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ABSTRACT

The Newfoundland northern cod inshore fishery has been of great importance to both
the Newfoundland economy and thousands of inshore fishermen. This fishery is
associated with both spatial and temporal variations in landings. Various studies have
been conducted to examine the relationships between landings and biological and
oceanographical factors. However, these studies analyzed the relationships at an annual

scale. Temporal and spatial variations in landings within a fishing sc:

on and among
different geographical areas have not been formally investigated. No attempt has been

made to forecast inshore cod landings thus far. This study, using the 1974-1991 data,

examined the spatial and temporal variability and the it ips between

and the landing patterns in the inshore trap and gillnet fisheries. Several parametric and
nonparametric forecast models of inshore landings were constructed and tested. Arca,
year and week effects and their interaction effects on inshore landings were identified and
examined using ANOVA. Annual variation of the weekly landing patterns was found to
be signi il by water igni spatial variation in weekly

landing patterns was also found, probably due to the spatial difference of water
temperature. Based on the jackknifed prediction sums of squares, probability density
function (PDF) forecast models were shown to have some utility in forecasting inshore

landings, particularly with respect to the inshore gillnet fishery.
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CHAPTER 1. INTRODUCTION
Marire fish iz one of the most important renewable natural resources in the world.
It provides an important source of protein and greatly supports the economic activities in
many countrics and regions. Effective management of the fisheries resource is essential

for the optimal utilization of this resource and sustainable economic development. Today,

however, fishing has the seri of fisheries resource management
in many parts of the world. In Canada, fisheries resource management is, in particular,
facing a great challenge. Due to the dramatic decline of the northern cod stock for
reasons that are still not clearly known, the Newfoundland northern cod fishery was
forced to undertake a two-year moratorium program in 1992. This action has directly
affected the Newfoundland economy and the livelihood of more than twenty thousand
fishermen and plant workers. A better understanding of the factors influencing the cod
fishery is urgently needed to better manage the resource.

‘The goal of this study is to examine the variability of the Newfoundland inshore
cod fishery and gain a better understanding of the factors affecting this fishery. In this
chapter, the concept of resource management and issues in fisheries resource management

arc Problems i with the northern cod inshore fishery

are then discussed. The specific objectives and the ical area of this study are

also described in this chapter.



1.1 THE CONCEPT OF FISHERIES RESOURCE MANAGEMENT

analysis, parti the study of ht i ionships, has
been an important facet of geographical research since the 1900s. During the last several
decades, it has been gaining increasing attention as a result of the growing concern over

the environment (Mitchell 1989). Within the broad concept of ccological analysis,

resource management emerges as a study concerning the decisions and policics toward
the allocation and development of natural resources.

Because the concept of natural resources is closely linked with human needs,

cultural i and i pability (Zi 1933), resource

is an i i process of i social, and cconomic

considerations. It involves various steps such as inventory, assessment, analysis, goal

and policy i i In this process, many factors from

biophysical, social, economic, political, legal, ical and instituti persf

need to be incorporated (Krueger and Mitchell 1977). Adding spatial and temporal

to these ives, the complex issues could be i in

athi i ional diagram which izes the il and i ions of various

perspectives, time periods, and spatial scales (Figure 1.1).

Fisheries resource management is a difficult problem in the ficld of resource
management. Unlike other resource.: <uch as forests and agricultural systems which arc
stationary and have a clear jurisdiction, the fisherics resources are associated with high

uncertainty and are common property in nature. These two particular problems, along
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Figure 1.1 Dimensions of resource management.

Source: Krueger and Mitchell (1977)

with some other fisheries rcsou‘rce management issues, have been examined by analysts
from biological, social, and economic science disciplines (e.g. Gordon 1954; Gulland
1973; Rothschild 1983). Sylvia (1991) grouped issues in fisheries resource management
into four topics: the common property nature, resource uncertainty, resource demand and
technology, and management process. Due to the common property nature of the
resource, much confusion and many disputes on the criteria by which resources are
allocated have occurred. The term “tragedy of the commons” (Hardin 1968) is well

known: everybody’s property is nobody’s property. As a result, users tend to ignore the



long term impacts of their activities on the resource. The high variability of the fisheries
resource and the lack of understanding of the complex ecosystem have created difficulties
for resource analysts in providing the much needed information for the political decision-
makers (resource managers). The increasing demand on the resource and rapid
development of the advance technologies have resulted in a more extensive and intensive
exploitation of the fisheries resource. And i'e\. the effectiveness of the fisheries resource
managers and analysts in dealing with these problems and developing information for
management process is still far from satisfactory.

Mitchell (1989) suggested that the complexity of resource analysis requires an
interdisciplinary approach; however, fisheries resource management continues to be
dominated by biologists (Wooster 1988). Draper (1981) pointed out that relatively little

research had been conducted by Canadian on fisheries issues,

due to the discipline’s lack of interest and research in fisheries in the past. Although
attempts have been made to increase geographers’ contribution to fisheries research
(Mitchell and King 1984), there is still much room for improvement, especially in
physical geography. Draper (1981) strongly argued that geographers have the opportunity
to improve their performance in and contributions to fisheries analysis and management,
In accordance with Mitchell's (1979) analysis of geographers’ orientations to resource
research, Draper (1981) suggested that geographers could make resource analysis
contributions in at least four areas: studies of the fisheries resource (survey, mapping,

demand and supply), studies of alternative allocation (spatial, temporal and functional) of



the fisheries resource, studies of various variables affecting the fisheries resource
allocation and development, and studies of the impact of fisheries resource allocation,
Research in these areas will contribute towards a better understanding of the fisheries

resource management issuc.

1.2 THE NEWFOUNDLAND NORTHERN COD INSHORE FISHERY
The Newfoundland northern cod fishery has a long history. For many years, this
resource has been utilized by fishermen from Newfoundland and other countries.
However, because of the migratory nature of the northern cod stock, conflicts in the
allocation and utilization of the resource exist among regions, provinces, and countries.
The common property problem, along with a lack of understanding of the ecological
system governing the northern cod stock, have made management of this fishery very
difficult.  Yet, effective management of this fish stock is particularly important as
thousands of fishermen in Newfoundland depend on the fishery for their livelihood.
The inshore sector of the Newfoundland northern cod fishery, the inshore fishery,
has been associated with a spatial and temporal variabili*y in landings. It is not unusual
that some areas report very good harvests while others suffer a bad year. Even within a
particular area, landing could be very high one year but drop dramatically the next.
Although the inshore cod fishery has existed for many years and effort has been made to
study the inshore cod landings (e.g. Akenhead et al. 1982; Lear et al. 1986 Lilly and

Davis undated; Pinhorn 1984), the spatial and temporal patterns of landing varia:'on have



not been formally investigated. Reasons for landing variability are even less known,
Understanding the spatial and temporal variability in landings for the inshore fishery is
one of the major problems facing resource managers in Newfoundland northern cod

fisheries It is also an i ing rescarch problem for resource analysts.

Spatial and temporal aspects of resource problems are important components in
the dimensions of resource management. As resource analysts, we seek to understand the
fundamental characteristics of natural resources and their allocation process. The status
of resources and their changes over time and space are among the major concerns of
resource analysts (Mitchell 1989). It is the intention of this study, through an
examination of the variability in inshore cod landings of Labrador and eastern
Newfoundland, to identify the spatial and temporal patterns in the inshore cod fishery and
to explain these patterns, thereby providing useful information for the management of

northem cod. igation of the bi ical (biological and ) variables

which affect resource allocation and development is essential in understanding the

ecosystem governing the northern cod stock. Accurate forecasts of inshore landings will

provide with quantitative i ion for making decisions. It is
expected that such a study will make a contribution towards several important aspects of
fisheries resource management, in particular, problem identification, resource allocation,

and management strategy formulation.



1.3 OBJECTIVES

‘The overall purpose of this study is to examine the spatial and temporal patterns in
inshore cod landings off the coast of Labrador and eastern Newfoundland, and to test
factors which could e:xplain variability in landings. This is accomplished through the
analysis of the existing Department of Fisheries and Oceans (DFO) data on landings and
other variables (ternperature and cod biomass). Specifically, this study has the following
objectives:

1) to identify the spatial and temporal patterns in landing variation. This includes
identifying and documenting patterns by different gear types (trap and gillnet), at annual
and weekly scales, and in different geographical areas (unit area);

2) to relate the spatial and temporal patterns in inshore landings to cod biomass
and an environmental factor (temperature) that may have influence over the landing
patterns, and to examine statistical relationships between landing patterns and these
factors; and

3) to develop forecast moc*s of inshore landings and to test them with the inshore

landing data.

1.4 STUDY AREA
This study used landing data from the inshore cod fishery for the period between
1974 and 1991. The inshore fishery is defined as that involving fixed gear operated by

vessels less than 65 feet in length (Lear er al. 1986). This fishery operates in two depth



ranges by two vessel classes: vessels less than 35 feet in length mainly operate in shallow
water with traps, gillnets, hooks and lines; vessels between 35 - 65 fect in length operate
in deep water with gillnets. Although there are several types of gears used in the inshore
fishery, trap and gillnet are the two principle gears, accounting for 76% ¢ the annual
landings, on average, for the period of 1974 to 1991. Therefore, this study concentrated
on these two gear types. Trap and gillnet were chosen also because they are deployed
at different depths and catch different ages of fish. Traps are usually deployed at a depth
of 20 meters and catch mostly younger fish, while gillnets arc generally deployed at
depths deeper than 180 meters and catch older fish (Lear ef al. undated). This suggests
that trap landings are likely affected by the abundance of younger age classes of cod and
temperature of shallow water, and gillnet landings may have stronger relationships with
older age classes and deep water temperature. Hence, it is useful to see the effects of
these differences on the relationships between landing, cod biomass and temperature.
Although the inshore fishery operates in most of the NAFO (Northwest Atlantic
Fisheries Organization) sub-divisions 2J, 3K and 3L, the focus of this study is on the
coastal areas from southern Labrador to eastern Newfoundland (Figure 1.2). These arcas
(NAFO unit areas 2Ja, 2Jd, 2Jm, 3Ka, 3Kd, 3Kh, 3Ki, 3La, 3Lb, 3Lf, 3Lj and 3Lg) arc
adjacent to the coast and are the most important fishing grounds for the inshore fishery.
Initial data analysis has indicate: ™at these areas accounted for almost the entire landing
by traps for the period of 1974-1991. In the gillnet fishery, although landings werc

reported in as many as 31 NAFO unit arcas, landings from areas outside the coastal units
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are very low, with the only exception of 3Lr (Virgin'Rocks). 3Lr is a new fishing ground
for the inshore gillnet fishery. The gillnet fishery by inshore fishermen in this arca did
not start until 1987. Catches in this area have been consistently good since then,
however, the history of inshore fishery is relatively short, and this arca is far away {rom

the coast. It has therefore been excluded from this study.

1.5 SUMMARY
Issues in fisheries resource management are complex. Our knowledge about these
issues are limited. As Mitchell (1989) suggested, analysis of resource problem may be

pursued through various perspecti (biologi: physical,

political, etc.). It should be noted, however, that achieving an in-depth knowledge about
a perspective, even at one spatial and temporal scale, would require enormous effort
(Draper 1981; Krueger and Mitchell 1977). Therefore, it is important to identify and
define a research problem, and complete an investigation in time so that the results can
be used in a management decision (Mitchell 1989). Aiming at the variability of the
inshore cod fishery in Newfoundland, this study focuses on specific spatial and temporal
patterns in inshore cod landings and the influencing factors. Research approuch, study
methodologies, and procedure of data analysis are presented and discussed in the

following chapters.



CHAPTER 2. GENERAL APPROACH

Preliminary discussions and formal meetings with the DFO scientists in St. John's
to define the research problems and identify data availability began in the fall of 1991.
An cxtensive review of litcrature on past studies on the northern coc rishery, factors
influencing the inshore landings, and fishery forecast models was carried out in order to
formulate an approach to the research problems. In this chapter, findings and methods
of these earlier studies are discussed and justifications are made for the present research.
Following the literature review, an examination of data availability was carried out. A
general approach was then formulated for this study based upon literature review and data

availability.

2.1 LITERATURE REVIEW

The northern cod is defined as a stock (a group of fish in the same geographical
area with the same migratory pattern) within NAFO Divisions 2J, 3K, and 3L (Pinhorn
1976). A major characteristic of this stock is an annual inshore-offshore migration cycle.
In April to May, schools of spent cod begin to migrate from offshore to inshore. The
main migration occurs in June. Cod remain in the inshore area until October when
offshore migration begins (Lear and Green 1982). Due to this characteristic of the
northern cod stock, the success of the inshore fishery depends upon the extent and
duration of the inshore migration, and this in turn may depend upon various factors which

could influence the . distribution, and availability of cod. Taking into account




anthropogenic considerations, Lear er al. (1986) categorized factors influencing inshore
landings into three broad groups: availability of fish, catchability of fish, and fishing

effort. Availability refers to the quantity of fish available for the inshore fishery. This

could be affected by biomass, offshore catch, capelin, efc.. C:
depends ou selectivity of gear and the distribution of fish, particularly the vertical

distribution. Vertical distribution can be affected by the thickness of the water of suitable

and other envi; itions (e.g. wind, cloud, and sunlight). Fishing
effort can be affected by catch rate, labour disputes, market, and environmental

conditions. For many years, fisheries scientists have been trying to understand the

between the i ing factors and landings (e.g. Akenhead et af. 1982;

Lear et al. 1986; Pinhorn 1984; Terpleman 1966; Templeman and Fleming 1956).

2.1.1 Factors Affecting Inshore Landings

Previous research has concentrated on three key factors affecting inshore landings:

(chiefly cod biomass, and capelin abundance.
Among these factors, aydrographical conditions were the focus of the carliest studies
(Templeman 1966; Templeman and Fleming 1956, 1965; Templeman and May 1965).
Templeman (1966) theorized that the shoreward movement of cod to Labrador and eastern
Newfoundland coast was influenced by extremes of temperature. He hypothesized that
temperature changes forced by wind would result in changes in the distribution and

availability of cod inshore as illustrated in Figure 2.1.

12
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Figure 2.1 Effects of water temperature changes on the inshore availability of cod under
diffirent wind conditions.
Source: Templeman (1966).



Various studies have been conducted to test Templeman’s theory. Sutcliffe et al.
(1977) found that tre_nds in cod catch were associated with trends in sea temperature in
the Gulf of Maine. Sea surface temperature in July and August was inversely corrclated
with fish catch. Based upon past research addressing cod temperature ranges, Taggart and
Frank (1987) summarized that cod catches in the Northwest Atlantic usually occurred
within the temperature range of -1 to 8 °C. In an attempt to test Templeman's theory,
Rose and Leggett (1988) reported that no catches were made when temperatures were
outside the range of -0.5 to 8 °C along the north shore of the Gulf of St. Lawrence. They
found that cod movement and catch in the inshore area were associated with coastal water
mass advection caused by alongshore wind. Fréchet (1990) found large catches of cod
were taken in water temperatures in the 3.9 - 5.3 °C range and in depth of 100 - 150
fathoms in the Gulf of St. Lawrence. He concluded that temperature and depth arc
important factors affecting cod distribution.

Since the late 1970s, as concerns over the interaction of cod and capelin urose
(TGNIF 1987), studies have been conducted to include cod biomass and capelin
abundance as influencing factors on inshore landing variability (Akenhead ef al. 1982;
Lear er al. 1986). The shoreward migration of cod suggests cod biomass could be a
factor affecting inshore availability. The success of the inshore fishery could therefore
be measured by the amount of cod in the population, the proportion of cod migrating
inshore and the proportion of the inshore population caught in the inshore fishery

(Pinhorn 1984). Using cohort analysis (Pope 1972), Pinhorn (1984) estimated that
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between 1961 and 1976 the rate of inshore exploitation averaged about 5% of the cod
population.
Various studies have indicated that the inshore movement of cod is a feeding

s.igration to take advantage of the concentration of capelin inshore (Pinhomn 1976; Lear

et al. 1986). Therefore, capelin i the of mature capelin

moving inshore to spawn, could be another factor that affects the inshore catch. In a

study of cod-capeli i ips using ion analysis, Akenhead er al. (1982) found
that neither trap landings nor total inshore landings were correlated with mature capelin
biomass, cod biomass, or average temperature of June to September. However, they did
find that mature capelin biomass and temperature were two significant factors influencing
the cod inshore availability (expressed as trap lundings divided by the cod biomass of
ages 4-13). Due to the relatively short time period of data (8 years), Akenhead et al.
(1982) stated that this finding should be considered preliminary.

Perhaps the most comprehensive study of factors influencing the availability of
cod and inshore catch varialions was conducted by Lear er al. (1986). This study
included factors such as available biomass of cod, capelin abundance, temperature, and
ice cover, and an attempt to relate these factors to inshore landings for various gear types.
But Lear ef al. (1986) cautioned that the biophysical attributes are likely to be interrelated
among themseives, and hence regressing cod landings on these attributes might provide
misleading results. To minimize the effects of interrelationships, Lear et al. (1986) used

Principal Components Analysis (PCA) to extract patterns of interrelationships among
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inshore cod landings from various areas, and among landings and biophysical attributes.
Interrelationships among areas and environmental attributes for various gear types were

found.  Although i ips between i features and catches were

suggested, the extent to which the biophysical factors may affect the inshore landings was
still not clear. The lack of inshore fishing effort data may have contributed to the

difficulties in i ing the i ips and reaching ive results (Lear ef al.

1986).

Fishing effort no doubt influences catches. Rose (1992) argued, however, that the
exploitation rate (the number of fish caught relative to the number in the stock) in the
inshore fishery may not increase linearly with increasing effort because good fishing
locations are limited in number, well known, and used seasonally on a regular basis,
whereas new fishing locations may be less effective. Therefore the effect on exploitation
rate of additional fixed gears deployed at less suitable sites or times is not likely to be
great. In addition, there has never been any catch quota to restrict the inshore fishery.
Rose’s (1992) study concluded that in the trap fishery in 2J3KL and 3Pn4RS, nominal
effort (number of traps deployed) and exploitation rate were not closely related;

exploitation rate was largely determined independently of nominal effort. Inshore catches

have been i i to the overall of fish. This suggests that

variation of inshore fishing effort may have only a limited effect on landings.



2.1.2 Forecast Models

Previous studies on the northern cod inshore fishery have focused on the
relationships between landings and biophysical factors. No attempt has been made to
predict inshore landings. An accurate forecast of inshore cod landings would assist
resource managers in formulating management plans and better prepare them to handle
problems which might appear in the fishery. Difficulties in developing forecast models
include the lack of inshore fishing effort data and the complexity of the relationships

between landings and influencing factors. Although it is generally believed that inshore

cod landing could be i by biological and envi; factors such as cod
biomass and water temperature (Akenhead et al. 1982; Lear et al. 1986; Pinhorn 1984;
Templeman 1966), the relationships between inshore landings and these factors may not
be linear and may change over time.

In comparison, various forecast models have been developed for salmon fisheries,
particularly on the west coast of Canada, and applied to forecast salmon return with some
success. In addition to parametric approaches, typically the linear regression models in
which steck size and/or catch per unit effort (CUPE) are often used as independent
variables, Bayesian techniques (Fried and Hilborn 1988) and nonparametric approaches
(Noakes 1989) have been utilized to develop forecasting models of salmon return. Based
on Bayesian statistical theory, Fried and Hilborn (1988) developed a model for
incorporating several independent estimates of total salmon run size from different

forecast models into 4 "best" estimate of the salmon run size in Bristol Bay, Alaska. This
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model offers the resource managers a combined "best" estimate, rather than having to
chose among various estimates. This approach was recommended for fisheries stock
assessment problems by Hilborn and Walters (1991). They pointed out that although few

papers using Bayesian estimation had appeared in fisheries research, Bayesian statistics

would find a much wider use in fisheries in the near future.

In recent years, nonparametric approaches have been proposed to deal with the
non-linearity in fishery data. One of these approaches, the probability density function
(PDF) approach, has proven to be useful (Claytor ef al. in press; Evans and Rice 1988;
Noakes 1989; Rice and Evans 1988). The PDF approach allows the data to determine the
relationships among variables instead of being constrained to specific functional
relationships or assumptions (Noakes 1989). Such an approach is useful, especially in the
case where there is little known about the functional relationships and where great
variability in the relationships exists. Evans and Rice (1988) proposed this approach to

overcome the problem of having to assume a functional relationship between stock size

and i in icti i They d that the PDF approach may
allow recruitment to be predicted more than i Using the
p ility density estimation technique to calculate total run size for

Skeena River Sockeye salmon, Noakes (1989) demonstrated that it is a convenient and

fiexible for i ing models. Claytor et al. (in press) adopted

this approach in forecasting Atlantic salmon returns, and agreed that the PDF forecast is

a suitable method for i i inty in biological advice.




2.1.3 Justification for this Study

Major factors influencing the inshore cod catch have been extensively studied.

These factors include cod biomass, capelin and

(chicfly temperature). Studies of the inshore cod landing variability were often based on
large scale analysis. For example, when considering temporal variations, landings were
summed over the year and the annual average value of temperature over summer was
used to represent a physical index for the year (Akenhead et al. 1982; Lear et al. 1986).
Existing data on landings are recorded on a daily basis. Analysis at a finer scale could
be conducted to further examine the relationships between inshore landings and the
influencing factors, and hence, provide a better insight to the understanding of factors
affecting inshore landings. Lilly and Davis (undated) conducted a descriptive study of
the landing variations within a year, but did not involve an analysis of the factors causing
the variations. To date, landing variations within a year have not been formally
investigated. Examination of the spatial and temporal (annual and within a year)
variations and the influencing factors would be useful in understanding the variability of
inshore landings.

In analyzing the relationships between landings and influencing factors, previous
studies suggested several factors may affect inshore catch. A conceptual model has been
formulated in this study to indicate the possible influences of these factors upon inshore
catch (Figure 2.2). In this conceptual model, the amount of fish available for inshore

migration mainly depends on cod biomuss at the beginning of the year and catch by the
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Figure 2.2 A conceptual model of the major factors possibly affecting inshore catch, A
much si model is (double-line frame) and tested in this study.
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offshore fishery from January | to the time when the inshore migration begins. A

proportion of cod available for inshore migration will move inshore, depending upon

various factors such as and capelin C ility of this inshore
migrating portion of the stock varies for different gears and different age groups, and
could be affected by temperature. Finally, the amount of fish caught will also be affected
by fishing effort, which in turn is influenced by biophysical factors (Rose 1992) as well
as socioeconomic factors such as labour disputes and markets. Because the focus of this
study is on the biophysical factors, the human dimensions of the fishery are not included
in this model but would certainly affect the fishery.

This conceptual model includes only some of the major factors that may affect
inshore landings. While the ecosystem governing cod is complex, our understanding of

the i i and species i jons is still very limited.

Besides those factors included in the model, biophysical factors such as seal consumption
of cod and water pollution are also thought to have effects on inshore catch. Limited by
our knowledge and the availability of data, attention could only be focused on a few

variables, In fact, no model can have all the attributes of the real world; models are by

definition simpli i Models of are much simpler than the real system
(Hall and Day 1977). Starfield er al. (1988) pointed out that no single model can
sufficiently address the wide range of potential problems of renewable rescurces. A
model is just a tool; a particular model works best for specific, limited purposes. In the

analysis of the effects of major biophysical factors on inshore landings, this conceptual
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model illustrates the possible linkages for investigation. However, even in this simplificd
conceptual model, not all variables shown can be included in this study because of the
limitation of resource, time, and data. To date, documented inshore effort data for the
cod fishery is not available. Inshore capelin catch/effort data (for purse seine vessels and
capelin traps) exist for only 9 years from 1983 to 1991 (Nakashima and Harnum 1992).
Offshore catch by foreign countries may be substantial but are not accurately known.
‘Therefore, a much simplified model (double-line framed in Figure 2.2) may be advisable.
The value of this conceptual model is that it provides a clear direction to explore the
possible relationships between landing patterns and influencing factors. It will also prove
useful in building hypotheses and developing forecast models that can be tested with the

landing data.

2.2 DATA SOURCES

A large amount of detailed data were obtained from DFO, St. John's, to allow for
better exploration of the patterns in inshore landings and factors that may influence the
patterns. ‘The primary source of these data are the Purchase Slip Records. Other data
include temperature profiles at Station 27, and cod biomass ‘stimates from Virtual

Population Analysis (VPA) carried out as part of the stock assessment exercisc.

2.2.1 Inshore Landing Data

DFO regularly collects inshore cod landing data through Purchase Slip Records.
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When fishermen make a sale, the buyer completes a purchase slip, and then forwards it
to DFO, St. John’s. The purchase slip contains information on the date of landing,
amount of fish (in kilograms), vessel class, gear type, area of capture, port of landing, and
home port. Inshore vessels are classified into two categories: vessels less than 35 feet in
length and vessels between 35 and 65 feet in length. Landings are recorded by vessel
classes and gear types. Exact locations of the inshore catch are not available, rather,
location of capture is recorded as NAFO unit area (e.g. 2Ja, 2Jm, 3Kd, efc.). In addition
to the Purchase Slip Records, DFO also estimates the amount of fish that is landed but
not included in the Purchase Slip Records. These estimates are made on a ‘aonthly basis
by gear types. Inshore landing data, however, do not include discards by fishermen due
to regulation, technical limitation, and market conditions.

Inshore landing data exist since 1959. However, during the early years, landings
were not strictly recorded for different gear types. Prior to 1974, landing data by gear
are not considered to be reliable (S. Savory, Statistics and Systems Branch, DFO, St.
John's, 1992. pers. comm.). To allow for separate analysis of landing variations for
different gears, this study used a subset of the inshore landing data, covering a 18 year
period from 1974 to 1991. During this period, because the daily landing records for
earlier years were incomplete, monthly estimated landings accounted for approximately
80% of annual trap landing and 60% of annuai gillnet landing between 1974 to 1980.
The proportion of the monthly estimated landings has significantly declined to about 15%

since 1981.



Accuracy of the date of landing in the DFO Purchase Slip Records is a concemn.
For unemployment insurance purpose, fishermen may attempt to spread landings over a
period of time so that they can gain enough weeks of employment to qualify for
unemployment insurance benefits. If this occurs, the date recorded in the purchase slips
will not be the actual date of landing. However, information regarding the extent to
which this misreporting occurs is not available thus far. This needs investigation, but it
is beyond the scope of this study. In this study, the date indicated in the Purchase Slip

Records is assumed to be correct.

2.2.2 Temperature Data
To monitor the ocean climate variation and to aid the analysis of environmental

on fisheries,

p data have been collected from standard occanographic
sections and one station on the eastern Newfoundland and Labrador shelves since about
1950 (Petrie ef al. 1992). These sections and station include, from north to south,
Hamilton Bank Section, White Bay Section, Bonavista Section, Grand Bank (47°N)
Section, and 3tation 27 (Figure 2.3). The longest series and the most complete data sets
are those from Station 27, located off Cape Spear, St. John's. Since 1946, temperature
and salinity measurements at Station 27 have been routincly taken (“'arayanan et al.
1992). Starting from 1959, temperature observations at standard depths of 0, 10, 20, 30,
50, 75, 100, 125, 150, and 175 meters, have been irregularly collected every year at an

average of twice a month (Petric et al. 1992). Temperature data sets from other

24



se 52 e v
LABRADOR
SEA

e
s
“
w

60" S6° 52° ry “

Figure 2.3 Locations of the oceanographical sections and station in Labrador and eastern
Newfoundland shelves.
Source: Petrie et al. (1992)
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oceanographic sections are either short in length or discontinuous.

o] i itions at Station 27 are i to be ive of the

inshore Labrador current (Narayanan et al. 1992). Petrie er al. (1988) found that the
extent of cold intermediate layer (CIL) across the Newfoundland and Labrador Shelves
was highly correlated with the annual and summer temperature at Station 27. Through
the examination of ice cover, freshwater runoff and salinity, Myers et al. (1990) pointed
out that the oceanography of the Labrador Shelf and Station 27 were closely related. The

study by Petrie et al. (1992) strongly suggested considerable horizontal and vertical

hi of the and salinity variability on the and Labrador
shelves. All these studies have indicated that temperature anomalies at Station 27 can be

used to represent the variability in the i itions on the i I shelf

off Newfoundland and southern Labrador (Narayanan er al. 1992).

Because the temperature data from Station 27 are representative and constitute the
longest and most complete time series, various studies of the environmental influences
on the Newfoundland fisheries have used these data for analysis. For instance, Akenhead
et al. (1982) derived an index of water temperature in the inshore arca of NAFO
Divisions 2J3KL by summing the monthly water temperature at Station 27 from July to
September. Lear et al. (1986) used the average temperature for June and July from 100
to 150 meters at Station 27 as an index to represent the conditions over the castern
Newfoundland and Labrador shelfs. In this study, temperature data from Station 27 are

used to test the effects of water temperature on the northern cod inshore fishery.
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22.3 Cod Biomass Estimates

Assessments of cod population biomass using VPA have been conducted since
1962 (Baird et al. 1991). Cod biomass estimates are used as basic information for
providing scientific advice for the management of the northern cod fishery. Results from
VPA have also been used in various studies related to the northern cod stock (Akenhead
et al, 1982; Lear et al. 1986; Pinhorn 1984; Rose 1992). Data on cod biomass estimates
at the beginning of the year were obtained from Baird ef al. (1992). These data cover the

period of 1962 to 1990.

2.3 SEQUENCE OF ANALYSES

In with the objectives and idering data availability, this study first
examined the spatial and temporal variability in inshore landings, then tested the
relationship between landing and potentially influencing factors, and finally constructed
and evaluated several paramelfric and nonparametric models for forecasting inshore
landings. To meet these objectives, this study adopted a three stage strategy: (i) data
exploration, (ii) hypothesis testing, and (iii) prediction (Figure 2.4). In the first step, a

data visualization and ion exercise was carried out on a short time

period of disaggregated data for 1989 and 1990 to identify variables affecting the spatial
and temporal variability in inshore landings, and to build hypotheses to be tested with the
longer period data (the entire data set covering 1974-1991). In the second step, patterns

in landings were identified and statistical relationships between landing patterns and the
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Figure 2.4 Logic flow of the approach adopted in this study.
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influencing factors were tested. In particular, an ANOVA model of spatial and temporal
variation in inshore landings was fitted to the inshore landing data; a linear relationship
between weekly landing pattern and temperature was hypothesized and tested. Finally,
using these relationships, forecast models for inshore landings were constructed and fitted
to landing data and their predictive performance assessed. Both parametric and
nonparametric models for pre-season and in-season forecasts were introduced and their
predicting power evaluated using a jackknife procedure. Details of the methods are fully

described in the following chapters.



CHAPTER 3. DATA VISUALIZATION AND EXPLORATION

The 1989 and 1990 cod purchase slip records were chosen for data visualization
and exploration, as these two years' data are the most complete and clean data sets (D.
Tilley, Statistics and Systems Branch, DFO, St. John's, 1992. pers. comm.). Preliminary
findings from this exercise are discussed below and are used for analysis in the coming

chapters.

3.1 PRELIMINARY FINDINGS

Initial examination of landing data showed a clear weekly cycle in landing
variation; landings on weekends were low (Figure 3.1). Because of this, week was
selected as the unit to examine for the temporal pattern (seasonal variation) within a year,
Standardized weeks were used to number the weeks of the year beginning with week |
from January 1-7 for each year. Monthly estimates of fish were evenly spread over each
day of the month in order to minimize the effect on weekly pattern. Landings were then
summed within each standardized week of the season to produce weekly landings. The
effects of converting monthly estimates into weekly landings on the analyscs of this study
are discussed in chapters 4, 5 and 6 accordingly.

Visual inspection of the two years’ data suggested variations among arcas, years
and weeks in inshore landings. Spatially, in the trap fishery, there was an increasing
trend in landings from the north to the south (Figure 3.2). Temporally, landings started

increasing in late May (around week 20), peaking in late July (around week 28).
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Figure 3.1 Daily landings from the trap fishery in 1989. A weekly cycle in landings is
clearly evident.
Landings remained low after ez;rly September (around week 40) (Figure 3.3). While the
two years data showed a general spatial pattern (increasing trend from the north to the
south), a slight variation between the two years existed (i.e. suggestion of a year-area
interaction effect). In the weekly pattern, there was upproximately a 4 week shift in the
phase of trap landings from 1989 to 1990, indicating that there may be a year-week
interaction effect.

Monthly average temperature at the depth of 20 meters (where traps are normally

deployed) also showed seasonal variation between years (Figure 3.4). Water temperature
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Figure 3.2 Trap landings by NAFO unt area in 1989 and 1990. Spatial variation is
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Figure 3.3 Trap landings by week in 1989 and 1990. A seasonal variation within a year
and an annual variation between the two years are evident,

32



WEEK
3 7 11 16 20 24 29 33 37 42 46 SO

129
G 10| —o— 1089
]l —e— 1900

TEMPERATURE
a

=3 ——r T T T 7T
1 2 3 4 s 6 7 8 9 10 11 12
MONTH

Figure 3.4 Monthly average temperature at the depth of 20 meters in 1989 and 1990.
The later warm up of water temperature in 1990 was associated with a later start of the
trop fishery in the same year.

in February and March were among the lowest in the year. Starting from April,

temperature began to raise steadily. Te reached the i in and
October, before it started to decline in November. During the two years, temperature
warmed up earlier in 1989 than in 1990. The change in water temperature was associated
with the change in the weekly pattern in the trap fandings shown in Figure 3.3.

In the gillnet fishery, the change of the weekly landing pattern (Figure 3.5) was
also associated with a change in the seasonal temperature pattern from 1989 to 1990

(Figure 3.6). The relatively higher tempe:ature in 1989 might have resulted in an earlier
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Figure 3.5 Gillnet landings by week in 1989 ard 1990.
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Figure 3.6 Monthly average temperature at the depth of 175 meters in 1989 and 1990.
The relatively higher temperature in 1989 was associated with an carlier start of the
gillnet fishery.
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start of the fishery in the same year, although the effect does not appear to be as strong
as in the trap fishery. These preliminary findings suggest the hypothesis that the weekly
pattern in the inshore landing is related to the annual changes in water temperature, which
is tested using the entire data set in Chapter 5.

Spatial differences in the timing of the fishery were also indicated in the two years
data exploration. The weighted midpoint of the fishing season (weighted by weekly
landings) changed from area to area (Figure 3.7). The fishing season became increasingly

later from south (3L) to north (2J) in both years. This pattern may be related to water
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Figure 3.7 Weighted midpoint of the fishing season by NAFO unit area for trap and
gillnet landings.



temperature since the seasonal warming is later in‘the north than in the south (Hachey
1961).

Preliminary findings from the data exploration exercise on the 1989-1990 landing
data fhave shown that landing variations among areas, years, and weeks as well as
interaction effects may exist. These temporal and spatial differences may be due to the
annual and spatial variations of water temperature. These preliminary findings are further

tested using the entire data set in Chapter 4 and 5.
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CHAPTER 4. VARIATIONS IN INSHORE LANDINGS

The data exploration exercise on the 1989 and 1990 data indicated that area, year
and week effects, as well as possibly interaction effects may exist in inshore landings.
To examine this, a model of spatial and temporal variability of inshore landings was

and tested for signi on the entire data set (1974-1991).

4.1 METHODS

To test for significance of the area, year, and week effects, a multiplicative effect
model of spatial and temporal variability of inshore cod landing was constructed.
Multiplicative models may be more likely to capture the nature of the inshore landing
variation than additive models. In a multiplicative model, landings for area A (area
effect) arc expressed as being always a percentage (say 10%) higher than those in area
B, for example, while in an additive model landings in area A would be expressed as
being always an absolute amount (say 10 tons) higher than those in area B, a less likely
situation. The full model has three main effects, three first-order (two-way) interaction

effects, and one second-order (three-way) interaction effect. It can be written as:
Vg = BB Y B 158 d i 450 (4.1)

where yy, = landing for unit area i, year j and week k;
U = meun over all landings;

o; = effect of the unit area i;



B; = effect of the year j;

¥, = effect of the week k;

8, = interaction effect of unit area i and year j;

6, = interaction effect of unit area i and week ki

Ay = interaction effect of ycar j and week k;

Ty, = interaction effect of unit area i, year j and week k.

‘Transforming the model into an additive linear model by taking logarithms, a log-

linear ANOVA model was obtained:
logyys=logp+loga ;+1ogP j+logy ,+1ogd ;;+10g8 ;,+10gh 5 +1ogn 4y

“42)

The model can be rewritten as:
Lyje = MeU YW (UY) oo (UR) g+ (VW) ot CUYW) 150 (4.3)

Because there is no error term, the three-way interaction (UYW);, mean square was

used for signi test on the ion that the y k il ion effect is
zero (Sokal and Rohlf 1981). The ANOVA model to be tested with the landing data then

becomes:

Lyge = MeUpsYyeWer (UY) g5+ (UW) o (YH) g€ g (4.9)
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In order to focus analysis on the main fishing season, weeks that accounted for
less than an average of 1% of the annuz! landing during the 18 years were eliminated
from the analysis, thus, only 14 weeks (from week 22 to week 35) were used for the trap
fishery and 22 weeks (from week 19 to week 40) for the gillnet fishery. Prior to log-
transformation, a value of 0.5 (kg) was added to all weekly landings to avoid 0 landings.
The ANOVA procedure provided in SAS (1990) was applied separately to the trap and
gillnet fisheries to test the area, year and week effects as well as the two-way interaction
effects. ANOVA is particularly useful in analyzing the effects of different classification
variables (See Sokal and Rohlf 1981). In this study, ANOVA was used to access the

extent of the effects due to classification variables (area, year, and week).

4.2 RESULTS

During the period from 1974 to 1991, spatial and temporal variations existed in
inshore landings. Spatially, average annual landing of the trap fishery showed an
increasing trend from the areas in the north (2J) to the areas in the south (3L) (Figure
4.1). In the gillnet fishery, this trend was not observed; instead, the highest average
annual landing was found in the 3K area. Annual landings for the trap fishery showed
an increasing trend for the period from 1974 to 1991, though landings dropped markedly
in 1981 and 1987 (Figure 4.2). Landing data for the gillnet fishery showed that annual
landings went up steadily until 1982, then began to decrease, and dropped dramatically

in 1991. Inshore landing data also showed a seasonal pattern (Figure 4.3). The fishing
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Figure 4.3 1974-1991 average weekly landing for the trap and the gillnet fisheries.

season peaked in week 29 - 31 ‘(Iam July) for both the trap and the gillnet fisheries. The
fishing season was, however, relatively short in the trap fishery compared to the gillnet
fishery. In the trap fishery, average weekly landing did not rise significantly until week
18 and dropped to near 0 after week 40. The gillnet fishery started to report significant
landings us early as week 16 and continued until week 45,

Statistical tests of the model of inshore landing variability using the ANOVA
procedure showed that all main effects and two-way interaction effects were highly

significant (p=0.0001) in the trap (Appendix B-1) and gillnet (Appendix B-2) fisheries.
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The model explained about 87% and 86% of the landing variations in the trap and gillnet
fisheries respectively. In both fisheries. the unit arca effect explained the most variation
in landings, accounting for 57% of the landing variation in the trap fishery und a
significant but smaller proportion of the variability in the gillnet fishery. Among the
three main effects, the year effect had the lowest ANOVA sum of squares. The first
order (two-way) interaction effects also explained a significant amount of the variation.

The k i ion effect, in particular, contributed signi y to the ANOVA

sum of squares of the model. It accounted for about 29% of the landing variation in the
gillnet fishery and about 11% in the trap fishery.
These effects were examined in three-dimensional plots. In the trap fishery,

different unit areas were associated with different weekly patierns (Figure 4.4). While

areas in the north were observed to have increasing landings as weeks progressed,
landings in the southern areas showed an increasing trend in carly weeks and a declining
trend in later weeks. In other words, the peak of the fishing scason became increasingly

later from south to north. This variation in weekly pattern accounted for the significant

k i ion effect.  Spatial dil in landings were also indicated as
landings in the southern arcas were gencrally higher than those in the north. The
variation of weekly landing patterns snown in Figurc 4.5 uccounted for the year cffect

(main effect) and year-week interaction effect.
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Figure 4.4 1ii ion of the k i ion effect on trap landings. Different
areas showed different weekly patterns. The peak of the fishery became increasingly later
from the south to the north, indicating spatial variation in weekly pattern.

Figure 4.5 ion of the y k i ion effect on trap landings. Weekly
patterns varied from year to year, showing the presence of year-week interaction effect.
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4.3 DISCUSSION

In the ANOVA model, area, year, and week have significant effects on inshore
landings. Based on the partition of the ANOVA sum of squares, these three main effects
accounted for a large proportion of the spatial and temporal variations in landing. The
area effect could be a result of spatial variation in fishing effort and/or cod distributions.
The week effect is likely determined by the timing of fish migration. The year effect
might be a result of the biophysical factors such as cod biomass, capelin, and
oceanographical conditions.

The treatment of monthly landing data (spreading the monthly estimates cvenly
over each day of a month), particularly 1'or‘ the period from 1974-1980 when monthly
estimates accounted for a large portion of the annual landings, may affect the ANOVA
statistics associated with the week effect to some degree. This is, however, unlikely to
be problematic because the data after treatment still clearly illustrated the weekly landing
variation (Figure 4.6). If the weekly landings for the earlier years were available as was
the case in later years, it is possible that the year-week interaction effect would have
accounted for less of the ANOVA sums of squares because the data treatment has caused
less variation in weekly pattern in those years in which a large amount of the catch was
estimated.

The significant interaction effects could have been caused by biological,
environmental, socioeconomic and other factors. Data exploration suggested that the arca-

week and k-year variations were i with water (Figure 3.3 - 3.6).
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Figure 4.6 Weekly trap landings in 1974 (generated by spreading monthly landing evenly
over each day of the month).

To examine the interaction effects more closely and to reveal the relationships between

effects and i factors, two hypotheses (related to year-week

and k i ion) are tested in the following chapter. The area-year
interaction effect might be related to variations in the distribution of fish and fishing
effort. A test of this hypothesis, however, would require information on the annual

distribution of fish and fishing effort, which are unavailable at this time.
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CHAPTER 5. TEMPERATURE AND TIMING OF THE FISHERY

Preliminary exploration of the 1989 - 1990 data suggested that weekly pattern may
be related to temperature; early start of the fishery might be a result of the early warming
of water temperature (Figure 3.3 - 3.6). Results from the test of the ANOVA model on

the 1974-1991 landing data also indicated that signi k and y K

interaction effects existed in inshore landings. In this chapter, two hypotheses arc tested
to further examine the interaction effects and, more importantly, to reveal the statistical

relationships between temperature and the timing of the fishery.

5.1 METHODS

Effects of temperature on catch have been previously studied (Fréchet 1990; Lear
et al. 1986; Lear et al. undated; Rose and Leggett 1988; Sutcliffe et al. 1977; Templeman
1966). Studies on cod temperature ranges have indicated that cod catches occurred within
the temperature range of -1 to 8 °C (Rose and Leggett 1988; Taggart and Frank !987).
Lear ef al. (undated) stated that traps and gillnets are normally deployed at 12 fathoms
(approximately 22 meters) and 100 fathoms or deeper (approximately 183 meters or

deeper), respectively, Based upon the patterns found in the two years data and knowledge

from these studies, a hyp is related to the y k i fon was
This hypothesis stated that annual variation in weekly pattern for the trap fishery was
mainly affected by temperature at the depth of 20 meters (depth at which traps are

normally sct) in the early and late season, since monthly average temperature at these



times are close to the lower and upper limit of the suitable temperature range for cod (-1
“C and 8 “C respectively) (Figure 3.4). Higher temperature in the early season would
result in an earlier start of the fishery, while in the late season it would result in an earlier
end to the fishing season when temperature is above the upper limit of the suitable range.
For the gillnet fishery, temperature at the depth of 175 meters in the late season does not
reach the upper limit of the range (Figure 3.6), hence, only temperature in the early
season was examined for an influence on weekly pattern for the gillnet fishery.

To test this hypothesis for the two fisheries, the weighted mean week (mean week
of the fishing season weighted by weekly landings) for each year was calculated to
represent the weighted midpoint of a fishing season. The weighted mean week was then
used as an index of variation in weekly pattern. The average temperature at the depth of
20 meters in April, May, August, and September was used as temperature index for the
trap fishery, and the average temperature at the depth of 175 meters in April and May
was used for the gillnet fishery. Because observations of temperature were missing for
some yeurs, only 14 years of data for the trap fishery and 17 years for the gillnet fishery
were available for this analysis. A linear regression model was fitted to the data to test

the relationship between weighted mean week and temperature:

wema=+pT+e (5.1)
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where w = weighted mean week:

o. = intercept;

B = slope;

T = average temperature of April. May, August and September at the depth of 20
meters for the trap fishery; average temperature of April and May at the depth of 175
meters for the gillnet fisheries;

€ = error term.

Preliminary data visualization and exploration on the 1989-1990 data also showed
that the weighted mean week changed from area to area; earlier starts of fishing were
observed for the southern areas (Figure 3.7). This led to a second hypothesis that weekly
patterns are different among areas, and that fishing starts earlier in the southern arcas.
To some extent this hypothesis is an extension of the first one, since water in the northcrn
areas warms up later than the southern areas due to the stronger influence by the cold
arctic water during the period of March to May (Hachey 1961). To examine the variation
of weekly patterns aniong areas and to test the hypothesis, the weighted mean week was
calculated for each unit area and year. A general linear model of the spatial difference
was applied to test this hypothesis. Tukey's HSD (Honestly Significant Differcnce) test
for multiple comparisons of means provided in SAS (1990) was used to compare the
differences between areas. This test is useful for comparing three or more meuns as it
shows which means differ from which other means and provides confidence intervals.

The general linear model cun be written as:
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Wy =& <-A; € (5.2)

where w, = weighted mean week of unit arca i;
o = intercept;
A, = area cffect of unit area i;
£ = error term.
Finally, Model (5.1) and (5.2) were combined to examine the spatial and temporal

variation of the weekly landing patterns:

wi=a+A +pT+e (5.3)

5.2 RESULTS

Over the 18 years from 1974 to 1991, the weighted mean week varied from 27 to
32.5 for the trap fishery (Figure 5.1) and 28 to 34.5 for the gillnet fishery (Figure 5.2).
A statistically significant fit of the linear model 5.1 was obtained for both trap and gillnet
fisheries (Appendix B-3 and 4). The relationship between weighted mean week and water
temperature was expressed as W = 33.87 - 1.12T for «he trap fishery, and W = 26.47 -
3.58T for the gillnet fishery. The model explained 66% of the variance and was highly
significant (p=0.0004) for trap landings. Although the model explained only 48% of the
variance in the gillnet fishery, it was also significant (p=0.002). Based upon the results
of these tests, the null hypothesis was rejected for both fisheries and the hypothesis that

annual variation in weekly patterns is refated to annual changes of temperature was
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Figure 5.1 Relationship between weighted mean week and temperature in the trap fishery.
A linear regression model obtained a significant fit to the data.
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Figure 5.2 Relationship between weighted mean week and temperature in the gillnet
fishery. A linear relationship was found to be significant.
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supported. This finding is in with the catch: i ip proposed
by past studies (Lear et al. undated; Rose and Leggett 1988; Taggart and Frank 1987;
Templeman 1966).

In testing the spatial variation in the timing of the fishery, the general linear model
5.2 was found to be significant in both the trap and the gillnet fisheries (p=0.0001,
Appendix B-5 and 6). The estimated weighted mean week gave a spatially coherent

pattern, becoming progressively later from south to north (Figure 5.3). For example, in
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Figure 5.3 Estimated weighted mean week from the general linear model. It changed
gradually from area to area in the trap fishery, but more abruptly in the gillnet fishery.
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the gillnet fishery, the weighted mean week for areas in 2J was 5 or 6 weeks greater than
areas in 3L, indicating that an average fishing season in 2J is 5 or 6 weeks later than in
3L.

Tukey’s HSD test showed that at the 0.05 level, there were significant differences
in weighted mean week among the areas for the two fisheries. While the difference in
weighted mean week among the neighbouring areas in the trap fishery changed smoothly,
this was not the case in the gillnet fishery. In the gillnet fishery, results from Tukey's
test suggested that the unit areas in 2J formed a distinct region significantly different from
all other unit areas. The unit areas in the south (all 3K and 3L areas excluding 3Ka and
3Kd) formed another region, and areas 3Ka and 3Kd were grouped in a third region. In
the trap fishery, the timing of the fishery for neighbouring areas was not significantly
different.

The model including both spatial and temporal variations of the landing pattern
(Model 5.3) was also significant, explaining 79.5% of the variation in the trap fishery
(p=0.0001) and 72.7% of the variation (p=0.0001) in the gillnet {ishery (Appendix B-7
and 8). Spatial and temporal variations of the landing pattern was found to be predicted
by: w, = 32.26 + A, - 1.22T for the trap fishery, and w; = 24.33 + A, - 3.50T for the
gillnet fishery, where A, the estimated parameters for each unit arca, are shown in Table

5.1
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Table 5.1. Estimated parameters for unit areas

2Ja 2Jd 2Jm 3Ka 3Kd 3Kh 3Ki 3La 3Lb 3Lf 3Lj 3Lg

Trap 7.48 6.47 4.98 4.66 4.98 3.53 1.61 0.37 0.28 1.39 1.58 0.00
Gillnet 7.08 7.13 6.48 2.77 2.79 0.84 1.45 0.75 -0.21 1.51 1.70 0.00

5.3 DISCUSSION

In testing the hypothesis that the timing of the fishery is related to water
temperature, a significant relationship between the weighted mean week and temperature
was found in both the trap and the gillnet fisheries. The weighted mean week of the trap
fishery was inversely correlated to the average temperature of April, May, August and
September at the depth of 20 meters. In the gillnet fishery the weighted mean week was

lated to the average of April and May at the depth of 175

inversely
meters, In both cases, higher water temperature corresponds with a shifting of the weekly
pattern towards an earlier fishery. These findings, in keeping with the catch-temperature

proposed by Te (1966) and following studies (Lear ef al., undated;

Rose and Leggett, 1987, Taggart and Frank, 1987), cxtend understanding of the

between and the variability in the spatial and temporal patterns
in the landings of the northern cod inshore fishery.
In the trap fishery, the linear regression model 5.1 explained 66.2% of the variance

while it explained only 48.3% in the gillnet fishery. The relatively low R? for the model
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for the gillnet fishery indicated that the relationship between weighted mean week and
temperature was not as strong as in the trap fishery. Two possible explanations exist for
this difference. First, traps arc usually deployed at fixed locations in shallow water
approximately at the depth of 20 meters, while the gillnet fishery is operated in various
depths. Although gillnets are normally deployed in 180 meters and deeper water, they
are also often deployed at the depth range of 50 - 36 meters (Lear ef al. undated). Hence,
using temperature at the depth of 175 meters as an index may not provide a good model
fit to the landing data. Ideally, a separate analysis of shallow water gillnet and deep
water gillnet should be undertaken. Unfortunately, data limitation prevents such an
analysis -- the shallow water gillnet and deep water gillnet landings cannot be
distinguished due to the lack of depth records for the catch (Lear et al. 1986).

A second explanation could be the mobility of gillnets. Because gillnets are non-
fixed gear, fishing locations are more variable. Effects of temperatuie on landings may
be reduced by fishermen setting their nets at various depths to avoid unfavourable water
conditions. Rose and Leggett (1989) suggested that catch rate variation in the gilinet
fishery is less affected by oceanographic conditions than that in the trap fishery because
gillnets are deployed daily at varying locations which are considered to have higor fish
density and more favourable environmental conditions.

In this study, weekly landings for years prior to 1981 were generated largely from
monthly estimates. This may have some effects on the analysis. Although weighted

mean week calculated could still represent the weighted midpoint of the fishery, the
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variation of the weighted mean week among years is less clear because of the broader
scale of the monthly landings. If weekly landing data had accounted for a large portion
of the total fanding for the years prior to 1981, as in the case for later years, the
relationship batween temperature and timing of the fishery might be more significant and
temperature may have accounted for more of the variance of the timing of the fishery.
In the trap fishery weighted mean week increased gradually from the southern
arcas to the northern areas, with no statistically significant difference between
neighbouring areas. In the gillnet fishery, however, the change of the weighted mean
week from area to area was so significant that three distinct regions could be identified.
Areas in 2] formed a group characterized by a late fishery. Area 3Ka and 3Kd formed
a1 second group, and the remaining arcas formed a third group with an early fishery. The
causes for this difference are not clear. Possibly, ice cover might be one of the causes;
lengthy ice cover in the north may significantly delay the gillnet fishery. Further studies

could investigate the effect of ice cover.



CHAPTER 6. FORECASTING INSHORE LANDINGS

One of the objectives of this study was to construct forecast models to be tested
with the inshore trap and gillnet landing data, and to evaluate the performance of the
models. Prediction of inshore landings could provide useful information for the northern

cod fisheries management and is a challenging problem for fisheries research.

Development of forecast models is an essential step towards more accurate predictions.
Unfortunately, as pointed out earlier in Chapter 2, the complexity, non-lincarity, and
uncertainty of the relationships between landings and the possible influencing factors, and
lack of documented inshore fishing effort data have created difficultics for model
development. Although no forecast models for the inshore fishery have been developed
so far, models that have shown utility in other fisheries could be examined. The
nonparametric approach, currently used in the salmon fishery in the west and cast coasts
of Canada (Claytor et al. in press; Noakes 1989), is attractive because of its ability to deal
with non-linearity and uncertainty. This approach is examined for the data on cod

landings and biomass in this study. In this chapter, various nonparametric models, as well

as ic models, are and their p I 1

6.1 METHODS
Six models were developed: (i) mean model, (ii) nican percentage model, (iii)
temperature model, (iv) pre-season PDF model, (v) in-scason PDF model, and (vi)

combined model. Among these, the mean model and the pre-season PDF ure pre-scason



forecast models, and the rest are in-season forecast: models. Each is described in detail
below. In making forecasts, a jackknife cross validation procedure (omitting each
observation and using the remaining observations to predict the one omitted) was used.

Model performance was evaluated by the jackknifed residual sum of squares (RSS).

6.1.1 Mean Model
The mean model (MEAN) is simply the arithmetic mean of the annual landings.

Forecasts are made using the following formula:
yid
Xem =Y X; itt (6.1)
ni

where X, = forecasted landing for year 1,

X, = annual landings for all years, excluding the one being forecasted.

Although MEAN mainly serves as a basic reference to compare the predictions
of other models, it could also be used cither independently, or with other models, to make

forecasts (Noakes, 1989).

6.1.2 Logistic Models

Parametric models were developed using an empirical approach. Visual inspection

d

of the weekly ive landing data asa of total landing of the
year indicated that a logistic model might provide a suitable fit to ihe data (Figure 6.1).

Consequently, u logistic model (PERCENT) was constructed as:
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PERCENT OF LANDING

WEEK

Figure 6.1 Cumulative percentage of trap landings by week from 1974 to 1991. The
variation of the curves are deemed to be affected by water temperature.

: i
Ak 1+exp ( (week-m) / k) (e.2)

where, Y = weekly ive landing as a proportion of the total landings;

m = the median week at which ¥ equals to 0.5;

k = slope.
The parameters m and k were estimated using PROC NLIN within SAS (1990). The
actual weekly cumulative landing ( landing to date) divided by the predicted ¥ yields the

forecust of total landing.
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Testing of the hypothesis that a relationship exists between the weekly landing
pattern and temperature showed that the median, or the weighted midpoint of a fishing
season, m, is significantly affected by water temperature (Chapter 5). The relationship
could be expressed as: m = o - BT. Incorporating this relationship, the model (TEMP)

was obtained:

R S — ;
Y e ((week-(@-BT1 /K7 te:3)
where a, b, and k are parameters to be estimated;
T = temperature.
In Chapter 5, it was that the average of the April, May,

August and September at the depth of 20 meters had a significant effect on the timing of
the trap fishery. The timing of the gillnet fishery was associated with the average
temperature of April and May at the depth of 175 meters. For the model to have
predictive value, however, March temperature instead of temperature for later months was
used, thus giving a lead time prior to the commencement of a fishing season and thereby
making the predictions useful for management. To test the reliability of using March
temperature as the temperature index in the model, an approximate randomization test

technique (see Noreen 1989) was introduced. March temperature values for the years

were randomly shuffled, resulting in a set of pseud data. This
was repeated 200 times. Jackknifed prediction RSS from the model with randomized

temperature values were then compared with the model using the correctly sequenced
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temperature values to assess the predictive value of using March temperature. The null
hypothesis that the reduction in the prediction RSS using March temperature was in fuct

due to chance alone was tested by computing the significance level (see Norcen 1989):

n+l

7Sy (6.4)

D=

where p = significance level;
n = the number of times that the RSS for the shuffled data is lower or equal o the
RSS for the unshuffled (correctly sequenced) data;

N = the number of shuffles.

6.1.3 PDF Models
Two PDF models (PRE-SEASON PDF and IN-SEASON PDF) were constructed
following the procedures described by Noakes (1989). The PDF was obtained using a

formula with a Gaussian kemmel:

n d w
f(x)-%z; - Ellexp[-%‘ (X’h’(”) ¥ (6.5)
% hpglan) @’ g

where n = the number of observations;
d = the number of dimensions, or variables. in the model;
x; = the value of a variable for which PDF is cstimated.

x; = the observed values of a variable;
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h = smoothing parameter.
In addition to the Gaussian kernel, other kernels, such as the cauchy utilized by Evans
and Rice (1988), could also be employed. Different kernels are unlikely to have

effects on the ination of the value which has the maximum probability

(Noakes 1989).

The objective of the PRE-SEASON PDF model was to use the historical data to
construct the PDF, and then use this PDF to forecast landings € .r the year. This model
provides forecasts before the fishing season begins. Models involving two variables
(dimensions) were explored, since higher dimensions would require a much larger sample
size than that which was available (Silverman 1986). Because cod biomass is considered
to have a major effect on inshore landing (Akenhead er al. 1982; Lear e al. 1986;
Pinhorn 1984), and because inshore catches have been directly and consistently
responding to the cod abundance at a large scale (Rose 1992), two variables, cod biomass
and annual landing, were sclected to construct the joint PDF. Cod biomass of ages 4-7
at the beginning of the year from VPA (Baird er al. 1991) was used in forecasting trap
landings, because inshore trap landings were mainly from fish in this range of age classes
(Akenhead er al. 1982; Lear er al. 1986; Lear et al. undated). Akenhead et al. (1982) and
Lear et al. (1986) used cod biomass of ages 4-7 when examining the relationships
between inshore trap landings and cod biomass. For the model of gillnet landings, cod
biomass of ages 4+ was used, as suggested by Lear er al. (1986).

IN-SEASON PDF could only be used after the fishing season started and some
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landing information was available. In the in-season PDF model, the model was then used
to forecast the total landing based on the cumulative landing to date. Therefore, two
variables, landing to date and additional fish to be landed, were considered. To avoid
forecasting negative values for the additional fish to be landed and the lower (100 - 0%
confidence limit, and to ensure that total landing would always be at least as large as

landing to date, data were to natural il S, a8 by Noakes

(1989). The forecast of the additional fish to be landed was then obtained using the anti- ~
log of the maximum likelihood value, and added to the landing to date to yield the
predicted value of total landing.

The key issue in the PDF model is the selection of the smoothing parameter /1.
Too large an & would result in oversmoothing. On the other hand, if / is too small, the

PDF would be undersmoothed (Figure 6.2). In this study, smoothing parameters were

L e

P | SR A

Figure 6.2 Effect of i h on the estimation of
Source: Noakes (1989)
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selected by maximizing the likelihood function in a jackknife cross validation procedure

recommended by Noakes (1989):

5
L(h) =[] £4(x4:h) h20 (6.6)
B

where, f(x;:h) is the estimated probability density at point x,, using formula (6.5). To find

the hi agrid search dure was carried out. Various combinations

of smoothing parameters were tried and their likelihood value were computed using
formulas (6.5) and (6.6). Data were normalized by subtracting the mean and dividing by
the standard deviation to rescale the variables and therefore decrease the instability and

burden in estimati i To reduce the effect of

outliers on the estimation of i a weighting described by
Noukes (1989) was used. Points within one standard deviation of the mean were given
a weight of 1. Outside this range, points were assigned a weight inversely proportional

to the distance from the mean.

6.1.4 Combined Model
PRE-SEASON PDF and IN-SEASON PDF were combined to form a combined
in-season forecast model (COMBINED). This was obtained by weighting the pre-season

and in-season forecasts with their confidence intervals as described by Noakes 1989:

Fo= (WxFy) + (L-w) xF, (6.7)
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where F, = combined forecast;
F, = in-season forecast;
F, = pre-season forecast;

w = weight, calculated using the confidence intervals with the following formula:

b (6.8)

wheic A = the length of the (100 - )% confidence interval for the pre-scason forecast;

B = the length of the (100 - 00)% confidence interval for the in-season forccast.

C intervals were i by ing the upper and lower values

of the forecast such that each tail of the estimated probability distribution contained

(0/2)% of the entire area of the p ility distributi A formula for finite

integral (Murray 1968) was selected to calculate approximately the arcas:
b
A- L F(x)dx = h(Yg+yi+Ya* e o o +Vp) (6.9)

where h = width of interval;
n = number of intervals between ¢ and b;

Yo2,.n1 = probabilities at point 0, 1, 2,.. n-1.

The choice of n (or /) is determined by the distance between « and b, requircd
accuracy, and computation speed. As the number of intervals n increases, i will decrease,
resulting in an increase in computation and accuracy. To calculate the upper and lower

liniits of the confidence interval, simply find the point that had (0/2)% of the total arca
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below it as the lower limit, and the point that had (/2)% of the total area above it as the
upper limit, using formula 6.9. The distance between the upper and lower limits produced
the confidence interval. In this study, 90% confidence interval, as implemented by
Noukes (1989), was used to produce the combined forecast though other confidence
intervals could also be employcd. As the season progresses, the in-season forecast will
become more accurate and its confidence interval B will become smaller, resulting in

progressively more weight being assigned to the in-season forecast.

6.2 RESULTS

During the period of 1974 to 1991, annual landings for the inshore trap fishery in
areas covered in this study ranged from a low of 15474 tons in 1975 to a high of 46,927
tons in 1990 (average 32,977 tons); estimated cod biomass of ages 4-7 (Baird et al. 1991)
varied between 247,808 and 823,818 tons (Figure 6.3). For the gillnet fishery, landings
ranged from an extreme low of 3,588 tons in 1991 to 46,149 tons in 1982 (average
26,331 tons); estimated ages 4+ biomass at the beginning of the year (Baird et al. 1991)
ranged from 364,258 tons to 986,340 tons (Figure 6.4). Correlations between landing and
cod biomass were not significant (p=0.05). This indicates that landing does not respond
to cod biomass in a simple stationary, linear manner. Linear regression models may
therefore not be svitable for making forecasts. Alternative parametric models and

nonparametric models were developed and tested.
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Figure 6.3 Relationship between inshore trap landings and cod biomass of ages 4-7 at
the beginning of the year.
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6.2.1 Performance of the Logistic Models

The PERCENT model accounted for 96.2% of the variance (Appendix B-9). The
TEMP model gave a better fit to the data by reducing the jackknifed prediction RSS from
2.336 10 0.862 (Appendix B-10). Forecasts were made by dividing the cumulative weekly
landing by the predicted percentage. PERCENT and TEMP had a much higher RSS than
MEAN during the early season, and did not perform better than MEAN until week 29
(carly August) (Figure 6.5). Similarly, for gillnet landings neither PERCENT nor TEMP
did better than MEAN before week 26 (mid-July) (Figure 6.6), but TEMP had a lower
RSS than PERCENT through the entire season.

An approximate randomization test was applied to test the null hypothesis that the
reduction in the RSS using March temperature data was due to chance alone. For the trap
fishery, 7 of the 200 shuffles had a RSS value less than or equal to that obtained for the
correctly sequenced data, implying that there is a p=0.04 that the observed reduction in
RSS could be due to chance alone. Similarly, for the gillnet fishery, 1 shuffle out of the
200 was found to have a lower RSS, resulting in a p=0.01. The null hypothesis was
therefore rejected at p=0.05. This suggests that March temperature in fact has predictive

value,

6.2.2 Performance of the PDF and COMBINED models
In the PDF model, the first step was to select smoothing parameters using a

maximum likelihood approach. Smoothing parameters (one for each dimension) that
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Figure 6.5 Performance of the PERCENT and TEMP models in comparison with the

MEAN model in forecasting trap landings.
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Figure 6.6 Performance of the PERCENT and TEMP models in comparison with the
MEAN model in forecasting gillnet landings.
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resulte’] in a jackknifed maximum likelihood L(h) were selected. In the PRE-SEASON
PDF model for trap landings, the smoothing parameters of 0.65 (biomass) and 0.40

(landing) maximized the likelihood (Figure 6.7). Based on the same approach, smoothing

F (<)

Figure 6.7 i ikeli for various

parameters of 0.50 (biomass) and 0.65 (landing) were chosen for the gillnet fishery.
These parameters were then used to compute the joint PDF for the two fisheries (Figure
6.8). Forecasting using these functions is straightforward: for a given biomass value, one
can find a landing value which has the greatest probability density of occurring. For
example, if we know this yzar’s cod biomass (ages 4+) is 400,000 tons, from the PDF for

the gillnet fishery we can determine that a landing of 21,500 tons has a maximum
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Figure 6.8 Three-dimensional displays of the ility density function estimated for
trap (upper) and gillnet (lower) landings. Landing and biomass are in thousand tons.
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probability (Figure 6.9). We would then choose 21,500 tons as the best forecast of gillnet
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Figure 6.9 Probability density, "best" forecast, and 90% confidence interval of gillnet
landing, based on a biomass of 400,000 tons.

landing for this year. By appm‘ximntely calculating 5% of the entire distribution in each
tail, we can obtain the lower and upper limits of the 90% confidence interval.

In IN-SEASON PDF, since forecasts were made on a weekly basis, smoothing
parameters were estimated and selected for each week (Table 6.1). In the early season,
forecast of total landing based on the weekly cumulative landing was less accurate than
later in the season and the probability distributions tended to have longer tails. As the
season progressed, the distribution narrowed. resulting in a smaller confidence interval.

For instance, the PDF in week 20 was relatively flat and had long tails (Figuie 6.10). By



Table 6.1 i hi for ing IN-SEASON PDF. (b, for
biomass, h, for landing)

Gillnet

week 30, the probability density had become narrower (Figure 6.11). This occurs because
in the later weeks there are more data available and the relationship between cumulative
landing and total landing therefore becomes clearer.

The PDF models performed differently in the two fisheries. In the trap fishery,
PRE-SEASON PDF had u higher jackknifed RSS than MEAN; IN-SEASON PDF did not
perform any better than MEAN uniil week 28. The high RSS for the in-scason PDF

forecast also resulted in the poor performance of COMBINED (Figure 6.12).
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= o<

Figure 6.10 Probability density for week 20 for gillnet landings. Long tails are evident
as the relationship between cumulative landing and total landing was not clear.

= s

Figure 6.11 Probability density for week 30 for gillnet landings. The distribution
narrows as the relationship between cumulative landing and total landing became clearer.
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Figure 6.12 Comparison of PRE-SEASON PDF (—#—), IN-SEASON PDF (—e—),

COMBINED (—e~—) and MEAN (——) in forecasting trap landings, based on the
Jjackknifed residual sum of squares.
COMBINED gained siguificant reduction in the RSS compared to both PRE-SEASON
PDF and IN-SEASON PDF, but still did no better than MEAN before week 28. To
examine whether using MEAN as the pre-season forecast (Noakes 1989) could improve
the combined forecast, PRE-SEASON PDF was replaced by MEAN. The confidence
interval of the MEAN forecast was calculated using the estimated standard deviation. The
outcome did not show any improvement in RSS (Figure 6.13).

For the gillnet fishery, the PDF models appeared to be useful. Both PRE-

SEASON PDF and IN-SEASON PDF had a much lower RSS than MEAN (Figure 6.14).
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Figure 6.13 Comparison of the two COMBINED models using PRE-SEASON PPF and
IN-SEASON PDF (—e~), and MEAN and IN-SEASON PDF (—e-) in forecasting trap
landings.
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Figure 6.14 Comparison of PRE-SEASON PDF (—a—), IN-SEASON PDF (—e-—),
COMBINED (—e—) and MEAN (—) in forecasting gillnet landings, based on the
Jjackknifed residual sum of squares.
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IN-SEASON PDF had a slightly higher RSS than PRE-SEASON PDF [or the first three
weeks, but as the season progressed, the RSS for IN-SEASON PDF declined. Among atl
the models, COMBINED provided the most accurate forecast over almost the cntire
season. Even during the early season, the RSS for COMBINED was about 50% lower
than MEAN. Table 6.2 illustrates the pre-season and in-season forecasts, their associated
90% confidence intervals, the weight, and the combincd forecast, using the {989 data as

an example.

6.3 DISCUSSION

Several models for forecasting the inshore cod landings have been presented and

their predictive power d based on the j i iction sum of squarcs. In
both fisheries, PERCENT had the highest RSS at the early season, although the model
fitted the landing data reasonably well over the entire scason, especially in the case of the
trap fishery. The reason for this is not difficult to understand. In the early weeks,
because the percentage of landing (Y) is very small, a small amount of crror in Y could

result in a large error in the prediction of the total lunding since the latter is calculated

by dividing the landing to date by the predicted Y. For example, if the cumulative
landing to week 20 in a particular year is 2,000 tons accounting for 4% of the annual
landing (50,000 tons), and the predicted valuc of the proportional lunding to that week
is 5%, this 1% difference would lead to a 10,000 tons residual in forecast (50,000 -

2,000/0.05). This is a intrinsic problem with the PERCENT method. Between PERCENT
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Table 6.2 The combined in-season forecasts of 1989 gillnet landing

PRE-SEASON IN-SEASON
Week Landing Pred. Lo90% Hi90% Pred. Lo90% Hi90% W Final

16 29182 32100 16800 57400 23818 11418 62618 0.44 28437
17 29182 32100 16800 57400 24121 11621 63121 0.44 28583
18 29182 32100 16800 57400 24246 10746 59746 0.45 28541
19 29182 32100 16800 57400 24438 13338 60938 0.46 28573
20 29182 32100 16800 57400 23889 13389 63089 0.45 28408
21 29182 32100 16800 57400 23583 13483 61383 0.46 28193
22 29182 32100 16800 57400 23783 13783 62083 0.46 28302
23 29182 32100 16800 57400 23431 13531 60531 0.46 28082
24 29182 32100 16800 57400 22528 13028 61028 0.46 27714
25 29182 32100 16800 57400 22094 12994 58694 0.47 27393
26 29182 32100 16800 57400 22201 13501 56301 0.49 27281
27 29182 32100 16800 57400 22303 14303 54903 0.50 27202
28 29182 32100 16800 57400 22318 15218 53018 0.52 27034
29 29182 32100 16800 57400 22675 16675 45975 0.58 26626
30 29182 32100 16800 57400 23794 18394 42994 0.62 26928
31 25182 32100 16800 57400 25757 20857 39057 0.69 27720
32 29182 32100 16800 57400 27051 23151 38751 0.72 28452
33 29182 32100 16800 57400 28188 24988 37188 0.77 29092
34 29182 32100 16800 57400 28222 25622 36422 0.79 29037
35 29182 32100 16800 57400 28067 26067 33667 0.84 28703

Landing -- actual landing Pred. -- prediction L0o90% -- lower limit of the
90% confidence interval Hi90% -- higher limit of the 90 confidence interval
W -- weight Final -- final forecast



and TEMP, TEMP had a lower RSS during the early weeks in the trap fishery, suggesting
that early landings can be more accurately predicted by incorporating March temperature
into the model. In the gillnet fishery, TEMP also did better than PERCENT. However,
because of the high RSS, it is unlikely that the logistic model, with or without
temperature, would have much utility in forecasting inshore landings.

The PDF model provided more accurate forecasts of gillnet landings, but it was
not better than the MEAN model early in the season (before week 8) in the trap fishery.
The relatively poor performance for the PDF model ;n both pre-season and in-scason
forecast of trap landings indicated that the relationships between landing and biomass and
landing to date and total landing were less clear than in the gillnet landings. For
example, cod biomass of age 4+ was approximately 450,000 tons in 1974 and 1978, but
landings for these two years were quite different. Landing in 1978 was more than 100%
higher than in 1974 when a landing of only 15,494 tons was recorded (Figure 6.3).
Similar situations were also found for 1975 and 1976 (biomass approximately 280,000
tons), and 1981 and 1989 (biomass approximately 520,000 tons). As a result, probability
density functions estimated from the data contained two peaks for cod biomass of less
than 600,000 tons (Figure 6.8). Because the forecast was made by choosing the landing
value with the highest probability, only one peak (the peak with a higher probability) was
considered (Figure 6.15). This resulted in a forccast of 39,800 tons for 1974, much
higher than the actual landing. The large residual in the 1974 forecast in turn produced

a large RSS.
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Figure 6.15 Probability density function for trap landings, based on a cod biomass of
450,000. Two peaks were presented in the distribution.

The residual sum of sq;.\nres could be reduced if some consideration was also
given to other peaks within the probability distribution. One possible approach is to
weight all potential landing values by their probability, with more weight given to
landings with higher probability. This approach is similar to the method utilized by
Evans and Rice (1988). If such an approach is adapted, the forecast will not necessarily
be the value with the higliest probability. Instead, it will be the landing value where 50%
of the cun.ulative probability of the entire distribution is found (Figure 6.16). Forecasts

made by this procedure are more moderate than choosing the landing with the highest
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Figure 6.16 Cumulative probability of trap landings based on a biomass of 450,000 tons.

Notice that landing value at the point of 50% cumulative probability (a) is different from
the point with the highest probability (b).

probability, and may be more s;:imhlc in dealing with probability distributions with more
than one peak.

‘While the PDF model provided a much more accurate forecast of gillnet landings
than the MEAN model, the COMBINED model was able to further reduce the RSS.
Noakes (1989) noted that combining different models rather than using a single
forecasting model normally leads to improved accuracy and precision (lower RSS),
because the COMBINED model tends to utilize the relative strengths of each model. The

power of the COMBINED model, with different weights assigned to the pre-season and



in-season forecasts according to their confidence intervals, was further demonstrated in
this study. COMBINED provided better forecasts of gillnet landing than either of the two
component models separately.  Although it was not the case for trap landing,
COMBINED still showed the ability of exploiting the strengths of each individual model.
The combined forecast model, therefore, has utility as a forecast model for inshore gillnet
landings. The utility of the PDF model in the trap fishery is discussed in Chapter 7.

It should be pointed out that the in-season forecasts (PERCENT, TEMP, IN-
SEASON PDF, and COMBINED) are based upon information on weekly landings. The
fact that weekly landings prior to 1981 were mainly generated from monthly estimates
may have some effect on the forecasts. The influence, however, tends to be minor
because forecasts are made using cumulative weekly landings instead uf weekly landings.
In fact, cumulative landing at the week that ends a month is exactly the same as the
cumulative landing at that month. Therefore, the treatment of the data is not likely to

significantly affect the performance of the in-season forecast models.
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CHAPTER 7. CONCLUSIONS

In Chapters | - 6, the variability of inshore cod landings and the cffect of
temperature have been examined. Various forecast models were developed and tested.
This study has quantitatively described the spatial and temporal variation in the inshore

landing data. It has also a strong ionship between and the

timing of the fishery. Comparison of various forccast models indicated that the
COMBINED model utilizing PRE-SEASON PDF and IN-SEASON PDF has utility for
predicting inshore gillnet landing. This chapter addresses the implications this study has

for northern cod fishery management and research.

7.1 IMPLICATIONS FOR FISHERIES MANAGEMENT

The spatial and temporal variability of inshore cod landings in Labrador and
eastern Newfoundland has been examined using an ANOVA model. Although arca, year,
and week were three main effects determining spatial and temporal variation in landing,
their interaction effects were also significant. Weekly patterns in landing varied from
year to year, and area to area. Spatial patterns also changed annually. In gencral, weekly
landings started to increase at week 15 (late April), peaked at week 29 (late July), and
approached zero after week 40 (mid-September) for the trap fishery and weck 45 (mid-
October) for the gillnet fishery (Figure 4.3). The weighted mean week, an index
calculated to represent the midpoint of a fishing scason, varied by as much as 7 weeks

from year to year (Figure 5.1 and 5.2), and from area to arca (Figure 5.3). Thus, the high



season of the fishery could have a spatial and temporal difference of more than a month.
Incorporating such information into northern cod fishery management could be useful.
In particular, managers could take into account annual and spatial variations of the weekly
landing pattern, and be prepared for the earlier arrival and prolonged delay of the inshore
fishery when making decisions on fish processing, marketing, and spatial distribution of
fishing effort.

The significant relationship found between water temperature and the timing of
the fishery may also be of benefit in the management of the northern cod fishery.
Although various factors, including social-economic and biophysical ones, may affect the

timing of the fishery, this study has a

between temperature and the timing of the fishery. Temperature in early season (April
and May) could be used as an indicator of the expected seasonal pattern in trap and
gillnet landings, though trap landings could also be affected by temperature in late season
(August and September). This finding provides a better understanding of the factors
affecting the timing of the fishery. Using the relationship with temperature, managers
would have insight into the expected timing of the fishery.

Temperature daia from Station 27 have been widely used in many research studies
in the northwest Atlantic. The importance of these data was further demonstrated in this
study. Weekly or cven daily temperature data, rather than the current monthly data. if
available, would be useful in further studies.

Another principle finding of this study for northern cod fisheries management is
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the forecast of inshore landings. This study has compared the predictive ability of several
forecast models for inshore cod landings, using jackknifed prediction sums of squares.
The logistic model is not likely to be of any use in forecasting inshore landings due to
its high residual sum of squares. By contrast, the pre-scason PDF and the combined
forecast models, of the forms proposed by Noakes (1989), proved to be useful in
forecasting inshore cod landings. The pre-season PDF can be used to make prediction
before a fishing season starts, given a cod biomass at the beginning of the year. Its
application, however, does not end here. The ability of obtaining a cumulative probability

of all possible landings using the PDF may interest managers even more. A simple plot

of the i ility is both ingful and easy to (Figure 7.1). For
example, given a cod biomass of 400,000 tons at the beginning of the year, there is an
80% chance that gillnet landing will be less than or equal to 27,200 tons, and an 80%
chance that it will be greater than or equal to 18,000 tons. Information provided in this
way could greatly assist managers in decision making, as they arc advised of the

and the with the forecast.

Based upon the results of this study, it is recommended that the PDF mode* and

model be i for providing pre-s and in-scason forecasts of gilinet
landings in the inshore cod fishery. With regard to trap landings, none of the models
examined in this study showed outstanding advantages over the MEAN model. Thercfore,
investigation of alternative forecast models is needed, In considering alternative models,

it is worthy to note that in this study only one factor was ircluded in the PDF model (cod
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Figure 7.1 Cumulative probability of gillnet landings, given a cod biomass of 400,000
tons at the beginning of the year. Dash lines show landings with a cumulative probability
of 0.2 and 0.8 respectively.

biomass in PRE-SEASON PDF and cumulative landing in IN-SEASON PDF). Since trap
catch rate is more affected by environmental conditions than that of gillnet (Rose and

Leggett 1989), i i i itions such as into the PDF

model may improve the accuracy of the forecasts. However, increasing the dimensions
of the PDF model from two to three means that the sample size must increase from 19
years to 67 years to ensure that the relative mean square error is less than 0.1 (Silverman
1986). Data limitation currently prevents the development of the PDF model with more

than two dimensions. Further research could investigate replacing biomass with
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temperature in the model; however, it seems that such a forecast would not be robust with

respect to the current condition of low cod biomass.

7.2 IMPLICATIONS FOR RESOURCE ANALYSIS

As discussed earlier in Chapter 1, resource management is a complex decision

making process. Information from different perspectives, such as social, ic, and

must be i d when making decisions.

The role of a resource analyst is to provide information and understanding to assist
managers in formulating policies. Because resource issues are closely linked to many
factors, and the interactions of these fnc‘mrs are complicated, it is important to focus
analysis on a few key variables within a specific time frame. In northern cod fishery

management, there are many issues that need to be addressed. Jurisdiction, institutional

arrangement, social impacts, economic i insh ffshy i ips, and stock
assessment are just a few of them. Choosing a workable research topic is then a very
important first step. In identifying research problems, this study focused attention on the
variability of inshore cod landings and explanatory variables within a much simplified
system governing the northern cod inshore fishery. For example, when examining the
factors affecting the timing of the fishery, a key environmental factor, temperature, was
chosen to be tested for significance, although other factors suci: as ice condition, capelin
abundance, labour dispute, market, and even other fisheries may have an effect on the

timing of the fishery. In forecasting inshore landings, only temperature and cod biomass
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at the beginning of the year were used as variables for making predictions.

Prior to this study, landing variations within a year and among different
geographical areas had not been formally investigated and no attempt had been made to
forecast inshore landings. This study has examined the spatial and temporal variability

of inshore cod landings and tested several forecast models, however, more research is

needed to improve our ge of the complex g ing the northern cod
fishery. The relationships between landing patterns and possible influencing factors might

be examined at various spatial and temporal scales. Factors other than temperature,

including bi; ical, social and ic that were not ined in this study, might also
be explored for influences on landing variations. Other forecast models for inshore
landings could be developed and tested. In considering forecast models this study has
suggested that in a situation where the relationships between a dependent variable and the

independent variables are not clear or are often non-linear, a nonparametric approach may

have over the i ic models. Therefore, nonparametric
approaches, including the PDF model proposed by Evans and Rice (1988) and Noakes
(1989), and Bayesian probability theory (Fried and Hilborn 1988; Hilborn and Walters

1991) might be further explored in future studies. Becausc of its ability in dealing with

of the ic method could also be sought in studies of

other fisheries or resource sector problems (forest management, for example).

Resource management continues 1o be an important arca of study in geography;
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however, few geographers have addressed fisheries resource management issues, leaving
a void in this area. Of the limited studies by geographers on fisheries, most studies have
cexamined the issues from social, institutional, or political angles (McCalla 1978; Mitchell
1976; Mitchell and Huntley 1977; Mitchell and King 1984; O'Riordan 1977). While
studies on fisheries issues from these aspects should be continued, research on the
physical component of fisheries resource management by physical geographers are equally
valuable. Marcus (1979) insisted that physical geographers have the opportunity and
ability to make important contributions to resource analysis, especially in improving our
understanding of the natural processes and the interactions occurring in the complex
ecosystems.

Toward an understanding of natural processes and ecosystems, geographers have
made considerable contributions which include studies regarding landforms, water
systems, climates, vegetation and wildlife (Mitchell 1989). With respect to the fisheries,
the complex ecosystems governing the fisheries resource remain an important area for
geographers to demonstrate their skills and abilities. Using quantitative techniques, this
study has addressed the effects of physical environment on the fisheries. Future research
could also be pursued with the use of geographical techniques such as GIS and remote
sensing and knowledge of climatology. By exploring the physical component as well as
the social and economic components of fisheries resource management issues, we can

expect more contributions from Canadian geographers on fisheries research in the future.
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APPENDIX A: SAS Cide for Performing PDF Forecast

R Attt bt
* SAS code for forecast using PDF approach described by ot
* Noakes (1989). Cod biomass and landing are the variables *
* for constructing the joint probability.

* X. Chen, Dec. 1992. x

B e S L 2 T L L LS PP R P PP e ]

JRERERE AR RA AR AR KRR
* input date files *
RAERRARHRRIE AN E R
filename in ‘/home/chen/data/landing.dat’;
filename inl '/home/chen/data/biomass.dat’;

data land;
infile in;
input year 1-2 section 3-4 area § 5 vessel 6 gear 7-8 unit §
30-33 week 34-35 landing 40-49 .3;

if gear ne 61 or year=91 then delete;

else if unit='2J A’ or unit='2J D’ or unit='2J M’ or unit='3K
A’ or unit=’'3K D’ or unit='3K H’ or uni K I’ or unit:
or unit=’3L B’ or unit='3L F’ or unit='3L J' or unit=

proc sort;
by year;

data landing;

set land;

by year;

if first.year then link init;
land+landing;

if last.year then output;
return;

init: land=0;

return;

keep year land;

data bio;

infile inl;

input yr a3-ald sum;
if yr>1973;
year=yr-1900;
bio=sum-a3;

keep year bio;
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JHEREE AR A AR AR A AN
* log-transformation *
T

data d;

merge landing bio;

by vear;

lland=log(land) ;

lbio=log(bio) ;

same=1;

keep same year lbio land lland;

proc datasets:
delete land landing bio;

J R e
* The following loop is used for estimating smoot}ung *

* parameters using a Jackknlfe procedure
P ..nn"n""n"“““/

%macro estimate;
%do i=74 %to 90;

data 4ai;
set d;
if year ne .i; *eliminate the year being estimated;

JRARARA R AR A AR AR AR RE A
* normalizing the data *
ARKEIEA KA KRR AR E AT AR )

proc means;

var lbio lland;

by s

output out d2 mean=meanx meany std=sX sy;

data d3;

merge dl d2;

by same;

normx= (lbio-meanx) /sx;
normy=(lland-meany) /sy;

keep same meanx meany SX Sy NOIXMX normy;

data d4;

g
* assxgn we).ght to each data point *
%/

[np—
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data d5;

mezge d3 a4;

by si

x= (lblo meanx) /sx;

y=(1lland-meany) /sy;

if abs(x) <= 1 then weightx=1;

if abs(x) > 1 then weightx=1/abs(x);

if abs(y) <= 1 then weighty=1;

if abs(y) > 1 then weighty=1/abs(y);

keep year x y normx normy weightx weighty;

JrRrn * *kk Ak P—
4 esleatmg probability using various h (increment=0.05) *
KRR A A KA A T Ty
data d6;
set d5;

do hx=0.1 to 0.5 by 0. 05~

do hy=0.1 to 0.5 by 0

p=(exp (~0.5%( (x- nonmc)*hx)”*Z))*(exp( -0.5*(y-normy) /hy) **2) ) ;
output;

end;

end;

proc sort;
by hx hy;

data d7;

set dé;

by hx hy

if f:.rst hy then link init;
psSum+p,

f—psum/ (16*hx*hy*3.14159**2) ;
if last.hy then output;
return;

init: psum=0;

return;

data _null_;

set d7;

file ‘smooth.par’ mod;

put year 1-2 hx 22-25 .2 hy 28-31 .2 £ 38-48 .8 weightx
50-55 .4 weighty 57-62 .4;

%end;

%mend estimate;
%estimate;
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proc datasets;
delete dl d2 d3 @4 d5 d6 d7;

J B R S LT e L T
* searching for h with the greatest probability *
B e e
data d8;

infile ‘smooth.par’

input year hx hy £ we:.ght*c weighty;

same=1;

fw=f** (we;ghtx'welghty) H

keep same hx hy

proc sort;
by hx hy;

data d9;

set d8;

by hx hy

if flrst hy then 1fx=1;
retain 1lfx;

1fx=1fx*fw;

if last.hy then output;
return;

keep same hx hy 1lfx;

proc sort;
by same 1fx;

data d10;

set d9;

by same;

if last.same then output;
keep same hx hy;

proc print; * -- best smoothing parameters;

G Y

* The following loop produces landing forecasts using *
* a jackknife procedure

KRk R ARk KRk

data dl1;
merge d dl10;
by same;

%macro prob;
%do 1=74 $to

".unn"..“.n.“*."”u“.n“”/
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data d12;
set dil;

if year ne &i; * -- eliminate the year being forecasted;

proc means;

var lbio lland;

by same;

output out=dl3 :nean=meanx meany std=sx sy;

data dl4;

merge dl2 d13;

by same;

normx=(1lbio-meanx) /sx;

normy=(lland-meany) /sy;

keep year same meanx meany SX Sy NOXmX Normy;

proc sort;
by year;

data d15;

set dll;

if year=&i;
drop year lland;

data dl6;

set dl5;

do year=74 to 90;

do forecast=1, 100 to 100000 by 100;
increment;

lland=log (forecast) ;

output;

end;

nd;

drop forecast;

R R R R E R
* estimate probability using the known h *
E KRR ARk R /
data d17;

merge dl4 4l6;

by year;

if year=&i then delete;

1lbio-meanx)/sx;

y=(1lland-meany)/sy;:

fxy=1/( ({ (x~normx) /hx) **2+1) * ( ( (y~normy) /hy) **2+1)) ;

proc sort;
by lland;
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data di8;

set d17;

by lland;

if first.lland then link init;
fxysum+£xy;

fxyfin=fxysum/ (16*hx*hy*3.14159*%2) ;
if last.lland then output;
return;

init: fxysum=0;

return;

drop hx hy fxy fxysum;

JRHEE Rk A R *rRRER Rk Rk
* calculate the area of the probability density %
* distribution to estimate the confidence interval *
R Ty
data dl9;

set di18;

subarea=fxyfin*100; *interval=100;

sum+subarea;

drop fxyfin subarea land;

data d20;

set d19;

by same;

area=sum;

if last.same then output;
keep same area;

data d21;

merge d19 d20;

by same;

difflow=abs(sum-0.05*area); * -- 90% lower limit;
diffup=abs (sum-0.95*area) ; * -- 90% upper limit

proc sort;
by same difflow;

data d22;
set d21;
by same difflow;
low=exp(1land) ;

if first.same then output; * -- extract the lower limit

keep same low;

proc sort dat
by same diffup;
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data d23;

set d21;

by same diffup;

up=exp(lland);

if first.same then output; * -- extract the upper limit;
keep same up;

proc sort data=dl8;
by same fxyfin;

data d24;

set di8;

by same fxyfin;

pred=exp (lland) ;

if last.same then output; * -- landing forecast;
keep same pred land;

data d25;
merge d22 d23 d24;
by same;
year=&i;

JRERE AR R R AR AR
* output file containing actual landing, forecast and *

* confidence interval *
T Fk AR R AR *%/

data _null_;

set d25;

file 'forecast.dat’ mod;

put land 1-10 .3 pred 12-20 .3 low 22-~30 .3 up 32-40 .3 year
42-43;

%end;
tmend prob;
%prob;

run;
endsas;
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Appendix B-1 Statistical summary of the ANOVA model on the trap landing data

Dependent Variable: LLAND

Source
Model
Error

Corrected Total

Source

YEAR
WEEK
UNIT
YEAR*WEEK
UNIT*WEEK
YEAR*UNIT

DF

592
2431
3023
R-Square
0.868653

DF

Sum of
Squares

59180.597197
8948.578382
68129.175579
E:V,
21.05985
Anova SS
2705.316012
3918.026400
38880.044843
3155.824388

6717.743022
3803.642533

Mean
Square

99.967225
3.681028

Root MSE
1.9186005

Mean Square

159.136236
301.386646
3534.549531
14.279748
46.977224
20.340334

F Value

27.16

F Value

Pr > @

0.0001

LLAND Mean
9.1102294

Pro> ¥

0.0001
0.0001
0.0001
0.0001
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Appendix B-6 Statistical results of the general linear model 5.2 fitting to the gillnet landing data

Dependent Variable: MWEEK

Source DF

¥

Model 11

Error 203

Corrected Total 214
R-Square
0.602244

_Saurce DF

&

UNIT 11

Source DF

F

UNIT 11

Sum of

Squares
1377.3227052
909.6635745
2286.9862797
Cc.v.

6.904892

Type I SS

1377.3227052

Type III SS

1377.3227052

Mean
Square

125.2111550

4.4811014

Root MSE

2.1168612

Mean Square

125.2111550

Mean Square

125.2111550

F Value Pr >
27.94 0.0001

MWEEK Mean

30.657410
F Value Pr >
27.94 0.0001
F Value Pr >
27.94 0.0001
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Appendix B-8 Statistical results of Model 5.3 fitted to the gillnet fishery data

General Linear Models Erocedure

Dependent Variable: MWEEK

Source
2

Model
Error

Corrected Total

Source
F

UNIT
TEMP4_S

Source
F

UNIT
TEMP4_5

DF

R-Square

0.727180

DF

L

DF

Sum of
Squares
1585.8508743
594.9736176
2180.8244919
c.v.

5.750205

Type I SS
1331.5897566
254.2611177

Type III SS

1342.5434255
254.2611177

Mean
Square

132.1542395

3.1314401

Root MSE

1.7695875

Mean Square

121.0536142

254.2611177

Mean Square

122.0494023
254.2611177

F Value B

42.20 0.0001

MWEEK Mean

30.774340
F Value Pr >
38.66 0.0001
81.20 0.0001
F Value Pr >
38.98 0.0001
81.20 0.0001
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Appendix B-10  Statistical summary of the logistic model TEMP fitted to temperature and weekly cumulative
Landings for the trap fishery

Non-Linear Least Squares Summary Statistics
Dependent Variable CUMPER

Source DF Sum of Squares Mean Square

Regression 3 142.45089797 47.48363266

Residual 347 0.85155425 0.00248287

Uncorrected Total 350 143.31245222

(Corrected Total) 349 61.13707030

Parameter Estimate Asymptotic Asymptotic 95 %
std. Error Confidence Interval

Lower Upper
A 33.39380100 0.20964927297 32.981451875 33.806150124
B 1.12915686 0.04601871755  1.038644851  1.219668878
K 1.97147692 0.04035421813 1.892106140 2.050847702















	001_Cover.jpg
	002_Inside Cover.jpg
	003_Blank Page.jpg
	004_Blank Page.jpg
	005_Notice.jpg
	006_Title Page.jpg
	007_Copyright Information.jpg
	009_Abstract.jpg
	010_Acknowledgements.jpg
	011_Acknowledgements iii.jpg
	012_Table of Contents.jpg
	013_Table of Contents v.jpg
	014_List of Tables.jpg
	015_List of Figures.jpg
	016_List of Figures viii.jpg
	017_List of Figures ix.jpg
	018_Chapter 1 - Page 1.jpg
	019_Page 2.jpg
	020_Page 3.jpg
	021_Page 4.jpg
	022_Page 5.jpg
	023_Page 6.jpg
	024_Page 7.jpg
	025_Page 8.jpg
	026_Page 9.jpg
	027_Page 10.jpg
	028_Chapter 2 - Page 11.jpg
	029_Page 12.jpg
	030_Page 13.jpg
	031_Page 14.jpg
	032_Page 15.jpg
	033_Page 16.jpg
	034_Page 17.jpg
	035_Page 18.jpg
	036_Page 19.jpg
	037_Page 20.jpg
	038_Page 21.jpg
	039_Page 22.jpg
	040_Page 23.jpg
	041_Page 24.jpg
	042_Page 25.jpg
	043_Page 26.jpg
	044_Page 27.jpg
	045_Page 28.jpg
	046_Page 29.jpg
	047_Chapter 3 - Page 30.jpg
	048_Page 31.jpg
	049_Page 32.jpg
	050_Page 33.jpg
	051_Page 34.jpg
	052_Page 35.jpg
	053_Page 36.jpg
	054_Chapter 4 - Page 37.jpg
	055_Page 38.jpg
	056_Page 39.jpg
	057_Page 40.jpg
	058_Page 41.jpg
	059_Page 42.jpg
	060_Page 43.jpg
	061_Page 44.jpg
	062_Page 45.jpg
	063_Chapter 5 - Page 46.jpg
	064_Page 47.jpg
	065_Page 48.jpg
	066_Page 49.jpg
	067_Page 50.jpg
	068_Page 51.jpg
	069_Page 52.jpg
	070_Page 53.jpg
	071_Page 54.jpg
	072_Page 55.jpg
	073_Chapter 6 - Page 56.jpg
	074_Page 57.jpg
	075_Page 58.jpg
	076_Page 59.jpg
	077_Page 60.jpg
	078_Page 61.jpg
	079_Page 62.jpg
	080_Page 63.jpg
	081_Page 64.jpg
	082_Page 65.jpg
	083_Page 66.jpg
	084_Page 67.jpg
	085_Page 68.jpg
	086_Page 69.jpg
	087_Page 70.jpg
	088_Page 71.jpg
	089_Page 72.jpg
	090_Page 73.jpg
	091_Page 74.jpg
	092_Page 75.jpg
	093_Page 76.jpg
	094_Page 77.jpg
	095_Page 78.jpg
	096_Page 79.jpg
	097_Page 80.jpg
	098_Page 81.jpg
	099_Chapter 7 - Page 82.jpg
	100_Page 83.jpg
	101_Page 84.jpg
	102_Page 85.jpg
	103_Page 86.jpg
	104_Page 87.jpg
	105_Page 88.jpg
	106_References.jpg
	107_Page 90.jpg
	108_Page 91.jpg
	109_Page 92.jpg
	110_Page 93.jpg
	111_Appendix A.jpg
	112_Page 95.jpg
	113_Page 96.jpg
	114_Page 97.jpg
	115_Page 98.jpg
	116_Page 99.jpg
	117_Page 100.jpg
	118_Page 101.jpg
	119_Appendix B.jpg
	120_Page 103.jpg
	121_Page 104.jpg
	122_Page 105.jpg
	123_Page 106.jpg
	124_Page 107.jpg
	125_Page 108.jpg
	126_Page 109.jpg
	127_Page 110.jpg
	128_Page 111.jpg
	129_Blank Page.jpg
	130_Blank Page.jpg
	131_Inside Back Cover.jpg
	132_Back Cover.jpg

