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INTRODUCTION 

Jack mackerel, Trachurus symmetricus, has been an economically important 
species for the southern California purse seine fleet since 1947. Canneries 
started packing it as a substitute for Pacific mackere1,Scomber japonicus, and 
sardines,Sardinops sagax., during the collapse of the sardine population and 
the decline of the Pacific mackerel population in the late 1940's. Jack mackerel 
are taken by this fleet from waters near shore along the coast between Point 
Conception and the Mexican border, around islands in the Southern California 
Bight, and in some years, offshore at Tanner and Cortez banks. Schools of 
mackerel are sometimes species specific, but often consist of a mixture of jack 
mackerel, Pacific mackerel, and at times sardines. The jack mackerel caught in 
the purse seine fishery are primarily small, young fish which are canned at 
Terminal Island and Port Hueneme for human consumption and pet food. 

Jack mackerel from the purse seine fleet have been sampled by the California 
Department of Fish and Game (CDFG) at the Terminal Island canneries since 
1947. They are measured to study length frequency; their sex is recorded, and 
otoliths are removed for age determination. Since 1966, they have also been 
weighed, and gonadal maturity has been recorded. The validity of otolith age 
determinations for this population was explored by Knaggs and Sunada (1 974), 
and the maturation and growth were examined by Wine and Knaggs (1975). 
The results of the length frequency and age studies for the 1947-48 to 1971-72 
fishing seasons have been presented in a series of marine resources technical 
reports published by the Department of Fish and Game: Knaggs (1974a); 
Knaggs (1 974b); Knaggs and Barnett (1 975); Fleming and Knaggs (1 977). 

This report updates the information presented in those technical reports. It 
describes variations in factors affecting the jack mackerel purse seine fishery in 
the 1972-73 through 1983-84 seasons, and the age and length composition of 
jack mackerel from that period. For the purpose of this report, a season extends 
from August 1 to July 31 of the following calendar year. There is no closed 
season on jack mackerel fishing, and the species is often available year-round. 

THE HISTORY OF THE FISHERY 

Fluctuations in the volume of jack mackerel landings from the purse seine 
fishery are not necessarily indications of fluctuations in the population size. 
Analysis of the relative abundance of jack mackerel must take into 
consideration the effects of such variable factors as the economics of the fishery 
and the availability of the species. These fish are sold almost exclusively to the 
canneries, so processor orders limit the volume of the landings (MacCall and 
Stauffer 1983). The price paid to the fisherman by the canneries may affect 
landings (Figure l), especially if there are more valuable species available. 

The southern California purse seine fleet maximizes profits by fishing for a 
variety of pelagic schooling fish, shifting effort between these species as 
availability, marketability, and open fishing seasons allow. In all but three years 



between 1966 and 1983, northern anchovy, Engraulis mordax, has topped both 
jack and Pacific mackerel in pounds landed (Klingbeil 1984). Anchovy are 
fished by the same boats but with smaller mesh nets than jack mackerel, so 
boats are not likely to fish for both anchovy and jack mackerel in the same trip. 
Anchovy are not in direct competition with jack mackerel at the canneries 
because anchovy are reduced to fish meal. Anchovy do not command as high 
a price per ton as jack mackerel, but boats may shift their fishing effort between 
anchovy and jack mackerel when availability or marketability changes, or when 
commercial fishing seasons close. Anchovy fishing in southern California opens 
on September 15 and is limited by a quota on reduction landings. Through 
1978, it closed on May 15, or as soon as the quota was filled. Since 1979, the 
season closure date has been June 30, and anchovy fishing has also been 
closed in February and March for the spawning season. Other species such as 
Pacific bonito, Sarda chiliensis, and bluefin tuna, Thunnus thynnus, become 
available to the purse seine fleet at times, and the fishermen shift their effort for 
weeks or months to these more profitable species. 
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FIGURE 1. Price paid to fishermen for southern California jack mackerel in 
dollars per ton. 

Although Pacific and jack mackerel command the same price at the canneries, 
Pacific mackerel availability impacts jack mackerel landings through 
competition for limited markets. Pacific mackerel are often more available near 
shore than jack mackerel, making Pacific mackerel a more profitable target. In 
1982 a cannery even expressed a preference for Pacific mackerel over jack 
mackerel and allowed larger daily boat limits for loads of pure Pacific mackerel. 
This reduced the fishing effort on jack mackerel in that season. 
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Regulations on Pacific mackerel, in addition to the availability of the species, 
have affected jack mackerel landings at times. Throughout the 1950's and early 
' ~ O ' S ,  jack mackerel were more abundant than Pacific mackerel. In the mid- 
1960's the Pacific mackerel fishery collapsed. Virtually no Pacific mackerel 
were caught for the next ten years. In response to the reduced Pacific mackerel 
biomass, a moratorium on that species went into effect in August 1970. To 
minirnize the negative impact a recovering Pacific mackerel population might 
have on the jack mackerel fishery, it allowed a mixed load tolerance of up to 18 
percent Pacific mackerel in loads of jack mackerel. By 1977 the percentage of 
Pacific mackerel in mixed catches exceeded this limit and began to seriously 
interfere with the landing of jack mackerel (Klingbeil 1983). When the spawning 
biomass was assessed at over 10,000 tons in 1978, the moratorium was lifted, 
and a quota system on Pacific mackerel was implemented. When a season's 
quota was filled, "interseason" regulations took effect, which restricted the 
percentage of Pacific mackerel that could be landed with jack mackerel until 
fishing on the next season's quota began. 

THE FISHERY, 1972-73 THROUGH 1983-84 SEASONS 

Factors affecting the jack mackerel landings varied during the 1972-73 through 
1983-84 seasons. This review of factors for that period is based on the Reviews 
of the Pelagic Wet-Fisheries for 1972 through 1984 in the Cal COFl Reports 
(volumes XVIII- XXVI). 

The 1972-73 season started with high landings of jack mackerel in August and 
September, followed by a shift in fishing effort to Pacific bonito, and bluefin tuna, 
which were available in a warm water influx during the fall of 1972. Bad 
weather from late December through March greatly reduced the jack mackerel 
catch during those months, and fish were available only sporadically in June 
and July (Table 1). 

Jack mackerel landings during the 1973-74 season hit the lowest level since 
the 1954-55 season, due perhaps to increased fuel costs, poor weather, and 
readily available anchovy, bluefin tuna and bonito. In January 1974, the largest 
cannery taking jack mackerel at Terminal Island burned down, substantially 
reducing daily mackerel orders for the fleet. 

In the 1974-75 season, the availability of anchovy, bluefin tuna and bonito 
again diverted effort from mackerel. High fuel costs and the scarcity of jack 
mackerel near shore, along with reduced cannery orders resulting from the 
burned cannery, contributed to this season's low jack mackerel landings. They 
were only slightly higher than the previous season's. 

The 1975-76 season showed an increased availability of jack mackerel near 
shore, good weather, and increased cannery orders. As a result, landings for 
the season were higher than in the previous season in spite of a lower price 
paid to fishermen. 
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Jack mackerel continued to be available near shore in the 1976-77 season. In 
February, the cannery destroyed by fire in 1974 reopened, and another cannery 
began processing jack mackerel for the first time. Jack mackerel availability 
was up, while anchovy and bluefin tuna availabilities were down, concentrating 
effort on jack mackerel. In addition, the southern California fleet was 
encouraged to take more jack mackerel because of possible future allocations 
of underutilized species to foreign fleets, resulting in the highest jack mackerel 
landings in 12 years. Catches might have been even higher if not for the 
presence of Pacific mackerel in excess of the allowed 18 percent, mixed with 
the jack mackerel schools in May. Emergency legislation was passed in June 
which increased the allowable percentage of Pacific mackerel to 40 percent by 
weight, and allowed pure loads of Pacific mackerel of 3 tons or less. 

Depressed market conditions from August through October of 1977 reduced the 
cannery orders and slowed the harvest of mackerel until November in the 1977- 
78 season. A 5,000-ton Pacific mackerel quota was set in January, and daily 
limits were imposed on boats landing high percentages of Pacific mackerel. 
The quota was filled by March 10, after which mixed mackerel landings could 
not contain more than 18 percent Pacific mackerel by weight. A dispute 
between boat owners, fishermen's unions, aerial spotters, and canneries 
stopped fishing from April to early July, reducing catches; however, this was 
also the period of restricted Pacific mackerel harvest after the quota was met, 
and both species were reportedly unavailable for most of this period. As a 
result, the jack mackerel catch was down from the previous season's high 
landings. Urgency legislation was passed allowing Pacific mackerel fishing to 
resume on July 10 until the revised quota was filled on September 18 under 
new tolerance limits (pure loads up to 3 tons and larger loads up to 50 percent 
Pacific mackerel by number). 

Jack mackerel were highly available in the fall of 1978, and landings were 
excellent through December, but dropped much lower for the rest of the 1978- 
79 season. Pacific mackerel fishing opened on October 1, 1978. Jack 
mackerel catches may have been reduced by a shift in effort towards Pacific 
mackerel, which was more available near shore. Changes in the regulations 
allowed larger loads of "pure" (more than 50 percent) Pacific mackerel after 
January 22, and as the noticeably abundant 1978 Pacific mackerel year class 
was recruited to the fishery the Pacific mackerel catch increased. Availability of 
anchovies in the spring diverted effort from both jack and Pacific mackerel until 
June when the anchovy fishery closed. Effort then returned to Pacific and jack 
mackerel until July 20, when the Pacific mackerel quota was filled. 

In the 1979-80 season, jack mackerel slipped from dominating total mackerel 
landings, to composing less than one third of the catch. After the Pacific 
mackerel quota was filled in late July 1979, fishing on both species virtually 
stopped until the new Pacific mackerel quota opened in October 
(Klingbeill983). Landings continued to be low for a few weeks as effort was 
directed towards tuna. Jack mackerel did not dominate total mackerel landings 
until after early February, when catch restrictions went into effect on Pacific 
mackerel. Pacific mackerel regulations were again modified after the quota was 
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filled in May 1980. A new season starting date of July 1 was established for the 
Pacific mackerel quota, and the incidental catch rate was increased. 

Pacific mackerel again dominated jack mackerel in the 1980-81 season 
landings. Fishing for anchovy, bluefin tuna and bonito diverted some fishing 
effort away from mackerel. The Pacific mackerel quota opened on July 1 and 
was filled by September 19. Pacific mackerel fishing was reopened on January 
20, 1981, after the biomass estimate was reevaluated, and remained open and 
unrestricted for approximately one month until the new quota was reached. The 
shift in dominance from jack to Pacific mackerel in spite of restrictions must be 
attributed to the increased population of the species and its availability. 

The 1981 -82 season was again led by Pacific mackerel. The Pacific mackerel 
quota opened on July 1 with Pacific mackerel dominating the catch through 
January. Cannery limits on orders restricted landings during the winter. The 
quota on Pacific mackerel was filled on March 6, and "interseason" restrictions 
of 50 percent incidental catch in loads greater than 3 tons went into effect. 
Catches were over half jack mackerel from February through June, but Pacific 
mackerel still dominated the landings for the season. 

Landings were led alternately by jack and Pacific mackerel throughout the 
1982-83 season. Jack mackerel was more available than Pacific mackerel in 
the summer and fall of 1982; however in November, one cannery established 
higher daily limits for boats delivering pure Pacific mackerel, and Pacific 
mackerel began to dominate the catch. Bad weather kept catches down in 
February and March of 1983. In April, the weather improved and landings 
picked up. Jack mackerel returned to dominate the catch for the month of April; 
however, the Pacific mackerel quota was not met until June 23, 1983, and 
Pacific mackerel finished the season strong, with higher total landings than jack 
mackerel. 

The 1983-84 season was an unusual one because it occurred during a major El 
Nino. Jack mackerel became largely unavailable off southern California during 
August and remained so through December. Pacific mackerel were caught in 
August and September but had disappeared from southern California by late 
October. The fleet moved up to Monterey where 62 percent of December's 
Pacific mackerel was caught. The jack mackerel catch was better off central 
California as well. Fish landed in Monterey are not included in the tables that 
follow; however, some boats caught fish in the Monterey area and returned to 
unload at Terminal island, and those fish are included in the southern California 
landings. Fishing activity remained centered around Monterey until late January 
when Pacific mackerel became available off the Santa Barbara Channel 
Islands. Jack mackerel were still unavailable off southern California and made 
it hard to meet "interseason" restrictions of no more than 50 percent Pacific 
mackerel after the quota was met in early February. The Pacific mackerel quota 
was reopened for about a week in April, in May, and in June primarily to 
alleviate financial hardship to the fishermen due to the scarcity of jack mackerel. 
While the specific effects of El Nino on mackerel are not known, the 1983 event 
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did alter the availability of jack and Pacific mackerel off southern and central 
California. 

In summary, the factors effecting jack mackerel landings fell into four general 
categories: i) availability of other species; ii) availability near shore; iii) weather; 
and iv) market conditions. The effort directed toward jack mackerel was 
reduced in some seasons by the availability of the following species: bonito and 
bluefin tuna in 1972, 1973, 1974 and 1980; anchovy in 1973, 1974, 1977 and 
1980; and Pacific mackerel from 1977 through 1983. Increased fuel cost in 
1973 and 1974 seasons kept boats nearer shore where jack mackerel were not 
available. (Good availability nearshore produced high landings of jack 
mackerel in the 1975 and 1976 seasons). Several months of bad weather 
slowed the jack mackerel catch in the 1972 and 1982 seasons. Depressed 
market conditions in the 1977 season reduced cannery orders for jack 
mackerel. Catches of jack mackerel were greatly reduced during the 1983 El 
Nino because both jack and Pacific mackerel were unavailable in southern 
California. 

METHODS 

Jack mackerel landed in southern California, between Point Conception and 
the Mexican border, were sampled at the Terminal Island canneries by CDFG. 
Two sampling plans were used during the 1972 to 1984 period. From 1972-73 
through 1977-78 a stratified random sampling plan was used. A stratum 
consisted of 5,000 tons (4,500 MT) of jack mackerel, based on estimated 
landings. Forty random samples were taken per stratum. A list of random 
numbers was prepared and sequenced in advance; as the cumulative tonnage 
of landings met or exceeded each of these numbers, the boat unloading was 
sampled, even if that meant more than one sample was taken from some 
boatloads. Samples consisted of approximately 5 pounds (2.27 kg) of jack 
mackerel, to the nearest fish. Each fish in a sample was weighed to the nearest 
gram, measured to the nearest millimeter fork length (FL), and had its otoliths 
removed for age determination (Fleming and Knaggs 1977). 

Historically, jack mackerel, Pacific mackerel and sardines have often been 
caught together in mixed schools. The stratified sampling plan, however, was 
developed for the single species jack mackerel fishery which occurred during 
the late 1960's and early 1970's when Pacific mackerel and sardines were rare. 
The pian was modified in 1978 when Pacific mackerel landings increased to 
more than 10 percent of the total catch . The modified plan was used from the 
1978-79 through the 1983-84 season. Boatloads to be sampled were still 
chosen randomly within a stratum; however, the stratum now consisted of 5,000 
tons of "mixed mackerel" with varying percentages of jack mackerel, Pacific 
mackerel, and sardines. When a boatload was selected for sampling, each 
mackerel species estimated to constitute at least 5 percent of the load was 
sampled, and sardines were sampled if they comprised at least 1 percent of the 
load. Therefore, the number of jack mackerel samples in a stratum vaned, and 
the probability of sampling a boatload was no longer proportional to the weight 
of jack mackerel landed. 

6 



Estimates of the species composition of the catch were made as boats 
unloaded at Terminal Island. Two methods were used.1 The first method was 
used on about 36 percent of the boats by Wildlife Protection personnel from 
CDFG, who sampled mixed mackerel landings to enforce Pacific mackerel 
regulations. They recorded the number of fish and the combined weight of each 
species per 30 pound sample. Samples were taken at a rate of one sample for 
approximately ten tons of landings. CDFG biologists, who carried out the 
biological sampling program, used a second system. They made a visual 
estimate of the species composition during the unloading process for about 75 
percent the boatloads. Estimates of the percent of each species by weight in 
the catch were made with at least one of these methods for 80 percent of the 
mixed species boatloads after 1975. Jack mackerel landings were calculated 
on a monthly basis by applying the proportional species composition of the 
observed landings to the total mixed mackerel landings for southern California 
(weighed samples were used whenever available), (Table 1 ). 

Numbers of fish landed for each season were calculated by month, as in 
Knaggs (1 974a) for the 1947-48 to 1956-57 seasons, instead of by stratum, as 
in Fleming and Knaggs (1977) for the 1967-68 to 1971-72 seasons, because 
landings by stratum were not available for all of this period, and because the 
5,000 ton stratum was no longer a consistent unit of jack mackerel landings. 
Monthly average weights by year class of sampled fish were applied to the total 
pounds landed for the month to calculate the approximate number of fish 
landed. During months with no sampling, the average weight of fish by year 
class for fish sampled during that season was applied. 

Age determinations were made on whole otoliths by CDFG biologists under a 
cooperative National Marine Fisheries Service (NMFS)/CDFG program with 
procedures described by Knaggs and Sunada (1974). Numbers of otolith pairs 
read for each of the 1972-73 to 1983-84 seasons ranged between 922 and 
3293 (Tables 2-1 3). 

The estimated numbers of jack mackerel by length group (Tables 14 and 15), 
and the numbers and pounds by age group (Tables 16 and 17), were 
calculated for each month with computer programs. Monthly values were 
summed to give season totals. To be consistent with reports from previous 
years, a season starting date of August 1st was used for all tables in this report. 
This groups fish together by year class within the season, and is consistent with 
the way ages were analyzed in the previous report, Fleming and Knaggs 
(1 977). 

The landings by age-group for year classes from Fleming and Knaggs (1977) 
were expanded for the 1967-68 through 1971-72 seasons to include all 
_ _ _ _ _ _ _ ~  

'Patricia Wolf, unpublished. State of California Department of Fish and Game, Field and 
Laboratory Sampling Methods for Pacific Mackerel. Jack Mackerel, Sardine and 
Anchovy. California Department of Fish and Game, Pelagic Fisheries, Long Beach, CA. 
October. 1987. 
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southern California landings between Point Conception and the Mexican 
border, instead of only Terminal Island landings (Tables 18 and 19). This makes 
the time series of landings from 1947-48 to 1983-84 consistent in landing area, 
simplifying comparison of year class estimates from different seasons. 

AGE COMPOSITION 

The jack mackerel population has exhibited wide variations in the relative 
strength of different year classes in the fishery. In the 1940's and ' ~ O ' S ,  year 
classes were either strongly or weakly represented in the fishery. Strongly 
represented jack mackerel year classes occurred in 1947, 1952, and 1958 
(Figure 2). Each of these year classes contributed over 250 million fish, and the 
1958 year class, with over 400 million fish, was the most abundant year class 
recorded in the history of the fishery. Fish from each of these strongly 
represented year classes contributed significantly to the fishery for five or more 
fishing seasons. These three strong year classes were separated by strings of 
four or five weakly represented year classes which contributed between 40 
million and 150 million fish to the fishery. The extremely strong 1958 year class 
was followed by two relatively strong year classes in 1959 and 1960. Both of 
these year classes contributed about 250 million fish apiece to the fishery. 
These were followed by five moderately represented year classes in 1961 
through 1965, each contributing only about 100 million to 160 million fish. 
Another group of relatively strong year classes, 1966 through 1970, each 
contributed about 200 million fish or more, with 1967 and 1970 being the 
strongest. However, since the 1966 to 1970 year classes were caught mainly 
as young-of-the-year and one-year-olds, they produced only moderate landing 
weights (Table 19). 
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FIGURE 2. Total jack mackerel by year class from southern California landings 
for the 1947-48 to 1983-84 seasons are indicated by the solid line. 
Fish caught at ages older than 2 are indicated by the dashed line. 
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The seasons updated by this report, 1972-1983, can be separated into three 
types based on the age composition of the catch . The catch was not dominated 
by a single year class, but was spread among young-of-the year to three-year- 
old fish for three seasons, 1972-73 through 1974-75 (Table 16). This was 
followed by eight seasons, 1975-76 to 1982-83, during which single year 
classes in the one- to three-year-old range dominated each season's landings 
(Tables 16 and 17). The final season occurred during the major El Nino in 
1983; jack mackerel were scarce in southern California, and the catch was 
divided between two and three-year-old fish. 

The 1973-74 and 1974-75 seasons had the lowest season's landings since 
1954-55, apparently due to poor year classes in 1971 to 1973 which provided 
less than 90 million fish apiece to the fishery (Figure 2). 

The 1974 to 1981 period is marked by a series of alternating strong and weak 
year classes (Figure 2). The 1974, 1976, 1978, and 1980 year classes were 
relatively strong, each contributing over 150 million fish and more than 60 
million pounds to the fishery, while 1975, 1977, 1979 and 1981 each 
contributed less than 60 million fish and less than 25 million pounds (Tables 18 
and 19). Each of the strong year classes dominated the fishery for two years, as 
one- and two-year-olds. 

A scarcity of fish in southern California during the 1983 El Nino, along with 
weak year classes in 1981 and 1982, led to record low landings in the 1983-84 
season (Table 17). The 1980 year class remained dominant in this season. 

The most noticeable change in the age composition of the jack mackerel 
landings has been a marked decrease in the average age since the 1940's 
and 50's (Figure 2). In the 1939 to 1961 year classes, fish of age 3 and older 
accounted for 45 percent of the fish caught, whereas from the 1962 year class 
on, they have composed less than 10 percent of the fishery. 
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TABLE 2. Length frequencies for 1972-73 season by 5 mm groups. 

rnm Total Age groups 
FL sampled 0 I I1 111 IV V VI VI1 VI11 

130 8 
135 11 
140 20 
145 15 
150 13 

155 9 
160 6 
165 9 
170 23 
175 22 

180 32 
185 39 
190 40 
195 43 
200 79 

205 131 
210 164 
215 191 
220 166 
225 162 

230 144 
235 129 
240 114 
245 134 
250 105 

255 126 
260 126 
265 131 
270 98 
275 91 

280 87 
285 50 
290 40 
295 18 
300 17 

305 16 
310 6 
315 1 
320 3 
325 3 

330 1 
335 1 
340 1 

8 
11 
20 
15 
13 

9 
6 
9 

23 
22 

32 
38 1 
38 2 
36 7 
64 14 1 

92 33 6 
73 83 8 
58 114 19 
19 115 30 2 
7 118 37 

3 92 49 
66 54 9 
46 64 4 
35 87 12 
14 76 14 

9 93 22 
7 94 24 
3 85 40 

53 43 
1 41 44 

20 58 
8 37 
7 27 
2 11 

9 

7 
2 

1 

1 

2 
1 
3 
2 
5 

9 
5 
6 
5 
7 1 

9 
3 1 
1 
1 1 1 
1 1 

1 
1 

1 

Total 2625 596 760 834 366 61 6 2 0 0 

Mean 235 193 226 252 275 291 323 332 0 0 
FL 

1 2  



TABLE 3 .  Length frequencies  f o r  1973-74 season by 5 mm groups. 

mm Total  Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

130 
135 
140 
145 
150 

155 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

3 
4 
4 
8 

18 
26 
39 
33 
41 

55 
53 
48 
42 
43 

55 
45 
87 
73 
61 

45 
35 
48 
34 
32 

22 
29 
44 
37 
26 

22 
15 
17 
11 
18 

11 
8 

12 
11 
17 

4 
4 
1 
3 

1 

3 
4 
4 
8 

18 
26 
38 
33 
35 

47 
43 
34 
23 
12 

17 
13 
12 
11 
5 

1 
1 

1 

6 

8 
10 
14 
19 
29 

34 
27 
56 

39 

33 
23 
20 
8 
5 

4a 

4 

1 

2 

4 
5 

19 
14 
17 

10 
11 
27 
23 
21 

18 
16 
19 
17 
10 

2 
2 

1 

1 
3 
6 

4 
8 1 

24 1 
18 1 
15 1 

18 2 
10 3 
16 1 
5 6 
4 10 4 

10 1 
4 3 1 
5 4 3 
5 5 1 
3 11 3 

2 2 
1 2 1 

3 
1 

1 

Total 1245 388 385 237 133 53 34 14 1 0 

Mean 226 183 218 246 276 305 321 329 340 0 
FL 

13 



TABLE 4. Length frequencies for 1974-75 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

130 
135 
140 
145 
150 

155 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
3 00 

305 
3 10 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

2 
4 
5 

17 

34 
33 
19 
25 
17 

15 
22 
26 
22 
65 

76 
108 
108 
95 
39 

29 
28 
14 
12 
12 

7 
9 
9 
13 
16 

9 
8 

10 
8 
3 

1 
1 

2 
4 
5 

17 

34 
33 
19 
25 
16 1 

8 6 1 
7 13 1 

21 5 
13 9 
36 29 

23 52 
14 85 
13 84 
6 76 
2 31 

17 
14 
6 
2 
1 

1 
9 
11 
13 
5 

12 
13 
7 
10 
10 

3 
4 
1 
3 
1 

1 

1 

1 

1 
1 

1 

3 1 
5 
8 
9 1 
11 4 

8 1 
5 3 
4 5 
2 5 

3 
1 

1 
1 

1 4  



TABLE 4. Continued. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

380 
385 1 1 

Total 922 170 148 413 104 60 23 3 1 0 

Mean 237 189 227 241 261 297 313 346 335 0 
FL 

15 



TABLE 5. Length frequencies for 1975-76 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

130 
135 
14 0 
145 
150 

155 
160 
165 
17 0 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
3 10 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

1 
2 
7 

7 
14 
9 

26 
45 

71 
143 
256 
351 
343 

246 
202 
14 3 
96 
83 

78 
67 
56 
37 
22 

35 
30 
39 
44 
32 

31 
-13 
17 
6 
11 

7 
5 
1 
4 

3 

1 
2 

1 
2 
7 

7 
14 
9 

26 
45 

71 
143 
254 2 
345 6 
325 18 

211 35 
144 53 
87 48 
49 44 
32 46 

30 39 
16 40 
7 30 
4 9 

7 

3 6 

1 

1 

1 

5 
8 
3 
5 

8 1 
11 
15 4 
16 8 
13 2 

17 8 
15 13 
17 20 
19 25 
9 19 

8 21 
5 5 
3 10 

3 
4 

1 
1 
1 

1 

1 
2 
1 

3 1 

1 
3 
3 1 
3 
7 

4 1 
4 

1 2 1 

1 1 

1 
2 

16 



TABLE 5. Continued. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

380 1 
385 1 

1 
1 

Total 2588 0 1832 386 178 146 34 7 4 1 

Mean 238 o 225 249 279 298 320 345 358 380 
FL 

17 



TABLE 6. Length frequencies fo r  1976-77 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

130 
135 
140 
145 
150 

155 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
2 15 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

2 
1 

15 

29 
32 
51 
37 
42 

55 
66 
58 
39 
47 

55 
69 
71 
74 
60 

62 
53 
32 
32 
35 

43 
88 

148 
207 
222 

232 
245 
216 
212 
194 

158 
100 
80 
49 
30 

17 
16 
5 
3 
3 

2 

1 

2 

2 
1 

15 

29 
32 
51 
37 
42 

55 
66 
50 
39 
45 

51 
67 
62 
52 
31 

18 
9 
1 
3 

2 

4 
2 
9 

22 
29 

41 
43 
30 
24 
22 

20 
16 
19 
21 
17 

12 
13 
6 
12 
8 

6 
9 
3 
1 
4 

1 

3 
1 
1 
5 

13 

21 
69 
125 
178 
199 

205 
222 
200 
183 
165 

136 
84 
66 
34 
19 

10 
6 
3 
2 

2 
3 
4 
8 
6 

15 
10 
10 
17 
21 

16 
7 

11 
12 2 
7 

5 1 
9 1 
2 

1 
1 2 

1 1 

1 

1 1 

18 



TABLE 6. Continued. 

mm Total Age groups 
FL sampled 0 i I1 I11 IV V VI VI1 VI11 

380 
385 
390 
395 1 
400 

4 05 
410 
4 15 
420 
425 1 

430 
435 
440 
445 
480 1 

1 

1 

1 

Total 3293 766 396 1950 167 11 2 0 0 1 

Mean 264 195 254 289 302 3 5 4  375 0 0 481 
FL 

19  



TABLE 7. Length f requenc ies  f o r  1977-78 season by 5 mm groups. 

mm Total  Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

130 
135 
140 
145 
150 

155 
160 
165 
170 
17 5 

180 
185 
190 
195 
200 

205 
210 
2 15 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
3 15 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

1 

3 
4 

11 
14 
25 
14 
13 

10 
25 
27 
34 
47 

42 
43 
59 

117 

231 
281 
283 
240 
219 

169 
101 
84 

52 

49 
37 
42 
40 
67 

55 
63 
49 
34 
24 

25 
8 
12 
7 
5 

3 

1 
1 

a2 

a7 

1 

3 
4 

11 
14 
25 
14 
12 

8 
12 
11 
12 
23 

18 
10 
11 
16 
10 

3 
7 
6 
4 
4 

1 

1 

2 
13 
16 
22 
24 

24 
33 
48 
66 

107 

225 3 
273 1 
265 12 
232 4 
196 19 

149 19 
82 18 
66 18 
66 20 
34 18 

21 23 
5 25 
4 29 
2 21 
1 28 

13 
22 
10 
3 
3 

2 

1 

1 

1 

5 
7 
9 
17 
35 3 

41 1 
41 
38 1 
26 5 
19 2 

20 3 
5 3 
4 7 1 
3 3 
3 1 1 

2 1 

1 
1 

20 



TABLE 7. Continued. 

mm Total Age groups 
FL sampled 0 i I1 I11 IV V VI VI1 VI11 

380 
385 
390 
395 
4 00 

405 
410 
4 15 
420 
425 1 1 

Total 2841 240 1977 312 278 30 3 1 0 0 

Mean 251 195 242 283 313 331 353 428 0 0 
FL 

21  



TABLE 8. Length frequencies for 1978-79 season by 5 mm groups. 
-~ 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

I J U  
135 
140 
145 
150 

155 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
315 
320 
325 

330 
335 
340 
345 
350 

3 55 
360 
365 
370 
375 

2 

1 
3 
1 
7 
13 

16 
22 
32 
42 
28 

39 
40 
52 
58 
66’ 

81 
84 
62 
88 
84 

100 
117 
173 
240 
186 

158 
12 1 
90 
44 
30 

23 
21 
22 
26 
17 

19 
19 
17 
13 
11 

6 
5 
3 
4 

2 

1 
3 
1 
7 
12 

16 
22 
30 
40 
25 

34 
27 
37 
44 
42 

40 
15 
6 
4 
1 

1 

2 

1 

2 
2 
3 

5 
13 
15 
13 
23 

40 
65 
50 
65 
55 

38 
33 
33 
28 
6 

1 
1 
8 
1 
1 

1 

1 
1 

1 
4 
6 
19 
28 

60 
81 
136 
205 
176 

146 
111 
59 
34 
12 

10 
9 
9 
1 

1 
3 
4 
5 
4 

11 
9 

22 
9 
17 

10 
7 

11 
11 
11 

7 
6 
5 
1 
1 

1 

1 

2 
5 
2 

14 
5 1 

11 1 
12 1 
6 6 
8 4 
2 7 

1 3 
2 3 
1 2 
2 2 

1 

1 

2 2  



TABLE 8. Continued. 

mm Total Age groups 
FL sampled 0 I 11 I11 IV V VI VI1 VI11 

380 
385 
390 1 1 

Total 2287 412 503 1109 156 74 31 2 0 0 

Mean 262 210 246 275 304 333 352 355 0 0 
FL 

23 



TABLE 9. Length frequencies for 1979-80 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

130- 
135 
140 
14 5 
150 

155 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 

2 

2 
10 

12 
7 
15 
7 
15 

9 
22 
21 
18 
27 

30 
40 
46 
87 
127 

174 
240 
323 
286 
196 

148 
90 
78 
71 
47 

38 
26 
15 
17 
14 

17 
14 
13 
9 

13 

5 
8 
3 
3 
2 

2 
1 
1 

2 

2 
10 

12 
6 1 

15 
7 
11 4 

7 2 
13 9 
16 5 
12 6 
15 12 

23 7 
21 19 
24 22 
25 62 
26 101 

10 161 
14 223 
5 308 
2 271 
1 180 

2 127 
1 73 
1 59 

48 
29 

14 
10 

3 
3 
9 

13 
15 

19 
16 
18 
22 
18 

19 
13 
11 
9 
5 

5 
4 

1 

1 

5 
3 
4 
8 
9 

11 
9 

13 
8 
8 

3 
1 

1 
1 

1 
3 2 

2 
4 3 
1 2 
1 2 

2 

2 
1 
1 

~ ~~~~~ 

Total 2351 283 1753 202 84 16 13 0 0 0 

Mean 244 202 244 271 308 334 343 0 0 0 
FL 

2 4  



TABLE 10. Length frequencies for 1980-81 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I 11 I11 IV V VI VI1 VI11 

130 -~ ~ 

135 
140 
14 5 
150 

155 
160 
165 
170 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
310 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

1 
2 

6 
12 
26 
47 
75 

99 
127 
117 
115 
82 

53 
48 
19 
23 
17 

19 
26 
36 
61 
68 

86 
92 
93 

108 
100 

146 
145 
177 
126 
79 

50 
27 
11 
9 
7 

2 
3 
4 
6 
5 

3 
5 
2 
3 
2 

1 
2 

6 
12 
26 
47 
75 

99 
127 
117 
115 
77 

49 
39 
9 
12 
3 

1 
2 
1 
1 

5 

4 
9 
10 
11 
14 

17 
22 
30 
47 
57 

58 
52 
45 
33 
17 

7 
2 

1 
2 
5 

13 
11 

28 
40 
48 
75 
81 2 

134 4 1 
143 
169 8 
119 7 
71 8 

39 11 
17 10 
3 7 1 
1 3 4 
2 2 3 

2 
1 1 1 

4 
1 5 
1 3 

3 
1 
1 

1 

1 

2 1 
2 
1 
2 
2 

25 



TABLE 10. Continued. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

380 1 
385 5 
390 7 
395 2 

4 00 
405 1 
4 10 2 
4 15 1 
420 

425 
4 3 0  
435 
4 4 0  1 

1 
2 2 1 

3 2 2 
2 

1 
1 1 

1 

1 

Total 2 3 9 0  821 4 4 0  1003 67 3 0  16 8 5 0 

Mean 2 4 9  191 252 285 306 3 4 6  370 390 4 1 3  0 
FL 

26 



TABLE 11. L e n g t h  f r e q u e n c i e s  f o r  1981-82 season by 5 mm groups.  

mm T o t a l  A g e  groups 
FL sampled 0 I 11 I11 IV V VI VI1 VI11 

1 3 0  
1 3 5  
1 4  0 
1 4 5  
1 5 0  

155 
1 6 0  
1 6 5  
1 7 0  
1 7 5  

1 8 0  
185 
1 9 0  
1 9 5  
2 0 0  

205 
2 1 0  
2 1 5  
220 
2 2 5  

230 
2 3 5  
240 
2 4 5  
250 

255 
260 
265 
270 
275 

280 
2 8 5  
290 
2 9 5  
300 

3 0 5  
310 
3 1 5  
320 
325 

330 
3 3 5  
340 
3 4 5  
350 

355 
360 
3 6 5  
370 
3 7 5  

1 
4 

1 

4 

1 2  
9 

1 3  
2 0  
2 6  

34 
9 1  

1 3 0  
1 3 6  
1 2 9  

1 6 8  
1 7 9  
209 
2 19 
1 7  3 

1 5 3  
1 1 3  

7 5  
4 9  
24 

29 
2 7  
4 3  
32 
32 

33 
3 3  
29 
35 
2 8  

2 0  
1 7  
1 0  
1 0  

3 

3 
7 
1 

1 

1 
4 

1 

4 

1 2  
9 

1 3  
19 1 

2 24 

34 
5 86 
2 1 2 7  
2 134  

1 2 8  

1 6 8  
1 7 7  
2 0 6  
2 1 0  
1 6 6  

1 3 6  
95 
5 6  
23  

7 

4 
2 
1 
1 

1 

1 

2 
3 
9 
7 

1 7  
18 
19 
2 5  
16 

2 3  
2 1  
3 1  
1 7  
1 6  

1 0  
1 
3 
1 

1 
1 

2 
4 

11 
1 3  1 
15 1 

22 1 
3 1  1 
24 2 
2 7  6 1 
23 4 1 

15 4 1 
8 9 
3 6 1 
3 7 
1 1 1 

1 2 
2 3 2 
1 

1 
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TABLE 11. Continued. 

mm Total Age groups 
FL sampled 0 I 11 I11 IV V VI VI1 VI11 

380 
385 4 
390 2 
395 1 
400 2 

4 05 1 
4 10 
415 1 
420 
425 

430 1 

1 2 I 
2 
1 

1 1 

1 

1 

1 

Total 2377 74 1786 241 208 50 15 2 1 0 

Mean 251 190 239 279 316 338 371 403 408 0 
FL 
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TABLE 12. Length frequencies for 1982-83 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I I1 111 IV V VI VI1 VI11 

I J W  
135 
140 
14 5 
150 

155 
160 
165 
170 
175 

180 

190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 

290 
295 
300 

305 
310 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

185 

285 

3 

2 
4 
3 
2 
1 

7 
12 
25 
28 
29 

46 
36 
77 

157 
235 

296 
249 
215 
206 
188 

155 
113 
66 
42 
33 

10 
5 
6 
6 
2 

3 
4 
2 
2 
3 

1 
2 

3 

2 
4 
3 
2 

3 
4 
5 
7 
5 

4 
1 
1 

1 

4 
8 

20 
21 
24 

35 
14 
24 
18 
10 

25 
11 
6 
2 

1 
1 

7 
21 
52 

138 
222 

266 

203 
187 
174 

143 
96 
51 
29 
16 

5 

228 

1 
3 

5 
10 
6 
17 
14 

11 
16 
15 
13 
15 2 

4 1 
5 
5 1 
4 1 
1 1 

3 
2 2 

1 1 
1 1 
1 2 

1 

1 
1 1 
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TABLE 12. Continued. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

380 1 1 
~~~ 

Total 2277 44 225 1838 146 15 7 2 0 0 

Mean 264 210 237 266 286 333 348 342 0 0 
FL 
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TABLE 13. Length frequencies for 1983-84 season by 5 mm groups. 

mm Total Age groups 
FL sampled 0 I I1 I11 IV V VI VI1 VI11 

135 
14 0 
145 
150 

155 
160 
165 
17 0 
175 

180 
185 
190 
195 
200 

205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 

305 
3 10 
315 
320 
325 

330 
335 
340 
345 
350 

355 
360 
365 
370 
375 

1 1 

2 1 1 
3 1 2 
1 1 
9 4 5 

10 5 5 

9 1 8 
6 6 

14 5 7 
11 10 
13 10 

29 20 
41 1 17 
59 20 
31 7 
41 6 

42 7 
47 1 
45 4 
73 
46 1 

68 
47 
34 
39 
48 

44 
25 
23 
26 
25 

13 
9 
1 
2 
2 

1 

2 
1 
3 

9 
23 
36 
24 
34 

33 
36 
25 
43 
28 

28 
20 
9 
10 
8 

11 
2 

1 
1 

3 

1 

2 
10 
16 
30 
17 

39 
27 
25 
26 
37 

31 
19 
11 
16 
15 

3 
3 

1 

1 

1 
3 

2 
4 

12 
8 1 
8 1 

5 5 
5 1 

1 
1 

2 

1 
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TABLE 13.  Continued. 

nun Total Age groups 
FL sampled 0 I I1 111 I V  V VI VI1 VI11 

380 
385 1 
390 
395 
400 

405 
410 
4 15 1 

1 

1 

Total 942 19  138 387 334 5 0  12  0 1 1 

Mean 273 204 2 3 1  265 293 320  337 0 386 416 
FL 
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