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An analysis was conducted to estimate the minimum mesh

size for managing the common Chilean hake (Merluccius gayi)

fishery. Secondary objectives were to establish the

selective relationship between mesh size and fish length,

to examine growth patterns and related parameters, and to

estimate the critical age (or optimum size) at which hake

cohorts reach their maximum biomass.

Selectivity was estimated from experiments performed

on the central coast of Chile using trawls with codends of

60-, 80-, 100-, and 120-mm mesh size. No differences

in gear selectivity were found between sexes, thus a

common linear relationship was established.

The relative growth of hake proved to be allometric

for both females and males with little departure from

isometry, and was statistically different between sexes.

The Brody growth coefficient, k, was estimated for each



sex yielding values of 0.1382 for females and 0.3230 for

males. Differences in asymptotic weight (Winf = 3,167.77

gr in females, and Winf = 776.23 gr in males) together with

minor differences in natural mortality and in the adjusted

"age zero", importantly influenced estimates of critical

age.

The results of critical age determinations were 5.7

years (49.74 cm) for females, and 3.8 years (38.15 cm) for

males. To expedite enforcement, and to produce a minimum

departure from their respective age optima, a convenient

mesh of 110 mm was recommended. This mesh will

theoretically retain the hake at 42.22 cm which corresponds

to an age of 4.21 years for females, and 4.96 years for

males.

Additional studies should be carried out to confirm

the selective pattern of gears on hake with tunnels and

codends of 110 mm mesh size, and to evaluate the variations

in catch caused by differences in trawling speeds, trawling

time, type of grounds, migratory movements of hake, and

other fishing variables.
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PROPOSED MINIMUM MESH SIZE FOR MANAGING

THE COMMON CHILEAN HAKE FISHERIES

INTRODUCTION

The common Chilean hake (Merluccius gayi, Guichenot

1848) constitutes one of the most important resources off

the central coast of Chile (16°S - 43°S) as a fish for

direct human consumption.

Common hake landings have followed the classic

evolutionary pattern of a fishery under continuous fishing

pressure. First there was a rapid increase in landings

until a sort of stability plateau was reached. The

situation was characterized by high levels of uncertainty

in stock size and location of fish in this time-space

framework. Finally there was a decline in landings to a

new reduced level of stock abundance.

The plateau level for the 1960-1970 period was

90,000 + 20,000 metric tons, whereas the new stability

level reached in 1981 was approximately 30,000 + 5,000

metric tons. Due to the open access fishing policy,

continuous fishing pressure on this resource has resulted

in further reductions in landings to approximately 25,000

metric tons at present.
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Efforts were made to obtain a comprehensive picture

of this critical stage of fisheries development, and to

develop some alternative approaches to management. In

particular, studies were aimed at hydroacoustical stock

evaluation, bathymetrical and seasonal stock assessment,

recruitment assessment, growth and age studies, gear

selectivity studies, and other studies oriented to

generate knowledge of related marine biological aspects of

the target species.

The adoption of some urgent management decision was

demanded and a catch quota was decreed (Decree No.237;

September 16, 1982). This quota was to be effective during

1983, and it was set at 45,000 metric tons for the entire

stock. In addition, a preliminary minimum mesh size

regulation of 100 mm (stretch mesh) was established, and

the use of double tunnels on otter trawl gears was

prohibited (Decree No.238; September 17, 1982).

The minimum mesh size was estimated from some of

the available selectivity studies. The management

rationale was to protect the spawning hake, rather than to

use the selectivity property of the otter trawl gear to

obtain an optimum yield from the exploitable stock.
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OBJECTIVES

My study was undertaken to determine the optimum mesh

size for the hake fishery. To achieve this objective, it

was necessary to achieve the following secondary

objectives:

I. Evaluate the size selectivity of different mesh

sizes for hake caught in trawl gear.

2. Estimate the size-age relationship for both sexes

of hake.

3. Evaluate the critical age for hake by means of the

growth-decay function.
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LITERATURE REVIEW

The common Chilean hake is one of the species of

the genus Merluccius represented in the southeastern

Pacific. This fish ranges from the Antofagasta region at

23° 38'S latitude, to north of Guamblin at 43° 00'S

latitude on the west coast of South America. The main

fishing grounds are located between 30° 00'S and 39° 00'S

latitude (Aviles et al. 1979).

The common hake is found within the coastal region

of the Gunther Countercurrent, a southward subsurface

flow off the Chilean coast which is part of the Humboldt

Current system. Water of the Gunther Countercurrent is

subequatorial in physical and chemical characteristics.

Temperature ranges between 7° and 11° C, salinity ranges

between 34.4 and 34.7 0 /00, and dissolved oxygen ranges

from 0.5 m1/1 in the northern portion to 2.0 m1/1 in the

southern portion (Silva and Sievers 1981).

Water of the Humboldt main current is subantarctic

with temperatures from 10° to 16° C, salinity from

33.0 to 34.5 0 /00, and high oxygen content along the

range of the hake distribution. This northward surface

water mass eventually becomes more intermediate through

mixing with the Peru Current system north of the range of

hake distribution. The subantarctic system reaches to
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50 m in depth, setting the lower bathymetrical boundary

for hake. The subequatorial countercurrent maintains its

characteristics to about 400 m, setting the upper

bathymetrical boundary for this species (Silva and

Sievers 1981).

There is no precise information on the stock

composition for the common Chilean hake, although some

local coastal stocks may exist in addition to the main one.

Available data is still insufficient to determine whether

or not local stocks are genetically distinct from the main

population. The unique migration pattern (Balbontin and

Fisher 1981), a single spawning ground (Aviles et al.

1979), and the general consistency of meristic characters

along the coast (Martinez 1976) support the hypothesis that

there is one large homogeneous breeding unit.

Hake tend to form scattered schools over the

continental shelf and slope (50 to 450 m), swimming near

the bottom, usually in schools oriented parallel to the

coast. The compactness and size of the schools is

variable. Generally they form scattered schools in the

daytime near the bottom which appear to be related to food

availability (Grinols and Tillman 1970).

During night they move away from the seabed and during

daylight they return to the bottom (Vestnes et al. 1966).

In recent years, hake have been more dispersed in
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the water column during day and night periods than was

previously observed. This tendency has been associated

with their opportunistic feeding behavior coupled with

changes in abundances of prey species. Guzman et al.

(1981) report a tendency for hake to scatter up to 30 m

from the bottom with a variety of school forms and

densities, depending upon the food items available, the

locality, and the season.

It has also been observed that when hake descend to

the bottom at dawn, they do not always regroup in schools

near the seabed. This phenomena significantly affects the

success of the otter trawl fishing gear.

Adults normally occupy the southern portion of the

range located between Golfo de Arauco and Corral (37° 01'S

40° 00'S) during summer time. In autumn adult hake

migrate to their main spawning ground, located from Papudo

(32° 30'S) north to Valparaiso (33° 00'S) where they

concentrate in the spring (Aviles et al. 1979). This

general migratory pattern was also inferred from tagging

experiments performed along the fishing grounds. Villegas

and Saetersdal (1968) reported that tagged hake released

in Valparaiso, San Antonio, Talcahuano, and Coronel

undertook migrations along the coast, moving northwards

during late winter and southward during summer.
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Trujillo (1972) inferred a similar pattern from catch and

effort analyses.

There is also a seasonal inshore-offshore migration.

Guzman et al. (1981) report that in winter hake are found

offshore and in spring hake schools move inshore. Bailey

et al. (1982) report similar inshore-offshore migrations

for Pacific whiting (Merluccius productus) and also

indicate that these are supported by catch data. They

suggest that this movement is similar to the dynamics of

the California Undercurrent, which is located over the

continental slope in spring and spreads over the shelf in

early summer. There is no information available to explain

this behavior in the case of the common Chilean hake.

Spawning schools have been reported in waters between

50 and 150 m depth and spawning for the major portion of

the population is generally completed by October-November

(Villegas and Saetersdal 1968). Variations in spawning

time by latitude have been established. In the Papudo

area, spawning takes place in September, and in the San

Antonio area spawning occurs in August (Aviles et al.

1979). Circumstantial evidence suggests that hake do not

migrate vertically during spawning.

Females mature and spawn at a mean total length of

about 42 cm whereas males reach maturity and spawn at a

mean length of 32 cm (Saetersdal and Villegas 1968a).
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Length of maturity varies by locality (Balbontin and Fisher

1981), but in general is similar to that reported for

the Pacific whiting (Bailey et al. 1982).

The occurrence of partial spawning has been

established, which suggests that the oocytes are shed in

three or four batches during the spawning season. It was

established that 5% of the yolked oocytes were not spawned

and were reabsorbed in the ovary (Balbontin and Fisher

1981).

The common hake is a carnivorous and piscivorous

fish. There are many reports of seasonal changes in food

habits. Euphausiids has been reported as the main food

item of hake during winter-spring near Valparaiso (Arana

1970b). Shrimp, langostino, estomatopodiids, larvae of

crustaceans and several other food items, such as common

sardine (Clupea bentinki), anchovies (Engraulis ringens),

and juvenile hake composed the rest of the hake diet.

There are some differences in diet between the

southern and northern boundaries of the distribution of

hake, as is to be expected. However, euphausiids are

their primary prey which may be explained by the reduction

of other important food items by fishing (Aviles et al.

1979; Aguayo and Bustos 1980). These authors made a strong

connection between the lack of availability of certain food

items and the observed changes in schooling behavior,
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suggesting that it might be interpreted as a cause and

effect relationship.

Age and length data were analyzed from the annual

growth patterns observed in 26,496 otoliths from catches

obtained on commercial fishing grounds by Aguayo and Ojeda

(1984). These authors also reported the age/length

relationship produced with data from a demersal stock

assessment survey made during September-November, 1981.

They reported a change in the age structure beginning

since 1973, and they suggested that this could be due to

reduced recruitment, coupled with the loss of previously

important year classes (1967, 1968, 1969, and possibly

1971). A drastic change in the fleet strategy, which can

be interpreted as an adaptive behavior of the fisherman

has also been observed (Aguayo et al. 1981).

Changes in average length were observed as latitude

increased. In winter, mean length increased as the fleet

moved to deeper waters. In spring this situation was

reversed by the spawning migration effect (Aguayo et al.

1981). A similar behavior was reported for the Pacific

whiting (Alverson and Larkins 1969).

The growth and age of the common Chilean hake has been

studied from samples obtained in the area between

Valparaiso and Talcahuano. Aguayo and Ojeda (1984) fitted

data to the von Bertalanffy growth model by the Allen
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method, and they reported that growth in length is rapid

during the first three years, then it slows, and approaches

the asymptote in their oldest ages (14 yrs for females,

and 10 yrs for males). Females grow faster than males

(k = 0.201 for females, and k = 0.304 for males), and reach

a larger asymptotic size (71.7 cm for females, and 55.4 cm

for males).

The length-weight relationship was reported as

allometrical (b = 2.8650 for females and b = 2.8109 for

males) according to Aviles et al. (1979). Further analysis

suggested that the relationship is indeed isometrical.

Estimates of the instantaneous natural mortality rate

(M) have been derived by several authors. Ehrhardt (1974)

obtained estimates from data generated in the area of

Talcahuano-Valdivia during 1965, which at that time

constituted an untouched southern portion of the hake

fishery (Vestnes et al. 1966). Ehrhardt reported (M)

values ranging from 0.45 to 0.46 for both females and

males.

Aguayo and Bustos (1980), without accounting for

changes in age structure, estimated a value of M = 0.51

by regression methods for females, but were not able to

get coherent results for males. A new set of values was

later estimated, setting the range between 0.30 and 0.45

for both females and males (Aguayo and Ojeda, in press).
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Many attempts have been made to understand the

dynamics and to estimate (independently from other

parameters) the standing stock and potential yield of

common hake.

Chronologically, the first attempt to get an idea of

the dynamics of the exploited hake population was made by

Ehrhardt (1974). He used the concept of yield per recruit

(Beverton and Holt 1957) in its allometric extension, as

was discussed by Paulik and Gales (1964). In this case,

the exponent of power in the length-weight relationship

differs considerably from isometry.

Ehrhardt (1974) reported that in terms of yield per

recruit, the fishery was probably in good shape between

1966 and 1967, and that a further increment in fishing

effort was not recommended for that level of exploitation.

He also suggest that the amount of effort applied on the

hake from 1967 to 1970 was excessive.

Other attempts were made to describe the behavior of

the exploited stock over time by means of the surplus

production analysis (Pavez 1977; Aviles et al. 1979; Aguayo

and Ojeda, in press) in spite of the fact that the time lag

between spawning and recruitment was not negligible, and

recruitment was not constant.

Pavez (1977), and Aviles et al. (1979) reported

similar accounts for the 1958-1970 period, working with
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different data sets and procedures. In general they agreed

that the maximum sustainable yield was around 90,000 metric

tons + 10%. Both authors reported a distortion in the

relationship between catch and effort when they tried to

incorporate their data sets with the statistics from 1970-

1971 which included the Soviet vessel landing data.

Soviet vessels were introduced to coastal operations

in 1971 with five to six large freezer-trawlers (BMRT). An

extremely serious increment of fishing effort was produced

and a clear distortion in the relation between catch and

effort was observed due to the large increment in fishing

power. There was no attempt made to relate their relative

fishing powers with Chilean coastal trawlers.

Aguayo and Ojeda (in press) divided the data in two

sections: the first between 1962-1972, to make it

comparable with other authors, and the second between

1973-1981, where a different relationship between catch

and effort was estimated. The analysis of the first data

set produced similar results to those of the other authors.

A similar analysis in the second section produced results

that indicated a drastic reduction in the level of

equilibrium conditions, such that the optimum amount of

effort was reduced to 25% of the preceding year, and that

level of effort produced a maximum sustainable yield.
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Acoustic assessments (Guzman et al. 1981) also

produced startling results. The winter biomass was

estimated to be 288,468 metric tons and the spring biomass

was estimated at 166,294 metric tons. These authors

reported that 57.1% of the winter biomass tended to

concentrate between 100 and 200 m of depth, and 40.8%

concentrated in that depth stratum during spring with a

remarkable dispersion along the continental shelf.

Common hake fisheries have been affected by the

adverse result of the relation between the resource

dynamics and the technological, economical, and politically

(strategical) imposed conditions. The adverse

environmental features and the relation with other

resources targeted by the fishing industry, produced

concern about the future of this fishery.

The fishing activity has been showing an adaptative

behavior since 1939, reflected in gears and tactics. Hake

fisheries were, at that time, conducted by artisanal

fishermen working from small boats ("bongos") with

gillnets and short long-lines. The fish was marketed as a

fresh food item, and caught in their spawning and

recovering coastal concentrations (north of Valparaiso

and front of Talcahuano).

The demand for fish meal became important in the

mid-1940's, and coastal fishing vessels with otter trawl
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gear were introduced to the fisheries, raising the landings

to 128,000 metric tons. Around the mid-1960's, the

government (through the Department of Fish and Game)

imposed a catch area limit that suppressed the meal

industry based on hake, and the catch was switched to the

processing of frozen hake (Grinols and Tillman 1970).

At the end of the 1970's, with the decline of

landings, the industry returned to the fresh food catch

strategy with a more complex technological and adaptative

behavior which represents an additional source ofconcern

for the fisheries.

The basic objective in managing the Chilean common

hake fishery is the maximization of the net yield for the

benefit of the general welfare of the nation. The

achievement of this goal required the capacity to

understand the relation between the dynamics of the

resource and the activities man as a whole. This includes

the conditions imposed by the market and national

strategies.

The technical nature and complexity of the issues

involved in managing this resource are remarkable,

particularly when the institutional structures, the social

relationships, and the relevant economies are considered

in the decision making scheme.
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Aguayo and Ojeda (in press), in focusing the necessary

biological considerations of management, reported that the

reduction of landings can be explained by a reduction of

the stock biomass produced by the progressive decline in

recruitment. This decline can be attributed to

over-exploitation coupled with several environmental

factors. These authors suggested that the new level of

stability in terms of total equilibrium catch is now around

35,000 metric tons. There is still an over-exertion of

effort applied to the fisheries such that even this

recommended level of catch has not been reached.
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NOTATION, DEFINITIONS, AND THEORY

For the sake of clarity, notation and definitions of

special terms used in this thesis are presented here.

Notation:

B - biomass of a population or cohort

Nt abundance (size in number) at time t

t time units (usually expresed in years)

F (specific) instantaneous rate of fishing mortality

M (specific) instantaneous rate of natural mortality

Z = F + M instantaneous rate of total mortality

g (specific) instantaneous rate of growth

Winf maximum (asymptotic) average individual weight

Wt weight of a fish at time t

k Brody growth coefficient which is proportional

to the rate of destruction of body materials

to adjusted (hypothetical) age at length 1=0

Linf - maximum (asymptotic) average individual length

It length of a fish at time t

tr - mean age of recruitment to the stock

tc - mean age of first capture (at 50% point)

t critical or optimal age
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li length of a fish at ith length

wi - weight of a fish at ith weight

b - exponent of length-weight relationship

a proportionality constant of length-weight

relationship

Definitions:

Artisanal fishermen Refers to the coastal fishermen

working at a low technical and economic level.

Codend The terminal portion of an otter trawl in which

the catch is retained and lifted aboard (Clark 1963).

Covered net method The method of determining the

escapement of fish from otter trawls by capturing

the escapees in a second layer of netting of smaller

mesh applied over the primary netting of the trawl

(Clark 1963).

Critical or optimal age - Is the age when brood attains

its maximum weight (Beverton 1953).

Double webbing - The second layer of netting of similar

mesh size applied directly over the primary netting

to eliminate the selection effect but maintain the

hydrodynamic characteristics of the gear

(Cassie 1955).
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Double mesh (twine) A method to construct netting in

which the meshes are made from two individual pieces

of twine knotted together (Clark 1963).

Mesh size - The distance between opposite knots (not

included) of a fully elongated mesh (Clark 1963).

Masking effect The total, or partial obstruction

of the meshes of a trawl by a cover. By extention

refers to any distortion of a selectivity experiment.

Panels In reference to fishing gear design refers to

the webbing which conform a side plane of a trawl.

Selection curve - A curve, often sigmoid, fitted to points

representing the percentage of fish either retained

by the gear or escaping from it at each fish length

interval (Clark 1963).

Selection range The range in fish lengths over which a

fishing gear exercises selection (Clark 1963).

Selection span A term expressing the range between 25%

and 75% of retention lengths (Clark 1963).

Tunnel - Refers to connection part of the gear between

the body and the codend.

Theory:

The ideal way to obtain the maximum yield in weight

from a cohort is to harvest precisely at the point where
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biomass is maximum. Biomass usually increases during the

early life stages of a cohort because gains due to

individual growth outweigh losses due to natural mortality

(g > M). However the net increase in biomass slows later

in life because growth rate decreases and net mortality

continuously increases. Finally, biomass decreases

because losses due to natural mortality are larger than

the small gain produced by individual growth (g < M).

The biomass of a cohort can be described in terms of

two components, as follows:

Bt . Nt Wt ( 1)

In the absence of fishing, the number of individuals

at any age t, is given by Nt = No exp {- (M)t), and the

average weight of an individual at age t, is Wt, which in

terms

1953)

of

is

the von Bertalanffy growth equation (Beverton

thus,

Bt =

Wt = Winf [1 expf -k(t to))]3

No Winf [expf -(M)t)][1 expf -k(t - to))]3

(

(

2)

3)

It is assumed that under natural conditions the total

biomass of a cohort will not increase beyond a particular
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limit, due to the adverse effect of some environmental

factors. This limit corresponds to the maximum carrying

capacity of the environment, which is assumed to not

change systematically over time. Consequently the

biomass will fluctuate around an average value (Csirke

1980).

The steady value for biomass requires constancy in

the instantaneous rate of natural growth and instantaneous

rate of natural mortality. This idea is present in yield

per recruit models (Beverton and Holt 1957) and is

crucial here because in my approach I assume that the

growth rate of the animals is not affected by the size of

the population and thus is density independent.

I also assume that each animal grows at exactly the

same rate so the maximum growth is achieved

deterministically at the same age which is called "critical

or optimum age" (Ricker 1945). This parameter can be

estimated by assuming isometry, and it can be best be

visualized through the distribution of the instantaneous

rate of biomass change with time.

The graphic representation of this character for a

given cohort has been analyzed by Alverson and Carney

(1973). They named this kind of behavior as a "growth and

decay" curve which can be determined from the derivative

of equation (1), as follows:
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dB/dt = Nt (d Wt/dt) + Wt (d Nt/dt) ( 4)

- from the definition of the von Bertalanffy growth

equation, and the abundance of a cohort at time "t" :

db/dt = No exp( -(M)t) d[Winf(1 - exp[ -k(t to)])3 ] /dt +

No d[exp{ -(M)t)/ dt [Winf(1 - exp[ -k(t - to)])3 ]

( 5)

- then the instantaneous rate of biomass change will be as

follows :

first consider:

[1 exp{ -k(t - to))] = A

then:

dB/dt = No exp( -(M)t) 3 Winf (A)2 (-k) (-exp[ -k(t - to))

+ No (-M) exp{ -(M)t) Winf (A)3 ( 6)

taking factors:

dB/dt = No Winf exp{ -(M)t) (A)2 [(3 k exp[ -k(t to)])

[ M (1 - exp[ -k(t to)])]

- this function is known as the growth-decay curve

The optimum time (in years) when the biomass is

maximized is determined by setting the equation (7) to

zero, as follows:

dB/dt ----> 0

( 7)
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then:

3 k exp[ -k(t* to)] M{1 - exp[ -k(t* to)]) = 0

solving for t
*

t
*

= ln[(3 k + M)/ M] (1/k) + to ( 8)

The growth and decay curves can be conceived as a

family of curves, given variations in parameters values

such as asymptotic weight, instantaneous rate of natural

mortality, and the "k" parameter of the von Bertalanffy

growth equation. Hence, growth parameters and natural

mortality rates become very important for this approach.

In order to bring the actual catch close to the

potential yield, it is necessary to refer to critical

age in terms of critical size by means of the von

Bertalanffy's growth equation, as follows:

It = Linf {1 exp[- k(t* to)]) ( 9)

Once the critical size is obtained, it should be

referred to the relation between retained length (at first

capture) for the entire selection range and its

corresponding mesh size as a predictive variable.

Theoretically the relation should be linear, but in this

approach linearity will not be required, because

predictability is much more important. The power or
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logaritmic relationships are to be considered as possible

alternatives, given that in otter trawls the selective

relationship can entail different aspects.

In otter trawls the main selection process occurs in

the codend, and this effect results in a rather sigmoid

relationship, known as a selectivity curve.

The chance that a fish would be retained would

increase from 0 to 1.0, as fish length is increased.

Because a perfect sigmoid curve is assumed to occur, the

length at the 50 % point will correspond to "lc", the

length of "first capture" given that the area under the

sigmoid and below lc will balanced the area over the

sigmoid and above lc (Cassie 1955).

Selectivity depends on the type of gear employed, the

way the gear is operated, where and when is used, and the

behavior of the animals in the population (Pope 1975).

In reference to the selective process, the approach

used here refers to the effect caused by the inherent

property of the fishing gear, considering the mesh size as

the determinant of the selective process. The covered

codend technique selected requires the attachment of an

outer bag of small mesh over the codend to retain fish

which escape from the codend.

The advantage of the covered codend technique is that

a length selection curve can be obtained from a single haul
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and in this way each haul can constitutes a full

experiment. It is possible to combine several experiments

with a similar mesh size if they prove to have

statistically similarity (Arana 1970a).

There possibility of bias exists with this technique

due to the selection of undersized fishes. Nevertheless,

experimental bias can be reduced with an adequate cover

design.
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MATERIAL AND METHODS

Common Chilean hake (Merluccius gayi, Guichenot 1848)

(Fig. 1) have been the subject of many exploratory, and

stock assessment surveys.

Most of the information and the material related to

the growth and selectivity analyses for hake were obtained

from two surveys focused on common hake together with

oceanographic, and hydroacustic aspects of hake

distribution and behavior. These surveys comprised the

Demersal Stock Assessment Project (Papudo 32° 30'S and

Chiloe 42° 00'S) (Fig. 2) conducted during 1981 by the

Fisheries Development Institute (IFOP), by appointment of

the Corporation for Production Development (Corporacion de

Fomento de la Produccion. Chile).

Size composition data from these surveys were

collected by personnel of the IFOP and were analyzed

separately. Results were included in Aguayo and Ojeda

(1984) together with annual size compositions for 1972-

1979 period.

For the sake of homogeneity the numerical computations

required for the estimation of parameters were made using

data generated by those surveys performed on board the B/I

"ITZUMI", a 40.59-m trawler. The crew of this research

vessel, operated by the Undersecretary of Fisheries,
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performed the first survey in June-August, and the second

one in October-November. The general area was divided

into three sub-areas on the basis of the life history of

hake and characteristics of the fishery.

Length measurements of 4,496 retained and non-retained

fishes were obtained in 26 covered codend experiments

using a six-paneled gear. Three tunnels were used,

having 80-, 100-, and 120-mm mesh size. The netting

material used was 210d/120 twine size polyetylene, and

covered with 210d/60 twine size nylon webbing, of 40-mm

mesh size. Dimensions and design characteristics are

shown in Appendix 1.

Total length was measured from the tip of the lower

jaw to the tip of the longest caudal fin rays with the

fish placed on its right side. Data were grouped by

centimeters ranging from 20 to 75 cm for both females and

males for each haul.

Catch in the codend and fine mesh cover were measured

and recorded separately by mesh size and sex to be

analyzed as different experiments. The range and length

frequencies in each particular tow varied widely, and to

use this method without adjustments it was necessary to

assume that random tow-to-tow differences can be equalized

by repetition. Each tow was standarized to 30 minutes of
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operational time to avoid additional variability from

differences in tow duration.

Size composition of the catch from both surveys was

obtained from 13,272 fish. Both saggital otoliths

and other information necessary for growth estimation were

collected from 2,325 fish. A total of 821 pairs of

otoliths were used for von Bertalanffy's growth parameter

estimation. Weight and length of 1,244 fish were also

measured and recorded.

The collection, mounting, and analysis of growth

characteristics of otoliths was performed by specialists

from the IFOP.

Otoliths were cleaned throughly and stored dry in

paper envelopes. In the laboratory they were hydrated

to near their initial condition. The time involved was

dependent of the size of the otolith to be examined. They

were cleared with glycerine or Xylol, and then sectioned

across the center of the nucleus in a transverse direction.

The left otolith was read in each case for

consistency. Otoliths were examined under a stereoscopic

microscope using direct light for measurements and for

nucleus identification. Reflected light on a dark

background was used to read growth rings on otolith cross

sections.
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Methodologically the length-weight relationship is

considered to be a power curve, and the application of

natural logarithms to both sides will convert this

relationship to a linear form (Paulik and Gales 1964):

In wi = in a + b (ln li) (10)

Parameters of the transformed function were estimated by

least squares regression since both length and weight are

subjected to natural variability (Ricker 1975). Data

were grouped by month and estimates were evaluated for

the total period of time.

Growth parameters were estimated using the Tomlinson

and Abramson (1961) procedure which is based on least

squares of a linear function, as follows:

y = A [1 - basel0 {-C(x+b))] (11)

Under the assumption of normality, Tomlinson and Abramson

(1961) found that the least squares produced estimates

equivalent to maximum likelihood estimates. They related

equation (11) to the form of the von Bertalanffy growth

in length with equal time interval between age groups:

It = Linf [ 1 - exp [-k (t to))] (12)

Estimates of the curve's parameters, fitted lengths,

sample mean lengths, variance-covariance matrix, standard
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error of estimate, and standard error of the parameter

estimates were obtained through the von Bertalanffy Growth

Curve II Program, BGCII (Abramson 1965). Data were

processed in a IBM 370/125 (UCV Computer Center) in a

modified FORTRAM IV version.

To evaluate the selectivity effect and for the sake of

simplicity, the experimental selective curve was assumed to

have the sigmoid form. The function was then linearized by

transforming the selection curve with logarithms. Since

the sampling variation was not the same for all

proportions, it was necessary to use weighting procedures

(Pope 1975).

Following Neter et al. (1983), and given that:

pi = retained proportion

the logit transformation of pi is then:

L = In [pi/(1 - pi)]

by inverse transformation:

pi = exp (Li)/[1 + exp(Li)]

and then

pi = exp (bo + bl xi)/[1 + exp (bo + bl xi)

which really means

yi = In [15/(1 - 11) = bo + bl xi

weights are

(13)

(14)

wi = ni pi (1 pi) (15)



where

ni = total number of fishes of length "i"th

caughts in that haul
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This procedure was choosen because is the most

efficient (Pope 1975), particularly when the point of

retention at 50% is important. This can be evaluated as

follows:

when D = 0.5

y* = bo + bl x- = 0

x" = bo / bl

the 95% confidence interval can be evaluated as follows:

bo/bl + 1.96 SE (- bo/bl)

and then

and

SE (- bo/bl) = [ (1/b12) Var bo + (bo/b12)2 Var bl -

2(bo/b13) Cov bo,bl ]1/2

A set of curves resulting from use of the different
mesh sizes was fitted by linear regression, where mesh

size is the dependent variable, and retention length at

50%, is the independent variable.

To estimate critical age, it was necessary to use

reliable estimates of instantaneous natural mortality rate

(Allen 1971; Ehrhardt 1974). Ehrhardt (ibid.) applied a

linearized relationship (Chapman and Robson 1960) to

exploratory catch data from an untouched portion of the
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hake stock. Values used were 0.45 for females (Var (M)

0.007), and 0.46 for males (Var (M) 0.0007).
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RESULTS

Selectivity

The data summary for the series of selective tows

(including additional experiments with a covered codend

with 60-mm mesh size (Klenner 1978), is presented in

Table 1. Detailed information on retained and escaped

fish for the whole series is presented in Appendix 2.

TABLE 1. Summary of data on mean length of female
and male Chilean hake captured in otter
trawls with codends of various mesh sizes
during 1981 off the coast of central Chile.

Mesh size
mm

Females Males
mean var(x) n mean var(x) n

60-mm
codend 29.90 182.07 748 32.52 34.15 1351
cover 26.55 14.31 136 27.19 21.65 233

80-mm
codend 37.13 47.05 871 36.49 32.16 756
cover 29.90 20.68 622 30.69 21.04 485

100-mm
codend 45.70 84.28 497 47.51 17.98 112
cover 33.06 59.52 482 34.57 87.27 83

120-mm
codend 50.78 92.69 242 49.07 6.22 75
cover 47.10 79.14 385 46.32 25.26 268

The selective effect is indicated by the regular

advance of retained mean lengths with the increasing mesh

size for both sexes. Slight anomalies appear between

females and males at 100-mm mesh size; these differences do



35

not alter the general selectivity effect. It may be argued

that females with mean a length of 45.70 + 0.81 cm (95%

confidence) have a wider shape which produces a retention

equivalent to that of males of a larger total length.

This difference is minimal at larger sizes.

The possibility of escape is limited to those fish

(like mature females) whose maximum girth is not larger

than the circumference of the mesh. At a similar length,

girth of males is surely less than that of females which

should increase their chances of escaping.

Selection curves for the three experimental groups

(and the addition experiment with 60-mm mesh size) were

established and linearized. The results are shown in

Table 2.

TABLE 2. Linear relationship of the selectivity
curves for Chilean hake for the
logistic model by experiments and sex.

Experiment regression R 2

60-mm
females SI = 4.92304 + 0.2266 cm 0.8057
males S'T = 4.23834 + 0.2006 cm 0.8481

80-mm
females 57' = 6.72940 + 0.2137 cm 0.9518
males SI = 6.33275 + 0.2027 cm 0.9330

100-mm
females SI = 5.67017 + 0.1426 cm 0.8818
males Y = -26.02670 + 0.5692 cm 0.8813

120-mm
females cr = - 8.35698 + 0.1559 cm 0.7216
males ii = -19.40280 + 0.3823 cm 0.8252



where
Y = In (11/1-D)
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The adjusted length estimation at the 50% point was

computed using the values of the parameters determined

through linearization together with their 95% confidence

interval. An output summary for each experiment is shown

in Appendix 3.

Estimates of lengths at the 50% point are presented

in Table 3.

The 50% point varies for both sexes from around 21.00

cm at a mesh size of 60-mm, to 53.59 cm for females and

50.76 cm for males at a mesh size of 120-mm. Confidence

intervals are greatest at larger mesh sizes due to the

lower catch achieved with larger meshes.

TABLE 3. Lengths by sex of Chilean hake at the 50%
point with their confidence intervals.

Experiments
by sex

Length at Confidence interval
50% point (cm) at 95 % (cm)

60-mm
females 21.72 20.59 ---- 22.86
males 21.13 19.69 22.57

80-mm
females 31.49 30.90 32.08
males 31.24 30.55 31.92

100-mm
females 39.77 38.57 40.97
males 45.72 44.46 46.99

120-mm
females 53.59 55.16 55.01
males 50.76 49.56 51.95
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Finally, calculations were made to linearize mesh size

as being dependent on the adjusted length at the 50% point.

These relationships are only valid for the experimental

range covered by the analyses (60-mm - 120-mm) assuming

that the linear relationship is valid.

for females:

y = 20.307721 + 1.901952 cm

for males

y = 20.090010 + 1.878669 cm

Growth and age

R2 = 0.987969

R2 = 0.970990

Five percent of the 821 selected pairs of otoliths

were considered to be unacceptable for age determinations.

The age frequency composition of the hake in the sample

for both females and males is presented in Table 4.

TABLE 4. Percent frequency by age of females and
male Chilean hake determined from counts
of annuli on otoliths.

Age Females Males Age Females Males
(years) (%) (%) (years) (%) (%)

I 3.46 2.68 VIII 10.86 8.04
II 3.95 4.56 IX 10.62 3.22

III 12.59 28.15 X 5.68 1.07
IV 14.07 16.09 XI 3.21 - --

V 10.37 15.55 XII 2.96
VI 7.90 11.53 XIII 1.74

VII 10.62 9.12 XIV 1.98
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The sample age structure for males was much more

regular than for females. This situation was also

reflected in the size composition for hake in the entire

survey and it was the main reason why female readings were

reviewed. The tabulated results of the sample age readings

for females is presented in Table 5.

The estimated growth parameters for females and their

respective standard errors (SE) in terms of the von

Bertalanffy growth model was adjusted by the BGCII program

(Abramson 1965), and was computed for one year increments

and continuous age groups; the results are as follows:

Asymptotic Coefficient Adjusted
length SE (k) SE age (to) SE

82.46 cm 0.138268 0.9794

3.05 0.012555 0.1812

The program also provided a projection of estimated

length together with observed average lengths, their

standard errors and the sample size for each age group

(Table 6).
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TABLE 5. Sample age readings from otoliths
of female Chilean hake.

Age Readings (length in cm)

AGE GROUP I.
14 15 15 15 17 17 18 18 19 20

AGE GROUP II.
26 27 31 28 29 31 24 26 26

AGE GROUP III.
35 38 38 35 36 37 37 35 35 35 36 38 38 39
35 35 36 36 36 36 37 37 38 37 35 36 36 36

AGE GROUP IV.
41 41 43 43 44 43 43 43 43 43 41 45 45
42 44 42 43 41 42 44 47 41 45 42 45 43

AGE GROUP V.
44 44 47 45 46 46 46 47 49 46
44 47 44 44 44 45 47 48 45

AGE GROUP VI.
52 49 49 49 49 49 49

AGE GROUP VII.
56 52 52 51 51 52 58

AGE GROUP VIII.
52 53 53 53 55 61 53 52 55
53 54 52 53 53 55 58 59 57

AGE GROUP IX.
58 61 65 69 74

AGE GROUP X.
67 67 67 64

AGE GROUP XI.
69 66 69 66

AGE GROUP XII.
69 69 73 74 74

AGE GROUP XIII.
74 76 69
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TABLE 6. Estimated and observed average length
by age groups for female Chilean hake
determined by counting annuli on
otoliths.

Age
(years)

Estimated
length
(cm)

Observed
mean length

(cm)

Standard
error

Sample
size

1 19.74 16.80 0.629 10
2 27.84 27.56 0.801 9

3 34.89 36.36 0.225 28
4 41.04 43.04 0.301 26
5 46.38 45.68 0.351 19
6 51.04 49.43 0.429 7

7 55.10 53.14 1.033 7

8 58.63 54.50 0.617 18
9 61.71 65.40 2.839 5

10 64.39 66.25 0.750 4

11 66.72 67.50 0.866 4

12 68.75 71.80 1.158 4

13 70.52 73.00 2.082 3

Age readings from otoliths of male Chilean hake

(Table 7) show a regular pattern with respect to the number

of individuals by age group, and a relatively small number

of age groups in the sample.
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TABLE 7. Sample age readings from otoliths
male Chilean hake.

of

Age Readings (length in cm)

AGE GROUP I.
21 12 14 15 15 15 17 17 21 19

AGE GROUP II.
22 23 32 29 29 30 28 31 32 21 22 24 24 25 30 29 21

AGE GROUP III.
33 35 36 36 39 34 35 32 35 38 35 36 33 33 34 36 39 40 35
39 39 32 33 35 35 34 34 34 36 36 36 36 37 37 38 29 31 32
32 32 33 33 33 33 33 33 33 33 34 34 34 34 34 34 34 35 35
35 35 36 36 36 35 39 39 30 31 32 34 34 35 35 35 36 36 37
35 36 36 38 31 34 37 38 29 32 33 34 34 35 35 35 36 36 32
35 40 36 32 35 33 37 32 35 34

AGE GROUP IV.
37 3839 39 39 40 40 41 41 35 37 37 37 38 41 42 37 38 41
40 33 37 37 39 39 39 39 41 41 37 41 41 35 37 38 39 39 41
38 40 42 39 40 38 39 40 36 37 37 38 40 40 41 34 43 42 44
34 34 37

AGE GROUP V.
40 44 38 38 40 41 37 39 42 43 42 42 41 42 43 44 44 45 47
42 42 44 36 38 38 40 40 41 41 43 44 45 41 42 43 41 42 47
42 45 41 42 41 39 40 41 41 41 43 44 44 44 37 37 39 44 42
41

AGE GROUP VI.
45 39 39 41 43 43 44 45 45 46 46 40 41 42 43 44 44 45 46
46 46 45 46 46 46 43 46 43 43 41 42 43 44 47 42 42 43 45
47 45 48 49 49

AGE GROUP VII.
43 44 44 44 46 47 44 45 48 48 44 46 46 46 46 46 47 47 47
47 46 43 44 48 50 47 48 42 44 48 46 48 50 47

AGE GROUP VIII.
55 47 47 47 48 48 49 49 49 47 48 48 49 50 50 50 46 49 49
49 49 48 52 45 46 47 48 51 51 48

AGE GROUP IX.
51 51 49 49 51 51 53 51 48 52 50 56

AGE GROUP X.
51 50 52 55



42

The adjusted parameters and their respective standar

errors according to the von Bertalanffy growth model for

males are as follows:

Asymptotic
length SE

Coefficient Adjusted
(k) SE age (to) SE

51.57 cm 0.322592 0.3285

0.65 0.017492 0.1089

The projection of the growth function to calculate

estimates of lengths, and the observed lengths with their

standard errors is presented in Table 8.

TABLE 8. Estimated and observed average length
by age group for male Chilean hake
determined by counting annuli on otoliths.

Age
(years)

Estimated
length
(cm)

Observed Standard
mean length error

(cm)

Sample
size

1 17.98 16.60 0.945 10
2 27.24 26.59 0.967 17
3 33.95 34.70 0.218 105
4 38.81 38.72 0.300 60
5 42.23 41.55 0.321 58
6 44.88 44.14 0.367 43
7 46.72 46.06 0.335 34
8 48.06 48.63 0.360 30
9 49.03 51.00 0.603 12

10 49.73 52.00 1.080 4

The weigth-length relationship for weights in grams

and total length in centimeters for both females and males



is as follows:

for females

for males

Wi = 0.008939503 L2'896°

R2 = 0.95675

variance = 0.01747

n = 750

Wi = 0.012685982 L2'7953

R2 = 0.96576

variance = 0.00798

n = 494
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The regression coefficients were tested to evaluate

isometry (Appendix 4), and both coefficients were

significant at the 5% level (P = 0.0005). Departure from

isometry was less than 7%, and this condition was used to

justify the estimation of critical age (Kutty and Qasim

1968).

The allometric growth function for weights can be

stated as a function of the relationship between weights

and lengths. The asymptotic weight for both sexes was

estimated from the corresponding weight of the asymptotic

length which was 3,167.77 g for females, and 776.23 g for

males. Other parameters remained the same.

The differences in growth parameters between females

and males is important. For instance the "k" constant of

the von Bertalanffy growth model is more than two times
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larger in males than in females, and the adjusted theorical

age at "lo" is almost a year earlier in females. Both

parameters are important in determining critical age.

The growth model in weight can be stated as follows:

for females (wt in grams)

wt = 3,167.77 [1 exp(- 0.1383 (t + 0.9794))] 2.8960

for males (wt in grms)

wt = 776.23 [1 exp {- 0.3230 (t + 0.3285))]2.7953

Critical age and optimum mesh size

Data were obtained to evaluate the critical age or the

time at which a cohort maximizes its weight. These values

were essential to estimate optimum mesh size by use of

equation (8). Results are summarized in Table 9, along

with 95% confidence intervals (Neter et al. 1983).

TABLE 9. Results of analyses of critical ages,
lengths and optimum mesh sizes for female
and male Chilean hake captured off central
Chile in 1981.

Sex
Critical

Age Length
(yr) (cm)

Optimum mesh
Size CI at 95%
(mm) (mm)

Female 5.70 49.74 114.20 + 3.42

Male 3.84 38.15 92.31 + 3.25
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The critical values for females and males differ

mainly because of the differences in growth. Natural

mortality and the final relationship between mesh size and

lengths at 50% points do not reflect major differences.

It could be argued that all the data could be pooled

into one combined sex approach. This is not advisable

because the best solution will be to consider sex

diferences in growth and mortality when mesh size is

related to fish length at the 50% point.
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DISCUSSION

The literature clearly reveals that drastic

alterations have occurred to the several factors which

determine the abundance of Chilean hake. This species has

been studied as comprising one stock, with a unique

migratory pattern, a common spawning ground (Balbontin and

Fisher 1981 ; Aviles et al. 1979), and a consistent

response to fishing effort (Aguayo et al. 1981).

The present period is characterized by a consensus on

a wide range of factors relevant to the existing problems

in the fishery. Some aspects were discussed in the

literature review, and it appears that the stock is a

declining to a new level of diminished abundance.

In 1968 the catch of 128,000 metric tons exceeded the

theoretical optimum catch by 80%, which triggered a decline

which is still noticeable. Apparently changes in some

pattern of behavior due to environmental and trophic

responses were also involved. Aguayo and Ojeda (1984)

observed a significant change in age structure from 1973 to

1983 which can be interpreted as caused by the combined

effect of an increased efficiency of the fleet and a

reduction in stock abundance.

The peak catch in 1968 was evidently associated with

a high value of instantaneous fishing mortality (F) which
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was not associated with an increment of fishing effort.

This fact suggests that severe changes were produced at the

level of catchability coefficient (q). Recent levels of

effort are much greater than those observed before 1980 and

are a response to the reduction in the overall catch per

unit of effort.

Abundance estimates, produced through different

procedures, confirm a 50% reduction in total biomass

(220,000 280,000 metric tons, Aguayo et al. 1981; Guzman

et al. 1981). This reduction should also affect the

spawning biomass and their contribution to reproduction.

It seems, in addition, that variations in upwelling on

both seasonal and interannual time scales, could also

affect the success of recruitment in the spawning area

located in Papudo (32° 30' S). Bailey et al. (1982)

suggest that the reduction of stock could, at the same

time, lower the quality of the spawned products if

offspring from smaller fish are less fit. The combined

effect of these two factors can seriously affect the

fishery (Fisher 1959; Bakum and Parrish 1982).

The probability of a fishery collapse would increase

if recruitment failure occurred in a succession of years in

a population with diminished year classes, as is the case

of the Chilean hake. At the present there are more year

classes in the fishery, but this is a side effect of the
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change in fishing strategy of the fleet which is now

working deeper and ranging further than 10 years ago.

Hypothetical questions could be raised to illuminate

some of the current approaches: What were the main causes

of the changes in hake abundance? What causes are in the

domain of the fishery? How should the situation be more

effectively managed?.

Apart from some extrinsic changes in the environmental

relations (untimed upwellings in spawning grounds [Bakum

and Parrish 1982], changes in trophic relationships with

other resources heavily fished [Aguayo and Ojeda 1984]),

it must be recognized that the problem was produced by an

unregulated fishery. In fact, the most serious impact

on the resource was produced by the fishery in 1968 in

total absence of any formal management system.

Drawing a practical conclusion from this logic to answer

our first question, it looks like fishing action was

the main cause for the reduction in hake abundance.

The situation is not always so straightforward. Fish

stocks do not always respond directly to fishing pressure

or it is not always easy to precisely determine that

fishing is the sole cause of a decline. Very often

biological equilibrium is altered, and several conflicting

situations are simultaneously triggered in nature (Alverson
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and Paulik 1973). Accordingly, this possibility was also

questioned in the Chilean hake fisheries.

Because we are dealing with an extremely dynamic

system showing oscillations and periodic fluctuations in

abundance that may exist naturally, the control of fishing

actions should be understood as the only variable that is

theoretically controllable in the fishery system.

This answer to our second question implies that in

most fisheries it is correct to assume that fishing actions

can be effectively controlled and managed.

The last question refers to the kind of considerations

necessary to pursue a definite course of action to assess

alternative ways of achieving goals and objectives. In the

case of the hake fishery, our objective refers to the

alleviation of fishing pressure on the hake resource within

the scope of national objectives and strategies.

The strategy adopted by Chilean fishery managers was

to produce a set of alternative ways to focus attention

on catch, with effort as an input. Despite the fact that

a rapid reduction in catch could be, to a certain extent,

extremely disruptive to the fishery, a catch quota

mechanism was studied and recently imposed. As a

framework, a decision was adopted to concentrate attention

only on catch as a controllable variable without any

attempt to regulate the amount of effort.
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Several analyses of the catch-per-unit-effort and its

relation to surplus production were made to get a general

understanding of the situation (Gulland 1970; Gulland and

Boerema 1973). This approach was useful as a first

attempt, but it soon became evident that it was not fully

suitable due to the underlaying assumptions of the

procedure (Boerema 1978; Troadec 1978).

Under the logistic form of the general stock

production model, recruitment which occurs at the

unexploitable level of population size should be equal to

that which occurs at the level of maximum sustainable

yield. This theoretical requirement was not consistent

with the problem situation, and its use could produce

substantial errors (Francis 1974). Nevertheless, this

procedure was applied and showed a significant change

during 1973-1981 with respect to 1962-1972 period.

A second decision was made to justify regulating, in

a direct way, the size of the fish caught. This type of

regulation was considered by managers to have an indirect

effect on the nature of fishing effort. Actually, the

fish size restrictions, via regulation of the minimum

mesh size of the gear, affect the nature (efficiency) of

fishing effort.

The objective of selecting a certain size of fish for

capture is to produce a convenient yield on a long-term
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basis, and to protect juvenile fish from capture to ensure

that sufficient offspring survive to maturity. This

approach was pursued by means of setting the size at first

capture (tc) to correspond to the optimum size for entering

year-class biomass.

The procedure described here is in the context of the

accounts of Jones (1984):

"In a situation where fishing effort is unregulated,
there is the possibility that effort may become so
high that there is a danger of a stock collapse, due
to a depleted spawning stock and a resultant
recruitment failure. If this danger exists, and it is
not practical to regulate fishing effort directly, an
increase in mesh size may be a useful alternative
means of conserving the spawning stock. A suitable
choice of mesh size should reduce the rate of capture
of juveniles, and make it more likely that an
individual will survive to the size of first maturity
and have an opportunity of spawning at least once."

The chosen procedure was considered to be a

complimentary regulation which was also affected by the

natural variations in recruitment. Jones (1984) reported

this as follows:

"In summary, a change of mesh size can usually be
regarded as beneficial if it causes catches, in the
long-term, to be greater than they otherwise would
have been. A mesh regulation does not necessarily
lead to an increase in the absolute level of catches,
however, since these will continue to be influenced
largely by natural variations in the level of
recruitment."

The relation between mesh size and fish length for the

Chilean hake was made for the entire range of mesh sizes
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tested. The results for females, in terms of length at the

50% point, shows that they are slightly longer than males

(80 mm vs 60 mm), however, for practical purposes they

are similar. The wider shape of the females produces a

slight distortion at 100-mm mesh size where females are

retained at a shorter total length in relation to males.

At 120-mm, this difference is reversed due to the males's

change in shape (Pavez 1981).
,,

Both relations are linear (r"'(females) 164.23 > 18.5;

**
and F (males) 66.94 > 18.5), and they are the same when

the Ho; bol = bo2, and bll = b22 was tested against Ha;

bol # bo2, and bll # b22. The F
**
(common) value was

0.059949 < 6.94 so the common linear relationship becomes:

Y = 20.23845 + 1.889149 long R2 = 0.978862

Regression variance (MSE) = 14.091752

This equation simplifies the decision in terms of

estimating the optimum mesh size.

Growth curves were estimated separately for males and

females from combined samples obtained during September-

October 1981. Growth curves were not calculated for

combined sexes because both weight-length relationships were

statistically different (F *(combined) 10.5230 > 4.61).
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Both relationships were allometric with a slight

departure from isometry (7%). Estimators are

similar to those used at the present by the Fisheries

Development Institute (Saetersdal and Villegas 1968b).

Growth parameters are different, however, from those

reported by Aguayo (1971) probably due to the fewer age

groups present in the fishery. The smaller number of age

groups during 1962-1972 compared to those present in 1973-

1983 could be an effect of the different fleet strategy

which recently has become more concentrated. Aguayo and

Ojeda (in press) reported growth parameters that are

lightly different from those in this research due probably

to the method of adjustment employed (Allen's trial and

error method).

Careful attention should be given to those animals

of older age that are now more frequently sampled from

commercial hauls.

This research determined the time (age) in years at

which a cohort maximizes its weight and when the average

individuals reach their critical age (t
*

). A constant

instantaneous natural mortality rate (M) was assumed, and

if the growth pattern of hake follow the von Bertalanffy

growth curve, the critical age for females would be 5.70

years (49.74 cm), and for males would be 3.84 years

(38.15 cm). These lengths are larger than recruitment
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length to the spawning grounds (28 - 35 cm for females and

27 34 cm for males) according to Saetersdal and Villegas

(1968).

The corresponding mesh sizes are 114.20 mm for

females, and 92.31 mm for males. Given that the

preliminary mesh size restriction considered was 100-mm,

this mesh would retain females at a shorter length of

capture (42.22 cm or 4.21 years of age) than the critical

length of 49.74 cm, and would retain males at a longer

length of capture (42.22 cm, or 4.96 years of age) than

their critical length of 38.15 cm. A similar effect would

be produced in females if optimum mesh size for males was

adopted (92.31 mm). Conversely, if the optimum length for

females was imposed it would produce a length for males at

the 50% point which is longer (49.74 cm, or 9.39 years of

age) than the optimum. This could result in a minimum

retention of males, and the fishery will be focused

primarily on females.

In order to minimize further complications in

selecting the optimum mesh size, it was convenient to

treat the problem as a combined sex fishery. In order to

expedite the enforcement of a mesh size restriction, it

was convenient to adopt a non-fractional mesh size.

Thus, a good criteria was to set a mesh size such that

the departure from their respective age optima was
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minimal. I recommend that 110 mm of internal mesh size

(between opposite knots) be adopted as the optimum mesh

size for the common Chilean hake fishery.

Certainly mesh size regulations alone will not

guarantee conservation. Effective enforcement is usually

decisive in the success of any regulation; and in the case

of regulating by mesh size, enforcement depends strongly on

the cost and technical demands of monitoring the selective

gear, and in the control of mesh size on board fishing

boats.

Apart from the control of such regulation, which is a

problem to be solved by managers and enforcement agencies,

special consideration should be given to the implications

of the recommended mesh size. In the short term, the catch

will be reduced because the fraction of fish that is now

retained with 90-mm mesh will escape through the larger

mesh. Eventually, the fraction of unretained fish will

grow and increase the spawning fraction which theoretically

will increase recruitment.

The fish will again be part of the vulnerable fraction

of the population but at a larger length. There is the

possibility that, for a given cohort, the gain in weight

due to the additional growth will be greater than the loss

due to natural mortality and result in an increased yield

in weight to the fishery in the long term.
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Other considerations refer to the adopted criteria to

estimate the critical optimum size of the fish. Increments

or decrements in recruitment, if neither natural mortality

nor growth parameters change, should not affect the

critical age of a cohort.

It is possible that each cohort (or year class) will

have had differences in recruitment which will produce

differences in abundance of age groups. Whatever the

abundance, the fish will be vulnerable only when they

are within the selective range of the gear, and

theoretically they will be retained at 42.22 cm

(knife edge).

The fraction of the cohort that is not caught

due to the increased mesh size, as was said before, will

increase the spawning fraction. As a short-term effect

this should increase the average length of the spawners.

The new spawning fraction will be produced by better and

more fitted fish which should increase spawning success,

and should increase survival of the progeny.

Usually it is impossible to directly demonstrate the

benefical effects of the use of an optimum mesh size.

Natural environmental fluctuations, and variations in the

relation between the resource and its fisheries will tend

to distort any possible evaluative analysis.
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Further analyses should be made in the short-term

to get a description of the selective pattern of

demersal otter trawls with 110 mm of mesh size in their

tunnels and codend. Special attention should be given

to possible variations in the length at the 50% point

produced by variations in hauling time, locations, seasons,

netting materials, etc. Also to improve the acceptance

of such regulation, an intensive analysis should be made

of the transitional phase in order to evaluate the

transitional pattern and to estimate the lag effect.

There are a number of difficulties associated with

mesh size regulations and their effect upon catch. In

addition a regulation does not exist which could be

considered as optimal or the best for all fishing

situations.

It seems to me that mesh size regulation is one of

several alternatives which in the case of the common

Chilean hake seems to be most appropiate to protect the

spawning stock.
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CONCLUSIONS

Concerning the results of this research, it is

possible to make the following recommendations and

conclusions:

1. The optimum mesh size for the gears to be used in

the common Chilean hake fisheries should be no smaller

than 110 mm (between opposite knots). This mesh size will

select the fish at a length of 42.22 cm (at the 50% point)

which corresponds to 4.21 years of age in females, and 4.96

years in males.

2. The relationship between mesh size and length of

fish at capture at the 50% point is linear and described

as follows:

Y = 20.23845 + 1.889149 cm (50%)

3. The growth function used in the present research,

assuming that the von Bertalanffy procedure is adequate,

can be stated as follows:

- for females

lt(cm) = 82.46 [1 - exp(-0.1382(t+0.9794))]

and

2.8960wt(gr) = 3,167.77 [1 exp(-0.1382(t+0.9794))]
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for males

and

lt(cm) = 51.57 [1 - exp{-0.3230(t+0.3285)}]

wt(gr) = 776.23 [1 exp{-0.3230(t+0.3285))]27953

4. The critical age for females was estimated to be

5.70 years (49.74 cm), and the corresponding critical age

for males was estimated to be 3.84 years (38.15 cm).
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Appendix 1. Otter trawl gear used in the Demersal Stock
Assessment Project (Papudo to Chiloe).

a. Six-paneled otter trawl gear with
lines in meters and webbing in meshes.
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b. Tunnels, codends and covers of otter trawl
gear described in this thesis.
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Appendix 2. Summary of results from selectivity
experiments on chilean hake by mesh size, sex,
date, and type of gear.

1. Mesh size : 60-mm
Experiments : September - October, 1979
Type of gear : two panels trawl

length

FEMALES

Rj nj

MALES

Rj nj

20 2 9 1 8

21 5 19 5 17

22 15 47 16 38
23 29 59 24 42
24 46 74 30 48

25 65 92 36 53

26 85 108 60 82

27 133 155 78 93
28 166 192 92 112

29 130 157 102 120

30 144 164 106 119

31 108 120 118 126

32 104 115 106 117
33 69 78 67 76

34 48 52 68 72

35 41 46 63 66

36 41 44 62 67

37 37 39 48 52

38 27 27 48 50

39 38 38 37 40

40 28 28 33 34

41 35 35 31 32

42 22 22 29 29

43 30 30 20 20
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2. Mesh size 80-mm
Experiments September October, 1981:

Type of gear : six panels trawl

FEMALES MALES

length Rj nj Rj nj

20 1

21 1 6 3

22 7 7

23 25 1 8

24 2 41 1 19

25 4 35 3 30

26 10 46 10 38
27 20 61 12 47

28 26 77 25 65

29 34 99 28 73

30 41 96 32 76

31 46 94 42 80
32 53 94 48 79

33 63 108 44 72

34 58 88 50 82
35 50 72 57 79

36 51 69 48 67
37 54 74 44 65

38 37 48 47 57

39 36 44 47 58
40 38 46 37 45
41 38 43 31 35
42 31 35 29 31

43 28 29 31 34

44 24 24 19 20

45 22 22 17 17

46 18 18 14 14
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3. Mesh size : 100-mm
Experiments : September October, 1981
Type of gear : six panels trawl

length

FEMALES

Rj nj

MALES

Rj nj

18
19

2

3

20 12 2

21 1 19 3

22 2 18 3

23 2 16 2

24 1 17 2

25 3 13 4

26 4 13 5

27 1 8 1

28 3 20 2

29 4 17 1 4

30 6 27 6

31 12 33 1 4

32 12 53 1 4

33 13 63 4

34 20 64 6

35 11 33 2 4

36 13 38 4

37 16 31 1

38 10 27 2

39 7 18 1

40 4 12 1 --
41 11 17 2 2

42 7

43 6 12 3 4

44 15 19 3 4

45 8 16 7 12

46 22 30 7 12

47 24 34 13 17

48 21 23 20 26

49 25 33 26 30

50 31 39 6 6

51 34 41 10 11

52 36 37 4 5

53 20 21 2 2

54 15 2 2

55 21 1 2 2
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4. Mesh size : 120-mm
Experiments : September October, 1981
Type of gear : six panels trawl

length

FEMALES

Rj nj

MALES

Rj nj

33
34
35
36
37
38
39

2 6

5

5

3

2

5

40 2 1 7

41 2 4 10

42 1 8 2

43 2 4 2 16

44 3 8 13

45 4 24 1 16

46 2 17 4 31

47 14 32 10 37

48 9 23 10 42

49 8 44 10 42

50 14 57 17 36

51 22 52 12 37

52 22 55 5 17

53 25 48 2 7

54 24 45 1

55 16 33 2

56 10 18 2

57 15 24 1 1

58 9 16

59 12 14

60 8 13

61 4 4

62 6 7

63 2 2

64 4 4

65 1 1
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Appendix 3. Results of logarithmic linearization of the
selection curves, from SIPS Version 52.

1. Mesh size
Experiment
Sex

where,

inverse

av table

: 60-mm
: September October, 1979
Females

Y = 4.92304 + 0.226618 Length (cm)

Y = In (p/l-p)

CONSTANT , CONSTANT = 0.281052
X , CONSTANT = -0.100258E-01
X , X = 0.363879E-03

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 17 175.1750 10.3044
REGRESSION 1 141.1340 141.1340
RESIDUAL 16 34.0406 2.1275

R2 = 0.8057

t-values

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 0.77327 -6.367 .0000
X 0.27824E-01 8.145 .0000
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2. Mesh size
Experiment
Sex

where,

inverse

av table

: 60-mm
: September - October, 1979
: Males

Y = 4.23834 + 0.200558 Length (cm)

Y = In (p/1 -p)

CONSTANT , CONSTANT = 0.246939
X , CONSTANT = -0.848622E-02
X , X = 0.298939E-03

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 21 158.6450 7.55455
REGRESSION 1 134.5540 134.55400
RESIDUAL 20 24.0911 1.20456

R2 = 0.8481

t-values

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 0.54539 -7.771 .0000
X 0.18976E-01 10.569 .0000
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3. Mesh size
Experiment
Sex

where,

inverse

av table

: 80-mm
: September October, 1981
Females

Y = - 6.72940 + 0.213701 Length (cm)

Y = In (p/l-p)

CONSTANT , CONSTANT = 0.257118
X , CONSTANT = -0.780559E-02
X , X = 0.240616E-03

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 19 199.40300 10.49490
REGRESSION 1 189.79700 189.79700
RESIDUAL 18 9.60569 0.53365

R2 = 0.9518

t-values

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 0.37042 -18.167 .0000
X 0.11332E-01 18.859 .0000
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4. Mesh size
Experiment
Sex

where,

inverse

av table

: 80-mm
: September - October, 1981
: Males

Y = 6.33275 + 0.202740 Length (cm)

Y = In (p/1-0

CONSTANT , CONSTANT = 0.263642
X , CONSTANT = -0.790568E-02
X , X = 0.241118E-03

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 21 182.71100 8.70051
REGRESSION 1 170.47100 170.47100
RESIDUAL 20 12.23940 0.61197

R2 = 0.9330

t-values

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 0.40167 -15.766 .0000
X 0.12147E-01 16.690 .0000
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5. Mesh size
Experiment
Sex

where,

inverse

av table

: 100-mm
: September - October, 1981
Females

Y = 5.67017 + 0.142575 Length (cm)

Y = In (p/l-p)

CONSTANT , CONSTANT = 0.182288
X , CONSTANT = -0.457292E-02
X , X = 0.119518E-03

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 29 192.86900 6.65065
REGRESSION 1 170.08100 170.08100
RESIDUAL 28 22.78810 .81386

R2 = 0.8818

t-values

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 0.38517 -14.721 .0000
X 0.98626E-02 14.456 .0000
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6. Mesh size
Experiment
Sex

where,

inverse

av table

: 100-mm
: September October, 1981
: Males

Y = 26.02670 + 0.569226 Length (cm)

Y = In (p/1-0

CONSTANT , CONSTANT = 49.103700
X , CONSTANT = -1.0315700
X , X = 0.216992E-01

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 5 16.94290 3.38859
REGRESSION 1 14.93230 14.93230
RESIDUAL 4 2.01065 .50266

R
2

= 0.8813

t-values

VARIABLE S.E. OF REGR. COEF T

CONSTANT 4.96820 5.239 .0063
X 0.10440 5 450 .0055
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7. Mesh size
Experiment
Sex

where,

inverse

av table

: 120-mm
: September October, 1981
Females

Y = 8.35698 + 0.155956 Length (cm)

Y = In (p/1-p)

CONSTANT , CONSTANT = 2.156240
X , CONSTANT = -0.414107E-01
X , X = 0.799140E-03

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 14
REGRESSION 1

RESIDUAL 13

t-values

42.17870
30.43550
11.74320

R
2

= 0.7216

3.01276
30.43550

.90332

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 1.39560 - 5.988 .0000
X 0.26868E-01 5.805 .0001
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8. Mesh size
Experiment
Sex

where,

inverse

av table

: 120-mm
: September October, 1981
Males

Y = 19.40280 + 0.382276 Length (cm)

Y = In (p/1 -p)

CONSTANT , CONSTANT = 18.577100
X , CONSTANT = 0.380612
X , X = 0.780778E-02

ANALYSIS OF VARIANCE TABLE
SOURCE DF SUM OF SQUARES MEAN SQUARE

TOTAL 7 22.68070 3.24009
REGRESSION 1 18.71650 18.71650
RESIDUAL 6 3.96411 .66068

R2 = 0.8252

t-values

VARIABLE S.E. OF REGR. COEF T P

CONSTANT 3.50340 5.538 .0015
X 0.71823E-01 5.322 .0018
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Appendix 4. a. Weight-length relationship for females Chilean
hake and tests of isometry.

b

a. model wi = a length

where: a = coefficient of proportion
b = regression coefficient

c. linearization

c. sums squares

ln(weight) = In (a) + b ln(length)

SUM [ ln(length)] = 2,841.90394
2

SUM [ ln(length)] = 10,803.02216

SUM [ ln(weight)] = 4,692.27743
2

SUM [ ln(weight)] = 29,658.74450

SUMPROD = 17,879.81339

SAMPLE SIZE = 750

d. corrected sums squares

SUM (xy) = 99.81110
2

SUM (x ) = 34.464820
2

SUM (y ) = 302.12119

MEAN dependent = 6.256369907

MEAN independent = 3.789205253

e. parameters of the weight-length relationship

a = 0.008939503
b = 2.896028166
2

R = 0.956754431
2

S y/x = 0.017467116
2

S bl = 0.000506810

where:
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2

S y/x = transformed regression variance
2

S bl = variance of the slope

f. Hypothesis testing for isometry (b'=3)

Hypothesis
Ho ;

H1 ;

bl = 3
bl 3

Test statistic
t = b'- bl / S bl

Decision rule
for 0.05% of significance and 748 d.f.
reject if t > 1.960

Result
t = 0.103971834/0.022512441 = 4.6184

Conclusion
Ho is rejected at 0.05%

b. Weight-length relationship for males Chilean
hake and tests of isometry.

b

a. model wi = a length

where: a = coefficient of proportion
b = regression coefficient

c. linearization
ln(weight) = In (a) +

c. sums squares

SUM [in(length)] =

b ln(length)

1,829.80704
2

SUM [ln(length)] = 6,791.891070

SUM [1n(weight)] = 2,957.43982
2

SUM [1n(weight)] = 17,820.01756

SUMPROD = 10,994.15466

SAMPLE SIZE = 494
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d. corrected sums squares

SUM (xy) = 39.61174
2

SUM (x ) = 14.170819
2

SUM (y ) = 114.65260

MEAN dependent = 5.9867202834

MEAN independent = 3.704062834

e. parameters of the weight-length relationship

where:

a = 0.012685982
b = 2.795303504
2

R = 0.965759482
2

S y/x = 0.007979196
2

S bl = 0.000563072

2

S y/x = transformed regression variance
2

S bl = variance of the slope

f. Hypothesis testing for isometry (b'=3)

- Hypothesis
Ho ;

H1 ;

bl . 3
bl # 3

Test statistic
t = b'- bl / S bl

Decision rule
for 0.05% of significance and 492 d.f.
reject if t > 1.960

- Result
t = 0.204696496/0.023729138 = 8.6264

Conclusion
Ho is rejected at 0.05%


