with cannibalism) Algorithm 

For all fish aged greater than the oldest prey:

found by iteratively solving the equation

(eli►t

is found by solving the equation

mid-year population is calculated

C i,t	 Fi9t

The

N' it = N i t

For all fish of age less than or equal to the oldest prey

The total defined mortality rates are found by iteratively solving the
equation:

Zi t

is calculated from the equation

(F i,t + Pi , t) x (1

For age classes greater than or equal to the youngest predator, the mid-year
population is calculated.

e -Z i t/2N ° i t : N i t
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