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Introduction

In introducing a purposeful meeting such as
this it is the inevitable lot of the chairman to
say some things which have been repeated many
times and which are therefore quite familiar to
the participants. Familiar though they may
be, they do bear repeating even at the rizk of
our becoming discursive if not text-bookish; for

it may help us in our efforts to perceive clearly -

and plot the attack on the problems which
are set before us, to review how this group of
people were drawn together on this cccasion
for this purpose.

This is the second symposium of its kind in
which most of those present have worked to-
gether on problems of fishery research and tech-
niques for their solution. ICNAF* sponsored
the first which was held at Biarritz, France,
in 1956, to examine a number of topics, all in
relation to one central problem which emerged
from discussions among commissioners and their
scientific advisers at the 19556 annual meeting of
that organization. No formal statement was
"~ prepared on the details of these discussions.
However, these were principal conditions which
were recognized as generally true.

1) An ideal program of fishery conservation
should encompass all of the immportant or
potentially important species in the area un-
der consideration.

2) The primary duly of fishery conservationists
is not to regulate the use of resources but
to krow about them. So long as we re-
main ignorant of the size of the resources
and their distribution and habits and of the
ways in which exploitation affeets them, ex-
ploitation must remain as it is, a groping
in the dark, and our decisions as to wheth~
er or not a fishery should be regulated
must rest largely on opinion. There is no

3)

1)

5)

_intended to benefit.

argument about this. However, i there is
to be comprehensive conservation ol the sex
fishery resonrces, as contrasted with conser-
vation of one or two principal species (i.e.,
partial conservation), then our knowledge,
and, therefore, our research programres,
must be expanded accordingly.

A regulation must be tailored to the fishery
and the popuiation of the species which it is
It must be based on
an analysis of many kinds of data concern-
ing that fishery and that population, includ-
ing teehniques of fishing; effects which differ-
ent fishing gears have npon the composi-
tion of the eatches; relation of fishing ef-
fort to catch; behaviour and survival of the
fish under various environmental conditions;
and interrelations of birth, growth and
death.

Data concerning these subjeots must be ade-
quate to represent facts with reasonable ac-
curacy; i.e., it must be extensive enough to
sample the whole of a fishery, the whole of
an ares in which it operates, the whole of a
population exploited, the whole cycle of a
year, and a long enough series of years to
cover a wide range of annual variations.

Such a comprehensive programme as this
indicates, involving as it does work at sea
and ashore, requires a ataff consisting of
principal scientists and assistants (the num-
ber depending on the size of the fishery and
the distances involved), research vessel time,
special laboratory equipment and laboratory
space. Thus an adequate programme of re-
search on & fishery for one species is costly
in money and in seientific talent, both of
which are chronically in short supply.

* International Commission for the Northwest Atlantic Fisheriew.
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8) Throughout its entire range, a species varies
in many of the attributes to be considered
in determining policy regarding its conser-
vation. It may vary widely, for example,
in rates of birth, mortality and growth; its
environmental conditions vary and its hab-
its. Also since different groups of coun-
tries operate in different parts of its range,
using different fishing techniques, the types
of fisheries which exploit it vary. There-
fore results of an investigation on a species
in one area cannot be depended upon to ap-
ply to that same speecies in other areas.
Even less can they be expected to apply to
other species.

7) Many maritime countries {all of those be-
longing to ICNAF, ICES* and FAQ,** forex-
ample) carry on & number of major fisheries,
which together exploit populations of many
species. To determine how any one of these
fisheries should be regulated to effect pre-
determined yields per recruit requires & spe-
cial continuous study of each of the spe-
cies affected. ’

8) Unfortunately it has not been feagible to do
this for all of the major fisheries which
might be benefited by regulation, af least
not if the research programs must continie
to be organized and carried on as they are,
according to our concepts of 1955. No
country affords the financial snpport for this.
There are not enough selentists available for
it. As it is, each country studies one or two
species in @ region thoroughly, gives a mod-
icnm of attention to two or three others,
and neglects the rest.

9) Evidently comprebensive conservation is not
possible unless large scale programmes are
set up for all commercially important spe-
cies, such as are now applied to cod and
haddock. This would mean tremendous in-
creases in funds and staff for which thers
seems to be no immediate prospect. Even
where new programmes are started, it is un-
likely that the desired answers could be
reached for several years, judging by experi-
ence with long established programmes.

* Ipternational Council for the Exploration of the Sea.

With these considerations before them the
Commissioners of the ten countries comprising
ICNAT in 1965 in effect posed this question
to its scientific advisers: Granted that all you
gay is true, granted that we would prefer an id-
eal programme to achieve comprehensive conser-
vation but given the cold fact that circumstan-
ces force ws to fall far short of it, whai abridg-

_ ments in research methods can you devise to

effect & practical compromise with the ideal
which will bring forth the essential needed in-
formgtion * That is the central problem.

1t is & large problem. To solve it requires
taking & hard look at the philosophy and the
design and the techniques of research program-
mes. What, in the orthodox flshery research pro-
gramme, is being done that should not be done ?
What is not being done that should be done 3

It was to begin the attack on this probiem
that scientists of the ICNATF countries held the
special meeting at Biarritz. Representatives of
ICES and FAO as well as other invited par-
ticipants attended, and contributed to the con-
clugions.

The procedure at Biarritz differed from that
practised in most scientific meetings, in which
formal prepared papers are read and discussed.
1t consisted instead of a group of “workshops”;
i-e., the participants gathered into small work-
ing parties to concentrate on particular sub-
jects, reviewing papers which had been sent
ahead, but prineipally comparing and study-
ing data and other materials, including speeci-
mens of fish, seales, otoliths and measuring in-
struments, which they had collected or used in
the course of their several regearches. In this
way the scientists pooled their varied experien-
ces and opinions, and reached conclusions in
which each person could feel more confident
than when working alone.

Those who took part in the Biarritz meet-
ing generally found the working party method
to be so eminently productive as to want to
use it as a pattern for fufure meetings. It
brings forth data which otherwise remain bur-
ied in file drawers; it evokes participation by
all those in attendance who would otherwise
be members of a passive audience; and it leads

** Food and Agriculture Orgamization of the United Nations.
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to -definite conclusions and decisions. We did
find, however, from our experience at Biarritz
that we undertook more work than we could
complete. This was owing parlly to a erowded
programme, but to & much greater extent it
resulted from the fact that our discussions
opened up further problems and advanced ideas
and means o attack them, and it was clearly
evident that at future workshops we must limit
the number of topics. The conclusions of the
Biarritz meeting along with the supporting con-
tributions are printed in the ICNAF Spe-
cial Publication No. 1.* Regarding the prin-
cipal question, “What abridgments in research
methods can be devised ...,”” the group sug-
gested a number of ways to save labour and
improve the efficiency of operations, but found
no quiek, easy, cheap method of securing the
information needed for determining whether
and how to regulate the various fisheries.
“There is no substitute for collecting ‘the right
kind of data for every species of interest’.

One of the most important facts that tran-
gpired from the procsedings was this: Among
geientists working for different institutions in
different areas there is no unifermity in the
dimmensions which they measure (on fish, nets,
e.g.), in the methods o! measurement, in tech-
nical terms and symbols, in the meaning of
words, in the comprehensiveness of reporting
data. So long as this lack of uniformity in
methods and scientific terminology persists, it
will not be feagible to collate data from many
gources in order to discover principles of wide
application. The establishment of uniformity
in these Tespects would eliminate a considerable
amount of duplication and effort otherwise mis-
directed and for that reason alone would con-
tribute substantially to reducing costs in fish-
ery research. At the same time it would not
impair opportunity for individual ereative work
such as is most essential to the advancement
of science; rather the contrary.

The neeessity for standardization of tech-
niques and terminology has become increasingly
pressing among the ICNAT countries. Most of
them are also members of ICES, and in that
organization also find the same need, especially
in connection with the work of the Permanent

* Spss. Publ. L.C.N.A.F., (1):339 p., 1958,

Commission. Moreover, similar fishery research
ig carried on in many other parts of the world,
for the same kind of problems are met from
northern Europe to South Africa, to Australia,
to Japan, to the Americas. Since countries of
all of these regions belong to FAQ, that organ-
ization is in a peeuliarly favorable position as
a unifying influence.

[Thus it was that during the 1956 meeting at
Haiifax, the ICNAF’s Committee on Research
and Statistics concluded that the work started
at Biarritz must be continued, and recommend-«
ed (and the Commission approved): (1) that a
7-day workshop on Population Dynamics and
on the Selectivity of Fishing Units should ad-
join the 1957 annual meeting at Lisbon; (2)
that ICES should be invited to hold its 1957
meeting of the Comparative Fishing Committee
at the same place and during the same period;
and (3) that FAO should be invited to hold
jointly the special meeting which it had plan-
ned on the same theme. Since the subject of
immediate interest to ICES was Fishing Effort,
it was arranged to inelude it in the program
of the workshop. That is how the Lisbon meet-
ing came to be held.

1t seems to be a characteristic of meetings
such #s this that the publication of the reports
is slow. This is unavoidable, what with the
problem of assembling the formally prepared
verzions of the contributions of authors who
have returned to their laboratories and depart-
ed thence for work at sea, and the time re-
quired to edit contributions from many sour-
ces, prepared in diverse styles, and the diffi-
culties of the several editors o find in their
otherwise fully occupied days enough ‘‘spare
time” for these tasks. It is aleo a frequent
characteristio of sach volumes as this that the
introduetion is written just before publication.
This delay has its advantageous side, since it
permits us to gain perspective of the meeting’s
accomplishments.

"he workshops were planned under the
general direction of a steering committee com-
posed of Cyril Lucas, Geoffrey Kesteven, and
Lionel Walford, representing ICES, FAO, and
IONAF, respectively. The arrangements for



the separate topics and the working seszions
were conducted by convenors, who solicited and
later edited the contributions and prepared the
final reports. These were Cyril Lucas, Sidney
Holt, and John Clark, convenors for Fishing
Effort, Population Dynamics and Gear Selec-
tivity, respectively. Before the meeting, prelim-
inary discussions of the contributed papers
and reviewe revealed that the first two work-
shops had so much in common that it was de-
sirable to combine them.

Besides sharing in the direction of the work-
shop and participating ir the scientific contri-
butions and discussions, FAQO furnished simul-
taneous translations of the discussions into
Spanish, French and English. This facilitated
enormously the problem of communication
among those in attendance. Thus representatives
of 17 scientific institutions in 156 countries and
of three international agencies were enabled to
reach understanding on points which hdd not
been clear to some of them before, and agree-
ment on other points on which there had been
differences of opinion. And thus they were able
to go very far in developing a cyclopaedia of
conecepts, techniques and terms concerning fish-
ing efforl and fishing mortality, annotated with
descriptions of techniques of research, sugges-
tions for special studies of problems that remain
unsolved, and comments on important factors
that often go unrecognized in research programs.

Enough time has passed for us to see other
aceomplishments. A mathematical notation
for population dynamics which was agreed
upon at the Lisbon meeting has already Dbeen
published in English, Japanese and (ferman*
and FAO is now in the process of making
translations into other Janguages.

Research programs have been profoundly in-
Ruenced by decisions made at the Lisbon meet-
ing. For example:

The Woods Hole Laboratory of the United
States has studied with underwater televi-
sion the effects of chafing gear and has
thus demonstrated that the specifications
set forth under ICNAF regulations do not
impair the savings effect of the preseribed
415 inch mesh.

The Canadian Fishery Research Board has
carried on preliminary studies to measure
the selective action of fish traps.

The International Training Centre on the
Methodology and Techniques of Research
on Mackerel {Rastrelliger), held at Bangkek
in October-November 1958 under the aus-
pices of FAO and the Indo-Pacific Fisher-
ies Couneil, was in accordance with a ree-
ommendation by one of the working par-
ties at Lisbon. It is expected that in future
more such courses will take place in vay-
ions parts of the world.

A recormnendation that a serial publication
on fishery dynamics be founded led to for-
mation of a committee composed of repre-
sontatives of the three sponsors as well as
of other agencies to explore further the
need of the proposed journal and the de-
sire for it. The committee has submitted a
favomrable report. FAOQ is now seeking
ways and meanz of establishing if.
Biologists of Canada and the United States
have collaborated In assembling and
analyzing all existing data on gear selec-
tion experiments to delermine the escape-
nent effecls for various species to be ex-
pected from different sizes of mesh and
kinds of twine. The results of this study
have been published in the 1958 Annual
Report of ICNATF,

These are but highlighls of the acecomplish-
wments of the workshops. The proceedings and
conclusions are discussed in detail in the Con-
venors’ Reports and in the supporiing papers
which follow.

Thiz meeting opened as scheduled on Mon-
day, 27 May, with Dr. Camara, Chairman of
the Portuguese National FAO Committee, at-
tending to welcome participants.

There were 46 partieipants; their names are
listed in Appendix 1.

The meeting had before it a total of 03 pa-
pers; their titles and authors are listed in
Appendix 2.

Lionel Walford
Chairman

* Hoit, 5.J., et al., A standard terminology and notation for fishery dynamica. J. Cons. ini. Baplor. Mer. 24:230-42, 1969,
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REPORT ON FISHING EFFORT AND THE EFFECT OF FISHING ON RESOURCES

Fishing Fffort:

Convenor: C.E., Lueas

Repoiter: M.B. Schaefer

Effects of Fishing: Convenor: 8.J. Holt
Reporter: R.J. H. Beverton

1. Definition of concepts and terms concern-
ing fishing effort and fishing mortality

In addition to some pgeneral observations,

three specific aspects of this subject were con-.

sidered, namely, gear classification, concepts
and f{erminology of selection processes, and
mathematical notation.

1.1 GENERAL

Fishery science is relatively new, and is a
long way from having a sufficient amount of
precise descriptive dats to enable a comprehen-
sive set of absolute definitions and concepts to
be formulated at this stege.

Bearing this in mind, it is nevertheless high-
ly desirable that there should be a careful pro-
cess of scrutiny and testing of concepia and
terms as they come into use in response to &
need for description or to express some idea.

With regpect to ‘fishing effort’ and ‘fishing
mortality’, a provisional schedule of elements
of the systems involved, and of the concepts
that have emerged concerning these elements
and the relations between them, are as follows:

Elements: Procesges:

Fishery

Fishing unit

Fishing craft

Fishing gear
Fisherman

Fish stock

Fishing grounds {area)
Catch

Fishing
Fishing effort
Fishing mortality

With respect to each element, there is to be
found an array of characteristics or properties
that determine the part it plays in the systems
concerned.

Examples of these are:

Fishery: Fish stock:
Location Location
Magnitude Magnitude
Structure Structure
Distribution
Accessibility
Vulnerability
Fishing unit: Fishing:
Fishing power Loeation
Fishing capacity Intensity
Operating rats Concentration
Selectivity
Fishing boat: Fishing effort:
Size Distribution
Power Intensity
Efficiency
Fishing gear: Fishing mortality:
Selectivity Rate
Efficiency
Fishermen:
Efficiency

Fach of these characteristics is determined
by some other, deeper, characteristic of the ele-
ment which reacts with its environment and
which in turn is determined by a character-



istic slill deeper. Thus, the magnitude of »
fish stock is determined in part, by the growth
characteristics of the species and by interac-
tion with environment; growth is determined by
nutritional factors, and these by other elements
and factors. Thus each characteristic or attri-
bute is the end result of a long chain of cause
and effect.

There are then two points to make. Firstly,
that concepts can be stabilized only if the net
of contributing elements and facters of which
a process is composed is understood so well
that only non-significant elements remain uni-
dentified. In the present mesting the disens-
sions on selection processes and on the deter-
minants of fishing effort have exemplified the
importauce of this peint. In this sense, the
contribution of the present meeting to stabili-
zation of concepts will be seen only after work-
ers have fully assimilated the material brought
to it and have taken stock of its conclusions.

Secondly, referfing to the areas of fisheries
science where stabilization of concepts could or
should be aceelerated, it is desirable that those
concepts and terms should receive attention
which lie at the level of, and are commensu-
rate with, the available methods of measure-
ment and analysis. The precision of definition
should be subject to the same prineiple..

To assist generally the work of stabilizing

concepts and standardizing terms, # iz recom-
mended that:

FAO be encouraged to continue with its
work on & decimal classification for fisher-
les science, and associated glossary and
index; ’

FAO should make a close examination of
the concepts referred to in the documents
of this meeting and of the terminology
used, and should prepare a terminological
paper for circulation to the participants
and others concerned. In cireulating such
@ paper, FAQ should ask each participant:
“Having had time to review the papers and
the results -of the Lisbon meefing, do youn
believe that, as set out in the attached
document, the concepts involved have been
correctly described and labelled ¥7.

"~ 1.2 IDENTIFICATION AND CLASSIFICA-

TION OF GEAR TYPES

The worker in population dynamics is con-
cerned with the essential properties of fishing
gear in terms of the effective fishing effort
that can be exerted with it, viewed both qual-
itatively 4nd quantitatively. As a consequence,
& classification of the properties of gears
that is required in population studies should
inclnde not only the size and composition of
catch fhat can be faken with them but also
their essential features of orientation and oper-
ation in relation to the location and behaviour
of the fish. Such & classification may not be
the same as that required by other groups of
fisheries workers such as technologists and eco-
nomists.,

At the present time, it would be valuable if
gear technologists could prepare a simple clas-
sification of fishing gears that would serve the
following purposes:

stabilize the nomenclature of gears, with
special reference to synonymous terms used
in various eountries; . :
assist the population dynamics workers by
indicating the essential properties of gears
with which they are working; and facilitale
the correct comparison of results obtained
with different gears in various circumstan-
ces.

This classification should be created according
to strict scientific principle, should take account
of T. Burdon’s and A, von Brandt’s classifi-
eations and should be based on the following
attributes:

(1) the precise manner in which capture is ef-
fected;

(2) the method or process by which the fish
are brought info relationship with the gear;

(3) the actual method by which the gear is
operated;

(4) the power required for operation;
() the constructional design;

(6) the materials for construction;
(N the location of operation;

(8) the species captured.



- It is recommended that a statement of the
problems and requirements of a gear classifica-
tion, a8 set out above, be transmitted to the
Fishing Gear Congress, Hamburg®.

1.3 SELECTION PROCESSES

Proposed definitions of concepts and terms
involved in selection prooesses are as follows:**

Selection (n.) The act (or result) of choos-

ing, taking, distinguishing
or separating a group of in-
dividuals from among the
larger group, aggregation or
population of which they are
part, on the basis of differ-
ence in one or more recog-
nized characteristics.

(Selection may be voluntary
or involuntary, random or
systematic. It may be made
by an individual or force
operating” from oufside the
group or population from
which the selection is made,
or result from influences
exerted by an individual or
force operating from inside
the group or population, or
_ result from & combingation of
orinteraction between these),

Selectivity (n.) The intensity with which
the process of selection oper-
ates; the degree to which a
particular process is selec-
tive.

{Belectivity may refer to the
range and sharpness of the
distinction made between
those that are taken and
those that are not taken;
and thus include a measure
of the confidence placed in
the selective process not to

take individuals ofher than
those which the process is in-
tended to take.)

If & population is distributed at random, and
if a captore process bearing upon & population
is random and unrestricted in ite operation,
then every individual of the population has e-
qual chance of being caught, and the charac-
teristics of the population will appear in the
cateh in the true proportion they hold in the
population. Belective processes cause a depar-
ture from this sitnation. Selective processes op-
erate (i) within the population, (ii) in the cap-
ture process, and (iii) by interaction between
these. ' ,

Selective processes within the population are
those which determine the accessibility and
vulperability of the population, or of parts of
it, to the gear; differences in distribution and
behaviour of different age, sex or size groups
may make one or more of these groups more
or less liable to capture than others, Particular
distributions of fishing effort may result in the
selection of areas oceupied by particular parts
of the population, giving rise to fleet selection
effects. If the gear is selective for a group
that is made accessible and vulnerable by the
internal processes {emhanced by fleet selection)
then the resultant total selectivity of the sit-
uation will be high and the gear will be rat-
ed as being high in efficiency; but in other
situations the internal processes may not be in
relation with the selection processes of the gear
and, although the selectivity of the gear may
not be reduced, there will be no measure of
it, and in addition there will be an appear-
ance of low efficiency. The selective processes
within the population may offer or withhold a
particular gromp whilst those of the gear may
retain or rejeot a group. Accurate measure-
ment of the bias introduced into the determi-
nation of zize and structure of a population by
gear selection processes can be made only after
identification of the actual combination of pro-
cesses within the population and those of the
gear. This means that selectivity and efficien-

* See coniribution by A. von Brandt to “Modam Fishing Gesr of the World” edited by H. Kristjonsson, p. 274.

Fishing News (Books) Ltd., London 1959

** Many of the terms and definitione given below were recongidered and to some extent revised at the “World Boien-

tific Meeoting on the Blulo of
Report’” of the meeting, 1050),

ed and Related Species”, convened by FACQ at Rome, 1050 (sec “Draft



oy are related in a complex way and that it is
important to identily and, if possible, to meas-
ure the processes within the population that
determine liability to capture.

For the related terms ‘vulnerability’, ‘avail-
ability’ and ‘accessibility’, the following defini-
tions are proposed:

Vulnerable (adj.) Open to attack or capture;
open to the application of a
force.

Vulnerability (n.) The degree to which an or-

ganism or group of organisms
is open fo attack or capture,
or is open to the application
of some specific force or pro-
cess.
(Vulnerability has a mean-
ing only with reference to
some particular and specifted
force or process that can be
brought to bear upon the
organism or group of organ-
ismas.)

A general term to signify that
an organism or group of
organisms lies within the
range of operation of a vari-
ety of forees or processes (e.g.
gears). If an organism, or
group of organisms, does not
lie within the fieids of opera-
tion of those forces or pro-
cesses, it is unawvailable.

Signifies that an organism
lies within the range of op-
eration of a partioular force
or process; the term ‘accessi-
bility’ is neutral and is a
part of the more general ‘a-
vailability’,

From these definitions, it follows that a spe-
cies may be available to a fishery in general,
it may be accessible to a certain type of gear,
and the success of operation of that gear will
depend upon the vulnerability of the fish to
that gear. Vulnerability is determined by those
particular features of the behaviour mechan-
isms of the organisms which, responding to the
particular features of its environment at the
time operation of the specified force or process,

Availability

Accessibility

canse it (the organism) to be more or less lia-
ble to be affected by the force or process. For
example, the appetite of a certain species of
fish for certain types of bait at certain times
makes it vulnerabls to fishing by means of
hooks baited with the partienlar bait; its vulner-
ability to, say, a net gear, might at that time
be negligible. Similarly, the tendeuncy of a
particular species to move toward a light of a
partienlar colour might make it extremely vul-
nerable to fishing that makes use of lights of
that eolour, whereas baited hooks used at that
time might be quite unsuccessful. Again a
Bpecies of demersal fish may be present on
grounds that are partly smooth and suitable
for trawling, and partly rough and unsuitable
for trawling. The species is then available in
the area to a mixed fishery of trawls, lines
and poasibly other gears; it is ecoessible to the
trawl only on the smooth ground while acces-
#ible to line on the rough ground - but it might,
because of biological factors, be invulnerabls
to lines on the rough ground.

Another set of concepts needing clarification
are those described by the terms ‘unit stock’
and ‘unit fishery’. Theoretically a unii stock
would be a population of fish in an area, com-
prising all the individuals of a species that
could have or have participated in the repro-
ductive processes. Where hybridization can
take place, this would include two or more
species. There would be no migration into or
ont of a unit stock thus defined; and from
sieeh 2 stock the only losses would be the end
products of metabolism and the mortality of
individuals. Considering the state of knowl-
edge of fish genetics and the present status of
the species concept, it is questionable whether
there exists in actnality any identifiable entity
corresponding to a ‘unit stock’ defined in this
way.

Adoption of such a definition, therefore,
would have to be made on the understanding
that it had no special implications as to the
work needed in connection with the unit sys-
tems upon which, of necessity, fishery biolo-
gists muat now direet their attention. In prac-
tice it does not seem possible to define any
stock so precisely, and instead the unit stock
may be considered as a relatively homogeneous
and self-contained population whose losses by
emigration and aceessions by lmmigration, if



any, are negligible in relation to the rates of
growth and mortality. The degree of homoge-
neity and self-containment that would be re-
quired for a valid application of this loose defl-
nition would depend upon the precigion both of
measnrement of the parameters and of the an-
awers required.

The formulation of a concept of unit fishery
presents even greater difficulties, and it is per-
haps necessary that this concept should be only
a gualitative one; convenient for referring to a
relatively homogeneous group of fishing units
engaged in exploitation of one or more unit
stocks of fish, '

Tor dynamic theory to be applied properly,
howaver, it is necessary to know that the fish
population and the fishery based on it ean be
treated as if it were a unit system. There is
no simple definition of such a system, except
that it should constitute a collection of fish
and the fishing activity on it, whosze effects on
each other can be interpreted without requiring
information ‘external’ to that system. FPopula-
tion theory has usually been applied to systems
delimited in such a way that only the effects
of fishing on the fish can be interpreted. In
some figshery situations and for some purposes
this gives nseful practical results. Some exam-
ples make this clearer.

A fishery may be based on a variable mix-
ture of fish from more than one spawning stock,
in which case the change in numbers of a year-
class in successive age-groups may not give a
true picture of mortality, becanse it is a mixed
group whose composition may vary from year
to year. Even though the recruits to the fishery
may come from one spawning stock and
receive no immigration later, there may be emi-
gration of older individuals from the area of
the fishery in question. In this case, the ob-
served total mortality rate would include loss
by emigration which would have to be estimat-
ed separately.

1f there is more than one fleet exploiting the
same collection of fish, the relation between
yield and fishing effort for any one of those
fleets will depend to some extent - perbaps
consgiderably - on the aectivity of the other
fleets. Thus, in attempting to find a relation
between mortality rate and effort in such a
cage, the total effort on the stock must be tak-
en into account.

In the present initial phase of population
study, a wide range of information may have
to be used, e.g.:

(a) Distribution of the species. If the limits
of the species can be defined, eomparison
with the extent of the fishing area will
indicate whether migration or mixing has
to be reckoned with.

{b) Spawning areas. If there is only one main
spawning ground, then the population is at
least a biological unit insofar as reprodue-
tion is concerned. If spawning is wide-
spread, the possibilily of mixing exists.

(¢) Catch sund effort data. If commercial sta-
tistics of catch and effort for a sufficient
period are available, their interrelation
may indicate the extent to which the sys-
temn. iz behaving as a unit.

(d) Age-composition data. These can be used
In two ways:
{1) relative strengths of year-classes jn sam-
ples taken from various parts of the area
may indicate more than one seurce of re-
cruitment; {2) mortality estimates can be
related to effort and the relation examined
as in (e).

{(e) Tagging. Thls may give direct test of mix-
ing; negative evidence is not so reliable.

{f) Morphological or physiological eharacter-
istics. There are many examples of the use
of these, notably for distinguishing herring
‘races’. Having made such a distinction,
however, it does not necessarily follow that
the unit system has been directly defined,
and account must be taken of the distribu-
tion of each ‘race’ and of the fishing on it.

1.4 STANDARDIZATION OF MATHEMAT-
ICAL NOTATION

In view of the rapid increasze in mathemati-
cal publications dealing with various aspects
of fishery dynamics, the need was recoghized at
the Special Meeting of the ICNAF Research
and Statisties Committes in Biarritz, 1956, for
standardization of notation for the most com-



monly-used quantities. Anotation was propos-
ed* and accepted for use in the Commission
publications at its 1656 Annual Meeting in Hal-
ifax and this notation, which is in commen uge
in many ICES countries, has been considered
by a representative committee of Japanese
fishery biologists. Examination of proposals by
the Japanese group for certain alterations has
led to the foliowing conciugiona:

{1) The need for easy typing makes the use of
Greek symbols undesirable.

(2) It is not necessary to recommend any spe-
cific notation for subseripts denoting partic-
nlar years or ages.

(3) The above decisions and the substantial 8-
mount of agreement between the ICNAF
and Japanese notations leave only one dif-
ference to consider, viz., the symbol for
fishing effort; for this, the symbols are:

Japanese: Amount of ﬂshiné effort X

Biarritz: Recorded fishing effort g
Effective overall fishing
intensity f

While it i useful for the relation between
fishing intensity and fishing mortality to be em-
- phasized by similar notation (f and F), it is
pevertheless possible to consider changes. In
particular the nse of f for the ‘conditional fish-
ing mortality rate’ has been suggested by the
Japanese and if this is agreed on further con-
gideration by the Japanese workers, adoption
of X for the amount of fishing effort is recom-
mended.

A separate symbol for the rate of exploita-
tion is often convenient and E is tentatively
recommended. The full recommended nota-
tion is given in Appendix 3.

It is recommended: that this report be brought
to the attention of the Japanese Committee,
who should be invited to forward their com-
ments to a group consisting of Mr. Tayler
(IONAF), Mr. Gulland (ICES) and Mr. Holt

+  Spec. Publ. LC.N.A.F., (1):40-42, 1058.

** The Committes designated above comploted ita wor
Eoplor. Mer 24:230-242, 1059, Initiative now resta

(FAO). Any change from the Biarritz notation
agreed by this group should then be placed
before the first convenient meetings of ICNAF
and ICES with the strong recommendation that
the revised notation should be adopted by all
workers in the respective Organizations, Mean-
while, the group should bring the proposed no-
tation to the attention of workers in areas
other than those mentioned above and should
take steps to obtain its adoption by other in-
ternational fishery organizations®*.

2.  Assessment of simple fisheries

The simplest type of fishery is one where
only @ single species is taken by a single kind
of fishing gear. For such fisheries, the present;
methods appear to be adequate when (a) the
basio assumptions apply, (b) the necessary data
can be readily obtained.

With regard to criterion {a), it has been shown
that, for instance, the assumption of constant
fishing mortality above the presumed selection
range could be in error without that fact being
immediately evident. Investigations of the val-
idity of this and other basic assumptions is neec-
essary. Comparison of results using different
data, assumptions and methods of apalysis, and
particularly noting discrepancies, may enable
the assumptions to be tested.

In the absence of proof, the results presented
ab this meeting, and of Beverton and Gulland
at Biarritz***¥, suggest that the use of the
same model and basic assumptions throughont
the analysis and assessment is likely to give
the least error in the final resuit, even when
the assumptions themselves are not precisely
true.

Mathematical models developed primarily for
the study of trawl fisheries may be applied to
many fisheries using other types of gear, but
often require some modification to take acconnt
of the age-selective characteristics of such gears.

k b{ &ublioation of an agresd notation in J. Cons. ind.
wit!

e BponSOTINg Oorganirations to encourage univer-

gal adoption of this notation, FAQ has given reprints of this paper a very wide distribution to institutions,
organizations, snd editors and publishers of peripdicals. A supplementary decument is Tmow in the press
giving the terms and their definitions in languages other than English, Japanese and German, which are

aiready publisbed (see Appendix 4},
s»x  Upgs, Publ. LON.AF., (1):61-68, 1968



The simplest population model that has been
developed for the study of trawl fisheries is
based on the assumptions that Ashing and nato-
ral mortality and the growth parameters are con-
stant over the exploitable life-span of the fish.
Algo it has been supposed that the selection
phase is confined to a relatively short part of
the life-span. However, in many fisheries, and
possibly including gome trawl fisheries, this may
not be realistie, as selection may extend over
practically the whole of the exploitable phase;
so that fishing mortality varies with age. In
ather cases it may happen that there is a spa-
cial variation in the age composition of & spe-
cies so that again the fishing mortality varies
with age. In these cases the variation of fish-
ing mortality with age will not necessarily
be expressible by a simple function as is often
possible in the case of gear selection. Fishing
mortality may also be a funetion of the inter-
change of fish of different ages between differ-
ent areas, and further complexities can arise
if a variety of gears is used in different places.

In some cases assessments can be made by
introducing simplifications; for example, it may
be possible that the greater proporiien of the
fishery conforms to the simple type, in which
case the use of the simple model may not in-
troduce important error. The next refinement
is to consider a range of population models in
which fishing mortality is allowed to vary in a
simple manner with age. There are two ways
of doing this. It can be done algebraically, in
which ease the model obtained should be com-
paratively simple and lend itself to reasonably
easy computation. Examples are the cases
when fishing mortality is either a linear or a
simple exponential function of age, for which
tabulations bhave been made. Unfortunately,
mathematical models in which mortality varies
with age are inclined to be very complex and
may not be worth the lakour involved in their
solution. Search for simple solutions should
nevertheless be encouraged. Alternatively,
the theoretical effect of varying mortality with
age can be studied numerically. This, too, can
be tedious but as a method it has the advan-
tage that any arbitrary variation in either
fishing or natural mortality or both can be

" handled just as easily as the model in which
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mortality varies in a simple manner with age.

It iz possible to prepare tables for solving
yield equations, in which mortality varies in
8 simple manner with age. This wouid be val-
uable for particular fisheries, such as a simple
gill-net fishery, In other cases, we must face
the fazet that there are complex fisheries, in
which there are many gears operating at once,
as well as spacial variatione in the sbundance
and age composition of the species. These fish-
eries must be considered individually. I data
van be assembled 10 measure the effective fish-
ing mortality at each age, simple numerical
estimates are possible. If, in addition, trans-
port coefficients can be obtained relating to the
interchange of fish between different areas, dif-
forential equations can be set up and solved
numerically, preferably by high-speed compui-
ers (see Section B).

In practice, however, there are many com-
plex fisheries in which such data cannot be col-
lected. In these cases, whatever data are avail-
able must be used to set probable limits to
the possible variations of mortality and of other
meagurable parameters, and a range of possible
assessments made. If the calculations involved
are sufficiently extensive, it would be worth-
while programming a high-speed computer for
the purpose.

3, Assessment of complex fisheries

This subject was considered from two main
standpeints: (1) the estimation of effort and
cateh per unit effort indices; (2) yield assess-
ments. Particular attention was given to the
first of these since it is an important problem
at the present time in both the ICNAF and
ICES areas.

In what follows, problems of effort and catch
per unit effort measurement are considered
with respect to two particular sitwations: (1)
several species caught by the same gear; (2)
one species caught by several different gears.
Although many actual fisheries are a combina-
tion of the two, it is not thought that they
present any problem that cannot be congidered
under the above headings.



3.1 ESTIMATION OF EFFORT AND
CATCH PER UNIT EFFORT

3.11 EEVERAL SPECIES CAUGHET BY THE
SAME GEAR

Fisheries for several species may often be sim-
plified by detailed sub-division by time and
place, so that the fishing within any single spe-
cies is then directly applicable. Data should
therefore be made available in the smallest pos-
sible area breakdown, though grouping may be
necessary for some purposes.

Even within the smallest practicable sub-divi-
sion, however, several species may be caught by
the same gear. Useful information for analyz-
ing this situation is data from individual trips
or, better, days’ fishing from all or a sample
of the fleet. A frequency distribution-can be
drawn up for the proportion of fish of a given
gpecles, say cod, in the catch. Two relatively
simple special cases then are:

(2) The proportion is nearly constant for all
ships. The species may therefore be consid-
ered as thoroughly mized with the other
gpecies, and the effort on it is equal to
the total effort.

The proportion is either nearly zero, or
nearly 100 per cent. The cod effort is then
taken as the sum of the efforts of all boats
which land almost only cod. Viewed rath-
er differently, the catch per unit effort of
boats fishing solely for cod is & good io-
dex of cod density. An additional amount
of effort should be included to allow for
the cod landed by other boats, using the
special cod boats as standard, and reising
this by the ratio of the total catch of cod
to that by the standard boats.

It the regular stabistics do net give data by
individual trips or days, but it is known that
the species in the area are caught separately,
then an approximate estimate of the effort on
each species can he made. To do this it is nec-
essary to make what seems a reasonable as-
sumption that the economic return to the fisher-
men is the same for all vessels. If, for in-
stance, cod and redfish are eaught separately,
and are of equal value, and in 1,000 days’, fish-
ing 0,000 tons of cod and 1,000 tons of red-
fish were caught, then, unless in either cod

(b}
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fishing or redfish fishing the catch per day is
much below the average of ten tons, the ef-
forts on cod and redfish must have been about
900 and 100 vessel days respectively.

(¢) Finally, the pereentage of cod in the catch
may cover the entire range of values be-
tween 0 and 100 per cent. This problem
may perhaps be most easily considered as
one of finding & value for catch per unit
effort which gives a reliable index of cod
density, and in particular one that is not
biased by changes in the true relative abun-
dances of cod and other species. How-
ever, limiting values, and often most useful
limits, are given by catch per unit effort
estimates which are biased in known direc-
tions. For instance, the total cod eatch
of all ships, divided by the total effort,
will over-estimate changes in relative cod
abundance, since at times of relatively low
cod density fewer ships will concentrate
on that species, and the catchies will fall
greatly. Conversely, the catch per effort of
vessels catching only cod will under-estimate
changes in cod abundance, for, as this de-
creases, fewer ghips will concentrate on cod,
and the catches of those that do will, to an
increasing extent, represent peak densities.

These two linits may between them define
the catch per unit effort - and hence, by divid-
ing into total cateh, the total effort - with
sufficient accuracy. (Note that the two scales
of catch per unit effort will be different, the
cateh per unit effort for the cod boats being
relatively greater; the essential question is the
extent to which these two indices vary {rom
year to year.) Otherwise, it is necessary to
chocse some group of vessels whose concentra-
tion on cod is likely to remain constant. This
may be done by reference to the frequency
diagram of the percentage of eod mentioned
above. For instance, to take a rather simplified
version of an actual fishery, English trawlers at
Iceland fish either for plaice or for roundfish; a
frequency distribution of the percentage of plaice
separates these groups at once: the ‘plaice ves-
gels’ have between, say, 30 percent and 70
percent plaice, the others less than § percent
It secins reasonable to take the catch per unit
of the plaice vessels as a reliable index of



plaice density. Then the total effort is given by
E = 0 x Ep/Cp

where E, C, Ep, Cp are the effort and catch
ot plaice by the whole fleet and the plaice ves-
sels respectively. Alternatively, the effort da-
ta for roundfish trawlers could be taken into
account by treating them as a separate gear
(as is in detail true) and using the procedures
outlined in (3.12) below.

A general conclusion from this analysis is
that a proper interpretation of catch and effort
data in such cases requires as much addition-
al information about the conduct of the fish-
ing operations as possible. For example, if
the ‘intention’ of skippers can be ascertained
reliably (i.e., which species they were deliber-
ately seeking for), this would be a valuable guide
in assessing bias in estimates of catch per unit
effort. Means of obtaining the willing collabo-
ration of fishermen in providing this" kind of
information perhaps deserve special attention.

Both bias and variation in effort and catch
per unit effort indices are likely to be greater
and more influenced by economic factors in a
mixed species fishery than in one for a single
species. This is because the effort on any one
of several species depends partly on the prefer-
enee for that species, as manifest by the extent
to which the fleet tends to concentrate where
that species is most abundant. But preference
i3 essentially & question of market demand and
supply, so that a change in either of these iac-
tors may bring about a change in the prefer-
ence for that species and hence a re-allocation
of the total effort. Such changes could well
be more drastic and rapid than in a single spe-
cies fishery.

3.12 FISHERIES IN WHICH ONE BPECIES
IS CATGHT BY SEVERAL TYPES OF
GEAR

Provided statistics of catch and effort are
available for each gear separately, catch per
unit effort and effert indices for each group
can be ealculated in the nsual way*. An in-
dex of total effort can then be computed by
selecting one gear as standard (i.e., that thought

* See Rapp. Cons. Eaplor. Mer, 140(1):9, 1956,
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to give the most reliable index of density)
and raising the effort of that gear by the ratio
of the total eatch by all gears to the cateh
by the standard gear. If the size selectivity
of the various gears is different, the computa-
tion needs to he made for each size group of
fish.

This procedure does not, however, use the
information whieh is available from the catch
per unit efforts of the other gears which, even
though they may be thought to be less relia-
ble than the standard gear, may nevertheless
contribute information relevant to the whole
problem. Of particular importance is a study
of the echanges with time of the eatch per unit
effort by the varlous gears. If these tend to
vary together and remain in roughly the aame
ratios with each other, this would give some
confidence for the helief that none of the catch
per unit efforts are seriously biased. Converse-
Iy, departures from this situwation would in-
dieste differentia! changes in the effectiveness
of the gears concerned, and further analysis
may enable the causes of this to be established.
One such cause may be the searching practices
adopted by vessels uging a particnlar gear, and
analysis of the statistical distribution of the
catch per nnit effort of the individual vessels
may clarify this,

It may be that no relation can be found
between the catch per unit effort by the dif-
ferent gears; in this case the effort data should
be directly combined to give the best available
estimate of the total effort on the stock.

3.2 YIELD ASSESSMENTS IN MIXED
SPECIES FISHERIES

The importance of economic deferminants a-
rises again when considering the special problems
of yleld assessment in a mixed species fishery.
Analysis of the dynamics of each species in-
dependently, taking account of biological inter-
action between species as far as possible, can
enable yield assessments to be made for each
stock., The difficulties arise when attempting
to enumerale the independent effort variables
in the system. Thus the weighted effort indi-
ces for each species, although they may be close-



ly proportional to the fishing mortality coef-
ficient for that species, are not the independent
measure of effort input which is required for
prediction or assessment. In fact, this has to
be some measure of the total effort, e.g., size
of fleet, and the relation between it and yield -
either total yield or the yield of any one spe-
cies - cannot be formulated without taking ae-
count of the way in which the total effort ia
distributed over the various apecies.

The problems arising can perhaps be best il-
lustrated by an example. Suppose that the
mesh size used by all vessels in a mixzed spe-
cies fishery is increased by regulation, and that
as a consequence the abundance of one partic-
ular species (because of its particular dynamic
properties) increases much more than that of
the others. The response of the fishermen will
be to tend to concentrate their effort more on
that species than they had done previounsly {es-
pecially if it is a valuable species) and thus,
although the total effort in terms of fleet size
may be unchanged, the effective effort, and
hence the fishing mortality, on every species
may be altered. To the extent that this happens,
yield assessments based on the assomption that
the fishing mortality coeflicient for each spe-
cies will remain unchanged, will be in error.

This problem needs special attention. The
dats required are the price-supply-demand
tuneotions for each species and the taotics that
the fishermen employ in conducting their fisking
operation, but useful working answers may be
obtained simply from data of the relative
prices of the species, and by assuming that the
intention of each skipper is to maximire the
total value of his catch. It may in sach &
way be possible to establish, for example, that
a particular regulation would not cause much
change in fleet operations and that simple addi-
tive assessmenis would be satisfactory.

A special case of these problems arises in the
regulation of a mixed species fishery in which
one or more species are not subject to the reg-
ulation. Anexzample has occurred in the mesh
regulation of the North Sea, where certain quan-
tities of protected species (e.g., haddock) are
caught incidenially by herring trawlers using
a much smaller mesh than that permitted for
the protected species. One requirement in this
case is to assess the influence on the yield of
- a protected species caught by the regulation
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gear, of the capiure of undersized specimens by
a smaller meshed gear. Methods for doing this
have been developed and applied to the had-
dock and herring fisheries of the North Sea.

No detailed attention was given to the sub-
ject of biological interaction between different
species caught together by the same gear bui
it is important that this phenomenon is not
overlooked when studying the dynamics of
mixed apecies fisheries.

4. 'The present data on fishing effort

Until the canses of bias in recorded effort
units are clearly understood, the use of a wide
variety of effort units, involving different gears
and different units of fishing power and fish-
ing time for each gear, is valuable. Compari-
pon of the cateh per unit effort for different
units is helpful in bringing out sources of error
and in choosing the best unit of effort. Such
comparizon of catches per unit effort may also
be made for different areas and times for the
same stock and indicate changes in vulnerability
and availability.

4.1 TRAWLS

Several studiea have shown that fishing power
increases with size of ship, as measored by
tonnage or horse-power. No single easily meas-
ured factor, however, appears to be simply
proportional to fishing power - in particular,
fishing power increases rather less than propor-
tionally to tonnage. Also, the proportion of a-
vailable engine power actually used may not
be constant. It is, therefore, suggested that a
convenient size and power of vessel should be
taken as standard, and the effort of other
sizes of ship converted to this. Such a conver-
sion could in theory take into account other
changes in the fishing power of the unit, as
by the introduction of, for example, V.D. gear,
echo-sounder, Decca navigatoers, and it is im-
portant that investigation of the quantitative
effects of these developments should be made,

In practice, effort data are conveniently col-
lected for a small number of size-groups of
fishing units (cf. ICNAT statistics)} rather than
exuctly standardized units. There is a danger



that there could be a trend of fishing power
with time within a size-group, but this eould
be assessed by periodic checks of the distribu-
tion of size within the group.

4.11 UNITS OF TIME FOR TRAWILS

Of the numerous units used for fishing time
for trawls, only three seem directly related to
the time actually spent fishing - days fishing,
hours fishing and number of tows. The pum-
ber of hours is interpreted here as the {otal
time the gear is on the bottom fishing, and
does not include the time handling the gear.
As the abundanee of fish increases heyond a
certain limit, the duration of tow will be re-
duced. This will reduce the effective amount
of fishing per day, and therefore days fishing
is a biased measure of fishing time. However,
there is certain evidence that reducing the du-
ration of fow increased the efficiency of the
trawl, i.e.,, two one-hour tows will eatch more
than one two-hour tow {but of course may be less
profitable to the fisherman because of the in-
creased time for handling the gear). This sug-
gests that hours fishing could be a biased meae-
ure of effort, though biased in a direction op-
posite to that of days fishing. Research on
this question is therefore urgently needed. The
best measure of fishing time wounld appear to
be number of tows, plus a correction factor
related to the average duration of tow. Until
a definite answer is obtained about the ef-
fect of duration of haul, the provisional factor
might be the duration of tow itself, giving, in
effect, ‘hours fishing’. Future research could,
however, show this to be wrong, and it would
then be necessary to correct past data nsing
the separate information of number of tows
and duration of tow.

4,2 DANISH SEINE

The present evidenee suggests no obvious
features of seiners which are related to fishing
power. The unit of power is, therefore, one
seiner. The natural unit of fishing time that
appears best is the haul, with a correction fac-
tor for the length of warp used.
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4.3 LINE FISHERIES

Number of hooks, and number of hauls, is
the most easily measured direct index of ef-
fort for line fisheries. Correction factors are nec-
essary for:

(a) Gear saturation: i.e., the redmetion of the
average proportion of unoccupied hooks
during flshing on dense stocks.

Interference: Becanse of overlapping of the
effective catching ranges of adjacent hooks,
there iz sometimes & decrense in cateh per
hook as the number of hooks per unit
length of gronnd-line is increased.

()

Duration of sets.

(c}
(d) Type of bait: This can have a large ef-
fect on calches, and the type of bait used
can vary from year to year (e.g., because
of shortage of the preferred bait). Infor-
mation should be collected about:

(i) experiments on the effeet on fishing
power of the type of bait used;

the type of bait actually used in com-
mercial fisheries.

(i)

4.4 BEARCHING FISHERIES (using, for
instance, ring-nets)

No unit of effort can he definitely recom-
mended. It is suggested that statistics of as
many units of effort as possible should be col-
lected, and thai a comparison of the resultant
catches per unit effort might result in a better
understanding of the different units.

5. Causes of variation in fishing effort
and fishing mortality

Fishing intensity measures the inpul into a
fishery in physical terms and is the force gen-
erating the fishing wmorlalily in the exploited
resource. It therefore concerns:

(2) the entrepremeur and the economist, as the
primary physical variable of input;
(b) the fiskery biologist, as the force general-

ing the fishing mortality;
(c) the legislalor, as one of the variables which

may he regulable.



We therefore require measures of fishing in-
{ensity, and of the main factors which govern
its variation with time, with the objective of
elucidating the whole system of cause and ef-
fect within the input eomplex.

Fishing intensity iz defined precisely as the
fishing effort per unit area, where unit fishing
effort is the sum of the products of the fish-
ing power and operating rate of a fishing unit.

The different components of the total effeec-
tive effort (that weighted sum of unit fishing
efforts which is proportional to fishing mortal-
ity) which may vary are:

(1) The number of fishing units (vessels, gear
and crew).

(2) The number of effort units expended by
a fishing unit (either the fishing power or
the time operating).

(3) Distribution of the fishing intensity in re-
lation to that of the stock, with respect
to space and time,

One or more of these components may be
varied by different causative agencies, and at
different phases in time and in development of
the fishery. We are concerned also with four
main classes of variation:

(1) Long term: trends or phases of development
during the history of a fishery, which may
be over periods of 20-100 years;

(2) Short term: variations taking place mostly
within a decade or less.

(3) Seasonal varistions: assignable to known
canses.

{4) Seasonal wvariations: not assignable to
known eauses.

Whichever of these is most important and is
having the greatest influence will depend very
much on the phase of development of the
fishery.

61 LONG TERM TRENDS

The general features of development of a
fishery have been illusirated by Kesteven and
Holt in a recent paper*. Their scheme is rough-
ly as follows:

Phase 1: Period of slow growth in fishing in-
tensily - under influence of changing econoni-
ie and gocic-economic factors

Components of fishing effort varying in this
stage are majnly the number of fishing units,
which operate with whatever technological fa-
cilities are available at the time of commence-
ment of fishing. The fishermen are seeking out
the fish stoek and gaining experience of the
nature of the resources.

Economic and secio-economie factors will mo-
tivate expansion processes during this stage.
Marketing and distribution activities grow and
under the general motive of maximizing, or al
least increasing, profits capitalization takes
place.

Phrase 2: Period of rapid growth in fishing
iniensity - under influence of technological
advances made within the framewerk of the
existing sooio-economic stryolure

Technological factors may relale Lo improve-
ments in: gear, marketing or handling. The
components of fishing effort varying in this
phease are:

(1) Number of units.

(2) Fishing power of unity, due to technolog-
ical advances in gear design and fish de-
tection methods.

(3) Distribution of units of fishing effort - due
to technological advances in fish location
methods and fleet communication and
organization, resulting in inereases in the
range of operation and concentration on
centres of fish density.

This phase will last so long as the econom-
ic ountlets for the products of the fishery re-
main at levels which are compatible with the
fishermen’s profit demsands; and the resource re-
mains large enough to snpply these products.

Both of these factors must become limiting
at some stage of development and the fishery
which will then pass into Phage 3, which is
characterized by a levelling off of input, fol-
lowed by stabilization at this high mean annual
level, or at some rather lower level.

* “Papers pregented at the Internations] Technical Conference on the Conservation of the Living Aquatic Resources

of the Sea”, U.N., p. 354, 19856.



This phase of stabilization will persist so
long as the main groups of causative agents -
soclo-economic, technological and biologieal -
do not change substantially.

This is the phase reached by several major
fisheries in the North Atlantie. There are still
examples of fisheries in this region in which
the levelling off process has not been reached;
the redfish fishery - at least in some regions -
is one example, the capelin fishery is another.

Throughout the history of 2 fishery muech
will often have been learned about the econom-
i¢, technological and biological controlling
factors, and a change in any of these at any
time may bring about a change in the level
of input. One such factor which may become
important during this phase is legislative con-
trol of some aspects of the fishing operation,
eilher of the total amount of effort, or of anoth-
er component, such as gear selectivity, which
indireetly promotes a change in the level of
fishing intensity.

5.2 SHORT TERM VARIATIONS

Long-term trends can be described by & gen-
eral smooth curve, representing the average
changes with time; superimposed upon this are
short term variations, which occur either cy-
clically or irregularly. The factors bringing &-
bout these changes are:

Bocio-cconomie.
tors are:

(a)
(h)

Important among many fac-

Changes in marketing procedure;

Production of new cornmodities (this might
be persistent);

Changes in market demand with availabili-
ty or abundance of fish, including, par-
ticularly, international trade conditions;

{d)
(e)

Cost of operation (fuel and gear);

Changes in consumer tastes, causing chan-
ges in relative demand for different spe-
cies.

Biological and environmental. Again a num-
ber of different factors may be important:

{a) Changes in distribution and accessibility
of fish due to environmental factors;
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{b) Fluctuations in total abundance due to nat-
urs] factors. These may be of very short
term but sufficient to cause effort chan-
ges. They may be cyelic in character or
irregular;

Climatic factors affecting fleet operations.
The most important of these are fluctua-
tions in quantity and distribution of ses
ice, or varigtion in wind and wave condi-
tions.

(e)

5.3 SEASONAL VARIATIONS

Seasonal or shorter term variations in effort
will be reflected nlso in variations in effort as
between years, and will therefore increase the
year to year variability considered above. The
causes of seasonal variations are:

Eoonomic and socio-sconomic factors, These
are of a ghorter term nature than those consid-
ered above, but may be of the same general
type. They may be systematic as between
years, or irregular. Examples are:

{a)} Seasonal variation in demand for fishery
products;

(b) Seasonal changes in comsumer preferences
leading to shift of operations from one spe- -
cies to another and from one type of fish-

ing to another;

Seasonal changes in habits of fishermen,
especially of part-time fishermen who have
alternative seasonal cccupations;

(d) Strikes, ete.

Biological and environmenial factors. Again,
these may be systematic as between years, or
irregular. Examples are:

(a) Changes in fish distribution, or accessibility
or edibilily within a year;

(b) Short term changes in vulnerability;
(c) Weather.

(e}

B.4 CAUSES OF VARIATION IN FISH-
ING MORTALITY

In this brief analysis the complex patfern
of change in the operations of a fishery has
been broken down into the chief phases of
change which may be experienced, and to each



of these phases has been assigned some of the
chief causative agents generating the changes,
thus isolating the chief factors bringing about
changes in fishing mortality, generated by the
effective fishing intensity. We conclude that at
all levels of change considered, social factors con-
stitnte important determinants. This iz particu-
larly true at the long and short term levels. The
influence of these factors may be direct
or indirect. We question, therefore, whether,
in making assessments, and especially predic-
tions, of the effects of fishing as a basis for
legislative control and conservation, it is per-
missible to continue to avoid formal consider-
ation of these basic determinants. Presen}
methods of approach rest on the assumption
that the effects of legislative action will not
alter indirectly the character of the fishing ef-
fort exerted in the fishery, but it is elear that
economic and social factors may in fact operate
in response to changes in the quality or com-
position of the eatch and bring about changes
in the amount or kind of effort input. It is
emphasized, however, that this does not imply
that assessments at the biological level are no
longer of importance; they will eontinue fo
form the basis of management studies. For
this purpose, measures of the ‘effective fishing
intensity’, to which the instantaneous fishing
mortality coefficient is proportional, are needed,
and it is necessary to know ifs long and short
term variations and their determinants.

6.  Variation in population dynamics

Populations living in a limited environment
are controlled by dynamic compensatory mech-
anisms. The dependence of vital parameters of
the population, such as growth, mortality and
recrauitment, on density is often rather obscure
because they are also frequently affected, and
to a much greater extent, by density depend-
ent fluctuations in the environment.

However, though detailed knowledge abont
the compensalory mechanism may often be
meagre, there are cases - many of them, indeed -
when the environment has been relatively con-
stant, or when it has been possible in analysis
to allow for elimination of the effect of the en-
vironment, and thus observe the effects of den-
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sity dependent factors on the growth of the
population.

Recruitment depends both upon the number
of eggs laid and on the survival of egps and
young. Fecundity is correlated with the bio-
mass of the spawning stock; it is usnally in-
versely correlated with the degree of proiec-
tion given to the eggs and with their individual
size. The mortality during the early stages of
life may be density dependent or independent.

Consideration of the density dependence of
growth reveals large differences in the cffect on
growth rate of changes in stock density in dif-
ferent areas and species. Often the dependence
will be masked by effects of other envirenment-
al factors. In many cases there is no direct
influence of total stock density on the growth
rate of individnals, but the abundance of fish
of about the same age iy important for growth.
Consequently the fishing intensity on differeni
parts of the gtock will have a complex influence
on the growth rate.

Observed length at age is the resultant of
the growth rates during successive phases of
life. For plaice and for some other fish, the
growth rate during the first two or three years
determines, in some measure, the length at
later ages. In other species there may be no dif-
ferences during the first two or three years of
life but marked differences later.

Any growth formula used in a population
model must be flexible enough to apply to the
different effects of population density in differ-
enf; species and stocks. The von Bertalanffy
formula may not always be the most suitable
to account for density effects, especially when
they aet mainly during the early stages of
life, or when they do not aet through the food
supply.

Much more research on the relations hetween
growth rate, feeding and the production of food
is needed, both from the point of view of com-
parative observations on natural stocks and of
the dynamics of food supply. Further experi-
mental work on the food requirements for
growth and maintenance in commercial species
is also required.

Very little information is available about the
effect of density on mortality, except at the
early stages of life.’™ The natura) mortality may
be associated with the growth proeess, and the
scarcity of food may result in inereased mor-



tality, though not necessarily directly. Can-
nibalism and predation, inter- and intra-
species competition, in general appear to be re-
lated to density, though very little is known
about them. It can also be envisaged that, at
high levels of density, population pressure may
affect geographic distribution and thus bring
about changes in fishing mortality; further, be-
cause of the schooling behaviour of fish, the
same total effort may result in a quite differ-
ent instantaneous mortality rate at different
levels of density.

The vital parameiers may be interdependent
on each other. Thus fast growth is usually as-
sociated with high fecundity and early matu-
rity. In considering the density dependence
of growth, recruitment and mortality, and in-
deed any inter- or intra-species competition,
it must be remembered that there may be a
considerable time-lag between the cause and
the effect. Unusual environmental conditions
may result in such & time-lag, or it may be
related to a slow turnover in the food popula-
tion.

The density independent variations of each
of the vital parameters arise from a complex
of natural factors which bring about varia-
bility of biological characters. The main prob-
lems which they create concern the evaluatlion
of the magnitnde of the variation in the final
assessments due to them.

Each of two types of variations (irregular or
‘randony’ fluctuations, and cyclic variations or
trends operating over a period of years) were
congidered for each of the population parame-
ters in turn.

6.1 RECRUITMENT

Annual fluctuations in reeruitment are, of
course, & well-known feature of fish stocks and
are due to the impact of varying environment-
al factors on the early stages of development
of the year-classes or on egg production, or
to density dependent processes. They are of-
ten lgrge and usually contribute the biggest
component of variability in fthe fishery.

In the absence of any means of acourately
forecasting density independent variations in
recruitment - which is the situation for most
fish stocks at the present time - asgessments
have to be made on a ‘per reernit’ basis. This
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in a satisfactory method ol handling density
independent variations in recruitment, and pro-
vides realistic estimates of the relative yield
changes deriving from fishery changes. ‘Per
reoruit’ sssessments are in danger of being se-
riously wrong only if density dependent varia-
tions are oecurring. However, even when im-
portant density dependent relations between pa-
rameters exist, the changes in yield wilt still
be in the direction (inecremse or decrease) pre-
dicted on a ‘per recruit’ basis, for a change
in fshing which would result in an increase
in stock size, if the population in quesiion has
an asymptotic recruitment curve. The predic-
tion would not necessarily be correct in ceses
where the curve of recruitment against spawn-
ing stock size or against population fecundity
was a peaked one.

Both density dependent and density inde-
pendent time trends in recrnitment may show the
same general regression of recruitment on stoek,
so the two types of relation cannot be distin-
guished in that way. They can possibly be dis-
tinguished by plotting the ratio of recrnits/
stock against stock size. Even so, these two
relations may be very difficult {o establish in
practice hecanse of the large annual variations
{sce Section 8).

6.2 GROWTH AND
TALITY

NATURAL MOR-

For assestment purposes, some estimate of
both these parameters must be made, and var-
iations in them cannot be treated in the same
way as recruitment variability. The important
task in making assessments is to ensure that
the estimates used for these parameters are the
best average measures for the species over a
reasonably long time period. Again, the great-
est dangers of error arise when density inde-
pendent variations take the form of trends in
time. In these situations, the only possibility
is to seek information other than the time var-
iation parameters, and to adjust the assess-
ments in the light of this evidence.

Analyses of growth data for a number of
fish species have ghown that both ‘parameters’
of the von Bertalanffy equation may vary un-
der the influence of density independent forces,
and variations between them may be generated
by the same environmental factor. However,



experience with some North Atiantic species has
shown that Lhe coefficient K exhibits relatively
less variability. It is this coefficient which large-
ly determines the direction of change in yield
which derives from changes in fishing.

Little is known about variability in natural
mortality, either between age-groups within the
exploited stock or between year-classes. It is
the most difficult of the population parameters
to measure, and estimates of if, in fished stocks,
must be obtained by indirect means. Its varia-
tiona can be studied from total mortality esti-
mates if the fishing mortality coefficient or the
factor relating fishing intensity and fishing mor-
lality is known for each estimate. They also
appear as & component of the error of esti-
mate in the regression of total mortality cn
fishing intensity.

The natural mortality rate probably varies
between rather narrow limits under the influ-
ence of density independent processes but the
importance is recognized of the predator-prey
system as a source of variability aand of the
occasional incidence of sporadie large fluetua-
tiong due to climatic factors or epidemics, In
practice it is necessary to use limiting values
of the natural mortality rete in assessment cal-
culations, becaunse of the difficulties of obtain-
ing accurate estimates of it, and it is likely
{hat in this way the normal range of density
independent variation will in fact be encom-
passed.

6.3 ELABORATION OF MATHEMATICAL
MODELS

When recruitment is primarily determined by
environmental factors and not by fecundity,
when the mortality in the post-recrmit phase
of life iy density independent, and when growth
is not restricted by the lack of food, the model
in which all parameters are independent of den-
sity is applicable in the neigh bourhoed of the
observed conditions. Even when the vital pa-
rameters are density dependent, the density in-
dependent model may often be appropriate and
the inclusion of the density relations primari-
ly a refinement. However, there are cases when
the density independent model cannot properly
describe the situation or be used for predie-
tion; one example is the Pacific salmon. Den-
sity independent variafions in one or more of
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the parameters may be lreated as stochastic
processes, and stochastie terms introduced in
the theoretica! models for yield prediction.
This is a desirable step if information on the
type and range of variability of the param-
eters i8 known. Recruitment has already been
treated in this way in theoretical studies; the
difficulty at the moment ie in measuring the
variability of parameters, and this s now an
important task. Attention should be foenssed
on the environmental determinants of varia-
tions; their identification governs to a large de-
gree the extent to which fluctuations in param-
eters can be taken into account in predictions
of yield, and hence in the preparation of fish-
ery forecas{s, The value of studying the time
trends in deviations from regressions of pairs
of variables is streased. TFor example, whereas
in plotling total mortality rate against fishing
effort, the variations may appear randemly
scattered about the regression line, these var-
iations may, when plotted against time, reveal
periodie trends for which an environmental de-
terminant may be determined.

The applicability of population models based
on a simple growth law, such as the Pearl-
Verlhurst logistie equation, was diseussed. There
is a definite need for such models because in
many cases detailed information on the vital
parameters is available only for a short period
of time, but long term information may be
available for catch and effort. Furthermore,
methods of estimating the vital parameters
have not yet been developed for some types of
fish. However, such models have to be ap-
plied with cantion. There may be a time lag
between change in fishing effort and the res-
ponse of the population, and not all species
populations would be expected to follow the
same type of growth pattern. The desirability
of gtudying conditions which result in different
types of population growth laws is indicated by
the development of more complex models and
by the experimental studies of fish populations
maintained under controlled conditions that are
being conducted at present by several work-
ers.

For a population model to be realistic, it
should take account of biological characteristics
of the fish and not only of the statistics on
the stock. The stock should, ideally, be ana-
lysed by small sub-populations which are ho-



mogeneous wilh regard to their biology and

ecology. For each sub-population, the factors
which are critical in the sense that they con-
trol growth, moriality and recruitment should
be determined, and these observations incorpo-
rated in the model.

Thus, althongh density-independent models,
or models making allowance for the probable
forms of density effects may be adequate for
present purposes, fnrther progress depends on
increases in knowledge of the actusl form that
the density relations take in the principal fish
stocks. Such knowledge can only be gained by
further intensive ecological research.

Considerable importance is also attached to
continued compilation and analysis of existing
data pertinent to the further understanding of
growth.

It is recommended that yleld assesiments
based on incomplete information, should be ex-
amined with regard to the probable errors of
predietions with the aim of estimating the
risks involved in acting on incorreet predictions.
In assessing overall error of estimation by pop-
ulation meodels, it is useful to compute the
deviations of observed catches from predieted
average catches, over a series of years and thus
obtain empirical confidence limits.

7. Comparative studies of the effects of
fishing

In recent years progress in fish population
dynamics has tended towards the development
of mathematical models which are being ap-
plied to a variety of different stocks: for the
most part, primarily because of lack of rele-
vant data, these models assume constaney of
population parameters and treat the steck of
ane species as an independent unit. Compara-
tive population studies, especially with refer-
ence to the reaction of stocks to fishing, may
well be of value in several ways.

7.1 Such studies offer & means of testing
the validity of the mathematical mode] as
something more than a short-lerm predicting
device. Long-term comparisons of ihe effect of

fishing on the abundance and structure of var-
ious populations may enable their reactions to
fishing to be classified and compared with what
would have been predicted from theory. Age
and gize compositions of populations have been
estimated from fossil records covering a period
of ap to 5,000 years. In some cases, character-
istics such as the mean length of fish remained
nearly unchanged to the present day. In oih-
ers, changes had ocenrred which could be in-

- terpreted in terms of the kind of effects of

fishing which would be predicted from a sim-
ple theoretical model. Since 18890, as fishing
intensified, changes in the abundance of cer-
tain North Sea species (as computed from Ger-
man trawler statistics) have followed different
patterns, there being a contrast between spe-
cies in the northern and southern parts of the
aTes.

7.2 Long-term studies may permit genetic
effects of fishing to be detected. Nearly all
kinds of flshing must be selective to a great-
er or lesser degree, since they tend to take,
preferentially, the faster or slower growing in-
dividuals (depending inier alis on the selec-
tive characteristics of the gear}, those that have
the best ability to aveid predators or other
causes of natural death, and also those which
are least able to avoid the fishing gear. Fish-
ing also tends to reduce the average age of
the spawning stock, which might conceivabiy
change, in the long run, the ‘vigour’ of the
population. In these and possibly other ways,
it may be that a population gradually adapts
itself so as to reduce the impact of fishing on
it. In a study of a long time-series of data,
there are technical problems of analysis, ie.
the distinctions between, and the measurement
of, cycles, trends and random variation, to
which application of the appropriate statistical
techniques is necessary.

7.3 It is remsonable to suppose that not
only individual animals but also whole popula-
tions are adapted in some degree fo their en-
vironment; in the latter case, this would mean
that the magnitude of one or more of the vital
rates wag such that best enabled the population

* Contenor's nole: Since this meeting a usoful review of the literature relating to this problem, especially &g regards
freshwater and diadromous stocks has been published by R.B. Miller (1057), J. Fish. Ees. Bd Can., 14:707-800.



to oceupy a particular ecological niche and per-
petuate itself. There may well be some pattern
of association between parameters such as
growth, maturity and natural mortality which
would bring thiz aboui. Examples are known of
short-lived fishes such as the sand-eel, in which
the growth pattern is ecompleted in a ocorres-
pondingly short time and maturity occurs at
a much younger age than in other species with
a longer life-span and less rapidly developed
growth pattern. There are Tilapia species in
certain African lakes between which there werc
marked differences in growth rate, Neverthe-
less, the size at first maturity tends to vary
directly with the growth rate, so that the fish
matured at approximately the same age, Such
an association would tend to compensate the
effcet of a slower growth rate in reducing the
reproductive capacity of the population: com-
parative studies of the vital parameters, sin-
gly and as sets, of populations of the same
or related speecies in different environments
might lead to generalizations which would ma-
terially advance understanding of their dynam-
e properties. In particular, if some definite
pattern should emerge, it may well provide at
least working estimates of parameters in the
absence of direct information. A complemen-
tary approach would be to see whether cerfain
parameters of populations of different species
inhabiting the same environmental niche in dif-
ferent areas might by adaptation be of similar
magnitude. These procedures are essentially
gimilar to the approach of the comparative
anatomist and physiologist®.

7.4 It should be stressed that the eritical
adaptive mechanism of a population may not
operate in the adult phase, but, rather, may
occur very early during the life of the larvae.
Certainly, the enormously high mortality dur-
ing early life, which is known in so many cases
to be greatly influenced by environmental fae-
tors, renders this highly probable. Thus it is
necessary, when attempting to identify the
adaptive mechanism of a population, not to res-
trict the search to characteristics of the aduit

* For follow-up of this recommendation, see contribution b

Phase alone, but to consider all parts of the
life history, and also the self-regenerating prop-
erties of the population (e.g., comparative stud-
ies of fecundily and the stock-recrnitment re-
lation).

7.6 The comparative approach takes on a
special significance when we are trying to un-
derstand the dynamic properties of fish commu-
nities or of communities involving fish and oth-
er organisms. Here an analysis species by spe-
cies may be impractical and, in any case, fails
to reveal the true interactive mechanisms ex-
cept perhaps in the most obvious instances of
direct predation or competition for food. Com-
barative studies of the effect of fishing on com-
munity balance may be a fruitful way into
thie problem, especially where it is possible to
contrast highly selective fishing for one or a
very few species with fishing which takes all -
or nearly all - species in roughly equal propor-
tion. The general intensity of interaction with-
in a community would itself he expected to
depend in some way on the environment, and
it may- eventually be possible to deduce this
intensity from certain environmental eharacter-
istics. Experimental data from inland fish cul-
tural research may be of value here.

It would be premature to recommend that
formal comparative population studies on a
world-wide scale should be initiated at this
stage. More information on the dynamics of in-
dividnal stocks is needed, but it is recommend-
ed that workers in this fleld should take ev-
ery opportunity of examining their results com-
paratively within the area with which they are
acquainted. Comparative studies on a limited
scale have already been made, for example on
the stocks of plaice in the North Sea and the
Baltic, and enough information may already
exist to make worthwhile a comparative study
of the dynamjes of certain other stocks. Ex-
amples inclnde the haddock of the NWorth Sea
and Georges Bank, and the cod of Newfound-
land, Greenland, Barents Sea, the North Sea
and the Baltic, and the redfish on the two
sides of the North Atlantie.

Beverton and Holt to Ciba Colloquinm on “Lifa

Span of Animals”, London, April 1959, Analysis of compiled data showed that there are indeed cloar relations
between the parameters of natural mortality and of growth and maturity, and indications of consistent relations
between these and environmental temperature, metabolia rates, and sex of fish,



Modern techniques of population analysis and -

assessment, while still far from giving a true
description of all features of the dynamiocs of
populations and environmental inflaences, never-
theless provide a means of expressing popu-
lation properiies by a relatively few parame-
ters and of codifying the effects of fishing on
stocks. This makes possible a comparative
study of population dynamics in a way which
was not previously possible, and it may well
he that the hroad search for consistencies and
anomalies between stocks, expressed in these
admittedly imperfect ways, is nevertheless now
the most fraitfnl approach to understanding of
many aspeels of the dynamics of fisheries re-
sources.

8. Treatment of data

The preceding sections of this report are con-
cerned mainly with the theoretical analysis of
various fishery problems and with summariz-
ing the results obtained by applying analytical
methods to particular situations. The precise
methods of dealing with available data have
been dealt with in many recent publications
and at this meeting only those problems were
considered which were raised specifically by
contributed papers. The conclusions are re-
ported under two headings.

8.1 METHODS OF ANALYRSIS

Methods of estimating in a fish stock mor-
tality due both to fishing and to natwral eans-
es are extremely important at the present stage
of fish population s{udies. It has been ree-
ommended previously*, in view of the diffi-
culties and many sources of error in the var-
ious methods available, that for any particu-
lar fishery as many methods as possible should
be used and the results compared. Some pro-
gress has gince been made in elarifying the sour-
ces and kinds of biasz invoived in different
methods.

- 8pecial consideration has been given to the
use of measures of the ‘virtual population’
(that is, the total catch of a year-class through-

* Spec. Publ. 1.C.N.A.F.,, (1}:43, 1958,
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out ita life-gpan) in estimating meortality; the
technique was used in several contributions to
this meeting, Although it has not been pos-
gible to give the method the rigorous math-
ematical investigation which is required, pre-
liminary examination and the working of a
hypothetical example led to the following tenta-
tive conclusions:

{a) If the fishing mortality and natural mor-
tality coefficients remain relatively con-
stant throughout the period investigated,
then the ‘virtual population’ method will
give estimates of total mortality no diffexr-
ent from those obtained from cateh per
unit effort data. The use of the ‘virtual
population’ may, however, tend to reduce
the samplicg error. In any case, if there
is no variation in effort and fishing mor-
tality over the period of investigation nei-
ther method permits resolution of total
mortality into its fishing and natural com-
ponents.

If natural mortality is constant but fish-
ing mortality varies from year to year be-
cause of changes in effective fishing effort,
then use of the ‘virtual population’ will
tend to exaggerate changes in total mor-
tality and give too low an intercept value
of natural mortality in a plot of total mor-
tality against effort. This bias will be great-
er, the greater are the variations in fish-
ing mortality and the lower is its value
relative to natural mortality.

{b}

(c) If natural mortality varies from year to
year, then the changes in natural mortal-
ity, and thus in total mortality, will tend
to be averaged out by the use of the vir-

tual population.

{d) The virtual population method does not
appear to assist in revealing variations in
availability andfor vulnerability, unless
fishing mortality is very much greater than
natural mortality. If estimates of fishing
effort are unreliable, meaningful plots of
total mortality against effort will in any

case be impossible.



(e} The ‘virtual population’ method differs
from the method using average annual
catch per unit effort of all age groups in
that the former esiimates the population
at the beginning of the fishing season, while
the latter measures the mean population
present during the season. In comparing
resutts from the two methods, this should
be borne in mind.

(f) The tendency for the ‘virtual population’
method to smooth out year to year va-
riations may lead to dangerously ‘good’ re-
sults in which important biases are con-
cealed*.

Attention is drawn to the general danger of
spurious regressions in population dynamic anal-
ysis, When plots are made of one term against
another, the terms usnally contain ‘constants’
which are in fact subject to variation. This
variation may generate spurious regression,
perhaps similar to the one expected, and thus
give misleading resulis. The possibility of var-
iation oecurring in such ‘eonstants’ should there-
fore always be borne in mind. A special case
of interpretation of wvariations of recrunitment
time series is mentioned in SBection 6.

8.2 COMPUTATION

Development of mathematic methods and
the magnitude and number of the solutions re-
quired in making assessments for a wide var-
iety of fisheries has reached the stage where
attention should be paid to the improvement
of computational procedures, with special refer-
ence to their speed and costs. Two approach-
es to this problem were considered: the prep-
aration of tabulations of standard funetions,
and the use of analogue and high-speed digital
computers both for processing erude date and
for computing assessments, Progress has been
made in formulating a steady state constant
parameter yield equation in terms of the in-
complete Beta-function, which has been tabu-
lated, With regard to other tabulations, it
stould be noted that as they may be used by
research workers less familiar with the theory
on which they are based than the persons who

prepared them, great care should be taken to
see that the mumber of significant digits to
which the tables are prepared is adeguate to
avoid introduction of computional errors. Fur-
ther, as the time required for interpolation in
these tables may reduce the advantage gained
by using them, they should be prepared iu
such defail that a minimum of interpolation
is required.

High speed computers are now being used or
constructed for performing calculations in fish
population studies. Further examination of the
potentialities of their use in this fleld is neces-
sary, but it will certainly not be possible at
present for each laboratory nor even each
country to carry out the necessary research
work, nor would it be desirable at this stage.
Contact with general data processing centres
such as the Internationai Computation Centre
in Rome, would be desirable for fisheries scien-
tists working with electronic computers, but it
is important that fisheries scientists should
themselves continne to study the unse of these
machines and that this should be done at cen-
tres of fisheries research.

There are two general fields for the applica-
tion of computers in fisheries research:

{a) DATA PROCESEING. This refers particular-
ly to the processing of commercial statis-
tics and research vessel data, by extract-
ing the information and assembling it in
& form whieh can be used for population
assessment (e.g., weighting catch and effort
statistics; back ealeulating fish lengths and
weights from scale data; converting length
frequencies based on measurements of the
total length to the em. below to length
frequencies bagsed on fork length to the
nearest cm.).

{b) YIELD ASSESSMENTS, under the more com-
plex conditions of varying parameters,
especially for further treatment of densily
dependence and the evaluation of non-
steady-state models. ‘

Fishery workers are ab present concerned
with the development of compnters in fisheries
work and these are widely scattered throughout

* The ‘virtual population’ method had gines been examined in detail and the resulte published (see Y.M.M. Bishop, J.Fish.
Res. Bd Can., 16:75-D0, 1658, and J. E. Paloheimo, J. Fieh. Res. Bd Can., 156:1371-1381, 1058). Abstracts of these

papers are given in Appendix 4 of this report, p. 45.



the world.
FAO could assist in maintaining contaet be-
tween these workers and prepare and distribute
abstracts of papers in this higly specialized fleld,
that are relevant to fishery work. At a later
stage, when more experience has been gained
in the consiruction and use of computers, a
geminar of the interested workers should be
considered*.

A joint meeting of the Canadian and U.8.
fishery biologists working in the ICNAF area
should take the opportunity to discuss the de-
velopment of the use of computers in fisheries
research and invitations should be sent to ap-
propriate persons outside that group to attend
the meeting.

Liaison

Recent rapid advances in fishery science,
especially in the analysis of effects of fishing
on stock abundance and yield, and in their
applicalions 1o management of the commereial
marine fisheries, have given rise to urgent prob-
lems with respect to the training of seientists
in lechniques of fishery analysis, the relating
of Lhis field to other pertinent fields of knowl-
edge, and the promulgation of the results of
investigations, both among research workers
and among other inlerested persons.

Consideration of some aspects of these prob-
lems led to the following recommendations:

9.1 TRAINING

Realizing the great importance of the devel-
oping techniques of stock analysis and yield
assessment to the rational utilization of fish-
ery resources, and the limited number of peo-
ple qualified in this field, laboratories with spe-
cialists in population dynamies are urged to
make them available for conduecting suitable

* Reforences are being included in FAO's *“Current Biblio

It would be valuable, therefore, if’

training courses. Such training courses could
be either international at some appropriate cen-
tre, or conducted by visits of specialists to lab-
oratories requesting such traiming. Publica-
tion of a text book based on the 1857 Lowestoft
training course would encourage more wide-
spread training at fisheries laboratories and
universities**,

9.2 COLLABORATION

Progress in investigations of rational exploi-
tation of fishery resources, which have ad-
vanced rapidly in recent years, has been due
in large measure to close co-operation between
fisheries biologiste and mathemsticians in eval-
nating fish stocks and assessing yields.

It is recognized that further advances in the
analysie of the effects of human activities upon
fish stocks, and vice versa, will be speeded up
through similar coilaboration with scientists
having specialized knowledge of disciplines such
as technology and economics. It is therefore
urged that fisheries biologists should make op-
portunities to discuss relevant problems with
sueh secientists.

9.3 DISSEMINATION OF
TION

INFORMA-

The rapidly growing output of contributions
to the study of the dynamics of aquatic re-
sources ia leading to their publication in a very
wide range of journals and reports. In addi-
tion, contributions from specialists outside the
immediate fleld of fishery research often ap-
pear in publications not normally ineluded in
the libraries of fisheries laboratories. Conse-
quently, it is becoming increasingly difficult for
workers in this field to keep in touch with
progress of the subject and to derive the un-
derstanding which can come only from com-
parative studies.

phy for Agquatic Sciences and Fisheries”. The

proposed International Journal of Fishery Dynamica woul bs the appropriate vehicle for more detailed re-

ports. Meanwhile, current information about computers

and their use in biological research is usefully being

given in the journal “Behavioural Science” (see note on editorial policy with regard to abstracts, news and re-

view papers in 4(2):182-72, 1958),

++ Suoh a vourss was conducted in connection witk the International Training Centre on the Methodology and

Techniques of Research on Mackers! (Rastreliger) conducted in Bangkok, Thailand, October-Novemhber 1958;
see Report of the Centre by the Associate Director, 5.J. Holt {Bep. F.A.0, /| B.T.A.P., (1605), Rome 1959). The
lecture and practical material used at this and other such coursea will be ineorporated in a Manual of Meth-
ods for Fish Stook Assessment, to be published by FAO.
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There is therefore a need for a serial publi-
cation having, essentially, a world-wide cover-
age to meet these requirements. The scope of
such & publication would include:

{2} Contributions on any sapect of fishery dy-
namies (marine and freshwater) which are
of some general interest, with special refer-
ence to methods and techniques of analy-
gis and assessment and examples of their
application.

(b) Contributions from specialists outside the
immediate field of fishery research, includ-
ing mathematicians, statisticians, tech-
nologists and economists, which have & rel-
evance to fishery dynamies.

{c) Critical reviews and correspondence, which
can play a valuable role in encouraging
the growth of a relatively new diseipline.

It is recommended that FAO, with the as-
gistance of a panel of experts to be nominat-

*The experts nominated wers: Dr. M.B. BSchaefer (North
and Mediterranean regions, in collaboration with Mr.
(Afrios) and Dr. C.E, Lucas {Enrope). A summary of &
after vomsiderstion by the Steer.ing Committee, it

and means of eatablishi

+* Jagued monthly during 1058 as “Current Bibliography for Fisheries Science*; titlo changed
1056 to “Current Bibliography for Aquatic Sciences and Fisheriea™;

January 1960.

he results of their engui
was decided that FAQ would undertake to find ways
such 8 journal, As this goes to prees, arrangements are nearly completed.

ed at this meeting, should ind what support
this project would receive throughout the
world and what form the publication could
best take. In the event of support being forth-
coming, ways and means of establishing such
a publication should then be found*.

FAOQ is urged to continue its efforts in pre-
paring & comprehensive annotated bibliog-
raphy for fisheries science**.

Considering the progress which has been
made with respect to the recommendations oon-
tained in ICNAF Special Publication No. 1,
1958, it is recommended that FAO be asked to
prepare and distribute a report of this progress
and of the conclusions reached at the present
meeting. This report should be a non-techni-
cal sooount for publication in trade journals***,

Further, wherever the opportunity arises FAQ
is asked to assist countriez in preparing spe-
cial versions of this account, having regard to
Jocal requirementa,

and Scuth America), Dr. G.L. Keateven {Indo-Pacific
J.A. Tubb and Mr. M., Girard), Mr. R.J.H. Beverton
iries showed & favourable response;

ag from Jannary
distributed in printed version 8§ from

»#* Action on this recommendation has incuded distribution of a News Lotter on the subject in the Indo-Pacific
region, preparation of a Summary Report of this mesting and of various notvs, and is continuing.



REPORT ON SELECTIVITY OF FISHING GEAR

Convenor: J. R. Clark

1. Introduction

For many years biologists have studied the
relations between the physical properties of
fishing gear and the composition of catches.
Their purpose has been first to verify, with
seientific evidence, an eXisting common obser-
vation that gear is selective; next to messure
the degree of selection that ite various compo-
nents exert; then to determine which of its
structural properties could be modified to se-
lect from the stock advantageously, and finally
to devise appropriate modifications. Most of
these studies have been concerned with the
factors that affect sizes of fish caught, since
optimum yields for fisheries are most oiten de-
fined in terms of the appropriate sizes at which
a stock should be harvested. Such a slight
modification as adjustment of mesh size, for
example, may be sufficient to produce a sub-
stantial increase in the long-term yield of &
fish stock.

The philosephy of research in gear selection
Las evolved from a qualitative to a gquantita-
tive basis. The emphasis has changed from
such questions as “How can the destruction of
small fish be prevented ¥ to “Precisely what
proportions of fish of various sizes available to
the gear are capfured under various condi-
tions ¥ 'Thizs evolution has been stimulated
by the advances and the consequent demands
of theoretical population dynamics analysis. It
hag become apparent from this growing need
for precision and detail that much of the ear-
lier work was inadequate in these respects and
had to be repeated. Furthermore, much data
eollected by different people under various cir-
cumstances by different methods led to conflict-
ing conelugions and were not comparable.
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The purpose of this meeting was to bring
together experts in gear selectivily research,
to review and evaluate the results of previous
work, and identify problems that remain to be
solved. The discussions were organized into
several working groups, each concentrating on a
particular aspect of gear selectivity. Although
valuable contributions came from all over
the world, most of the participants represent-
ed countries belonging to ICNAF or ICES or
both, and eonsequently the discuseions cen-
tered aronnd North Atlantie problems, primari-
!y those involving the otter trawl which is by
far the most important gear used in that area.

The selection with which the meeting was
mainly concerned is that which results from di-
rect interaction of the gear and the fish enter-
ing or contacting it. In most fisheries, how-
ever, the composition of the catch is also af-
fected by many factors extrinsio to the gear
itself, The extrinsic factors are not so well
understood as the intrinsic ones, because they
are much more difficult to measure. ‘

2.  Selection extrinsic to the gear

The main extringic cause of selestion is var-
iation in distribution of fish of different sizes,
coupled with the fact that fishermen rarely dis-
tribute their activities such as to permit cap-
ture of all sizes of fish, in propertion to their
abundance. This iz especially true in pelagic
fisheries for migratory species whose behaviour
patterns change with age and which tend strong-
ly to school by size.

Some of these selective influences may re-
main rather constant while others may be ex-
peoted to fluctuate markedly in space and time.



Patterns of distribution and behaviour of fish,
a8 well as of the fleets, change seasonally; and
these changes vary from year to year. In mixed
gear flsheries the npature and magnitude
of selective influences vary with changes in
composition of the fleet. They may aleo differ
markedly as between species, whose habits, re-
actions, size distributions and vulperabilities
differ.

A major objective of gear selectivity research
should be the analysis of factors causing var-
iation in the degree of vulnerability of dif-
ferent size groups to various types of gear.
For this, detailed information on spatial distri-
bation of sizes is required for the stocks subject
to major fisheries.

The fullowing methods of investigation are
indicated:

{1} Observations of the behuviour of different
sies of fish in the vicinity of the gear
during fishing operations. These can be
made by using underwuter television, pho-
tography and free divers.

Coumparalive fishing cxperiments o meas-
ure size selectivily by fealures of the gear
other than mesh size. These experimnents
should be conducted with diffcrent rigs of
our kind of gear and with different kinds
of gear.

(2)

3.  Selectivity of different kinds of fishing
gear*

Sonwe wmount of selection is inherent Lo the
gear used o any Hshing operation. Its nature
will, of course, vary for different rpeeies as well
a8 for proups or individuals of the same spe-
cies possessing different attributes. At the pre-
sent level of vur knowledge we are able to con-
sider 1l selective activn of lhooks, gill nets,
and otter trawls. Our knowledge about otter
trawls fur exceeds that for the other types of
gZear.

3.1 HOOK SELE(OTION

A very limited amount of experimental evi-
denee wvuilable on selection of fish by hooks
shows Lhat differences in Lhe sizes ol huaks

and beits can affeet, in a systematic manner,
the size of fish eaught. Larger hooks and larg-
er bails catch fewer smalt fish than smaller
hooks und smaller baits. While present data
do not permit a clear-cut separution of the
independent effects of hook size and baitl size,
they do suggest that book size may be the
more important factor. The size of fish taken
may alsy be influenced by ihe type of bait
used.

Congiderable furither research mus{ be con-
ducted Lo answer even the most basie yues-
tions concerning hook selection. Al present
Lhere is little experience {o draw upon in devis-
ing methods of research, althomgh rigging the
gear with alternate hooks of varivux size along
the line seems a promising approach. It is
suggested that the following factors be taken
into consideration in carrying out houk selec-
tion research:

(1) Differences in the attraction of baits.
(2) Lengih ol line that baits stay on hovh.

(3) Lengih distribution of fish in relation to
{he anticipated selection range of the gear
(i.e., sizes below, within, and above the se-
lection range should be represented).

(4) Seasonal and diurnal varistions in patterns
ot behaviour (e.g. tnany species do not eat,
or eat less duriug spawning).

(5)
(@

Availability of natural food.

Relation belween densily of fish, spacing
of hooks und competition for the houks.
{7) Incidental catel ol secondary species.
(8)
(9
(10)

Distances between hooks on line.
Changes in hook shupe with use.

Probuble loss of lurger fish by breaking
of lines or houks.
Differences in characleristivs ol stocks il
gear must, during comparative fishing ex-
periments, be tested on different grounds.
I is recommended that uo pilot study be
condueted Lo compare various experimental
Lechuigtes on a given growmd under closely con-
troiled comditions.  From the results would e-
volve a methodology for the programmes to

(11)

* A list of definitions and terminology sppenrs on puges 7 .nd 8 of the Effort Report,
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follow. Observations of capiure and escape- '

ment processes with underwater television and
in aquaria might also contribute information
which would be useful in designing field pro-
grammes.
Many problems encountered in comparing
“and evaluating the resmlts of various experi-
ments atise from the lack of accurate desorip-
tions of hooks and from the inadequacy of
classification gystems. All published results
should include detailed descriptions of the hooks
used. The development of & workable system
for classification of hooks should be undertak-
en as soon a8 possible. We cannot with pres-
ent knowledge determine the relative impor-
tance of the various measurable characteristics
of hooks in selecting sizes of fish., The outside
dimension across the back and shank of the
hook as well as the length of the line normsal
to the shank from back to shank are important,
as also is the twist of the shank.

3.2 GILL NET SELECTION

The various factors which could influence
the selectiviby of gill nets must be considered
mainly theoretically because of the inadequacy
of experimental data. The methods which
have been nsed in studying gill net selection
can be grouped as follows:

(1) Comparison of catches of gill nets with
those of other gears.

Comparison of catches between gill nets
of different mesh sizes.

(2

Theoretical considerations based on obser-
vations of fish girth and mesh size.

Discussion of these methods and results from
them indicate that future research should be
carried out in relation to the following fae-
tors which seem of primary importance in the
selection of fish by the meshes of gill nets:

(1
(2)
{3}

(3

Mesh size.
Elastic stretching of the net.

Inelastic stretching of the net, including
stretching of the knots.

Hanging coefficients of the net (which gov-
ern the degres to which the meshes ¢pen).

Btrength and flexibility of the twine.

(4)

(8)
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(8)
(7

Visibility of the twine.

Shape of the fiah, ineluding compreseibility
of its body.

Degree to which fish are meshed at parts
of body other than pectoral ares.

{9) Patterns of behaviour of the fish.

In addition to these considerations, the de-
velopment of a standardized technique for
measuring the meshes of gill nets iz to be en-
couraged. The general principle employed for
the otter trawls appears promising, i.e., the
use of inner length of the elongated mesh
after use and while wet. However, account
must be taken of the considerable differences
in extensibility among various materials pres-
ently used in gill nets.

®

3.3 OTTER TRAWL SELECTION

3.31 THE EFFECTIVENESS OF BPECIALLY

DEBIGNED GEARS

It has been well demonstrated that fish es-
cape through otter trawls according to a rela-
tion between their size and the size of meshes
of the net. However, many workers have be-
lleved that selective action could be improved
and escapement increased through development
of special gears. Attempts to design nets with
improved escapement characteristics have re-
sulted in such innovations as the Ridderstadt
Trawl and the use of kite-shaped and square
meshes, Recently, a cod-end made partially
of rigid wire meshes was tried in fishing for
haddock and silver hake. Another was made
of strips of netting having different mesh sizes
rigged in such & way as to prevent the meshes
from closing ag the load in the cod-end increased.

None of these innovations has given selec-
tion characteristics of sufficient superiority to
justify their adoption in commercial practice.
Observations with underwater television of
trawls in action have demonstrated that
under normal circumstances little is8 to be
gained in selective performance by adopting
gpecial designs; they would only add to the
cost and complicate the maintenance and
operation of the gear.

A special gear may be necessary in some in-
stances, as for example where a required large



size mesh would greatly weaken the net. A
design which gives the proper selectivity
while having adequate strength would then be
desirable.

3.32 EFFEOTIVE EBCAPE
TRAWL

AREA OF THE

Although the cod-end is the smallest com-
ponent of an otter trawl, it is generally consid-
ered to be the most important part for the
escapement of fish. Unfortunately, there has
been little experimental evidence by which to
compare quantitatively the cod-end with other
parts of the trawl in this respect. Data from
recent studies have shown that fish do indeed
escape through the forward mnetting, sometimes
more than through the cod-end. 'This is owing
partly to the fact that meshes in the forward
netting are nearly always larger than in the
cod-end. In general, fewer fish escape from
the forward netting than from a cod-end which
has the same mesh size.

The relative magnitede of escapement
through various parts of trawls varies greatly
gccording o their design and operation. It
varies also according to differences in morpho-
logical characteristios and behaviour patterns
of flsh species. Variations in shealing behav-
iour of fish (i.e., whether the fish awim more asa
ghoal in any direction relative to the netting
or whether they respond as individuals) may af-
fect experimental resmits.

For research to provide more information on
forward escapement the following methods are
suggested as the most promising:

(1) Cover experiments. These may employ
either a small mmesh cover or a gill net
of mesh size slightly smaller than the trawl
mesh,

{2) Parallel hauls,

(3)

Direct underwater observation with televi-
gion.

Enumeration of fish meshed in various
parts of the trawl.

(4)

The use of small mesh covers has been ef-
fective for measuring cod-end selection, but it
is much more difficult to make covers function
properly on forward parts because of the ex-
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panse and configuration of the netting. Con-
trolled parallel tow experiments are probably
better. Underwater television observation is
an additional promising technique, the use of
which should be strongly enccuraged. Mesh
gize data and numbers, sizes, and positions of
meshed fishes should be recorded during figh-
ing operations wherever possible.

In view of the apparently eignificant effect
of water flow on selectivity and fishing power
and the paucity of data on this and related
phynical properties of nets, it is recommended
that more direct investigation be made of the
hydrodynsmics of trawls to explain in particu-
lar how net construetion (including mesh size
in various parts) influences water flow and con-
sequently the reactions of the fish, and, in
turn, the catches.

Forward escapement may affect cod-end es-
capement for the following reasons. If some of
the fish entering the cod-end had not escaped
earlier hecause of some physiclogical condition
{e.g., they were too weak while stronger fish of
the same size did escape) then those fish would
also be less likely to escape from the cod-end.
If a substantial number of fish of sizes within
the selection range of the cod-end had spent
most of the tow in the forward parts, where
they were selected, and passed into the cod-
end only towards the completion of the tow,
then the measured value for cod-end mesh se-
leetion would have been diminished below the
value it would otherwise have had. If total
catch affects cod-end selection, so they will for-
ward selection since it affects the quantities
caught. The results of cod-end mesh selestion
experiments as determined by parailel towing
could therefore be greatly altered by varia-
tions in eseapement through the forward net-
ting.

Nor does escapement take place in equsl pro-
portions through all parts of the cod-end. Re-
cent results indicate rather conclusively thalb
for moderate catches, the bulk of the escape-
ment from the cod-end occurs in its after por-
tions. Probably more fish escape from the up-
per side of the cod-end than from the under
gide. Underwater televigion and SCUBA obser-
vations have provided evidenece regarding the
portion of the cod-end which the fish cceupy
during towing. It appears that the exact area



of escapement varies with size of catch. When
catches are large more fish escape through the
forward parts of the cod-end than through the
rear.

3.33 THE EFFECT OF DIFPERENCES IN
PIRH SHAPE AND MESH SHAPE

There is some reagon to believe that the shape
of the fish has much to do with its ability
to escape. The most important dimensions for
“roundfish” are probably the maximum girth
of the fish and cross-sectional shape at that
point. There are several possible measure-
ments which can be msed, such as maximum
natural girth, maximum constricted girth, or
the girth of some incompressible part of the
body such as the head. It is mot particularly
important which is used provided that these
different measurements bear a constant relation
to one another. However, certain factors must
be taken into account, snch as the increased
body girth which may result from full gonads,
full gut, and expansion of the air bladder such
as oceurs when the flsh are brought up from
deep water.

Similar considerations apply to some flatfishes
such as plaice, in which girth and breadth bear
a constant relationship to one another, and con-
sequently for some species messurements can
for convenience be of breadth and conversion
made to girth if desired. This is not feasible
for all flatfishes, however, for some species are
so flexible that probably neither girth nor
breadth could be sstisfactorily related to the
probability of escape. This problem requires
special study.

In addition to girth and breadth, the cross-
sectional shape of the fish affects its ability to
escape. For example, a herring and a haddock
of equivalent girth will have entirely different
cross-sectional shapes. This of course affects
their respective abilities to pass throungh
meshes of 8 given shape and size. Although this
problem has been given some attention recently
in connection with the use of the matio of
body depth to breadth, it needs {nrther exami-
nation.

In all mesh experiments, certain measure-
menis should be obtained relating to length,
girth, body depth and body breadth. Special
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attention should be given to observing spawn-
ing condition of fish, since the body may be
enlargad by developing gonads. It is recom-
mended that a standard method of measuring
girth be adopted.

The shape of the mesh is also & factor to
copsider in determining escapement. There
are two important aspeots of thia:

{a) The relation of mesh ahape to the girth
and cross-sectional shape of the fish. The
essential data relating to mesh are its size
a8 ordinarily measured and lhe degree to
which it is open while fishing, The latter
can be defined in terms of one of the in-
ternal angles or, allernatively, the ratio of
length to width of the mesh.

Variation in the size or shape of meshes
throughout the cod-end. It seems proba-
ble that if the meshes of a net are not
adequately sampled, the error of measure-
ment might seriously distort the selection
curve.

(b)

It is recommended that during selection ex-
periments, measurements of meshes should be
distributed in such a way as to provide a rep-
resentation of their sizes throughout the cod-
end. It is also important to record the posi-
tion of each mesh measured. Statistical meas-
ures of variation should be reported in addi-
tion fo the means. Consideration should be
given to determining the working shapes of
meshes throughout the cod-end; this will be more
difficult since the determinations must be made
while the gear is in operation.

3.34 TEER EFFECT OF VARIATIONS IN PAT-
TERNS OF FISH BEHAVIOUR

Little is known about the behaviour of fish
in relation to selection processes. Among the
questions to be answered are the following:

{a) Do fish try to escape or ave they carried

passively through the meshes !

(b) If they do try to eacape, how do they go

about it 1
(¢)
()

Do they persist in their efforts to escape 1
Is effort to escape related to size of flsh 1



. (e} Do fish block the meshes gradually as they
become fatigued, or are they carried di-
rectly to the end of the cod-end to block

the meshes immediately %
()

Is there a relationship between size of fish
and their endurance, and hence their

chance of escape 1

Do different species have different behav-
iour patterns which affect the probability
of their escape ?

{g)

How is escapement affected by turbidity
of the water and by light intensity 1

(b}

What part do the various sense organs of
the fish play in their perception of the net
and their reactions to it

(i)

(i) 1f many fish enter the net simultaneously,
how do they affect each other’s efforts to

eseapa ?

In what directions do fish swim in rela-
tion to the net, and is there some critical
angle of approach beyond which escape is
impossible

At present is iz possible only to speculate on
these matters which are among the most im-
portant factors affecting escapement. It is there-
fore recommended that investigations of their
influence be commenced as soon as possible.
Underwater observations by free divers using
cameras and by underwater television should
yield valnable results. Several films have al-
ready been made; 2 recent one records the tele-
vising of the inside of a cod-end. Under-
water observations now provide means of observ-
ing the behaviour of the trawl in action and
the behaviour of the fish in the net during the
process of escapement.

{k)

3.35 SUBRTANTIVE CAUSES OF VARIATION
IN COD-END EBCAPEMENT

The problems associated with cod-end selec-
tion do not arise from a general inadequacy
of data as is {rue of so many other aspects
of selection, but rather from conflieting results
and the sources of variation that cause them.
This variation can be considered in two cate-
gories; substantive, or that associated with the
conditions of ordinary fishing, and experimen-
tal, or thal associated with the conditions of
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the experiment. The important known sub-
stantive factors are discussed below.

3.351 Duration of tow

Results from research bearing oa this sub-
jeot show that escapement increases with the
duration of tow. This could be simply because
the longer fish are in the net the greater is
their opportunity to escape. The duration of tow
in mesh selection trials should then be gov-
erned by the manner in which the results are to
be used. Workers are encouraged to extend
their trials over a range of tow durations but
Darticularly to include the range correspond-
ing with commercial practice. Complete infor-
mation on tow duration should always be in-
eluded in presentations of results.

3.362 Calch size

Bize of cateh is a significant variable in cod-
end selection, ie., for a given length of tow,
lower escapement i3 associated with larger
catehes. This suggests that the opportunity to
escape diminishes as the number of fish which
are crowded into the net increases. Tle crowd-
ing rate is determined laigely by the density
of the fish on the grounds. Another possible
cause of this deerease in escapement is the gen-
eral decrease in mesh size from the rear of
the cod-end forward, the consequence of which
is that the fish are left with smaller meshes for
escape as the cod-end fills. In order to ob-
tain data pertinent to this point, the size of
individual catches should always be reported
in the records of mesh experiments.

3.363 Bpeed of fow

Insufficient direct observations have been
made to evaluate the effect of towing speed on
escapement, Valuable leads might be found by
analysing the data of past experiments in which
different speeds were used. In studying this
problem, it will probably be necessary to de-
fine towing speed in terms other than that of
the ship relative to the surface waters. Work-
ers should extend their frials over a range of
towing speeds but include particularly those
corregsponding with ecommereial practice, and
should zlways record these rates in published
results.



3.354 Vessel size

The effect of size of vessel on escapement
has not been given special study. However,
results of mesh seleclion experiments in gen-
eral indicate that this is probably not in itself
eignificant.

3.355 Net material

A considerable amount of data concerning
nets of different materials is available from
which certain obvious conclusions may be
drawn. For example, nets made of cotton and
ariificial fibres have in & number of experi-
ments given consistently higher selection fae-
tors than nets made of manila and sisal. Al-
though the causes of such effects cannot be
definitely stated, it appears likely that the fol-
lowing qualities of materials and nets, may be
involved:

{a)
(b}

Runnage.

Strength of twine (preferably measured
wet and knotted).

9
(d)
(e)
(f)

Elongation properties or extensibility.
Smoothness.
Flexibility.

Cheimical treatment of material for preser-
vation.

Method of fabricating netting (i.e., wheth-
er single or double twine).

(2)

1t is recommended that all those engaged in
selectivity studies should record each of these
particulars in future experiments, and should
re-examine existing data to determine whether
any conclusions on the effects of the gualities
of twine ean be deduced therefrom. Mean-
while, the co-operation of the fishing gear in-
dustry and Interested agencies should be sought
in order to obtain reliable and comparable spec-
ifications of materials.

Certain twines shrink during continued use,
while others stretch. The effect of these chan-
ges upon the selectivity of trawls and seines
may be exceedingly important. The recommen-
dation proposed in I.0.N.A.F. Spec. Publ. (1),
that existing data on shrinkage of net twines
be reported, is re-emphasized.

a3

3.358 Light intensily

No data bearing on the effect of light were
availzble. BSince this could be an important
factor, the records of past experiments in which
fishing was carried on with the same gear dur-
ing day and night should be analyzed and new
experiments conducted, to determine the influ-
ence of light utensity on selection.

3.357 Relative fishing power of different
meek sives

The fact that fishing power is a function of
mesh size must be taken into account in spe-
cifying an appropriate mesh size for a partic-
ular regulated fishery and in all research to
test the effects of the regulation.

The weight of available evidence indicates
that large meshed cod-ends take more fish at
the upper end of the selection range, and be-
yond, than do smaller meshed nets. This may
not however be a universal rule; the converse
hag been shown for one species of sole.

Further work is recommended to elucidate
these problems. A careful study of existing
information should precede and guide the devel-
opment of new field experiments. Underwater
observations of trawls in action shonld again be
most nseful in these experiments.

3.36 EXPERIMENTAL VARIATION IN COD-
END SELECTIVITY RESULIB

3.36. Use of covers

The simplest and most direct method of meas-
uring the seleetivity of cod-ends is by use of
a covering mesh of fine netting to retain the

_escaping fish, However, this method has of-

ten been criticized because the cover may in-
erfere with escapement and result in under-esti-
mation of it. This can be obviated by proper
design and attachment of the cover. There
should be sufficient siack in the cover to allow
it to Tise up free of the cod-end.

It is necegsary to ensure that the entire up-
per side of the cod-end is covered. The under-
side is not so important for roundfshes, which
escape for the most part through the upper side.
Insufficient data are available to evaluate this
effect in the flatfishes.



The meshes near the latcheta are often ex-
cluded from the cover to facilitate handling of
the gear. It is advisable to cover these mesh-
es with additional netting to prevent fish from
escaping through them. To minimize possible
masking effects, covers shouid be made of mesh-
es no smaller than is necessary for their pur-
pose.

It is recommended that underwater television
observations of covers and topside chafing gear
be undertaken as soon as poseible to provide
more definitive answera to problems involving
the effect of covers.

3.362 Replioate tows

The results of experiments with replicate tows
have often differed from those with covered cod-
ends in yielding considerably higher estimates
of escapement than the latter. These differen-
ces may indicate errors, which conld be due to
adjustment of replicate tow dataJor to the
masking effect of covers, or, in covered cod-end
experiments, to the return into thé cod-end of
fish that had previously gone through into the
cover. Since none of these factors appear to
be important enough to account for the dif-
ferences which offen occur, we must search for
other, a8 yet nndefermined, factors arising from
use of the replicate tow method.

Some leads may be obtained from examina-
tion of the selection curves resulting from two
replicate experiments. The replicate tow
method does not measure escapement directly
but rather compares catches of nets having dif-
ferent mesh sizes. The nature of the method
is such that many additional sources of varia-
tion are admitted. One problem is that selee-
tion curves rise abeve the theoretical 100 per
cent point for length eategories where catches
of the larger mesh exceed those of the smaller
mesh. Types of selection curves have been
found in which:

(a) The curve levels off and remains at 100
per cent. retention, ag would be obtained
by using covers.

(b) The curve levels off, and remains, above
the 100 per cenf. retention level.

(¢) The curve rises smoothly through the se-
lection range and continues to rise above
the 100 per cent. retention level, reaching
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a peak a few centimeters therefrom and
then descending to level off and remain at
or somewhat below the 100 per cent. re-
tentlon level.

At present there iz no explanation of these
peculiarities. The effect described under (b)
might occur if larger meshes were more effi-
cient then smaller ones in taking fish either
above the selection range only or throughout
the entire range of size. The effect deseribed
under (¢) might result if larger meshes caused
the trawl to be more efficlent for small fish
{which mainly pass through the meshes) than
for large ones. This seems reasonable beeause
the ability of fish to avoid the net either by
dodging around it or by staying ahead of it
probably increases with their size.

It is reasonable to assume that if a differ-
ence in efficiency holds for sizes above the selec-
tion range it also holds for sizes within the
selection range., Following this assumption, the
accuracy of selection figures might be improved
by adjusting the catches within the selec-
tion range of the larger mesh nets by the ratio
of catches of small to large meshed nets
beyond the selection range. However, care
should be taken in applying such adjustments,
especially if the selection curve ia of the type
described under (c) above.

The various shapes of selection curves a-
bout the 100 per cent. point which have been
observed suggesi that trawls may not represen-
tatively sample all lengths within the popula-
tion. Attention should be given to this in the
development of improved sampling gear. Since
the efficiency of sampling will probably vary
with differences in essential characteristics of
the gear, comparisons of data collected with
different gear may give misleading results. The
use of a standard trawl for research purposes
would be helpful in facilitating comparison of
various collections of data. The advantage of
this must of course be balanced against the
fact that such a standard trawl will probably
not be the most efficient for every purpose.

4., Mesh measurement and gear specifi-
cation

Properly to apply the resulfa of selectivity
studies a standard classification and specifica-
tion of gear must be established. A particu-



larly pressing need is for an adequate method
of defining mesh size. This was brought out at
the Biarritz meeting (see I.0.N.A.F. 8pec. Publ.
(1)) and again emphasized here.

41 MEASURING METHODS

Most workers have found the “internal lon-
gitudinal stretched mesh dimension” most
satisfactory. It should therefore be nsed both
in experimental work and in enforcement of mesh
regulations. At the same time the possibility
that a better dimension than this could be de-
veloped should not be overlooked. Such a
mesh dimension might be one which would in-
herently correct differences in selectivity, e.g.
as between materials.

The amount of pressure applied to meshes
while mesasuring them varies from worker to
worker. Pressures of 3 to 4 kg. are adequate
for most purposes with the longitudinal meth-
od. A decision as to the exact amount which
is most appropriate cannot be reached without
special studies of change in mesh size with in-
creasing pressure. Such studies should be car-
ried out with materials commonly nsed.

4.2 THE GAUGE PROBLEM

The same method of measurement is desira-
ble for both experimental work and enforce-
ment. The practical problems involved are,
however, quite formidable. Generally, the
gauges used for research purposes are designed
and built to give maximum precision in meas-
urement, and therefore are expenmsive. Such
gauges may not be practicable for enforecement
purposes. Ifa different gauge is used forenforce-
ment, it should be as accurate as is neces-
sary to fulfil the regquirements of the law.

The adoption of a standard technique for
measuring meshes throughount the North Atlan.
tic iz desirable; to this end a standard gauge
should be developed. Since this may not be
feasible at present, computation of factors for
converting to a common basis the measure-
ments obtained by those presently in use could
be the first step towards standardization. This
should be done for the “longitudinal pressure”
gauge, which is now most commonly used, and
of which there are several types, and also for
the “vertical pressure” wedge gange, Which s
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elso rather widely nsed. The work of develop-
ing these conversion factors should be divid-
ed smong workers in ICNAF and ICES coun-
tries. The following points should be borne in
mind in conduocting research on gauge standard-
ization:

{a) Factors developed should convert to a com-
mon standard rather than from one gauge
to another.

MTests should be made on all the netting
materizls in commeon use.

(v}

{c) Sufficiently large samples of measurements
should be taken with each gauge io pro-

vide statistical teste of variation.

A survey of opinion on the relative con-
venience of operating the various gauges
is desirable.

Ganges and materials to be tested should be
exchanged among laboratories conducting the
research, This would facilitate the develop-
ment and acceptance of a standard research
gauge.

The evidence that fish escape from many dif-
forent areas of the trawl indicates the necessi-
ty of routinely measuring meshes in parts other
than the cod-end during selectivity experiments.
Stapdard procedurss for prescribing mesh
sizes throughout the trawl should be developed.

(d)

5. Problems of presentation and accessi-
bility of data

Evealuation of the results of gear selectivity
gtudies have 100 frequently been impeded by
lack of information on experimental conditions.
Failure to collect or record such informatien
greatly limits the usefulness of the data. Many
inconsistencies among results of selection
studies could have been resolved if adequate de-
scriptions had originally been given of such
matters a8 design of the gear, size of the in-
dividusl catches, length of time the gear was
operated, the type of material used in netting
methods of measuring meshes, ete. The im-
portance of recording and reporting detailed
information on all such factors cannot be
stressed too strongly.

Belection factors for different species and dif-
ferent types of net materials are often dezived



and used under the more or less tacit assump-
tion that the relation between the 50 per cent
point and mesh gize is linear. Recently com-
pleted experiments with a species of Merluo-
ciug and a sole, however, have shown a curvi-
linear relation of these two factors. The seleo-
tion factor is then not constant but inoreased
flexibility of larger meshes or possibly
through increased vigour or differences in be-
haviour of larger fish. It is recomrpended that
existing data be studied and tested for validi-
ty of the assomption of linearity.

Finally it is recommmended that all data
bearing on selectivity compiled at one centre
should be disseminated, on request, to scientists
requiring them for special studies. The advan-
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tages of such a centre are obvions. Much da-
ta would be recovered for further study and
integration that now remain in the files of var-
ious laboratories or of individual workers. At
present, such data are rarely fully evaluated
and they are then needlessly duplicated by new
fleld programmes, If a centre were designated
a8 a repository, it would be necessary to have
date submitted in 2 standard form. This in
itself would remind workers of the kind of in-
tormation required and encourage them to im-
prove the comprehensiveness of their observa-
tions. The design and operation of a data cen-
tre, including the details of standard forms and
estimates of cost, should be planned by & pan-
el of experts from ICNAF and ICES coun-
tries with the assistance of FAO.
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Appendix 3

Terminology and Notation for Fishery Dynamics

A.  Notation agreed by ICNAF and Japanese workers

Total numbers of fish in the exploitable phase of the steck N
Total weight of fish in the exploitable phase of the atock P
Number of fish in the catoh C
Woeight of fish in the catch Y
Number of recruits entering the exploitable phase of the stock R
Annual fraction surviving (survival rate) 5
Length i
Weight . w
Time t
B.  Notation recommended at Biarrilz, and again revommended at this meeting, but for
whick alternative Greek lotiors have been suggesied by the Japanese Commitiee
Instantaneous total meortality coefficient Z
Instantaneous fishing mortality coefficient F
Instantaneous natural mortality coefficient M
The ratio of fishing mortality to fishing intensity g (=FlXx)
C. Other
Fishing intensity:
Biarritz recommendation b
Japanese recommendation X
Suggested at this meeting (if f is to continue to be used by Japanese workers X
for a mortality rate)
D.  Notation as eventually agreed and published in J. Oons. int. Ezpl. Mer 24:239-242,
‘1959
English definition Bnglisk term
Total number of fish in stock Stock number ¥
Total weight of fish in atock Stock biomase P
Total number of fish in catch Catch in number o
Total weight of fish in eatch Cateh in weight Y
Instantaneous fotal mortality coefficient Total mortality coefficient Z

— —-dN)¥l#t = F + M
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Instantaneous coefficient of mortality
caused by fishing

Instantaneous coefficient of mortality
by (natural) causes other than fishing

Number of fish entering the exploitable

phase of a stock in a given period
Length of & fish

Waeight of a fish

w (stock}) = P[N

w (catch) = Y /O

Time, either absolute or in terma of
life-span of fish, thus:

Age at which fish are recruited to fish-
able stock and

Age at which fish are first liable to
capture by the fishing gear in use
Length of fish at age ¢,

Weight of fish at age £,

Length of fish at age 13

Weight of fish at age £,

Fishing effort. Thiz symbol shonld
be used only if no ambignity will arise
with statistical notation in this con-
text; otherwise the following notation
is to be preferred, and used in any case
when distinetion is to be made between
uncorrected fishing effort statiatics,
as recorded, and the effective overall
fishing intensify computed from them.
Fishing effort as recorded

Weighted mean fishing effort per unit
area, expressed in standard units and
caleulated with weighting factors
eqnal to the density of fish in each area

ezp(-Z)

1-8
(1-8)F/Z

(1-8)F|Z
(1-8)M/2Z

Flf
Y, off, Y/g'.l Clg

Year-class
Age-group
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Fishing mortality coefficient

Natural mortality coefficient

M
Number of reeruits (Aunual) re-
eruitment R
Fish length i
Fish weight w
Age at recruitment i,
Age at first capture i,
Length (size) at first capture i,
Weight at first capture W,
Length at reoruitment I
Weight at recruitment W,
Fishing effort
X
Uncorvected flshing effort g
Effective overall fishing intensity
/
Fraction surviving (Mean) surviv- 8
al rate
Mortality rate —_
Exploitation rate or Unconditivn- E
al Fishing mortality rate or
Expectalion of death by eapture
Uncondilional natural mortality D
rate or Expectation of death by
natural causes
Catchability coefficient q
Catech per unit effort —_
Suggested
suffixes:
iora
jorm



Appendix 4

“A METHOD OF ESTIMATING NATURAL AND FISHING MORTALITIES”*
BY
J.E. PALOHEIMO

Abstract **

A method of estimating instantaneous fishing and natural mortality rates has been developed
by using estimated year-class sizes, based on stalistics on catches at age and effort, in place of
F.E.J. Fry’s “virtual population” sizes

It ipvolves caleulating for each year-class the weighted swm of catcbes from all age-groups
from a given age on. The weighting factor, usually a different one cach ycar, is the inverse of
the fraction of the total mortality eaused-by fishing. If the stutistics cover the life-span of a year
class, this sum is an estimate of the year-class size at the start of the given age, otherwise a cor-
rection factor must be applied. .

The weighting and correction factors depend on the unknown fishing and natural mortality
rates. Since, however, the dats on the year-class sizes at successive ages determine, providing
large enough variations in effort, the fishing and natural mortality rates, this set of circumstances
ean be nsed to airive by ileration ai their best values.

“ERRORS IN ESTIMATES OF MORTALITY OBTAINED FROM VIRTUAL
POPULATIONS” ***

BY
YVONNE M.M. BISHOP
Abstract

The bias in each estimate of the mortality coefficient, M, derived from the ratio of successive
virtual populations is defined algebraically and shown to be unchanged whether one or more year
classes are considered, the mortality coefficients being assumed constant for all exploitable fish.
Limiting and probable values of this bias are shown graphically for fishing mortality, F,, wmnging
trom 0 to - 2.0 in the year, r, for which the estimate iz obtained; these values are drawn for con-
stant M of - 0.2 and - 0.4, and for both increasing and decreasing fishing effort. Bias in individ-
nal estimates is greatest when there are latge fluctuations in fishing effort, particularly when fish-
ing mortality is low relslive to natural mortality; the bias increases with increased natural mortal-
ity. 1t is concluded that linear regression of a series of virtmal population ratios would, in general,
give an intercept value that was an underestimate of M, and a slope that was an overestimate of ¢,
the coefficient of fishing mortality, but during a gradual decline in fishing effort the errors in both
mortality rates would be in the opposite direction

* J. Pish. Res. Bd Can., 15:749-58, 1068,
** Thig abstract ia different from that of the original paper.
w* J_ Fish. Res. Bd Can., 16(1):73-90, 19568,
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