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Abstract

G. A. Chouinard, A. F. Sinclair, S.E. Campana, T.C. Lambert and J.M. Hanson. 1995. Biological,
Environmental and Fishery Science Considerations for the Management of Atlantic Cod
in 4T and 4Vn. Can. Ind. Rep. Fish. Aquat. Sci. 227: vii + 45 p.

A forum of industry representatives on the management of the fisheries for cod in the southern
Gulf of St. Lawrence (NAFO Division 4T) and the Sydney Bight (Sub-division 4Vn) was held
October 25 and 26, 1994 in Moncton, N.B. The main objective of the forum was to discuss future
management for the cod stocks in the area. This paper was one of the reference documents
prepared by scientists of the Department of Fisheries and Oceans. It provides background
information on fishery science, biological and environmental issues related to the management
of these cod stocks.

Résumé

G. A. Chouinard, A. F. Sinclair, S.E. Campana, T.C. Lambert et J.M. Hanson. 1995.
Considérations Biologiques, Environnementales et Halieutiques pour la Gestion de la
Morue dans le 4T et le 4Vn. Rapp. can. ind. sci. halieut. aquat No. 227: vii + 47 p.

Un atelier de représentants de l'industrie des péches sur la gestion de la péche a la morue dans
le sud du Golfe du St. Laurent (Division 4T de 'OPANO) et de !a Baie de Sydney (Sous-Division
4Vn) a été tenu les 25 et 26 octobre 1994 a Moncton, N.B.. L'objectif de cet atelier était de
discuter de la gestion future des stocks de morue dans ces zones. Ce texte constitue un des
documents de référence préparés par les scientifiques du Ministére des Péches et Océans. I
contient une description des considérations biologiques, environnementales et halieutiques
relatives a la gestion de ces stocks.
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1. Introduction

The management of cod in the southern Gulf of St. Lawrence (NAFO 4T) and Sydney Bight (4Vn)
was the focus of a forum held October 25 and 26, 1994. A similar forum in April 1994 was aimed
at looking at management measures for 1994 whereas the session in October was directed at the
long-term management of the fishery. The number of discussions on the cod fishery of 4T and
4Vn that have taken place over the years are an indication that the problems are complex. With
the decline in the cod fishery, and the closure that has been in effect since September 1 1993,
a biological problem (decline of a resource) has become a social and economic problem of large
proportions. In the face of such a decline, fishery management measures that tend to reduce the
probability of such events are desirable.

This background document attempts to present simply some basic biological and fisheries
concepts which formed a contribution to the discussions. In addition, it presents some history of
the early fisheries and the evolution that has taken place over the seven decades or so. The
current state of the biological knowledge of the two cod stocks, which are the object of discussion
is described including some of the basic biological parameters that should be taken into account
when discussing management measures. In preparing the document, we have attempted to
provide simple examples or analogies. We recognize that these are a simplification of reality,
however; we hope that the examples used can help facilitate understanding.

First and foremost, it has to be clear that any animal population (whether it is exploited or not) is
subject to natural fluctuations. An increase may be caused by favourable conditions of food and
habitat which promotes survival; conversely, a decrease can be caused by disease, predators or
poor environmental conditions. These changing conditions will likely continue. The challenge in
fisheries management lies, therefore, in ensuring that the fishery is not the primary source of
population fluctuations and that management strategies will be adopted that reduce the impact of
natural fluctuations on the fisheries.

Past experience in the fisheries around the world indicates that fishing has been a major
contributing factor in the decline of many fisheries. Everyone generally recognizes that there is
a biological limit to the resources. However, somehow, it is often perceived that by using specific
conservation measures the resources will grow indefinitely. Certainly, sound conservation
measures will result in increases in the abundances of presently depressed stocks but clearly it
has to be remembered that limits do exist.

In the context of elaborating management measures for a fishery of the future, it is useful to
review some basic principles in fishery science and to keep in mind the biological characteristics
of individual stock. A discussion of the objectives of a fishery can greatly facilitate the decision
making process. This is a difficult step because the objectives desired by the various
stakeholders are sometimes competing and not compatible. Nevertheless, establishing objectives
for a fishery is an essential process. These objectives also have to recognize that the resource
is the base of any exploitation and needs to be maintained for exploitation to continue.



2. Fisheries Science
2.1 Basic Concepts in Fisheries Science

2.1.1 Relationship between fishing mortality (F) and fishing effort, catch
and biomass - Some Basic Definitions

This section outlines some basic concepts that underlie the current Canadian approach to
groundfish fisheries management. The theoretical relationships between fishing mortality, fishing
effort, stock biomass and catch are discussed; and the basis for the choice of the F,
management strategy is described. A simple analogy is used to help illustrate some of the theory
but this is in no way intended to frivialize a complex topic.

Relationship between fishing effort and fishing mortality

Think of a fishery as you would a lawn. Fish are harvested by towing a net; grass is harvested
by pushing a mower. The analogy works best if we think of a scallop fishery where the animals
don't move much and they are as catchable in all seasons. Some obvious exceptions to this
analogy are discussed at the end.

Where one unit of fishing effort may be a set, one unit of lawn mowing effort may be one mown
strip. If it takes 10 passes to mow the entire lawn, then one pass will cut 1/10th the lawn and 5
passes will cut half the lawn. It will always take 10 passes to cut the entire lawn. For a fish stock,
one unit of effort by the same vessel and in the same season will take on average the same
fraction of the fish stock as the next unit of effort. This fraction of the stock taken by one set will
be very small. However, when added up over all the active vessels, the fraction may become
relatively high. The rate of fishing mortality is equivalent to the fraction of the fish stock that is
killed annually by fishing. A higher proportion of the stock will be caught if the total amount of
fishing effort is high than if the total fishing effort is low. Fishing effort and fishing mortality vary
in direct proportion.

Relationship Between Catch and Stock Size

Let's return to the lawn mowing analogy. The actual quantity of grass cut during one mowing will
depend on its length. If the grass is long then you'll have to do a lot more raking than if the grass
is short. However, it will always take 10 passes with the mower to cut the lawn, regardless of how
long the grass is.

Similarly, the amount of fish caught with one unit of effort will depend on how big the stock is. If
the fish are abundant, then more will be caught in an average set than if they are scarce. On the
other hand, it will take more effort to catch the same tonnage when fish are scarce than when they
are abundant.

Relationship between fishing mortality and catch

Note that one pass with the lawn mower will cut 1/10th the lawn regardless of how long the grass
is. In fishing, one unit of effort will take the same proportion (or percentage) of the stock,
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regardless of the abundance of the stock. Thus, the amount of fish caught for one unit of effort
will depend on how abundant the stock is.

Exceptions

Our lawn-mowing example is clearly a simplified analogy, used here only to help explain some
of the basic theory of fishing. In reality, fish stocks are migratory and their catchability varies
seasonally: many cod stocks become highly aggregated in winter and during spawning, thus, one
unit of effort will take a higher proportion of the population than during summer when cod are
feeding and more widely dispersed. Large vessels that use large gear will catch more fish per unit
of effort than small vessels using small gear. Over time, the efficiency of fishing methods will
increase due to improvements in technology. Under these conditions, the amount of fishing
mortality caused by one unit of effort would increase over time. Fishermen can also direct their
effort at different species. For example, the catch per unit effort of cod will be higher when fishing
for cod than when fishing for plaice. It is important to consider these factors when making direct
comparisons between the amount of effort expended by a fleet of fishing vessels and the resulting
fishing mortality.

2.1.2 Objectives, targets and strategies

In broad terms, the objectives of Canadian fisheries management have focused on maintaining
the fisheries resources at levels that will generate continuing economic and social benefits while
creating conditions necessary for viable and stable commercial fisheries. What harvesting
strategies would be compatible with these objectives?

It is well accepted that fish stocks will vary in abundance regardliess of the amount of fishing they
are subjected to. Many factors will influence the number of young fish that will enter the
population each year: the initial number of eggs spawned and successfully fertilized, the extent
to which the eggs and larvae drift with ocean currents, the amount of food available to them
throughout the time of hatching until they reach a commercial size, how many are consumed by
predators, and how many are caught commercially and possibly discarded because of their small
size.

Constant Fishing Mortality vs Constant Catch

Given that fish stocks will vary naturally, it could be difficult to provide viability and stability to the
industry by keeping catch constant. Bearing in mind the relationships between catch and biomass
described above, keeping catch constant would mean fishing harder when stocks were declining
and less when stocks were increasing. This would have inherent implications for the stability of
the harvesting component. A "safe" constant catch would have to be set fairly low so as not to
threaten spawning stock size in poor years.



A constant catch strategy would be like trying to get a fixed yield of grass from your lawn. If there
was a good mixture of sun and rain, maybe only half the lawn would have to be mowed to get the
target amount of grass. Not only would this be unsightly but it could also result in matting and
lower grass production. On the other hand, unfavourable drying conditions could reduce grass
growth and it could be difficult to get the target yield. Excessive cutting could result in burning the
lawn and lasting damage.

Canada chose a constant fishing mortality management strategy when it extended fisheries
jurisdiction over its 200 mile zone in 1977. Since fishing effort and fishing mortality are
proportional, this was intended to provide stability to the industry by keeping fishing effort constant
while recognizing that catches would vary. Catch would vary with biomass under this strategy,
more fish would be landed when stock sizes were high than when stocks were low. The overall
yields would be higher than if one safe constant catch level were chosen.

Choosing the target fishing mortality

Once a constant fishing mortality management strategy was chosen, the question became what
is the target level. The choice was based on considerations of how quickly individual fish
increased in weight as they got older, how quickly their numbers decreased with age, and the age
at which the fish were caught. These relationships were summarized in an analytical model called
yield-per-recruit.

2.1.3 Yield per Recruit
Let's break the yield-per-recruit model into its individual parts.

Growth: Fish tend to increase in weight for most of their lives. However, the rate of growth tends
to slow down as the fish become sexually mature since energy is diverted into reproduction.
Nonetheless, the weight of an individual fish generally increases throughout its lifetime.

Mortality: We use the term year-ciass to refer to the group of fish spawned in a given year. The
number of fish in a year-class will decrease as the year-class gets older since each year a certain
number die of natural causes and some are also caught in the fishery. The total weight of the
year-class at any point in time, or its biomass, is the product of the number surviving times the
average weight of the survivors.

At some age, the gain in total fish weight is balanced by the loss in numbers of fish due to
mortality, and the biomass of a year-class reaches a maximum. This is illustrated in Figure 1
where a cod-like species is used as an example.



Fishing: Several things happen to the year-class as fishing increases (Figure 2). In this example
we begin with the same number of age 1 fish. The age 3 fish are only lightly fished while the
larger fish are fully available to the fishery. As the rate of fishing mortality (F) increases, there is
little effect on the abundance of age 3 fish since they are not caught. However, the abundance
of older fish decreases. In addition, the age at which the maximum biomass of the year-class will
occur also decreases. If the fish begin to spawn at age 5, the biomass of spawners decreases
substantially over a relatively small range of fishing mortality.

K . Biomass / ™,
£ 9 4’{ 5 M E ’%.
Age 3 < o / i Biomasse |

% A § §
P £ E 5
g A | 5
| ; E

Age

Figure 1: The biomass of a year-class reaches a maximum at a given age due to the trade off
between decreasing numbers and increasing average weight.
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Figure 2: As the rate of fishing increases, the numbers of fish in a given year-class decreases,
and more so for the older fish, and the age of maximum biomass of the year-class also
decreases.



Several characteristics of the fishery will be affected by the rate of fishing (Figure 3). There is
some rate of fishing that will give the most yield from a year-class and we refer to this rate as F,,.
If we fish below F,,,,, then on average some yield will be lost compared to fishing at F,,,, because
more of the population will be beyond optimal size.

Catch per Vessel /

Catch/ Prises  Fleet / Flotte .
Prises par Bateau

Fo.1 <o «Q' -

Fimax «-:3‘ <

F=0.6 ™™ A A
P ol N
Total Yield /

Prises totales

Figure 3: Characteristics of the catch, fishing effort, and catch per unit effort in yield per recruit.
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If we fish above F,,,,, then the fish will be caught before they reach the optimal size and some
yield will also be lost and more fishing effort will be necessary. The average size of fish in the
catch will decline on average as F increases. This is because there will be fewer older fish in the
population and the fishery will become increasingly dependent on younger fish. The amount of
fishing effort will increase in proportion to the rate of fishing. This will result in decreased catch
per unit effort and less profit per vessel.

Canada chose a target rate of fishing below F,,.,. From a conservation perspective, Fuex Was the
upper limit to the rate of fishing since higher levels would give less yield. The target chosen was
F..» which is by definition the rate of fishing at which the addition of one unit of effort would catch
1/10 the amount than if the same effort was applied to an unexploited year-class. The total yield
from a year-class was only about 5-10% less than at F,,,,, but the required fishing effort was about
1/3 less. While the yield per recruit model does not explicitly consider possible relationships
between spawning stock size and recruitment, it was felt at the time that F;, would ensure a
relatively large spawning biomass and broad age span in the population. These characteristics
would help dampen the negative effects of poor recruitment on the fishery.

Considerations of spawning stock size

In the mid-1970's when Canada adopted an F,, management strategy, little was known about the
relationship between spawning stock size and subsequent recruitment. Since then there has been
an accumulation of data on many fish stocks in this area and around the world. In general, there
is no clear relationship between stock size and the number of recruits produced, but it is clear that
low spawning stocks reduce the ability to produce strong recruitment. Considerable research is
ongoing in an attempt to develop management models that explicitly consider spawning stock
requirements for optimal fisheries. Preliminary resuits indicate that fishing mortalities in the range
of F,, for cod are likely to ensure adequate spawning biomass. These studies also indicate that
fishing mortalities in excess of 0.3 will reduce the frequency of average and above average year-
classes.

2.2. Groundfish Stock assessments
2.2.1 Description of Methods

Stock assessments attempt to provide estimates of the current size of the fish stock under study.
The estimates are then compared to estimates of the stock in previous years.

There are several realities with marine fish stocks which tend to complicate the process of
counting the fish:

1) Fish stocks occupy large areas.

2) Fish can't be easily counted.

3) Fish taken out of the water die.

4) Fish are not distributed evenly.

5) Fish distribution tends to vary from year to year and seasonally.



Contrary to the census of the Canadian population, which is done every five years or the farmer
who can count the number of cattle in his field at any time, it is not possible to count every fish
because of the reasons above. Consequently, sampling strategies have to be used to arrive at
estimates of the population. Furthermore these estimates have to be seen as "indices" of the
population. Because fish can move and some escape being caught by the survey trawl, the
estimates obtained are a fraction of the total stock. Calculations for several cod stocks indicate
that this fraction is generally between 50 and slightly below 100% .

Another example of an index include the Consumer Price Index (CPl), where the price of a
number of specific articles are tracked on a regular basis. The CPI won't tell you the price of a
toothbrush; however, it can tell you how much more a variety of articles would cost today relative
to the cost in years gone by. Another example of an index is the number of housing starts as an
index of construction activity. Again, this index will not tell you exactly how much was spent in
the construction sector, but it will give you an indication of whether the situation is improving or
worsening. Similarly, the indices derived from groundfish surveys or commercial catch rates
provide an indication as to whether the population has increased or decreased and by roughly
what proportion.

Providing that we have estimates of the number of fish caught and their ages, the indices of the
trends in the population (research survey or commercial catch rates) can then be used to calculate
the overall population abundance. This is done using an accounting procedure called sequential
population analysis (SPA). Without going into the details, the procedure rests on the principle
that if we add all the fish caught by the fishery from a given age-class, take into account how the
indices of abundance have changes from year to year and we make an adjustment for the natural
mortality, we can calculate how many fish had to be there in the first place.

A few words on each of these indices is warranted at this point.

a) Research surveys

When scientists present the resuits of groundfish surveys, they are often told " No wonder you
say the cod stock is in bad shape....you're fishing where there are no fishl.".

Scientists have designed surveys to try to estimate the size of the stocks; to determine if the
stocks are increasing or decreasing. In order to do this, they must fish in all areas where cod
could possibly be caught, not just where cod are plentiful. If they fished only where there are lots
of fish or only where there are no fish, the estimates would be deceiving. Scientists would say
that the results of the survey are biased.

For example, if you wanted to know the average height of adults living in Nova Scotia, you
wouldn't just measure basketball players. If you did, you would think that people from Nova Scotia
are much taller than the average Canadian! To get a better estimate of the average height of
adults living in Nova Scotia, you would have to measure a cross-section of the adult population.
This means that some of the people measured would be short and others would be tall.

Similarly, if you wanted to know the population of the Maritime provinces, you would not just go
to Halifax, Moncton and Charlottetown. An estimate for the entire area based on these three cities
would give you a population in the hundreds of millions for the Maritimes | Everyone knows that
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the population per square kilometres in the cities is much higher than in the country. A better
estimate of the population includes villages as well as unpopulated areas. That is one of the
reasons why the survey that is conducted in the southern Guif of St. Lawrence every September
covers areas where there are few cod as well as areas where cod are usually abundant.
Secondly, suppose that the survey would only go where fish have been seen in the past and that
few fish would be found. Fishermen would be right in saying " Maybe the fish moved this year
I'". To cover this possibility, the surveys have to cover the entire area. There are other reasons
as well. The survey is used to obtain abundance estimates of other groundfish species such as
plaice, white hake and numerous other species which can be found where there are no cod.

A whole science of statistics has been developed in order to make accurate estimates of the
numbers in populations (stock) when you can't count all the individuals (fish). To make an
estimate of the number of fish in a stock, you have to sample the fish stock, and you have to
sample randomly. That means that you have to sample in such a way that every location that has
a possibility of having cod has an equal chance of being selected when you choose where to
sample. For example, if there were six sites where fish could be found and you were only able
to sample three of them, you could write each of the positions on a separate piece of paper, place
them in a hat and draw three of them. Let's say now that the stock is abundant and that fish are
plentiful on five of the six sites. In this case, you are guaranteed to have at least two of your three
sets in an area where fish are plentiful. On the other hand, if it is a poor year and only one of the
six sites has fish in abundance, then you are guaranteed to have at least two poor sets reflecting
the lower abundance during that year.

Another frequent comment relating to groundfish surveys is "The locations of the fishing sets are
chosen by computers. What do computers know about fishing ? That's the reason why they can't
find fish ". The computer is just a tool to ensure that the selection of the stations is done
randomly. First, someone, had to enter all the possible fishing locations inside the survey area
in the computer. The same procedure for selecting stations could be done using a large barrel
with the location of each possible fishing station written on ballots.

This is not to say that research surveys are infallible. It should always be recognized that there
is a margin of error around the estimates. This is similar to opinion polis which are often
presented with a statement like " ... within 3%, 19 times out of 20 ". This means that if you were
to repeat your opinion poll 20 times, you would expect your results to fall within 3% of the estimate
you just obtained in 19 of the 20 cases. These are called confidence intervals because they
describe how confident you can be with your results. Small confidence intervals make you more
confident, but large confidence intervals make you less confident. Furthermore, scientists would
prefer to have several separate indices of abundance. lIt's a bit like when you have to make a
tough decision to make, you're likely to ask the opinion of someone you have confidence in.... and
you might ask for a second opinion! Unfortunately, surveys are expensive and it is generally not
possible to conduct several. This is why we have to look at other possible indices of abundance.

b) Commercial catch rates

Commercial catch rates can also provide an index of abundance of a fish stock and it is essential
to consider this information closely when looking at stock trends. However, we have to be aware
that there can be some pitfalls in using catch rates. First, fishing gear, technology and the
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knowledge of fishermen constantly improve. This can mean that, for example, even if there is no
change in fish abundance, the fishing sets of 1994 might yield more than in 1980 because of a
larger trawl, better fish finding equipment or, increasing experience of the skipper. This would
mean that the catch rates of a trawler in 1994 may not be directly comparable with the catch rates
of 1980. This is essentially saying the same thing as " You can't compare the salaries in 1994
to those of 1980." In this case, a dollar bought more in 1980 than at present. In the case of a
fishing vessel, the vessel in 1994 is likely to be more efficient. For the southern Gulf of St.
Lawrence mobile gears, our analyses indicate that there has been a steady increase in fishing
power (Swain et al, 1994). This information has been taken into account in recent assessments
of the southern Guif of St. Lawrence cod stock.

Secondly, because fishermen tend to fish where catch rates are going to be higher, they will seek
the areas where fish are most concentrated. As abundance decreases, cod will disappear from
the least preferred areas and gaps will appear on a sounder trace recorded on a continuous steam
through the fishing ground. As the decline continues, cod may aggregate in the most preferred
areas and as long as these areas can be located, catch rates may not decline too much. At very
low abundance, one might still be able to find aggregations where good catch rates can be
obtained but these would be few and far between. This means that catch rates couid be
maintained or could decrease more slowly than the population abundance. This is particularly true
for species like herring.

For cod, it is thought to be less of a problem since the fishery used to be spread out over periods
of high and low concentration. Although cod are expected to appear at certain locations during
certain periods (i.e. 4Vn in winter, Chéticamp in November), there is also some variation in timing
and location . This means that some searching and some ' trial fishing sets' have to be made
and consequently during periods of iower abundance there will be a reduction of catch rate.

Another aspect of using the commercial catch rates as an index, is that the trends depicted are
those over the fishing areas. If there is a significant amount of the population found in un-fishable
areas, then the information from catch rates may not be a good index of abundance. Although
there is a large area of the southern Gulf that is not fished ( example: around Bradelle Bank),
because of the extensive migration of this stock, commercial catch rates in the area generally
give a picture of stock abundance that is similar to that from the research survey.

Because we do not have several research surveys to determine the trends in abundance, it is very
important that all possible indices of stock trends be examined. The commercial catch rates,
when used with an understanding of their limitations, can provide such an index. In addition, as
we saw previously, the fishing effort is directly linked with fishing mortality. Therefore, it is crucial
that stock assessments not only examine commercial catch rates but also the trends in fishing
effort.

Types of assessments

There are different kinds of stock assessments that can be done depending on the amount of
information available. Some just look at whether the indices of abundance increase or decrease
and make statements on the status of the stock as being low, medium or high based on the value
of the index compared to the past. For example, in those cases, a statement such as " The stock
has reached the highest level seen since surveys were started " is made. These stock
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assessments don't tell you the actual biomass, only that the stock is at the highest level seen.
They provide a relative estimate of the population. These are the kind of assessments that are
possible for the 4Vn cod stock. Of course, if the biomass estimated by the survey is 6,000 t then
we can conclude that there is at least that much. If we knew that the survey was catching exactly
half of the fish the trawl encountered, then we could have an absolute estimate of the population
simply by multiplying the survey number by two.

Another kind of assessment is called an analytical assessment. In analytical assessments for cod,
a procedure called Sequential Population Analysis (SPA) is used to obtain an absolute estimate
of the population. (Other analytical assessments can be done using production models). These
are the kind of assessments done for the southern Gulf of St. Lawrence. This type of assessment
requires detailed information about the catch composition and abundance indices (research
surveys, commercial catch rate information). These assessments indicate whether the stock is
increasing or decreasing but also give an estimate of the actual population. Once an estimate of
the population is known, projections can be made for the coming year assuming different
management strategies.

2.2.2 Problems

In assessments where SPA is not used, the conclusions will depend only on the precision of the
survey estimates or other indices of abundance. Groundfish surveys are not as precise as other
types of surveys that can be done such as opinion polls. Opinion polls are generally quite precise
in predicting who will win an election. To give you an indication of the precision of the southern
Gulf of St. Lawrence groundfish survey, if we could repeat the survey 20 times during the month
of September, we would expect that the results would be within about 20% of what we obtained
by doing it only once (either above or below) on 19 of these surveys. The results of the surveys
done in the southern Guif of St. Lawrence tend to have narrower confidence intervals or in other
words tend to be more precise, compared to groundfish surveys done elsewhere.

In analytical assessments, the problems can be of two kinds: the data and the procedures used.
Here, we have to know several components: the total catch in tonnes, the breakdown of this catch
in numbers by age group and the abundance indices (research surveys and commercial catch
rates). All of these inputs have some error of measurement associated with them as we saw
above for the surveys. Like any other calculation, the results will depend largely on the starting
numbers. If the wrong numbers are used to start with, then the results may not be close to reality.
If there is misreporting, high-grading or discarding, then the total catch will be underestimated and
the amount and breakdown of the catch by age group will not be correct. With accurate catches
and catch rate data, the precision of our assessments would be improved. Inaccuracies in the
data may be detected in subsequent years but it may be too late to take appropriate management
actions.

The tendency for vessels to become more and more efficient as time passes has also posed
problems in the interpretation of catch rates. There are methods that allow us to calculate the rate
at which vessels improve and to include this factor in assessments.

In the late 1980s and early 1990s, we began to observe what is now called "retrospective
patterns” in these type of assessments. As we updated the assessments every year, we observed
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that our estimates of stock abundance from previous years were always being revised downwards
(i.e., we had been too optimistic). The causes of this problem are still not entirely clear. They can
be caused by problems in the data or by assumptions of the procedure. Simulations of how
population abundance changes have showed us that misreporting of catches (including discarding
of small fish) can produce these effects. When this occurs, the decline of a population may not
be detected right away or may not be seen to be severe. The discrepancies will eventually be
detected because the survey and the catch rates will track the population changes, but often at
a later date than desired.

The procedures used by Canadian scientists are similar to those used around the world in the
assessment of fish stocks. For example, for the southern Guif of St. Lawrence cod, we have used
several procedures including some developed in Europe. There is an advantage to using a
variety of methods as they provide a range of "opinions" of the status of the stock. When a
majority of analyses point to one solution, it increases the level of confidence in the results. If the
various methods give widely different answers, then the confidence in the stock assessment will
not be very high.

A number of assumptions are necessary when we use these procedures. Some assumptions can
be verified more easily than others. If some of the assumptions made are not appropriate in a
given year, then the results can be affected. For example, we assume that natural mortality is
constant over time and over most age classes. However, if in a specific year, an epidemic killed
a large portion of the population and was not detected, then the assessment results would be
affected.  Similarly, assumptions have to be made when catch projections are done. If we
assume that the weights at age will not be much different than last year, but in reality, the growth
decreases by a lot, then our estimates could be too optimistic.

Despite the fact that stock assessments are not as precise as we would want them to be, they still
provide a good perspective on general trends in the population and a wealth of information about
the stocks themselves. Difficulties identified through assessments often lead to studies which
further improve our understanding of the fisheries. For example, stock assessments identified the
catch of southern Gulf cod in 4Vs and promoted research on fishing effort and gear interactions.
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3. The Resource
3.1 The environment of the Guif of St. Lawrence and Sydney Bight

The southern Gulf of St. Lawrence is primarily a shallow sheif (less than 100 m deep) bordered
on the north by the Laurentian Channel (Figure 4). Sydney Bight lies immediately east of the
southern Gulf and is the northwestern extension of the Scotian Shelf. Although much smaller in
area, Sydney Bight is deeper than the southern Guif: about 1/3 less than 100 m deep, about 1/3
between 100 and 200 m deep, and about 1/3 greater than 200 m deep.

New
Brunswick

Figure 4: Map of the Guif of St. Lawrence and the Cabot Strait.

In summer, there are three water layers: a warm surface (0 to 30 m) layer, a cold (-0.5 to 1.0C)
intermediate layer, and a warm (4 to 7 C) deep (150 to 200 m and deeper) layer. Each layer has

different characteristics.
The upper layer forms from seasonal warming of seawater and as a result of the freshwater
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discharge carried by the Gaspé current. Indeed, one of the most important physical features of
the southern Gulf is freshwater discharge from the St. Lawrence watershed. It is the prime factor
driving the currents in the southern Gulf. There is a seasonal component in river discharge with
a maximum during May-June and low levels during September-October. There has been wide
variation in the annual mean discharge, with above average values in the early 1950s, low values
in the mid-1960s, above average values from 1972 to 1985, average values from 1986 to 1992
and much higher than average discharge in 1993. The Gaspé current enters the southern Gulf
at the end of the Gaspé Peninsula and crosses the southern Gulf, part of it moving north of the
Magdalen Islands, but most sweeping south between the Magdalen Islands and P.E.I. There is
often an eddy in the area of the Shédiac Valley and north end of P.E.I., partly due to the Gaspé
current and partly due to prevailing winds. These eddies are favourable areas for retention of fish
larvae and their prey. Indeed, the Shédiac Valley area is the principal nursery area for southern
Gulf cod in most years. Eddies often occur near the Magdalen Islands, which also serve as an
important nursery area for cod in most years. The water then exits the Gulf through Cabot Strait,
moving through Sydney Bight, and then onto the Scotian Shelf parallel to the coast of Nova
Scotia.

The cold intermediate layer is thought to be the result of seasonal cooling with a small fraction
coming from cold Labrador shelf waters. it reaches the bottom over a wide area of the southern
Guif. The area of the southern Gulf covered by this cold water layer during 1990 to 1993 was
among the largest ever observed and the previous occurrences lasted only one year rather than
the four consecutive years of 1990 to 1998.

The bottom layer within the Laurentian Channel comprises varying proportions of water from the
Atlantic Ocean and Labrador current. Its net movement is up the Laurentian Channel; most of the
movement occurs on the Newfoundland side of the Channel. Bottom water temperatures (greater
than 150 to 200 m) vary very little seasonally but can vary between years by as much as 2 C.
Low temperatures were observed in the late 1960s and again in the late 1980s and early 1990s.
In 1993, there was evidence that deep water temperatures were again increasing toward more
average values in Cabot Strait.

In early winter, the stratification of the upper layers breaks down and there are only two layers:
the surface (0 to about 100 m) mixed layer (temperatures near freezing: -1.5 C) and the deep
warm (4 to 7 C) layer.

The principal surface feature during winter is the extent and duration of ice cover. Ice forms first
in the southern Gulf during late December and the edge of the ice moves out of the Gulf and east
and south to the maximum in late February. Ice melt occurs from two directions, from the west
(St. Lawrence Estuary) and from the east, such that the area between the Magdalen Islands, Cape
Breton, and P.E.l. is the last part of the southern Gulf to become ice-free. The date of ice-melt
in this area seems to control the return migration of cod into the Gulf . Fréchet (1990) found that
cod during winter tend to be found along the ice-edge in open waters. The median date of ice-
melt is 16 April; however, the ice extent was greater than normal in 1990 to 1993 and ice-melt was
late (6 May to 24 May), which delayed the onset of the spring fishery in the southern Gulf.
Although ice-extent was near record during 1994, April was warm and ice-melt occurred in late
April (near normal).
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3.2 Cod Stock Structure in the area

A stock is considered to be a self-reproducing population that has limited genetic exchange with
surrounding stocks. This definition does not prevent migration or mixing of stocks throughout the
year, as long as the stock members tend to return to their home stock to spawn.

It will probably never be possible to identify all cod stocks with complete success, because fish
from each of the stocks mix with adjacent stocks, and the degree of mixing varies with the stock,
the season, and the year. As a result, there is no one geographic line that can be used to
permanently separate adjacent stocks. However, by combining the resuits of different studies, an
"average" picture of cod stock structure in 4TVn has emerged. It should be noted that there will
be deviations from the "average" picture from time to time. This picture is constantly being
improved, and is likely to change in the future both as techniques improve and environmental
conditions change.

An early, overall view of 4TVn cod stock structure was presented by Templeman (1962) (Figure
5). Based largely on studies of vertebral counts and early tagging studies, he concluded that
there were distinct cod stocks off the Gaspé, off the Baie des Chaleurs, off PEI, off western Cape
Breton, and in the Sydney Bight region. He acknowledged that there was considerable mixing
between the Gaspé, Baie des Chaleurs and PEI stocks, and indicated that they may not prove to
be as separate as was then indicated. He also mentioned the possible existence of a Magdalen
Island stock, but seemed doubtful that it was a distinct stock. All of the southern Gulf stocks were
known to move east out of the Gulf in winter, although the extent of the migration appeared to
vary from between 4Vn and eastern Banquereau.

When quota management was introduced in the early 1970's, two cod management units were
defined in this area based upon the results summarized by Templeman (1962) and considerations
of the ability at the time to differentiate among biological stocks. One unit comprised the stocks
resident in the southern Gulf, most of which also spend the winter in 4Vn or to the east. This unit
was referred to as 4TVn (January-April). The second management unit comprised the stock
thought to be resident in 4Vn and it included the catches from 4Vn during May to December.

Subsequent tagging studies, summarized by Lambert (1992, 1993), support at least some of
Templeman's conclusions. Cod tagged in the summer off the Baie des Chaleurs were largely
recovered from the same area in following summers (Figure 6).

Similarly, summer-tagged cod off western Cape Breton returned most often to their general
tagging site, although there was some movement both west to the Shédiac Valley and east to
4Vn. Fish tagged in summer in 4Vn were most often caught in 4Vn. Significant numbers were
also caught in the western Gulf and in 4Vs. In winter, virtually all cod tags were recovered from
4Vn and east onto the Scotian Shelf as far away as eastern Banquereau.
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Figure 5 Initial views of cod stock structure in 4T, 4Vn and 4Vs as suggested by Templeman
(1962). Arrows indicate areas of known mixing between stocks.
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The presence of distinct spawning aggregations is normally associated with distinct stocks,
although small numbers of spawning cod can often be found throughout the stock area during the
spawning period. Ichthyoplankton (eggs and larvae) surveys in the 1960's identified major
spawning areas in the Shédiac Valley and off the west coast of Cape Breton near the Magdalen
Islands (Lett 1980). In addition, recent surveys in the Sydney Bight region collected cod eggs
north of the Bird Islands (4Vn) (Lambert 1992). In general, genetics studies have not been
successful in identifying cod stocks, although recent developments in DNA fingerprinting have not
been applied in the southern Gulf or in 4Vn.

Recent events in the cod fisheries in 4T, 4Vn and 4Vs indicate that the traditional management
units do not fully encompass the winter distribution of the cod stocks in the area. During the late
1980's and early 1990's significant catches of southern Gulf cod were made in the northern part
of 4Vs (Hanson and Nielsen 1992, Hanson 1995). It's also generally accepted that cod begin to
leave 4T in November. Recent studies have indicated increased fishing effort in 4Vn during
November-December, resulting in increased catches of southern Guif cod (D'Amours et al 1994;
Sinclair and Currie 1994; Lambert and Wilson 1994). The most recent assessments of these cod
stocks have attempted to account for these overlaps.

One technique which has shown promise for identifying cod stocks in 4T, 4Vn and on the Scotian
Shelf is that of otolith elemental fingerprinting (Campana et al. 1994). The technique is based
on studies which show that the trace elements in seawater are taken up by the fish otolith (ear
bone) as it grows, and that the composition of seawater varies geographically. Using this
approach, cod from the western Gulf could be separated from those of 4Vs with almost complete
certainty. Cod from the western coast of Cape Breton lay in between, but were different, from
both the western Guif and the 4Vs fish. Very few of the western Gulf cod were found as far east
as Artimon Bank in 4Vs, but cod from the eastern Gulf and/or 4Vn migrated as far as eastern
Banquereau. Thus these results support the conclusions of the earlier studies using tags.

To summarize, cod in the southern Guif (4T) form a number of local aggregations, all of which
appear to mix with adjacent groups to a greater or lesser extent. These aggregations migrate to
4Vn and parts of 4Vs in winter. The formation of the management unit including 4T and 4Vn (J-A)
in the seventies was made in recognition of this large-scale migration. In recent years,
adjustments have been made to account for most of the movement of southern Guif cod in 4Vs
in winter and the timing of it's migration in 4Vn in November-December.

3.3 Cod in the southern Guif of St. Lawrence (4T-Vn)
3.3.1 History of the fishery

The southern Gulf of St. Lawrence cod stock has been exploited by man to some extent at least
since after the 16" century voyage of the French explorer Jacques Cartier to the Gulf of St.
Lawrence. During that century, French fishermen regularly embarked on fishing expeditions to
the Gulf of St. Lawrence and adjacent areas (de la Morandiére 1962; de la Villemarqué 1990).
It is thought that most of the fishing activity at that time may have been based around Cape
Breton Island and to some extent on the Gaspé Peninsula.

The period from the second half of the eighteen to the late nineteen century is sometimes referred
to the ""Reign of the Merchants" in the Maritime Provinces. For cod in the southern Gulf of St.
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Lawrence, it was the beginning of the domestic commercial fishery. At that time,many merchant
families (Robin, Fruing, Loggie, Lawrence) from the Jersey Islands established fish drying facilities
around the southern Gulf of St. Lawrence. The fishery at that time was conducted from small
vessels fishing relatively close to shore and from schooners offshore. The predominant gear
were handlines although towards the end of the nineteen century longlines appeared.  With the
decline in markets of dried cod at the end of the nineteen century and the increasing competition
by other companies, the merchant companies progressively decreased in importance as the
twentieth century began.

The beginning of the twentieth century was marked by several technological advances which
changed the face of the fishery. The railroad had just been completed and there was demand for
fresh fish in central Canada Refrigerated freight cars appeared which facilitated transportation
to the United States. Vessels were being equipped with motors. The first trawler to operate in
Canadian waters, the "Active" started fishing for the National Fish Company (Chaussade 1983)
in the early 1900's. Trawlers, which numbered seven on the whole Atlantic coast of Canada by
1919, were seen as a threat by the inshore fishery. The MacLean Commission of 1929 was
charged to study the issue. Eventually, a moratoria was placed on the use of trawlers such that
only three were active on the entire Atlantic coast of Canada until after the Second World War
(Parsons 1993).

Catches declined in the early 20's, then with the deteriorating economic conditions wharf prices
decreased dramatically by the early 1930's. After the Second World War, otter trawls were
allowed to fish and the level of catches increased dramatically. Starting in 1952, Europeans
exerted additional effort on the stock. It was the "race for fish". When the use of trawlers was
allowed after World War Il, the foreign fishery rapidly expanded and large catches were realized,
particularly during the winter in Sydney Bight. When extended jurisdiction was declared in 1977,
only France was allowed to continue fishing the stock because of their long standing fishing
history in the area.

Landings statistics for the southern Guif stock were obtained from annual fisheries statistics
bulletins for the period 1917-1949 (Anon. 1917-1949) and from Sinclair et al. (1994) since then.
Statistics for the period 1917-1950 do not include French catches which may amount to an
additional 10% in certain years, but overall the fishery was almost entirely Canadian (Paloheimo
and Kohler 1968).

Between 1917 and 1945, landings on the southern Guif stock varied between 20,000 and 50,000
t averaging 31,000 t per year (Figure 7). After 1945, the fishery expanded and landings increased,
peaking at 104,000 t in 1956. .
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Figure 7: Landings for the southern Gulf of St. Lawrence cod stock (1917-1994),

The average yearly landings for 1946 to 1970 were twice those of the previous 25 years.
Between 1960 and 1975, landings fluctuated between about 40,000 and 70,000 t. Landings then
declined to their historic low level of 22,000t in 1977. Landings increased to about 67,000 t by
the mid-1980's. Since 1990, landings have declined and reached 39,000 t in 1992. The fishery
was closed in September 1993 and the total catch that year reached only 5,200 t, the lowest
catch of the twentieth century. Total landings in 1994 will likely be approximately 1000 t.

Gears

Up until the 1940's, the domestic fishery was almost entirely prosecuted with hook and line gears.
Trawlers were introduced in the Gulf fishery in 1947 and, in the early 1950's, otter trawls became
predominant. Fishing with gillnets started in the early 1960's (Halliday and Pinhorn 1982). At
about the same time, Danish and Scottish seines, a gear invented by the Dane Jans Vaever at
the end of the nineteenth century were introduced on the Scotian Shelf. Starting in 1965,
fishermen from the southern Gulf of St. Lawrence experimented with this gear. Faced with
competition from larger trawlers, their profit margin was low and they were looking for ways to
increase their fishing power without buying larger vessels. To assist them the Canadian
government chartered the British vessel "Guiding Star' to determine whether it was feasible to use
this gear on vessels ranging from 15 to 20 m (Chaussade 1983). Results surpassed expectations;
catch rates were twice to three times those of similar size trawlers. A number of vessels rapidly
converted to this gear. Here, it should be noted that although these vessels are invariably referred
to as Scottish or Danish seiners; they are all technically Scottish seiners since they all use the "fly
dragging" technique which does not require the use of an anchor.
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Landings according to gear types are available since 1965. Since the early 1980s, catches by
fixed gears (gillnets, longlines and handlines) have declined attaining their lowest level ever in
1992 (Figure 8). Many factors likely contribute to this decline, including smaller size at age of cod,
a shift of some fishermen to the more efficient mobile gears and, particularly in most recent years,
the decline in the abundance.
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Figure 8: Landings for fixed and mobile gears for the southern Gulif of St. Lawrence cod
(1965-1993)

In the mid-1960's catches (and catch rates) declined and many fishermen in the southern Guif of
St. Lawrence searched for new opportunities. Amongst them were the snow crab and shrimp
fishery, which were just being developed. Towards the end of the sixties, catch rates of cod
increased due to incoming good year-classes produced in the mid-1960's. Within ten years, the
stock plummeted because of weak year-classes from the early 1970s and high fishing effort.
During the 1960s and early 1970s, there were still some opportunities for the fishermen who
wanted to fish other species as licenses were not restricted by the limited entry policy. At about
the same time, Canada declared the 200-mile limit. For the southern Gulf of St. Lawrence cod
stock, this coincided with good recruitment. Large year-classes produced in the mid-1970's
entered the fishery in 1978 and 1979, the stock increased very rapidly and this gave rise to new
expectations that the fishery could sustain more effort. With new technologies (e.g.: Loran-C in
1979, improved fish finding equipment) being introduced and the number of licensed vessels, it
was realized at the beginning of the 1980's that there was a problem of overcapacity in the
fishery (DFO 1980). The problem became even more prominent with the decline of the stock at
the end of the 1980's.
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3.3.2 Biological characteristics

Migration

Southern Gulf cod start to move out of the Gulf long before ice forms. During autumn, southern
Gulf cod begin to move out of the Gulf along the edge of the Laurentian Channel and into Sydney
Bight in early November. The peak movement is during mid-November, and by late November the
majority of cod have left the southern Gulf. In most winters, cod can move as far as Misaine Bank
and some as far as Banguereau Bank. However, Fréchet (1990) has showed that in the northern
Gulf of St. Lawrence, adult cod seldom occur under ice and move away from the ice-edge as it
moves. Thus it is possible that the extent of the southern Gulf cod migration as far as Banquereau
Banks will depend on the extent of ice-cover in Sydney Bight and over the Scotian sheif.

The timing of the spring migration back into the Gulf is more variable because the timing of ice-
melt in the eastern Gulf varies between late March and late May. In 1992, for example, ice
persisted in the eastern part of the Gulf until the end of May and large numbers of cod continued
to be landed in Cheticamp until the beginning of July.

Juvenile cod do not migrate as far as aduit cod. Research surveys conducted in 1986/87, 1990/91,
and January 1994 clearly showed that young cod leave the shallow waters by the end of
November but it appears that most of these fish stay in the deep water at the edge of the
Laurentian Channel extending in an area from near the Magdalen Islands to just inside of Sydney
Bight.

Growth

Based on samples collected during research surveys from 1986 to 1989, southern Gulf cod are
much smaller at age than cod caught in Sydney Bight (Figure 9). Furthermore, of all cod stocks
in Canadian waters, southern Gulf cod have shown the greatest reduction in average size-at-age
when data from the late 1980s are compared to previous years. Indeed, the weight of an age-7
cod has declined 50% since the mid-1970s (Figure 10). A number of factors (changes in
abundance, size-selective fishing, length of growing season, changes in water temperature, etc.)
acting separately and in combination, are the likely causes of these growth changes (Hanson and
Chouinard 1992; Chouinard and Hanson, unpublished data).
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Figure 10: Weight for cod of 7 years of age in the southern Gulf of St. Lawrence (1960-1993).
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Feeding

Cod are opportunistic feeders, which is reflected in the wide range of prey items found in their
stomachs. Diet studies were conducted on southern Guif cod from the late 1950s to the present
(Powles 1958; Brunel 1962; Kohler and Fitzgerald 1969; Waiwood 1981; Waiwood and Majkowski
1984; Hanson 1994). Although the size of prey eaten increases with fish size, the species eaten
varies from year to year dependent on availability. Nevertheless, some general feeding patterns
occur.

Very small cod (5 to 20 cm) feed mostly on small crustaceans, especially mysids and euphausiids.
The diet of cod 20 to 40 cm long is still dominated by small crustaceans (mysids, shrimp, and
euphausiids) and lesser amounts of crabs, polychaete worms, clams, and small fish (e.g., smelt,
capelin and juvenile herring). Small snow crab have not represented an important prey in recent
years; however, they represented up to 20% of the diet of cod > 50 cm long in the late 1970s but
even these amounts were not enough to have a significant impact on snow crab populations
(Waiwood and Elner 1982). Fishermen indicate that consumption of lobster by cod occurs during
the moulting period although lobsters have never been found in cod stomachs examined in any
published studies. Cod predation on lobster, when it occurs, must be a local event involving small
numbers of cod and lobster temporarily vulnerable to cod predators during the moult (e.g., when
being returned to the water from fishing activities). A recent study of diets of about 100 cod
captured in lobster traps found that the cod primarily ate the bait and only one part of a lobster
body was discovered .

Fish were the dominant prey of cod larger than 50 cm but the species composition has varied with
prey availability. When herring are abundant, they are the principal fish prey; however, capelin and
smelt are also eaten in areas where these species are abundant. When herring were scarce,
many other prey species were eaten and the total proportion of fish in the diet was reduced
(Waiwood and Majkowski 1984). Flatfish (winter flounder, yellowtail, and American plaice) were
seldom reported in cod stomachs in any of the published studies.

Reproduction

Southern Guif cod spawn from May to September with the peak occurring in late-May to early
June and, in most years, very few fish are found in spawning condition after mid-July (Powles
1958; Lett 1980). The principal spawning areas are near the Shédiac Valley, just east of the
Magdalen Islands, and (in some years) Chaleurs Bay (Powles 1958; Lett 1980; Tremblay and
Sinclair 1985). Egg numbers were surveyed from 1965 t0 1975 and were correlated with spawning
stock size and water temperature (Lett et al. 1975; Lett 1980). Mackerel may be an important
predator of southern Gulf cod eggs and larvae (Lett 1980) although a recent diet study failed to
find cod eggs or larvae in mackerel stomachs (Grégoire and Castonguay 1989).

Atlantic cod spawn in the water column (Brawn 1962; Solemdal & Sundby 1981). The depth of
spawning, however, is limited by water temperature (cod prefer temperatures below 4 to 6 C) and
the water depth itself (pressure changes). Female cod do not release all of their eggs at once;
rather, they lay batches of eggs about 5 days apart and the number of batches laid appears to
depend on the size of the female (Brawn 1962; Solemdal & Sundby 1981; E. Trippel, DFO, St.
Andrews, pers. comm.). Because the females mature and shed eggs throughout the spawning
period, available estimates of individual fecundity (number of eggs per female) are likely low.
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Nevertheless, cod clearly lay large numbers of eggs and the numbers increase with fish size.
Estimates for southern Gulf cod range from 231,000 for a female 49 cm long to 8.6 million for one
102 cm long (Buzeta and Waiwood 1982).

Powles (1958) reported that 50% of females were mature at a length of 52 to 57 cm but Lett
(1980) found that 50% of females were mature at a length of 45 cm and that some females as
small as 35 cm were mature. In recent years, 50% of females were mature at about 38 cm

(Hanson, unpublished data). There has been no obvious change in age at first maturity during this
time.

Condition

There is a pronounced seasonal cycle of body condition (Figure 11). Peak condition, as measured
by muscle mass, occurs from about August to November and condition declines steadily from
December to June in response to winter fasting, migration, and maturation of gonads prior to
spawning. Muscle mass (equivalent to fillet weight of fish of same size) declines 25 to 40%
between December and May (Anonymous 1994;). These data clearly show that a much higher
yield per animal would be obtained if the fishery only took place during autumn months.
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Figure 11: Seasonal cycle in condition (carcass weight in (g) over length (cm) cube) for cod

in the southern Guif of St. Lawrence
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Variation in Distribution

The summer distribution of young cod is partly separate from that of the adults. Juvenile cod are
usually found in water less than 50 m deep. During summer and early autumn, the greatest
numbers of juvenile cod are found in Miramichi Bay - Shédiac Valley, the Magdalen Islands, and
at the eastern end of P.E.I. (Tremblay and Sinclair 1985; Chouinard et al. 1991). Much lower
numbers are found in Chaleurs Bay. Consequently, a research survey to provide an index of
abundance, and to study the biology and ecology, of young cod was begun in the Miramichi Bay
Shédiac Valley area in 1990. The time series may still be too short to use in the assessment;
however, results to date do not indicate that there has been strong recruitment since 1990 - a
pattern consistent with the assessment results.

Although some adult cod are found with the juveniles in water less than 50 m deep, larger and
older cod tend to be found in deeper, colder water. The size of the area and depths of water
inhabited by adult cod changes with stock size. When cod abundance is high, proportionately
more large (old) cod are found in deep water than during periods when cod abundance is low.
When stock abundance is low, the highest densities of fish are found in the western part of the
southern Gulf (Swain and Wade, 1993; Swain 1993).

3.3.3 Summary of recent assessments and advice

Stock assessments have bee