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ABSTRACT 
Extensive studies of biology and life cycle, and the 

application of some stock-assessment techniques to South 
African chokka squid (Loligo vukaris vcyuaudii) have con- 
tributed toward formulating management approaches for 
the species. Efforts to clarify the systematics preceded 
the biological, behavioral, population dynamics, life- 
cycle, and ecological studies. Management measures have 
progressed from simple ones designed to order the fish- 
ery and control effort, to a more structured approach 
that uses a closed season as the main management tool. 
Recent modeling studies have indicated that the stocks 
are nevertheless under pressure, at a time when there 
is a political imperative to allow new entrants into the 
fishery. There is consequently a need to introduce new 
methods of management (while maintaining effort con- 
trol as opposed to catch control), which may ultimately 
lead to the introduction of an operational management 
procedure. 

INTRODUCTION 
This paper reviews the progress that has been made 

in South Africa since the early 1980s in understanding 
the biology and life cycle of chokka squid (Loligo vul- 
garis reynaudiz]. It describes how this knowledge has been 
combined with various stock-assessment techniques to 
develop a management approach for a species that is one 
of a group considered to be very difficult to manage 
effectively (Pierce and Guerra 1994). 

Until the mid-1980s chokka squid was taken almost 
exclusively as a bycatch of the demersal trawl fishery. 
A small-boat, entrepreneurial, handline jigging fishery 
was established in 1985 (Augustyn 1986). I t  grew 
explosively, but was soon brought under licensed con- 
trol. Today the chokka squid jigging fishery is based on 
a relatively small (mean catch: about 6,000 metric tons), 
but valuable resource (close to R 104 million, or $22 
million; Cochrane et al. 1997) which is exploited 
entirely in South African waters. Catches have fluctu- 
ated between approximately 2,700 and 1 1,000 t per year 
(fig. 1). 

FISHERIES BIOLOGY OF CHOKKA SQUID 
Extensive research has been conducted on chokka 

squid, mostly since the early 1980s. The following as- 
pects have been investigated. . 
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Morphological and biochemical systematics (Augustyn 
and Grant 1988; Vecchione and Lipinski 1995) 
Embryological and larval development (Vecchione 
and Lipinski 1995; Blackburn et al., in press) 
Ageing methods and physiology of statolith deposi- 
tion (Lipinski 1991, 1993; Lipinski and Durholtz 
1994, 1996; Durholtz et al. 1995, 1997; Gerneke et 
al. 1995; Durholtz and Lipinski 1997; Lipinski et al. 
1997; Lipinski, Durholtz, and Underhill, in press) 
Trophic relationships and feeding behavior, feeding 
physiology (Lipinski 1987, 1990, 1992; Lipinski 
and David 1990; Sauer and Lipinski 1991; Smale et 
al. 1995) 
Direct stock-assessment methods, including trawl and 
hydroacoustic surveys (Hatanaka et al. 1983; Uozumi 
et al. 1984, 1985; Wallace et al. 1984; Augustyn et al. 
1993; Lipinski, Hampton, et al.. in press) 
Stock-assessment modeling and methods (Augustyn 
et al. 1993; Roe1 et al., in press) 
Management (Augustyn 1986; Lipinslu 1990; Augustyn 
et al. 1992, 1994; Sauer 1995a, b) 
Reproductive histology and fecundity (Badenhorst 
1974; Sauer and Lipinski 1990; Peredo et al. 1996; 
Melo and Sauer 1997, in press) 
Reproductive biology and spawning and schooling 
behavior (Lipinski 1979; Augustyn 1990; Sauer et 
al. 1992; Sauer and Smale 1993; Hanlon et al. 1994; 
Sauer, Roberts, et al. 1997) 
Migration (Sauer et al. 1994; O’Dor, Andrade, et al. 
1996; O’Dor, Webber, et al. 1996) 
Short- and long-term environmental effects on avail- 
ability and spawning (Sauer et al. 1991; Roberts and 
Sauer 1994; Roberts et al. 1996; Roberts, in press) 
Population dynamics and life-cycle studies (Augustyn 
1989, 1991; Sauer 1991, 1993; Sauer et al. 1993; 
Augustyn et al. 1994; Lipinski 1994; Booth et al. 
1997; Sauer, Augustyn, and Roberts 1997) 
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Figure 1. Annual catches of South African chokka squid (Loligo vulgaris reynaudii) in three sectors, from the inception of the fishery in 1985 to 1997. 

Systematics 
Several years before the jigging fishery developed, Sea 

Fisheries Research Institute (SFRI) recognized that 
chokka squid was a potential new resource. A fisheries 
biological research project was launched in the early 
1980s. Investigating the systematics became a priority 
because it was realized that, if a fishery were to be es- 
tablished and properly managed, the stock distribution 
would have to be delimited and its systematic relation- 
ship with its European and West African counterpart, 
L. vulgaris, established. From a study in which morpho- 
logical measurements, meristic counts, and protein gel 
electrophoresis were used, it was determined that the 
South African species was a distinct and isolated one and 
that genetic differences were at the subspecific, rather 
than specific level. O n  that basis, the two species were 
renamed L. vulgaris vulgaris and L. vulgaris reynaudii 
(Augustyn and Grant 1988). 

Biological Studies 
Initially the trawler bycatch was sampled to collect 

basic biological information in an attempt to understand 
development, growth, population structure, maturation 
cycle, and ecology. Later, the spawning grounds in bays 
along the southern coast of South Africa were investi- 
gated (Augustyn 1989). The main spawning sites were 
then thought to be located in False Bay, near Cape Town. 
In the early 1980s, the distribution and relative abun- 
dance, as well as basic biology and ecology were directly 
studied for the first time on the shelf, during three joint 
Japanese-South African surveys of the South Coast Shelf 
(Hatanaka et al. 1983; Uozumi et al. 1984, 1985). These 
were soon followed with regular stratified random sam- 
pling surveys by a new South African research vessel. 
The surveys encompassed the whole coast and estab- 

lished an index of abundance (Augustyn 1989, 1991). 
The distribution of mature animals and different size 
classes indicated that the main spawning areas were lo- 
cated farther east than had earlier been suspected. Even- 
tually these surveys made it possible to draw a more 
complete picture of the life cycle, including aspects such 
as deepwater spawning and larval distribution. 

With the onset of a directed jigging fishery on chokka 
squid, the focus of the research shifted to the southeast 
coast, because it was realized that the major spawning 
grounds were located there. Research based on scuba 
diving clarified the understanding of chokka squid’s mat- 
ing and spawning behavior and of its seasonality and 
probable life cycle (Augustyn 1990; Sauer 1991). At 
the same time, the first steps were taken toward using 
statolith daily growth rings to determine the age of squid 
and the basis of ring deposition in statoliths (Lipihski 
and Durholtz 1994, 3 996). 

In the late 1980s a Squid Workmg Group at the SFRI 
in Cape Town was established, and cooperation with the 
squid industry began to lend new impetus to the re- 
search. New work, includmg migration and tagging stud- 
ies (Sauer et al. 1994), acoustic studes, and more advanced 
behavioral studies using acoustic tags (Sauer, Roberts, et 
al. 1997), as well as a comprehensive environmental re- 
search project made further contributions to under- 
standing the population dynamics of chokka squid. 

Our current understanding of the life cycle of this 
squid is summarized by the diagram in figure 2. The 
species is relatively short-lived, apparently not exceed- 
ing a life span of 18 months. The population is usually 
made up of at least two, sometimes three, major cohorts. 
Spawning usually peaks in spring and early summer, with 
a variable smaller peak in autumn or winter (Augustyn 
1989, 1990; Sauer 1991). A large part of the population 
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Conceptual diagram of the life cycle of chokka squid (Lollgo vulgaris reynaud!!) in its main area of distribution off the south coast of South Africa 

migrates in waves as mature animals to the southeast 
coast, where most spawn in the shallow (2G50 m) spawn- 
ing grounds (Augustyn 1989, 1990; Sauer 1991). These 
variations are reflected in the catches, as shown in fig- 
ure 3. Availability on the spawning grounds appears to 
be linked to cool, clear, upwelled water, a seasonal fea- 
ture at the capes on the southeast coast, which results 
from easterly wind forcing (Sauer et al. 1991). When 
waters are warmer than about 21°C or become turbid, 
the squid tend to spawn in deeper water, often deeper 
than 100 m. The squid are then less available to the fish- 
ery, and different fishing techniques are applied. 

Behavioral studies in maintenance experiments in the 
laboratory, and scuba diving have established that visual 
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Figure 3. 
tions, reflecting changes in availability on the spawning grounds. 

Monthly chokka squid (Loligo vulgaris reynaudh) jig catch varia- 

signaling with distinct body patterns plays an integral role 
in spawning and other behavior (see fig. 4), and it is thought 
that turbid conditions interfere with this behavior. 

Different types of shoaling behavior have been iden- 
tified on the spawning grounds. Spawning squid often 
form mushroom-shaped aggregations (Sauer et al. 1992). 
The structure of these aggregations and the movement 
around them has been elucidated by acoustic tagging 
studies (Sauer, Roberts, et al. 1997). Several other types 
of aggregations have also been observed and are char- 
acterized by typical echo-sounder trace types (Sauer et 
al. 1991). 

Tagging with "spaghetti" tags has also made it pos- 
sible to plot longshore movements of squid. Distances 
of up to 200 km have been measured between tagging 
and recapture positions, and a generally eastward direc- 
tion of migration has been established (Sauer et al. 1994). 

Lipinski, Hampton, et al. (in press) have studied the 
stability of individual spawning shoals through tag-and- 
release experiments. By comparing several biological 
parameters, Lipihski (1994) investigated the selectivity of 
various fishing methods-i.e., jigging, midwater trawl- 
ing, and purse-seining. Assuming that purse-seining 
provided the most representative sample of the squid 
school targeted, jigging proved to be highly selective of 
large males. No females were caught by this method, 
whereas the purse-seining ratio of males to females was 
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Figure 4. Male chokka squid fin and mantle patterns as observed on the 
spawning grounds (after Sauer and Smale 1993). a, Lateral mantle streaks; 
b, all dark; c, fin spots; d, dark fin edges; e, dorsal stripe; f, ring pattern. 

2.52 to 1. Commercial jig catches do not, therefore, 
represent the population, and neither do jigged, or to a 
lesser extent, midwater-trawled research catches. These 
conclusions obviously have important consequences for 
stock-assessment methods based on commercial catch 
data or on research catches. 

Acoustic tracking studies have been carried out by 
Sauer, Roberts, et al. (1997). Squid were tagged (inside 
the mantle cavity) with acoustic transponders, the sig- 
nals of which are detected by transducers on a grid 
of four buoys. The data are radio-beamed ashore to a 
second receiver linked to a computer which calculates 
three-dimensional tracks of up to eight squid at a time. 
The study elucidated movements of male, female, and 
“sneaker” males. They showed that the squid tend to 
move off the egg beds at night to feed in the vicinity 
and that mating mainly takes place during daylight. 
These studies support the acquisition of baseline data on 
population dynamics, which are influenced by repro- 

ductive behavior. The study emphasized that manage- 
ment strategies should be aimed at avoiding breakdown 
of these critical spawning aggregations. Recruitment 
could, for instance, be adversely affected by increases in 
the alternative tactic of mating arid spawning offshore, 
where development temperatures and success may be 
lower. Studies of hatching success at various tempera- 
tures can therefore also be justified in terms of manage- 
ment advantages. 

More recently, a system is being developed to remotely 
monitor the behavior of squid in relation to environ- 
mental parameters by setting up a video camera system 
linked to a solar-powered surface buoy (fig. 5) which 
beams the video and environmental data back to shore 
where it can be stored and later analyzed (Roberts, in 
press). This work should contribute to understanding 
the effects of rapid temperature and turbidity and cur- 
rent regime changes on squid availability and behavior. 

STOCK ASSESSMENT AND MANAGEMENT 

Introduction 
Very few squid fisheries around the world are sub- 

ject to rigorous standard stock-assessment or operational 
management procedures. This can probably be ascribed 
largely to the fact that squid are typically annual species 
with highly variable stock-recruitment relationships and 
consequently volatde stock levels (Pierce and Guerra 1994). 
In upwelling systems such as the southern Benguela and 
the extremely variable south coast of South Africa, the 
center of the local chokka squid fishery, food availabil- 
ity and survival in the nursery areas are critical to sur- 
vival and growth, and predicting recruitment is fraught 
with difficulties. At the same time, many species aggre- 
gate strongly and migrate freely, so the use of catch per 
unit of effort (CPUE) indices (the basis of most popu- 
lation modeling) must take these characteristics into 
account. O n  the practical side, data from the fishery 
are often inaccurate or missing. 

In the following sections we review the South African 
approach to stock assessment and management, which 
has been modified and adapted as more knowledge has 
been gained. Over a period of slightly more than a decade, 
we have moved from a situation of very limited knowl- 
edge and expertise into one based on improving knowl- 
edge. Higher complexity and more limited resources in 
terms of surveying and manpower have forced us to take 
compensatory pragmatic measures. Future options are 
also touched on briefly. 

Direct Estimates of Biomass 
Direct population estimation before the start of or 

during the main fishing season, such as hydroacoustic, 
stratified random sampling, or egg production surveys 
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Figure 5. Testing a solar-powered buoy, used to power underwater video equipment that constantly monitors the behavior of chokka squid in the vicinity of egg 
clusters in response to changes in environmental variables, in South Africa. Photograph reproduced with the permission of Mike Roberts of Sea Fisheries 
Research Institute. South Africa. 

have been used or considered in South Africa (Augustyn 
et al. 1993). Hydroacoustic methods have not yet been 
fully developed, and some difficult scientific obstacles 
still have to be overcome (e.g., how to detect squid when 
not in large schools). On  the other hand, there have been 
recent successes in directly estimating target strength by 
using split-bean1 echo sounders to measure caged squid 
(M. Soule, pers. comm.). 

Stratified random sampling surveys, primarily designed 
to estimate hake biomass, are currently carried out on 
the South African south coast in spring and autumn. 
These surveys also provide estimates of squid biomass, 
which are useful in determining shelf biomass trends. 
The surveys do not, however, give an estimate of absolute 
biomass, because they do not cover the entire area of 
distribution and because only squid swimming close to 
the bottom will be caught by the trawl. The proportion 
missed by the trawl is not known (Augustyn 1992; 
Augustyn et al. 1993; Roel, unpubl. data). Additional, 
dedicated squid surveys would be too expensive in terms 
of vessel time and manpower required, so alternatives for 
estimating the biomass of the resource are needed. 

Practical Management Measures 
Since the chokka squid jigging fishery in South Africa 

began in the mid- 1 %Os, various management measures 

have been introduced (Augustyn et al. 1992). These have 
generally taken cognizance of the biology of chokka 
squid, but they have also been based on pragmatic de- 
cisions made in the absence of good information about 
the level of squid stocks. An early debate about effort 
control versus catch control (in about 1989) resulted in 
the adoption of effort control. The main arguments then 
were that there was no time series of any length from 
which to determine trends, and that the life cycle was 
too short to predict and capitalize on good year classes. 
A total allowable catch (TAC) could not be set with 
any confidence, given the absence of a proven survey 
method. Further, if effort could be kept under control, 
the fishery would largely ride the good years and sur- 
vive the poor years. 

The first steps to limit effort had, in fact, already 
been taken a few years earlier, when the developing 
fishery threatened to spiral out of control. In 1985-86, 
the fishery was developing explosively as a market was 
discovered in Europe, and a favorable exchange rate 
made exports very lucrative. Rapidly declining product 
quality threatened the market (due to poor handling 
and freezing practices), and there were even reports of 
dumping. It was realized that we were dealing with a 
valuable resource that had to be used sustainably and 
managed properly. 
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Initial actions were ainied at limiting the hordes of 
recreational fishermen and favoring the bona fide com- 
mercial and semicommercial line fishermen who had 
developed a catch record over the first two years of the 
fishery. Those who could demonstrate that they had ex- 
ceeded the threshold catch levels for each class of vessel 
were given chokka permits. This resulted in a reduction 
from more than 500 boats to about 235, of which about 
70 were limited to specific areas where they were given 
rights to catch for bait purposes only A three-year mora- 
torium on the selling of permits was instituted to pre- 
vent short-term profiteering. A public bag limit was set 
in 1986 (20 squid/person/day). Later, the unit of effort 
in the fishery became men, and the number of men for 
each vessel was fixed. 

Limitations on vessel size and fishing methods were 
also considered but discarded, on the grounds that they 
would lead to inefficient harvesting and therefore in- 
troduce economic distortions. Purse-seining was, how- 
ever, banned outright, being considered too destructive 
of the spawning habitat. Trawling of spawning squid is 
also not feasible, because it has been prohibited in all the 
major spawning areas of squid on the south coast via a 
ban on trawling in bays since 1987. 

Closed Seasons/Areas 
Increasing efficiency and declining catch rates of 

demersal squid bycatch (which reflects abundance of 
mostly subadults on the shelf) led to a closed season strat- 
egy, which reduced effort by shortening the fishing 
season by several weeks (initially four) and by affording 
protection to spawning females at the peak of the breed- 
ing cycle. 

Closing areas, perhaps in cyclic fashion, was also con- 
sidered. There was, however, already a de facto closed 
area in the Tsitsikamma Coastal National Park (adjacent 
to the main spawning areas), and it was necessary to 
determine its effectiveness by investigating the level of 
spawning taking place there. Although a thorough eval- 
uation has not yet been completed, there does appear to 
be considerable spawning activity there. Sauer’s (1995b) 
findings in this regard are unofficially substantiated by 
occasional prosecution of illegal fishing activities on 
spawning aggregations within the three-mile-wide na- 
tional park. 

Leslie-DeLury Option 
In the early 1990s, the SFRI investigated an effort- 

based management approach that would allow efficient 
use of the resource. The possibility of closing the fish- 
ery at an appropriate level of escapement, by applying 
Leslie-DeLury analyses to catch-rate data to determine 
the peak and subsequent decline of each major influx 
(Beddington et al. 1990; Rosenberg et al. 1990), seemed 

a possible option. Its application would have required 
close-to-real-time monitoring of catch rates each time 
there was an influx of squid. 

The method appears to work well in the Falkland 
Islands, where the objective of applying a target escape- 
ment level is to allow enough squid to escape the fish- 
ery at the end of the fishing season so as not to appreciably 
reduce the probability of good recruitment in the fol- 
lowing season. In the South African context, the ob- 
jective would be to allow sufficient spawning to take 
place to reach the same goal. In the Falklands the situ- 
ation is simplified by the fact that a limited number of 
large vessels supply daily catch (in mass and numbers) 
and effort data, but in South Africa, almost-real-time 
monitoring of catch rates on a large number of small 
vessels would be required (currently beyond our means). 
The method also works on the assumption of a closed 
population during the period that the stock is being 
fished out. Chokka squid populations can display sev- 
eral immigration waves per year (Augustyn 1989; Sauer 
1991) and apparently continue to immigrate and emi- 
grate to and from the spawning grounds (the “con- 
veyor belt” concept; des Clers, pers. comm.). As a result, 
the method was reluctantly rejected as too inipractical 
for the South African fishery. If clear abundance peaks 
can be defined and a representative sampling method de- 
vised (along with rapid collection of data) it does, how- 
ever, remain an attractive possible future option. 

Variable Closed Season 
When it appeared that the logistics of the Leslie- 

DeLury approach were beyond early implementation, 
the SFRI returned to the closed season as the primary 
tool of effort management and spawning protection. The 
closed season was first implemented in 1988, and ex- 
tended &om approximately the last two weeks of October 
until mid-November. The period coincides with the peak 
of the spawning season, when squid aggregate inshore 
and become very vulnerable to the jigging fishery. The 
duration of the closed season was determined in relation 
to the perceived resource abundance. The estimate of 
shelf biomass from the annual spring survey, together 
with the commercial catch taken in the first seven months 
of the year, were used as indices of resource abundance 
after examination of a large number of indices. 

A set of decision rules were then put into place to 
determine the duration of the closed season. This was 
allowed to vary between three and five weeks, depend- 
ing on the survey estimate and the catch index (table 1). 
However, in 1997 it was recommended that the closed 
season be held at four weeks to allow the implementa- 
tion of a closed season that would also apply to recre- 
ational fishers. This strategy will have to be reviewed in 
the future. 
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TABLE 1 
Rules for Determining the Duration of the Closed Season 

for Chokka Squid in South Africa 

Duration of closed 
Rule Biomasdcatch season (weeks) 

1 Spring bioiiiass < 10,000 t 
or 
January-July catch < 500 t 
10,000 t < \pring bioniass < 20,000 t 
and 
500 t < January-July catch < 5,000 t 
10,000 t < spring biomass < 20,000 t 
and 
January-July catch > 5,000 t 

4 Spring biomass > 20,000 t 
and 
[anuaryfuly catch > 500 t 

2 

3 

Dynamic Biomass Modeling 
Direct estimates of stock abundance from demersal 

surveys and catch per unit of efTort data from both the 
demersal fishery and the jig fishery have been used as 
indces of stock abundance to assess the stock by means 
of biomass dynamic models. The indices suggest con- 
flicting trends, so they were also combined to estimate 
initial biomass, growth rates, replacement yield, and de- 
pletion rates. The results indicate that a reduction in 
effort is required in order to prevent the replacement 
yield from being exceeded, the size of such reduction 
being very sensitive to model assumptions (Roel and 
Cochrane 1996). 

The results of modeling also show that biological and 
economic gains provided by the currently applied closed 
season are relatively small, consistent with an approxi- 
mately 9% reduction in effort (Roel et al., in press). 
Although the benefits may be greater at higher levels of 
effort than those currently being applied, such levels cor- 
respond to high risks of depleting the spawning biomass 
to levels at which the chance of successful recruitment 
night be impaired. They are therefore not feasible man- 
agement options, even with a closed season. However, 
decisions about the desirability of the closed season should 
not be taken without considering the desirable effort 
level in the fishery as a whole. 

According to Roel et al. (in press), advice on an ap- 
propriate level of effort for the fishery at this stage is dif- 
ficult because: 

1. Although point estimates indicate that the cur- 
rent level of effort is below that which would lead 
to maximum yield, the estimates are not precisely 
determined and therefore need to be interpreted 
with caution. 

2. Risk-related statistics (high for the base-case as- 
sumptions of these analyses) are very sensitive to 
the assumptions made in the model and to speci- 

fication of the spawning biomass level below whch 
average recruitment is likely to fall. There is little 
information from squid fisheries elsewhere in the 
world upon which to base an informed opinion 
on this matter, other than the work done in the 
Falklands (Basson and Beddington 1993). 

Although, therefore, the closed season seems little 
more than a mechanism for effort reduction on the basis 
of the assessment results, it would seem prudent, in view 
of the apparently high levels of risk associated with the 
current effort level, to maintain it and to limit the effort 
permitted in the fishery to the current level until greater 
clarity on the matters raised in points 1 and 2 above 
is obtained. 

Options in the Near Future 
The fishery has reached the mature stage of devel- 

opment when a management procedure could be con- 
sidered and implemented. A management procedure for 
squid, as for other stocks, would be a set of clearly de- 
fined rules (tested by simulation) specift.ing: 

1. How the regulatory mechanism (for example, a 
total allowable annual effort) is to be set, typically 
on an annual basis; 

2. What data are to be collected for the purpose; and 
3. Exactly how the data are to be analyzed and used 

to this end. 

The set of rules is to be preagreed upon by the par- 
ties involved, typically the management agency and the 
fishing industry. The management procedure should be 
put into place for a number of years (three to five seem 
to be an acceptable standard period in most fisheries) 
and left to run for this period. Thereafter, the procedure 
should be reviewed and modified as necessary in light 
of changes in understanding of the resource or the fish- 
ery that may have developed in the interim. A revised 
procedure would then be implemented for the next 
three-to-five-year period. 

At a recent international workshop on cephalopod 
fisheries held in Cape Town (during the 1997 Cephalopod 
International Advisory Council Symposium) it became 
clear that very few fisheries of this nature around the 
world are managed by catch limitation; in most cases it 
is fishing effort that is controlled. In the only squid fish- 
ery known to operate on a TAC (the U.S. New England 
trawl fishery on L. penlei), the number of vessels is also 
strictly limited (J. A. Brodziak, pers. coniin., 1997). The 
primary reason for preferring effort control is that, in 
most cases, setting a TAC is extremely difficult in the 
case of short-lived organisms such as squid, unless real- 
time monitoring of the resource biomass is feasible. As 
a result, management is likely to be faced with two equally 
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unsatisfactory options when setting a TAC: (1) a conser- 
vative TAC is set and the resource is protected but often 
underutilized; or (2) a more risk-prone approach is taken, 
but the resource could be depleted if conditions for re- 
cruitment are unfavorable for a few years in succession. 

Alternatively, when the effort is held constant (in terms 

The South African government’s new fisheries pol- 
icy holds out the promise of a responsible approach to- 
ward the use of marine resources, but adequate funding 
for research and enforcement is required to ensure the 
future of chokka squid and other resources. 

of vessels and men), the same proportion of the stock 
would generally be harvested each year, with good years 
being taken advantage of by the fishing industry, and the 
necessary protection being provided to the resource in 
years when the biomass is low. Ideally, some mechanisms 
should be introduced to reduce fishing pressure on the 
stock in years when clear signs of poor recruitment can 
be detected. These could take the form of a shortening 
of the fishing season or limitation of the annual catch. 
Another advantage of effort control is that misreport- 
ing of catches is seldom a serious factor, because there 
is little or no incentive for fishers to provide incorrect 
catch statistics. 
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