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ABSTRACT 

Data gathered by the program to sample commercial mackerel catches are used to assess the 
status of this resource. These data are also analysed to improve our understanding of the 
dpamics of this species. During the sampiing period, it was noted that the 1982 year-class was 
dominant in almost ail samples. This year-class is characterized by a greater number of males 
and by smaller growth. Annual variations in some biological parameters are linked to the 
presence and development of this strong year-class. Results presented here may be used in more 
theoretical stuéies on the biology of this species. 

Les données recueillies dans le cadre du programme d'échantillonnage des captures 
commerciales de maquereau sont utilisées dans le processus d'évaluation de l'état de cette 
ressource. Ces données sont aussi analysées dans le but d'améliorer nos connaissances sur la 
dynamique de cette espèce. Lors de la période d'échantillonnage, il s'est avéré que la classe 
d'âge de 1982 était dominante dans presque tous les échantillons. Cette classe se caractérise par 
un plus grand nombre de mâles et par une croissance plus faible. Les variations annuelles de 
certains paramètres biologiques sont reliées à la présence et à l'évolution de cette forte classe 
d'âge. Les résultats qui sont présentés ici pourront être utilisés dans le cadre d'études plus 
théoriques sur la biologie de cette espèce. 



INTRODUCTION 

Assessing the abundance of a resource is one of the fundamental phases of managing a fishery. 
The assessment involves not only quantifying a biomass but also predicting the reactions of this 
biomass to different management options (Hiibom and Walters 1992). Since it is not possible 
to determine the size of an entire stock, a representative sample must be taken. Under ICNAF, 
member countries were responsible for taking their own samples. Catch sampling techniques and 
frequency thus varied from one country to another. Sampling protocols were standardized in 
1974; however, since the extension of its jurisdiction over fisheries in 1977, the frequency and 
quality of sampling by Canada have increased considerably (Stevenson 1983). A large number 
of species, including Atlantic Mackerel (Scomber scombm L.), are now included in a vast 
sampling program dong Canada's coasts. 

Such a large-scale program is justified by the fact that data from the sampling of commercial 
catches may be used as base calculations for making assessments of abundance. These data are 
used for example in analyses of catches at age using the methods of Paloheimo or Doubleday 
(Hilbom and Walters 1992), of virtual populations (Gulland 1965; Pope 1972) or those based on 
the decrease in abundance such as the methods proposed by Leslie or DeLury (Ricker 1975). 
For mackerel, the main data taken from samples are fork length, weight, gonad weight and 
matmity stage, sex and age. Annual weight-length relationships are used to determine the weight 
of fish samples measured. Age is used to determine growth, age structure and the construction 
of age-length keys to be used to convert length frequency distributions to age frequency 
distributions. In mackerel, these frequencies are not currently being used in analyses of virtual 
populations due to the low fishing mortality rate and the lack of a valid index of stock size 
(Grégoire 1992a). Assessment of the mackerel in the Gulf of St Lawrence is done by the total 
egg production method (Grégoire 1992b). This method requires knowledge of the weight of 
gonads and of females ready to release eggs. 

This study analyses biological data collected between 1983 and 1991 by the sampling program 
for commercial catches of mackerel. The main objective is to update these data and observe 
annual variations. The main results presented here may be used as the basis for future studies 
on more theoretical aspects of the biology of this species. 

MATERIALS AND METHODS 

Mackerel were sampled at the wharf in the main landing ports. Sampling frequency depended 
on the intensity of fishing activity. The sampling protocol cunently used requires that, if 
possible, a maximum of 250 fish chosen at random be measured to the nearest 0.5 cm. Of this 
number, two fish per 0.5 cm class were taken for laboratory analyses. Tables 1 and 2 show for 
each year the number of fish sampled per month, by Northwest Atlantic Fisheries Organization 
(NAFO) division (Figure 1) and subdivision. The number of fish caught and measured has 
decreased in recent years. This phenomenon is more pronounced in some areas, such as the 
Scotian Shelf for example, and requests have recently been presented for corrections to the 
sampling effort (Grégoire 199 1, 1992b). 



Age was detemined by sagitta (otolith) readings, the use of which has been validated in 
mackerel (Steven 1952; MacKay 1967). Although the m e  birth date falls towards the end of 
June, it is consi&red by convention that this date is January 1. Thus, a fish born in a given year 
will be classified in Age Group One on the following January 1. For mackerel, it is relatively 
simple to determine age before age 12, Subsequently, readings become more difficult due to the 
cuve of the margin and the narrowness of layers deposited, Poor calcification at the margin is 
also responsible for a decrease in the contrast observed between the hyaline and opaque layers 
@ery 1988). Readings were taken at more than one location around the otolith to avoid 
considering p w t h  anomalies as m e  annuli. Particular attention was paid to the rostrum since 
the spacing between the hyaline zones is greatest there. Delayed deposit was seen in fish from 
the age of t h e  or four. A delay was also observecl in fish of all ages from the east Coast of 
Newfoundland. 

Otolith readings were also used to obtain information on life-span and variations in 
remitment, as well as on growth, which was estimated using the von Bertalanffy model (Ricker 
1975) for length and weight ab age. The parameters of the model were defined using the SAS 
NLIN procedure (SASISTAT 1990), which uses the DUD iteration method. The growth model 
was calculated using all data and the Fisher test (Zar 1974) was used on residues to determine 
whether there were any differences in growth between males and females. The instantaneous 
growth rate for the 1982 to 1986 year-classes was calculated on the basis of linear relationships 
between the weight and age logarithms. These classes were chosen because of the presence of 
the earlier age p u p s  for which growth as rapid and the desire to make calculations using at least 
five values to prevent biased results. A year-class is defined here as the birth year of a fish and 
is calculated as being the year of capture less the age of the fish. The mean lengths and weights 
for each age group were compahed on an annual basis and between the dominant year-classes by 
a variance analysis (Kirk 1982). The instantaneous growth rate and the proportions of immature 
fish by age and by length class were calculated and compared between the most recent classes. 
Weight-length relationships were calculated and expressecl logarithmically for each year. Equality 
of slopes and ordinates at the origin of relationships were compared (Zar 1974) with a view to 
checking whether it was possible to use only one relationship for ail data. 

Sex was determined by visual examination of gonads, since sex in mackerel cannot be 
determined, as in some species, on the basis of external morphological criteria. Once each 
specimen was thawed, the gonads were carefully removed and weighed. Equality in the sex ratio 
was checked for each age group with a chi-square test (Zar 1974). Fish over 12 years old were 
not included in these analyses due to uncertainty related to age determination. The hypothesis 
that each age group came from the same statistical population was verified by the chi-square 
heterogeneity test (Zar 1974). 

The degree of gonad maturity was established on the basis of criteria proposed by Parrish and 
Saville (1965) for hehnng (Clupea harengus hrengus L.). These criteria were adapted for 
macicerel and eight stages established. The fifth comspondd to fish about to release eggs. It 
is at this stage that gonads reach theK maximum size. The colour and relative size of male and 
femaie gonads in the abdominal cavity as well as the form, colour and size of ovules were the 
main criteria used to determine sexuai maturity. 



The mean values calculated for length and weight of fish, weight of gonads and the gonado- 
somatic index are presented for each stage of maturity. The purpose of this is to describe the 
variation patterns in these variables and determine which might enable us to best describe each 
stage of maturity without using the Parrish and Saville (1965) scale. The gonado-somatic index 
is also used to describe spawning seasons. Size at maturity as well as the degree of maturation 
between males and females were calculated for NAFO divisions where data is sufficient. 

Length frequencies recorded annually were fmt  sorted by month in order to present possible 
variations in size linked to seasonal migration of mackerel. Frequencies were also classified by 
type of gear (net, fixed or trap, line and seine) to describe and compare the main sizes caught 
by each. 

RESULTS 

SEX RATIO AND AGE STRUCTURE 

The hypothesis of equality in the sex ratio was rejected on several occasions for some age 
groups (Table 3). In most cases, these groups were from the 1982 year-class when a larger 
number of males were observed. The presence of these significant differences in the sex ratio 
did not justify the use of the chi-square heterogeneity test. For other age groups where the 
equality hypothesis was rejectd, there were almost as many cases where each of the sexes 
dominates alternately. 

Age distributions of samples analysed in the laboratory were characterized by the dominance 
of the 1982 year-class (Figure 2). This class became the largest in the fishery from the age of 
two on. Despite the presence of other major classes, those of 1987 and 1988, the 1982 year-class 
was still the dominant year-class in sarnples in 1991. The presence and development over the 
years of these major classes also enabled us to compare and validate age readings. For example 
in 1986, summer growth in the 1982 class, then in Age Group 4, was very slow. The 
corresponding opaque zone, i.e. the fifth since birth, was almost invisible. A similar phenornenon 
was observed by MacKay (1979) for the 1959 year-class. Detection of this anomaly was only 
possible through annual monitoring, which would have led to an underestimation of true age and 
biasing of growth estimates. 

Several modes were found in the size structure of fish aged in the laboratory, each of which 
corresponded to a year-class (Figure 3). When one class dominates significantly, like that of 
1982 between 1985 and 1988, only one main mode was observed. Conversely, a multimodal 
dismbution reflected the presence of several year-classes. Overlapping of modes encountered 
towards the end of distributions was due to a decline in growth encountered in older fish. 



LENGTH AND WEIGHT AT AGE 

Growth in mackerel, expressed in terms of length or weight at age, was very rapid during the 
early years (Figures 4 to 9). Towards age four, an annual difference in size was observed 
between males and females. In al1 cases, females had a length and weight at age significantly 
greater than males (Fisher Test, P c 0.0001). Brody growth coefficients calculated for both sexes 
decreased gradually between 1983 and 1988 (Tables 4 and 5). During this period, the 1982 year- 
class was increasingly found in both the fishery and in sarnples. These variations in values of 
Brody coefficients resulted in a decrease and an increase in the curve of corresponding growth 
relationships (Figures 5, 6, 8 and 9). The higher the Brody coefficient, the faster the decrease 
in the exponential growth which appeared at a certain point. In other words, this coefficient does 
not necessarily give an adequate indication of tnie growth. Moreover, since the growth 
relationships expressed by the von Bertalanffy model varied widely from year to year, a single 
model for each sex based on al1 data would not be appropriate, and growth in the population 
should be expressed using the most recent model. 

Lengths and weights at age showed significant annual differences (Figures 10 and 11). No 
particular pattern was observed in annual changes in mean length at age, However, for certain 
years, a decrease then an increase were observed in mean weight at age for age groups 4 to 6. 
The lowese mean weight values for these ages were always found in the 1982 year-class. 

Annual weight-length relationships lined up exponentially (Figure 12). A Iogarithrnic 
transformation was u d  to express these relationships, for males and females, using a linear 
regression (Table 6). The relationships were al1 significant (P < 0.0001) and in rnost cases, there 
was no difference between the two sexes in weight changes based on length (Table 6). There 
is thus no justification for making a distinction between the two sexes when calculating ratios. 
The slopes of annual relationships, males and females combined, were al1 significantly different 
(F= 143.77, P < 0.0001) (Figure 13). The weight of sarnples taken at the wharf can thus not be 
calculated based on a relationship including data for al1 years. By convention, the weight of 
samples for a given year should be calculated based on the previous year's ratio then adjusted 
once the biological data for the current year were analysed. The relationship rnust accordingly 
be calculated annually. 

Dunng this study, visual examination of weight-length relationships enabled us to detect any 
major errors made in base files when collecting or entenng data. 



MATURITY AND WEIGHT OF GONADS 

The mean length by stage of maturity increased rapidly from the first stage to Stage 3 and then 
stabilized (Figure 14). This pattern, which is similar from one year to another, is linked to the 
rapid growth in the early years. Although there were not enough Stage 1 fish to draw 
conclusions, the size of immature Stage 2 fish in 1983 was larger than 300 mm. For subsequent 
years, it was around 250 mm, rising in 1991 to a value greater than 300 mm. A similar change 
was also obsemed in the case of mean weight (Figure 15). Thus at the time when the 1982 year- 
class was dominant, the size and weight of immature fish were smaller. 

The mean weight of male and female gonads increased from Stage 1 to Stage 5 (Figures 16 
and 17). It subsequently decreased because of the onset of spawning. Variances in mean values 
were higher for Stages 4 to 6. As opposed to the earlier stages, these variances were due to the 
presence of fish with a wider range of sizes. These high variances may also have been due to 
a difference in the length of each stage and possibly to errors in classification. Variances were 
much narrower in the case of the gonado-somatic index (Figures 18 and 19). The profile of 
variations in the index could be used to confirm the degree of maturity of a gonad. 

At the beginning of each sampling season, values of the gonado-somatic index in males and 
females were greater than 10% (Figures 20 and 21). These values, which conesponded to 
Maturity Stage 5 (Figures 18 and 19), then decreased rapidly. This decrease in the index was 
due to the onset of spawning activities and variations observed may have corresponded to 
regional differences in spawning schedules. Spawning was basically over by Day 210, i.e. July 
29, and the value of the index remained low until the end of the sampling season. Sampling 
carried out towards the end of the winter dong the American coast and in early spring south of 
Nova Scotia might enable us to complete the ascending part of the cycle. 

The profile of daily changes in the gonado-somatic index in 1983 was very different from that 
of other years (Figures 20 and 21). An attentive examination of the data base for 1983 enabled 
us to detect errors in the weight of gonads of fish sampled in Divisions 3K and 3L on the east 
coast of Newfoundland. The profile of values of the gonado-somatic index calculated using these 
data suggest a delay or cessation in the spawning process. This seems to be indicated by the 
high, stable values obsemed in the index towards the end of the season. Even though fish may 
be found late in the season with gonads of a certain size, as in the Magdalen Islands in 
September 1992 (Carole Turbide, pers. comm.), it would be unwise to suggest that such a striking 
delay in spawning really occurred in 1983. 

In Stage 5 fish, i.e. those ready to spawn, it was often found that the median size of males 
was smaller than that of females (Figure 22). This was observed in 1983, 1984, 1987, 1988, 
1989 and 1990 and is also in line with differences observed during these same years in growth 
between males and females. 

The median length of Stage 5 male and female gonads decreased gradually from 1983 to 1988, 
i.e. during the passage of the 1982 year-class, increased until 1990 and then decreased once again 



in 199 1 with the arriva1 of another probably significant class, that of 1988. In addition, the small 
number of observations made it impossible to present adequate conclusions on the speed of 
maturation between the sexes (Figures 23, 24 and 25). 

PRELIMINARY DESCRIPTION OF YEAR-CLASSES 

In the samples taken between 1983 and 1991, it was possible t s  find fish from year-classes as 
old as those of 1966 and 1967, that is, fish aged 16 and 17 at the time they were caught. The 
representativeness of these older year-classes was often biased because it has proved difficult to 
determine the age of fish older than 112 years. Since the fmt sarnples dâted from 1983, year-old 
fish taken during this year were h m  the 1982 year-class (Tables 7 and 8). 

Mean lengths at age (Table 7) and mean weights ab age (Table 8) were, in most cases, 
significatively different from one year-class to another. With the exception of ages four and five, 
no trend in the profile of mean length variations was observed. In the case of these last two age 
groups, mean length decreased to the 1982 class and then increased, This profile is more 
pronounced in the case of mean weight at age. For Age Group 4, mean weight by class 
decreased from the 1979 year-class to that of 1982. It then increased until the 1986 class and 
declined again for that of 1987. For Age Group 5, mean weighe decreased from the 1978 year- 
class to that of 1982 and then hcreased to the 1986 year-class. These variations between year- 
classes explain the variations in weight or length already observecl in figures 10 and 11. In faet, 
the same fish were compand on the basis of year of capture or year-class. 

Variations in length or weight of the main year-classes in a given year fluctuated widely 
(Figures 26 and 27). A decrease in length or weight could even be observed in the course of a 
year. The sampling may be responsible for this. It was carried out at the same eime and at 
different locations and at the same location at different times. For example, a reduction in weight 
might be due to a reduction in the weight of gonads at spawning. Moreover, samples were taken 
from catches using different types of gear each with its own particular selectivity. 

The linear relationships between logarithms of weight and age were all significant (P < 0.001). 
Instantaneous growth rates, i.e. the slopes of each linear relationship, increased from the 1982 
year-class to that of 1986 (Figure 28). Gro,wth rates were alrnost significantly different from one 
another (F= 2.55, P < 0.0642 ). The covariance analysis was also significant (F= 2.81, P < 
0.0435). The number of observations decreased from one class to another and growth rates couad 
again be compared with the addition of new annual values. Other growth models could also be 
used. 

The mean lengths and weights of mature fish (Stage 5) in certain age groups were, in the case 
of 1982 year-class, smaller compared to the 1980, 198 1, and 1983 to 1989 classes (Table 9). In 
dl these classes, there does not appear to be a relationship between the proportion of immature 
or mature fish and age (Table 10). Conversely, it would appear that there is a relationship 



between the proportion of immature and size (Shaded areas, Table 11). For the 1982 year-class, 
the degree of maturity was more advanced in the smaller size fish. 

LENGTH FREQUENCIES 

Annual length fiequency distributions recorded sjnce 1984 show two different patterns. The 
fmt, found in 1984, 1990 and 1991 was characterized by multimodal distribution (Figure 29). 
The second pattern, found in other years, instead showed a unimodal distribution. Based on the 
characteristics observed in Figure 3, the form of length frequency distributions appears to be 
caused by the presence of one or more relatively dominant year-classes. 

From May to June, there is a movement of the main modes towards smaller sizes (Figures 30 
to 37). This observation, which was more pronounced in some years than in others, was noted 
by Hunt (1975) and MacKay (1979). Larger fish are thus caught early and late in the season. 
This may be due to the fact that mackerel movements are linked to size. The larger fish enter 
the Gulf fxst in the spring and leave it 1 s t  in the fall. 

Length frequency distributions, once classified by type of gear, were also characterized by the 
presence of one or more mades (Figure 38). When the distribution of frequencies for a given 
year showed only one mode, for example, the dismbutions encountered for each type of gear for 
this year showed a unimodal aspect. However, nets caught more larger fish. When there was 
more than one major mode, certain categories of gear such as fixed gear and lines caught smaller 
fish than others. The selectivity of fishing gear is also linked to different fishing activities and 
the migratory aspect of mackerel. For example, purse seines are used in the fall on the West 
coast of Newfoundland. At that time of year, this region is mainly characterized by the presence 
of large fish en route to the outer Gulf. The sizes found will not be representative of the range 
of sizes that c m  be caught with this type of gear. 

DISCUSSION 

The Atlantic Mackerel population in the Gulf of St Lawrence is characterized by the more or 
less regular appearance of a dominant year-class (1959, 1967, 1974, 1982). The strength of such 
a class may persist over several years. For example, that of 1959 was still being felt in 1973 
(MacKay 1979). Dominance is such that the class may alone represent the majority of 
commercial catches over a certain number of years (Grégoire 1992b). What is observed annually 
in the population is closely related to the presence of such a class. During this study, it was 
found that variations in the sex ratio, mean length and mean weight at age, length frequency 
dismbutions and the selectivity of fishing gear were closely related to the presence and 
development of the 1982 year-class. Fish of this class showed lower growth at age. This 
observation was also noted by Overholtz (1989) for samples taken during research cruises, sport 
and commercial fishing (Polish) dong the U.S. coast. The decline in growth was also seen in 
otoliths. The radius of the first annulus calculated for a certain number of otoliths from this 



class shows a smaller mean value than that calculated for other classes (F. Grégoire, unpublished 
data). 

Maturity of a dominant year-class should be delayed because of the decline in growth. For 
example, the fmt fish in the 1959 year-class to mature did so only when they were three years 
olci. Moreover, it was only at age five that ali fish in this year-class and that of 1967 were 
mature (MacKay 1979). A relationship between density, growth and maturity was observed by 
Agnalt (1989) for North Sea mackerel. An increase in growth, together with an increase in 
fishing effort due to the arriva1 of modem seiners and a reduction in the biomass were 
responsible for this decrease in age at maturity. Length at maturity nevertheless remained the 
same. Maturity thus appears to be independent of age but dependent on size. The present &ta 
yield no such clear conclusions on the relationship between the age, growth and maturity of the 
1982 year-class. The classes that preceded were represented only by older age groups, and it is 
impossible to assign them a median age or median size at maturity. For year-classes after 1982, 
the number of age groups decaeased from one class to another and it is then difficult to make 
comparisons. Maturity could even be determined by a complex interaction between s i x  and age. 
This study of maturity could be supplemented by the addition and analysis of new data from the 
annual sampling program. 
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TABLE 1. Number of mackerel sampled in the various NAFO divisions and subdivisions, 
1983-1991. 

DIVISION OR 
SUBDMSION 

YEAR II 
1983 1984 1985 1986 1987 1988 1989 1990 1991 Total 

2' 

3K 481 1173 1018 1268 536 629 554 303 169 6131 
3L 1438 374 680 644 367 290 556 212 95 4656 
3Ps 192 8 1 50 184 101 158 109 56 145 1076 

TOTAL 4190 4779 4003 3568 3119 2344 3375 2333 2133' 298441 

1 137 fish without the identification of the division o r  subdivision. 



TABLE 2. Number of mackerel sampled monthly in the various NAFO divisions and subdivisions, 
1983- 1991. 
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TABLE 2. (cont'd). 



TABLE 2. (cont'd). 
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TABLE 2. (cont'd). 

50 f i s h  wi thou t  t h e  knowledge of t h e  month. 
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TABLE 2. (cont'd). 
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TABLE 3. Annual number of males and females by age group for rnackerel sampled, 
1983-1991. 



TABLE 3. (cont'd). 



TABLE 3. (cont'd). 



TABLE 3. (cont'd). 



TABLE 3. (cont'd). 



TABLE 4. Annual growth parameters for length at age (von Bertalanffy model) of male and fernale 
mackerel sampled, 1983-1991. 



TABLE 5. Annual growth parameters for weight at age (von Bertalanffy modei) of male and female 
mackerel sampled, 1983-1991. 



TABLE 6. Annual linear regression parameters between logarithms (Base 10) of weight and length for 
male and female mackerel sampled, 1983-1991. 

1983 

1984 

1985 

1986 

Male 
Female 

Male 
Female 

Male 
Female 

Male 
Female 

1990 

1991 

203 1 
1979 

2329 
2180 

1946 
172 1 

1989 
1504 

Male 
Female 

Male 
Female 

3.3339 
3.2261 

3.1545 
3.198 1 

3.2694 
3.2479 

3.3989 
3.3468 

1192 
1082 

933 
963 

-5.7864 
-5.5054 

-5.3377 
-5.4442 

-5.6377 
-5.5822 

-5.9717 
-5.8417 

3.3865 
3.3628 

3.4132 
3.4082 

0.9608 
0.9576 

0.9559 
0.9624 

0.9457 
0.9485 

0.9295 
0.9273 

0.0001 
0.0001 

0.000 1 
0.0001 

0.0001 
0.0001 

0.0001 
0.000 1 

-5.9289 
-5.8633 

-6.0130 
-5.9944 

0.9334 
0.9482 

0.9368 
0.9393 

0.000 1 
0.0001 

0.0001 
0.0001 



TABLE 7. Mean length at age for the various year-classes present in mackerel sampled, 1983-1991. 

AGE GROUP 



TABLE 7. (cont'd). 

AGE GROUP 



TABLE 7. (cont'd). 

AGE GROUP 



TABLE 7. (cont9d). 

AGE GROUP 



TABLE 8. Mean weight at age for the various year-classes present in mackerel sampled, 1983-1991. 

AGE GROUP 



TABLE 8. (cont'd). 

AGE GRQUP 



TABLE 8. (cont'd). 

AGE GROUP 



TABLE 8. (cont'd). 

AGE GROUP 



TABLE 9. Length, weight and mean gonado-somatic index for Maturity 5 mackerel in 1980 to 1989 year-classes. 



TABLE 9. (conb9d). 



3 5 
TABLE 10. Proportion (%) by age of immature mackerel (Stage 1 and 2 gonads) in 1980 

to 1989 year-classes. 



TABLE 11. Proportion (%) by length class of immature mackerei (Stage 1 and 2 gonads) in 1980 to 
1989 year-classes. 
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F i g u r e  2 .  Annual f r equency  d i s t r i b u t i o n s  (%)  of a g e  of  macke re l  sampled,  
1983-1991. 
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F i g u r e  2 .  (cont  ' d )  . 



F i g u r e  3 .  Annual f requency d i s t r i b u t i o n s  (%)  of l e n g t h  of mackerel sampled, 
1983-1991. 
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AGE AGE 
F i g u r e  4 .  Lengths  a t  a g e  o b s e r v e d  and p r e d i c t e d  u s i n g  t h e  von B e r t a l a n f f y  mode1 f o r  

male  and f ema le  macke re l  sampled,  1983-1991. 
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F i g u r e  4 .  (cont'd). 
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Figure 5. Annual lengths  a t  age predic ted  us ing  the  von Ber ta ianf fy  mode1 f o r  male 
mackerel sampled, 1983-1991. 
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Figure  6 .  Annual l e n g t h s  a t  age  p r e d i c t e d  u s i n g  t h e  von B e r t a l a n f f y  mode1 f o r  female  
mackerel  sampled, 1983-1991. 
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Figure 10. Mean annual l eng ths  f o r  mackerel sampled i n  1 t o  16 year  age groups, 
1983-1991. 
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F i g u r e  10. (cont'd) . 
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F igure  11. Mean annual  we igh t s  f o r  mackerel sarnpled i n  1 t o  16 y e a r  age  groupg, 
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F igu re  11. (cont 'd)  . 
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F i g u r e  11. (cont  ' d )  . 
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Figure 11. (cont ' d) . 
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F igure  12. Annual weight- length  r e l a t i o n s h i p s  i n  mackerel  sampled, 1983-1991. 
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F i g u r e  1 2 .  ( c o n t ' d )  . 
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F i g u r e  12.  ( c o n t ' d )  . 
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F i g u r e  13 .  Annual l i n e a r  r e l a t i o n s h i p s  between l o g a r i t h m s  of  we igh t  and l e n g t h  f o r  
mackere l  sampled,  1983-1991. 



Matur i ty  Matur i ty  
F igure  14. Mean annual  l e n g t h s  by gonad.rnatur i ty  s t a g e  i n  mackerel  sampled, 1983-1991, 

s t a g e s  i d e n t i f l e d  u s i n g  t h e  s c a l e  proposed by P a r r i s h  and S a v i l l e  (1965).  
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Figure 15. Mean annual weights by gonad maturity stage in mackerel sampled, 1983-1991. 
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Figure 15. (cont'd) . 
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F i g u r e  15. ( c o n t ' d ) .  



Maturity Ma turi ty 

Figure 16. Mean weight of gonads by stage of maturity in male mackerel sampled, 
1983-1991. 
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F i g u r e  16.  ( con t  ' d )  . 



Figure 17. Mean weight of gonads by stage of maturity in female mackerel sampled, 
1983-1991. 
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F i g u r e  17 .  (cont ' d )  . 
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F i g u r e  1 7 .  (cont'd) . 
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Figure 18. Mean valbes of the gonado-somatic index by stage of maturity in male 
mackerel sampled, 1983-1991. 
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Figure 18. (cont'd) . 
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F igure  18. (con t 'd )  . 
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Figure 19.  Mean values of the gonado-somatic index by stage of maturity in female 
mackerel sampled, 1983-1991. 
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F i g u r e  19.  ( c o n t  ' d) . 
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F i g u r e  19.  ( c o n t ' d )  . 
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Figure 20. Daily variations in mean gonado-somatic index for male mackerel sampled, 
1983-1991. 
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F igure  20.  (cont'd) . 



Day of t he  Year 

F i g u r e  20 .  ( c o n t ' d )  . 
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Figure 2.1. Daily variations in mean gonado-somatic index for female mackerel sampled, 
1983-1991. 
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F i g u r e  21. ( c o n t ' d )  . 
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F igure  22. Cumulative annua l  f r e q u e n c i e s  by l e n g t h  and gonad m a t u r i t y  i n  male and 
female  mackerel  sampled, 1983-1991. 
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F i g u r e  22 .  ( con t  ' d )  . 
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F i g u r e  22. ( con t ' d ) .  
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F i g u r e  22.  ( c o n t ' d )  . 
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Figure  22. ( con t  ' d )  . 
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F i g u r e  22.  (cont'd) . 
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F i g u r e  22.  ( c o n t ' d )  . 
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F i g u r e  22. ( c o n t l d ) .  
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F i g u r e  23. Cumula t ive  d a i l y  f r e q u e n c i e s  p r e d i c t e d  f o r  male and f e m a l e  mackere l  i n  
gonad m a t u r i t y  s t a g e  8 sampled ,  1983-1991 i n  NAFO d i v i s i o n  3K, E a s t  C o a s t  
of Newfoundland. 
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F igure  24. Cumulative d a i l y  f r e q u e n c i e s  p r e d i c t e d  f o r  male and female  mackerel  i n  gonad 
m a t u r i t y  s t a g e  8 sampled, 1983-1991 i n  NAFO s u b d i v i s i o n  4Rc, West Coast  of 
New£ oundland. 
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F i g u r e  25. Cumulative d a i l y  f r e q u e n c i e s  p r e d i c t e d  f o r  male and female  mackerel  i n  gonad 
m a t u r i t y  s t a g e s  5 and 8 sampled, 1983-1991 i n  NAFO s u b d i v i s i o n s  $Tm and 4 T n ,  
Chaleur  Bay. 
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Month s i n c e  b i r t h  

F igure  26. Monthly and annual  v a r i a t i o n s  i n  mean l e n g t h  f o r  main y e a r - c l a s s e s  p r e ç e n t  
i n  mackerel sampled, 1983-1991. 
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F igure  26 .  ( con t  ' d )  . 
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F i g u r e  26 .  (cont'd) . 
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F i g u r e  2 6. (cont'd) . 
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Figure 27. Monthly and annual variations in mean weight for main year-classes present in 
mackerel sampled, 1983-1991. 
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F i g u r e  2 7 .  (cont ' d )  . 
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Figure 2 7 .  (cont  ' d )  . 
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F igure  27.  (cont'd) . 
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Figure 28. Instantaneous growth r a t e  ( s lope  of l i n e a r  r eg re s s ions )  ca l cu l a t ed  on weight 
a t  age va lues  f o r  mackerel of 1982 t o  1986 year -c lasses .  
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F i g u r e  28. (cont ' d )  . 
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Figure  29. Annual f requency d i s t r i b u t i o n s  of l e n g t h  f o r  al1 mackerel measured i n  Subarea 
4 between 1984 and 1991, (1983 d a t a  n o t  a v a l l a b l e ) .  
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F i g u r e  29. ( con t ' d ) .  
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F i g u r e  30. Monthly f r equency  d i s t r i b u t i o n  of l e n g t h  of mackere l  measured i n  Subarea  4 
i n  1984.  



F i g u r e  30 .  (cont  ' d )  . 
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Figure  31. Monthly f requency  d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea 4 
i n  1985. 
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F igure  31. ( c o n t ' d )  . 
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F igure  32. Monthly f requency d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea 4 
i n  1986. 
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F i g u r e  32.  ( c o n t ' d ) .  
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F i g u r e  33 .  Monthly f requency d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea 4 
i n  1987. 
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F i g u r e  33 .  ( c o n t ' d )  . 
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Figure  34. Monthly f requency d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea 4 
i n  1988. 
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F i g u r e  34. ( c o n t  ' d )  . 
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F i g u r e  35. Monthly f requency d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea 4 
i n  1989. 
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F i g u r e  35. ( c o n t ' d )  . 
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F i g u r e  36. Monthly f requency d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea  
i n  1990. 



Figure 36. (cont'd) . 
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F igure  3 7 .  Monthly f requency d i s t r i b u t i o n  of l e n g t h  of mackerel  measured i n  Subarea  4 
i n  1991.  
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F i g u r e  3 7 .  (cont'd) . 
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F i g u r e  38. Annual f r equency  d i s t r i b u t i o n s  of l e n g t h  f o r  v a r i o u s  c a t e g o r i e s  of g e a r .  
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F i g u r e  38 .  (cont'd) . 
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F i g u r e  38. (cont'd) . 




