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ABSTRACT 

Management of Pacific bonito in California is examined 

in this Management Information Document by a State-Federal 

team of scientists. 

Abundance of Pacific bonito in southern California has 

fallen dramatically between the 1963-1969 period and the 1974- 

1977 period. Since 1976 the.commercia1 fleet has found few 

large fish in southern California, and has caught fish in the 

size range of 15 to 57 cm (1.2 to 4.7 pounds). This fact, 

coupled with the low abundance indices, point out the need for 

a more active management regime. 

To develop management measures for the California bonito 

fishery both a surplus yield analysis and a yield-per-recruit 

analysis were performed. A maximum sustained yield of 10,000 

short tons was estimated for the fishery in southern California, 

while the whole fishery, including Baja California, has an 

estimated MSY of 13,000 tons. In order to achieve this level 

of catch, however, the stock abundance must be increased by a 

factor of five. 

Yield-per-recruit considerations suggest that a minimum 

size limit in the commercial fishery has two important effects. 

A three-pound size limit could result in a slight increase in 

yield-per-recruit. If the size limit is increased to 5 or 7.5 

lbs, the yield-per-recruit would fall significantly. Offsetting 

the effect on yield-per-recruit, however, would be a substantial 
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i nc rease  i n  average amount of spawning per  r e c r u i t  which should 

r e s u l t  i n  a propor t iona l  i nc rease  i n  recrui tment .  With t h e  

cu r r en t  depressed s tock  abundance both a reduced annual t ake  and 

a minimum s i z e  l i m i t  on commercial ca tch  would confer  s u b s t a n t i a l  

b e n e f i t s  i n  t h e  form of an  inc rease  i n  t h e  f u t u r e  s tock  s i z e .  

Af t e r  considering seven d i f f e r e n t  types of management 

measures, t h e  team f i n d s  t h a t  t h r e e  types -- an annual commercial 

catch quota,  a commercial s i z e  l i m i t ,  and a r e c r e a t i o n a l  bag limit 

-- appear des i r ab l e .  

Re-establishment of t h e  s tock  i n  southern Ca l i fo rn i a  was 

the  major cons idera t ion  i n  t h i s  eva lua t ion  because t h e  s tock  is 

cu r ren t ly  depressed. A l l  segments of t h e  f i s h e r y  w i l l  b e n e f i t  

from a more abundant resource. The d i f f i c u l t  i s s u e s  f o r  po l icy ,  

however, concern t h e  r a t e  of rebui ld ing ,  t he  degree of r i s k  t h a t  

is acceptable ,  and t h e  d i s t r i b u t i o n  of b e n e f i t s  among use r  groups. 

By judic ious  choice among the  opt ions discussed here ,  a v a r i e t y  

of pos i t i ons  can be ee tab l i shed  wi th  r e spec t  t o  t hese  i s s u e s .  

The g r e a t e r  t h e  s i z e  l i m i t ,  f o r  i n s t ance ,  t h e  more b e n e f i t  is 

provided the  r e c r e a t i o n a l  s e c t o r  while  d i f f i c u l t i e s  a r e  imposed 

upon c o m e r c i a l  fishermen. The higher  t h e  quotas adopted, t h e  

slower t h e  s tock  rebui ld ing  and t h e  g r e a t e r  t h e  r i s k  of continued 

s tock  deple t ion .  A f i n a l  r e c o n c i l i a t i o n  of t h e  management opt ions 

involves s o c i a l ,  p o l i t i c a l  and l e g a l  cons idera t ions  which must be 

thoroughly incorporated by decision-makers before  adoption of a 

management p lan .  
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INTRODUCTION 

This document was developed by a joint National Marine Fisheries 

Service, California Department of Fish and Game team of fisheries 

scientists. Their assignment was to examine the available data from 

the Pacific bonito fishery and evaluate alternative management actions 

in respect to their impact on the stocks, the fishery and the industry. 

The first task of the team was to establish acceptable objectives 

for management as a basis for evaluating possible alternativee. 

1.0 MANAGEMENT OBJECTIVES 

The overall goal of bonito management is to achieve an optimal 

long-term balance among the following specific objectives: 

(1) Ensure the reestablishment and maintenance of bonito in 

southern California, 

(2) Enhance the recreational catch of bonito in southern Cali- 

f ornia , 

(3) Enhance the long-term yield from the U.S. commercial 

fishery, and 

(4) Reduce conflicts between recreational and commercial 

fishermen. 

Clearly the accomplishment of objective (1) will contribute 

directly to objectives (2) and (3). The emphasis upon stock enhance- 

ment is motivated by the depressed status of the stock found in 

recent years. The benefits derived from both the commercial and 

recreational fisheries should improve with improvement in the stock 

condition. The other major concern, reflected in objective (4) is 

that conflicts between fishery sectors arise due to competition for 



fish or fishing areas. 

2.0 STOCKS 

Pacific bonito (Sarda chiliensis ZineoZata) is a schooling fish 

found off the west coast of North America. This fish occurs sub- 

stantially between Cape San Lucas, Baja California and Point Con- 

ception, California. Young fish are found nearshore in close 

association with giant kelp (Macrocystis sp.) beds, and the older fish 

found in open waters and over nearshore banks. 

Two segments of the bonito stock occur which are important to 

California fisheries. The southern segment, residing principally off 

southern and central Baja California, appears to be the larger and 

more permanent segment. The northern segment resides off northern 

Baja and southern California, and is of unknown stability, although 

it appears to have been present for most of this century with the 

notable exception of the period 1949-1955. 

Both segments can contribute to fisheries in southern California 

waters. A portion of the older fish from the southern segment make 

an annual migration (of variable strength) into southern California 

waters. This migration occurs in the late summer and fall, and 

extends into the Santa Barbara Channel where it contributes to a 

commercial purse seine fishery, and to a lesser extent both recrea- 

tional and commercial troll fisheries. 

The northern segment is produced by local spawning and the 

largest of the young of the year appear inshore, moving northward 

along the coast, in late July or early August at about 35 to 40 cm 

total length and 4-6 months of age. Bonito are vulnerable to the 

inshore recreational fleet from this size until the fish have 



completed their second summer at about 58 cm in length and 18 months 

of age. Very few fish over 60 cm occur in the sportfishery, as 

these fish tend to move offshore into deeper water, where they become 

available to the purse seine and troll fisheries. These fish become 

more likely to migrate as they become older, tending to overwinter 

in more southerly waters, although they may still contribute their 

progeny to the northern segment of the stock. 

Young fish tagged off southern California have exhibited a ten- 

dency to remain in local waters over the winter and through the 

spawning period while larger fish tagged in the Santa Barbara channel 

have moved to the south to be recovered at the end of the spawning 

season south of Cedros Island, Baja California. Therefore, locally 

spawned fish seem to spawn locally for at least their first spawning 

and may remain in the area for a longer period of time than those 

fish from the southern segment. 

Variability in the strength of the northward migration of the 

southern segment appears to be related to the ocean temperatures off 

southern California. Spawning success of the northern segment may be 

influenced by ocean temperatures, upwelling and other environmental 

factors. 

3.0 DESCRIPTION OF FISHERY 

3.1 U. S. Commercial Fishery 

3.1.1 Catches 

Pacific bonito have been fished commercially in Cali- 

fornia waters since at least the beginning of this century. 

Commercial landings between 1916 and 1977 have varied 

widely, with a low of 57 metric tons in 1956 and a high 

of 14,468 metric tons in 1975 (Figure 3.1, Table 3.1). 
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TABLE 3.1. Commercial Catch of Pacif ic  Bonito Landed i n  California by Catch 
Area, 1916 - 1977. 

Year 

19 16 

19 17 

1918 

19 19 

19 20 

1921 

1922 

1923 

1924 

1925 

1926 

19 27 

1928 

19 29 

1930 

1931 

19 32 

19 33 

1934 

1935 

19 36 

1937 

Total  landings 
powzds 

kilograms 

480,406 
217,912 

. 889,376 
403,421 

2,441,714 
1,107,561 
3,509,098 
1,591,727 

873,648 
396,287 
324,737 
147,301 
957,942 
434,522 

1,1 15, 247 
505,876 

1,045,282 
474,140 
879,166 
398,790 

3,121,604 
1,415,960 
1,718,008 

779,288 
2,107,089 

Caught off 
California. 

PO- 
kilograms Percent 

Caught south 
of s t a t e  

paods- 
kilogranm Percent 

14,715 
6,675 3 - - 0 

176,667 
80,136 7 

600,353 
272,320 17 
201,255 
91,289 23 
82,878 
37,593 26 
63,650 
28,872 7 

636,476 
288,706 5 7 
202,187 
91,712 19 
96,298 
43,681 11 

178,698 
81,057 6 

596,532 
270,587 35 
770,370 
349,440 37 

2,324,658 
1,054,465 80 
1,29 7,764 

588,666 25 
65,538 
29,728 2 

1, 185,799 
537,878 41 
284,955 . 
129,256 13 
199,646 
90,559 6 

5,632,744 
2,555,013 71  
4,999,237 
2,267,654 69 
2,100,858 

952,949 27 



TABLE 3 . 1 .  Cont. -- 

Year 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

19 45 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

Total landings 
powads 

kilograms 

, Caught o f f  
California 

PO& 
kilograms Percent 

Caught' south . 
of s t a t e  

p o d  
kilograms Percent 



TABLE 3.1. Cont. 

Year 

1962 

To ta l  landings 
pounds 

k i l o  grams 

2,134,902 
968,392 

4,022,522 
1,824,616 
2,612,269 
1,184,925 
5,638,340 
2,557,551 

19,148,494 
8,685,757 

21,219,431 
9,625,134 
14,921,928 

6,768,587 
17,203,847 

7,802,758 
9,191,304 
4,169,629 
20,268,984 
9,194,011 
22,312,627 
10,121,008 
30,787,731 
13,965,315 
18,817,766 

8,535,435 
31,873,688 
14,457,905 
8,896,859* 
4,035,615 
22,093,312 * 
10,044,414 
8tOo0,- 

Caught off Caught south 
Ca l i fo rn i a  of state 

Pounds Potazds 
kilonrams Percent  kilograms Percent 

2,071,998 62,904 
939,858 97 28,533 3 

4,013,505 9,017 
1,820,526 >99 4,090 <1 
2,606,411 5,858 
1,182,268 >99 2,657 <1 
5,632,399 5,941 
2,554,856 >99 2,695 < 1 

18,308,175 840,319 
8,304,588 9 6 381,169 4 

17,841,537 3,377,894 
8,092,921 84 1,532,213 16 

14,903,357 18,572 
6,760,163 >99 8,424 < 1 
13,174,505 4,027,342 

5,975,956 77 1,826,802 23 
8,79 3,788 398,516 
3,988,862 96 180,767 04 

10,476,268 9,79 2,716 
4,752,035 5 2 4,441,976 48 

15,600,361 6,712,266 
7,076,324 70 3,044,684 30 

18,525,253 12,262,478 
8,403,055 60 5,562,260 40 

13,776,716 5,040,380 
6,249,118 7 3 2,286,317 27 
3,384,089 28,489,599 
1,535,023 11 12,922,882 89 
3,882,322 5,014,547 
1,761,017 44 2,274,599 56 
2,320,069 19,773,243 
1,054,577 11 8,987,838 89 
2 , ~ , o o o  25 6 , ~ , o o o  75 



Landings have been re la t ive ly  high since 1965 and have 

been dependent upon ava i lab i l i ty ,  but market demand 

limited landings fo r  many of the years p r io r  t o  1965. 

Small quant i t ies  a r e  now delivered t o  the  f resh f i s h  

market while most of the catch goes t o  canneries, 

eventually reaching market shelves as  a lower cost eub- 

s t i t u t e  fo r  tuna. 

3.1.2 The Fishing Fleet  

The Pacif ic  bonito f ishery includes a var ie ty  of gear 

types and vessel s izes .  As  indicated i n  Table 3.2 most of 

the landings a re  made by vessels with roundhaul nets.  

Bonito taken by t r o l l  gear, g i l l  ne t s  or hook and l i n e  

gear are  generally incidenta l  t o  the  primary target  

species. The roundhaul f l e e t  eonsists  of two general 

groups: the loca l  "wetfish" vessels,  and the  larger  

t ropical  tuna seiners.  "Wetfish" vessels t a rge t  pri-  

marily upon anchovy and jack mackerel, but focus 

seasonally upon bonito, squid and bluefin tuna. Nearly 

a l l  "wetfish" vessels f i s h  out of San Pedro and they range 

from 30 t o  100 net  registered tons, and from 30 fee t  t o  

80 f ee t  i n  length. The high seas tuna se iners  f ishing 

out of San Diego and San Pedro harvest bonito off Baja 

California. Tuna seiners which land bonito range i n  

carrying capacity from 150 t o  1100 short  tons, but most 

of the  bonito landings comes from vessels t ha t  a r e  500 

tons or  l e s s  i n  capacity. 

The "wetfish" f l e e t  consists  of about 35 vessels. 



TABLE 3 .2 .  Commercial Landings of Pacific bonito by gear type and Nos. of Vessels Participating 1971-1976. 

Entangling Net8 

No. 
boat8 kg $ 

57 157,664 1.7 

41 3 1.1 

53 110,924 0.8 

76 199,732 2.3 

46 28,292 0.2 

64 59,695 1.5 

56 1.0 

Hook end Line 

No. 
boata kg $ 

40 35,078 0.4 

75 64,955 0.6 

63 171,337 1.2 

53 60,370 0.7 

32 12,946 0.1 

57 21,858 0.5 

53 0-5 

Other 

No. 
boats  kg % 

51 15,592 0.2 

?;o. 27,024 0.2 ' 

59 5,575' 0.' 

17 886 0.07 

18 966 0.05 

26 3,668 0.- 

47 0.1 
- 

Troll ing 

No. 
boat6 kg % 

141 219,275 2.4 

297 747,055 7.4 

167 427,'58 3.1 

63 95,238 1.1 

12 12,544 .o.l 

12 18,881 0.5 

115 2.8 

Total Landings 

No. ' 

Year boate . , 

1971 360 9,191+,011 

1972 596 10,121,008 

1973 424 13,965,315 

1974 268 8,535,435 

1975 174 14,457,663 

1976 226 4,035,548 

AVERAGE 
3971-1976 341 

r 

Roundhaul 

No. 
boats k 8 % 

71 8,766,402 95.4 

73 9,168,573 90.6 

82 3,250,320 94.9 

59 8,179,205 95.8 

66 14,402,915 99.6 

67 3,931,446 97.4 

70 95.7 





FIGURE 3 . 3 .  Pacific bonito schools sighted by aerdal fish spotters,  1962-1965. 



TABLE 3.3. P a c i f i c  Bonito Landings (Pounds 6 Percent) by Yonth and Area 1972 through 1976. 

Jan Feb Mar Apr May June J u l y  Au g Sept Oe t Nov Dec TOTAL 
1972 

TOTAL LANDINGS 552.087 252.518 121,721 351.343 775,904 1,530,934 342,145 2,252,809 7,118,096 5,500,760 2,062,290 1,451,970 22,312.627 
% of Total  2% 1% 1% 4% 3% 7% 2% 10% 32% 25% 9% 7% > 

S. of S t a t e  284,788 212,639 121.459 347,440 775.696 1,530,592 246.877 2,203,248 127,898 701,605 134,168 24.856 6,711,266 
% S. of S t a t e  4% 3% 2% 5% 12% 23 % 4 % 33% 2% 10% 2% ~ 0 . 5 %  30X 

Cal i fornia  267,299 39,879 262 3,903 208 392 55,268 49,561 6,990,198 4,799,155 1,928,122 1,427,114 15,601,361 
% Cal i fo rn ia  2% <O .5% ~ 0 . 5 %  ~ 0 . 5 %  ~ 0 . 5 %  ~ 0 . 5 %  1% <0.5% 4 5% 3 1% 12% 9% 70% 

1973 
TOTAL LAXDINGS 3,757,172 688,071 1,036,320 558,569 332,951 3,292,052 3,860,955 4,543,269 4,012,992 4,450,646 1,934,751 2,319.993 30,787,741 

% of Total  12% 2% 3% 2% 1% 11% 13% 15% 13% 14% 6% 8% 
S. of S t a t e  104,009 11.7.622 1.602 57,196 288,760 3,075,187 2,285,910 2,831.349 1,088,715 1,254,823 930,830 226,425 12,262,428 
% S. of S t a t e  1% 1% <O.SX ~ 0 . 5 %  2% 25% 19% 23% 9% 10% 8% 2% 4 OX 

Cal i fornia  3,653.163 570,449 1,034,718 501,373 44,191 216,865 1,575,045 1,711,920 2,924,277 3,195,823 1,003,921 2,093,568 18,525.313 
% California  20% 3% 6% 3% ~ 0 . 5 %  1% 9% 9% 16% 17 % 5% 11% 60% 

1974 
TOTAL LANDINGS 236,359 101,060 104,698 116,395 47,559 1,232,548 2,119,217 3,511,921 4,060,378 3,022,479 2,337,304 1,927,848 18,817,766 

X of Total  1% 1% 1% 1% ~ 0 . 5 %  7% 11% 19% 22% 16% 12% 10% 
S. of S t a t e  64,033 19,958 0 15,539 35,330 1,219,045 1,188,216 962,492 1,282,5?9 36,591 115,231 101,416 5,040,380 
% S. of S t a t e  1% ~ 0 . 5 %  OX ~ 0 . 5 %  1% 242. 24% 19% 25% 1% 2% 2% . 27% 

California  172,326 81,102 104,698 100,856 12.229 13,503 931,001 2,549,429 2,777,849 2,985,888 2,222,073 1,826.432 13,777,386 
,g Cal i fo rn ia  1% 1% 1% 1% ~ 0 . 5 %  CO .5X 7% 19% 20% 22% 16% 13% 7 3% 

1975 I 
TOTAL LANDINGS 1.172.865 70,295 4,107 2,399 70,807 218.960 8,436,057 10,986.337 8,553,507 1,470,822 800,900 86,632 31,873,688 C-, 

% of Total  4% <0.5X ~ 0 . 5 %  <0.5% ~ 0 . 5 %  1% 26% 34% 27% 5% 3% <0.5% 00 

S. of S t a t e  19,392 9,322 995 1,126 67.680 217,303 8,250,109 10,595,062 8,448,830 847,792 25,720 6,268 28,4a9,599 
30% 3% <0.5X <0.5% 89% 

1 
X S. of S t a t e  ~ 0 . 5 %  q0 .X ~ 0 . 5 %  ~ 0 . 5 %  <0.5% 1% 29% 37% 

California  1,153,473 60,973 3,112 1,273 3,127 1,657 185,948 391,275 104,677 623,030 775,180 80,364 3,384,089 
X California  34% 2% <0,5X < .05% c .05X < .05% 5% 12% 3% 18% 23% 2% 11% 

19 76 I 

TOTAL LANDINGS 2,850 14,762 13,004 33,500 81,363 221,365 2,162,513 3,910,464 1,860,921 326,316 188,902 80,899 8,896,859 
% of Total  ~ 0 . 5 %  ~ 0 . 5 %  ~ 0 . 5 %  <0.5% 1% 2% 24% . 44% 21% 4% 2% 1% 

S. of S t a t e  250 16,629 12,669 32,965 81,269 3,361 774,011 2,656.155 1,461,775 9,900 30,567 88,171 5,095,722 
X S. of S t a t e  ~ 0 . 5 %  ~ 0 . 5 %  ~ 0 . 5 %  1% 2% <0.5% 15% 53% 29% cO. 5% 1% <O. 5% 56% 

California  2,600 133 3 35 535 94 218,004 1,388,502 1,254,309 399,146 316,416 158,335 62,728 3,801,137 
% California <0.5% ~ 0 . 5 %  <0.5% ~ 0 . 5 %  <0.5% 6% 36% 32% 10% 8% 4% 2% 44% 

1372-1975 
AVERAGE LANDING 1,144,267 225,341 255,970 212.441 261,717 1,299,182 3,384,177 5,040,960 5,121,179 2,954,205 1,464,829 1,173,468 22,537.536 

% of Average 5.08% 1.00% 1.14% 0.94% 1.16% 5.76% 15.02% 22.37% 22.72% 13.11% 6.50% 5.21% 
S .  of S t a t e  94.494 74.834 27.345 90,853 249,747 1.209.098 2.549.025 3,649,661 2,481,949 570,142 247.303 75,427 11,519,879 

% S. of State 
Average 0.82% 0.65% 0.24% 0.79% 2.17% lo.%% 22.13% 33.42% 21.54% 4.95% 2.15% 0.65% 51.11% 

California  1,049,772 150,507 228,625 121,588 11,970 90,084 835,153 1,191;299 2,639,229 2,384,062 1,217,526 1,098,041 11,017,857 
% California  

Average 9.53% 1.37% 2.08% 1.10% 0.11% 0.82% 7.58% 9.97% 48.89% 10.81% 23.95% 21.64% 11.05% 



Most f i s h i n g  t r i p s  by t h e  v e s s e l s  a r e  one- o r  two-day 

t r i p s .  Most of t he  boni to  f i s h i n g  by wwetfish" ves se l s  

occurs i n  t h e  Santa Barbara channel o r  t h e  Santa Cata l ina  

channel,  whereas t h e  tuna v e s s e l s  genera l ly  f i n d  boni to  

off  southern Baja Ca l i fo rn i a .  

3.1.3 Area and Season of Commercial Catch 

H i s t o r i c a l l y ,  P a c i f i c  boni to commercial ca tches  have 

come from two a reas ;  o f f  Ca l i fo rn i a  between t h e  Mexican 

border and Poin t  Conception, and o f f  t he  w e s t  coas t  of 

Baja Ca l i fo rn i a  between Cedros I s l and  and Magdalena Bay. 

I n  U.S. waters ,  logs  kept by commercial f i s h  s p o t t e r s  

show concentrat ion of boni to schools  i n  a r e l a t i v e l y  narrow 

c o a s t a l  s t r i p  12 m i l e s  o r  l e s s  wide (Figure 3.2): The dis-  

t r i b u t i o n  w a s  apparent ly  more widespread i n  t h e  period 

immediately before  t h e  beginning of l a r g e  s c a l e  commercial 

11 ha rves t  (Figure 3.3)- . Catches from U.S. waters occur 

pr imar i ly  between J u l y  and January, peaking i n  September 

through November, bu t  q u i t e  v a r i a b l e  i n  t h e  months of 

Ju ly ,  August, December and January (Table 3.3).  

Catches o f f  Mexico a r e  a l s o  concentrated inshore ,  

p r imar i ly  on banks between Cedros I s land  and Cape San 

Lazaro, from June through t o  September (Table 3.3) ,  with 

both June and September being months of v a r i a b l e  ca tch .  

Between 1966 and 1974, t h e  bulk  of t h e  commercial 

boni to  ca tch  was taken i n  Ca l i fo rn i a  waters  w i th in  19 km 

(12 miles)  of shore.  However, during a few years  

1 / - 
Data provided by J. Squire ,  Nat ional  Marine F i she r i e s  Service,  La J o l l a ,  CA 



p r i n c i p a l l y  between 1943 and 1965 and from 1975 through 

1977) over 50% of t h e  t o t a l  ca tch  has  been taken o f f  

Baja Ca l i fo rn ia  (Table 3.1). The Baja C a l i f o r n i a  ca tch  

is genera l ly  made between Cape San Q u i n t i n  and Cape San 

Lazaro. C a l i f o r n i a  ca tches  a r e  concentrated i n  t h e  Santa 

Barbara Channel, although some are made e a r l i e r  i n  t h e  

season between t h e  U.S.-Mexican border and San Onofre. 

3.1.4 Bonito Harvests by t h e  Tropical  Tuna F l e e t  

Since 1966 t h e  i n t e r n a t i o n a l  c a t c h  of yel lowfin 

tuna i n  t h e  e a s t e r n  t r o p i c a l  P a c i f i c  has been r e s t r i c t e d  

by a catch  quota imposed by t h e  Inter-American Tropical  

Tuna Commission (IATTC). During t h e  f i r s t  few years  of 

t h e  yellowfin tuna conservation program most of t h e  

harves t  w a s  taken by U.S. vesse l s  and t h e  u n r e s t r i c t e d  

yellowfin tuna f i s h i n g  season l a s t e d  most of t h e  year. 

I n  recent  years  t h e  t r o p i c a l  tuna f l e e t s  have expanded 

dramat ica l ly  causing a reduction i n  both t h e  length  of 

the  open f i sh ing  season and t h e  dominance of t h e  U.S. 

f l e e t .  Since t h e  beginning of t h e  quota system, it has 

been recognized t h a t  some i n c i d e n t a l  ca tch  of yel lowfin 

would be unavoidable during the  closed yellowfin season 

when f i s h i n g  f o r  skipjack,  bigeye, and b l u e f i n  tuna con- 

tinued. To avoid forc ing t h e  fishermen t o  d i sca rd  t h e  

i n c i d e n t a l  ca tch  of yel lowfin,  a 15% i n c i d e n t a l  ca tch  allow- 

ance w a s  i n s t i t u t e d .  Also, IATTC began a l l o c a t i n g  a 

por t ion  of t h e  yellowfin tuna quota t o  small v e s s e l s  

( i .e . ,  those wi th  under 400 tons of carrying capaci ty) .  



This "small boat allocation" amounts to 6,000 tons 

annually for the United States' fleet and can be 

taken before or after the unregulated yellowfin fish- 

ing season closes. The National Marine Fisheries 

Service divides the small boat allocation among the 

qualifying domestic vessels by allowing higher inci- 

dental catch allowances during the closed season. These 

range from 40 to 50% depending on vessel size and year 

considered. As a result of this yellowfin tuna regula- 

tion, therefore, many U.S. tuna purse seiners have been 

fishing during much of the year under an incidental catch 

allowance. 

The possible significance of this for the bonito 

fishery stems from two circumstances: (1) the geographi- 

cal position of the Pacific bonito stock, and (2) the 

tuna-like characteristics of bonito. Because bonito can 

be caught off Baja California, it is convenient for tuna 

vessels returning to southern California to "top off" 

their fish wells with bonito. Also, these bonito are 

within the range of the smaller purse seiners from Cali- 

fornia that fish bluefin tuna and tropical tunas when 

available off Baja. Bonito is a particularly attractive 

fish to tuna vessels because it is physically similar to 

tunas, is bought by the canneries that buy tuna, and is 

moderately high-valued ($320 per ton, compared to $750 

per ton for tunas but $100 per ton for mackerel in 1977). 

Once the yellowfin tuna season is closed, tuna vessels 



have an additional incentive to harvest bonito, Because 

of the incidental allowance for yellowfin, any harvest of 

bonito represents not only a potential cash value in it- 

self, but also an additional quantity of yellowfin that 

may be landed. 

These circumstances have led some people to conclude 

that the tuna fleet harvests bonito largely to satisfy 

incidental yellowfin catch regulations. If this were 

true, a change in the yellowfin tuna regulations might be 

effective in protecting the bonito stock. Elimination of 

bonito from the catch utilized to cover the incidental 

catch of yellowfin for instance, would make it less 

attractive for tuna boats to "top off" with bonito. On 

the other hand, the sales value of bonito itself may 

provide sufficient incentive for fishing bonito that a 

change in yellowfin regulations would make little 

difference to the tuna fleet. 

To evaluate these alternative positions, unloading 

data for tuna vessels has been reviewed for the period 

1974 through October 1978. Trips involving bonito were 

sorted out and are summarized in Table 3.4. Two charac- 

teristics of the data not evident in Table 3.4 are (1) that 

only one trip during the 4-year period involved a "super 

seiner" of more than 600 tons carrying capacity and (2) 

that of the 139 unloadings with bonito, 93 had no yellow- 

fin and 61 were from open season fishing for yellowfin. 

Because only smaller vessels were involved, esaentially 



TABLE 3.4. C a l i f o r n i a  Boni to  Landings and The i r  R e l a t i o n  i p  t o  Yellowfin 1'7 Tuna F i s h e r y  Landings i n  Thousands of Pounds. - 

(1) T o t a l  l and ings  31,874 8,897 23,24621 n.a.  

(2)  Caught f r o m s o u t h o f  State  28,490 5,014 19,773 n .a .  

(3) Caught by t u n a  f l e e t  28,239 5,180 19,758 5,496 

(4) From CYRA i n  open yellow- 2,530 48 2 14,572 2 , 6 5 ~ '  
f i n  season  

(5) From CYRA i n  c losed yellow- 25,709 4,698 5,182 2 , 8 4 g 1  
f i n  season  

(6) Boni to  landed w i t h  yellow- 10,292 4,658 6 39 2,845 
f i n  i n  c losed  s e a s o n  

(7) Yel lowfin  c a t c h  dependent 1,057 
on b o n i t o  

(8) Quant i ty  o f  b o n i t o  needed 2,305 814 0 2 I 59 1- 
f o r  yellowf i n  

n .a .  = n o t  a v a i l a b l e  

1/ Source o f  d a t a :  southwest Region, Na t iona l  Marine F i s h e r i e s  S e r v i c e ;  
Terminal I s l a n d ,  C a l i f o r n i a  

31 As of  October 23,  1978 



a l l  of t h e  yellowfin tuna landed wi th  boni to  was caught 

i n s i d e  of t h e  Commission Yellowfin Regulatory Area (CYRA) 

and was the re fo re  sub jec t  t o  an i n c i d e n t a l  ca tch  allow- 

ance a f t e r  t h e  yellowfin season closed.  The amounts of 

bonito caught i n  t h e  open season,  closed season, and i n  

combination wi th  yellowfin a r e  l i s t e d  i n  l i n e s  (4) through 

(6) of Table 3.4. 

The degree t o  which tuna  v e s s e l s  use boni to  a s  a 

" f i l l e r "  i s  examined on a t r ip-by- t r ip  bas i s .  For each 

t r i p  landing both boni to  and yellowfin from t h e  closed 

season, t h e  t o t a l  ca tch  is  divided i n t o  yel lowfin  tuna 

(YF), bonito (BO) and o t h e r  (OT). Because t h e  i n c i d e n t a l  

ca tch  allowance ( I )  v a r i e s  among boa t s  and years ,  a 

general  r e l a t i o n s h i p  i s  developed as follows. 

PYF = YF/(YF + BO + OT) X 100 = % YF i n  catch. 

I f ,  P is g r e a t e r  than I ,  then e i t h e r  t h e  d a t a  a r e  i n  YF 

e r r o r  o r  t h e  v e s s e l  was f i s h i n g  i l l e g a l l y .  (Only one 

such ins tance  was found i n  t h e  d a t a  examined, and t h a t  

p a r t i c u l a r  t r i p  was ignored i n  f u r t h e r  a n a l y s i s ) .  To 

determine whether t h e  bonito landed was necessary in  

order t o  l e g i t i m i z e  t h e  yellowfin ha rves t ,  w e  c a l c u l a t e  

a modified PyF 

PYF* = YF/(YF + OT) X 100 = % YF without bonito.  

I f  PyF* is g r e a t e r  than I, then the  bonito ca tch  was 

needed t o  j u s t i f y  t h e  yellowfin.  The quan t i ty  of yellow- 

f i n  protec ted  by t h e  boni to  (YF*) is ca lcu la ted  a s  

YF* = YF - [ I / ( l - I ) ]  OT. 



Finally, the amount of bonito which actually helped to 

"cover" the yellowfin catch (BO*) is calculated as 

BO* a [ ( I - I ) / I ]  . YF - OT. 
The two computed quantities, YF* and BO*, were summed 

over all pertinent trips for each year and are listed in 

lines (7) and (8) of Table 3.4. 

The foregoing computations show that only a small 

percentage of the bonito landings were actually necessary 

in order to meet the percentage requirements of the U.S. 

regulations. First, only 31% of the bonito landings by 

tuna vessels in the last 4 years were associated with 

yellowfin tuna landings in the closed season. Second, 

only 20% of the bonito that was associated with closed 

season yellowfin catch (i.e. only 5% of total bonito 

catch) was needed to satisfy the regulations, 

This does not mean that much of the bonito harvested 

with yellowfin in the closed season is not caught as a 

safeguard to assure that the incidental catch allowance 

is met. Obviously, a fishing vessel skipper does not 

always know exactly how much yellowfin is in his vessel's 

hold. If bonito are available, it is prudent to err in 

having excess bonito rather than too little. Thus, more 

bonito may be landed due to the yellowfin regulations 

than is indicated in line (8) of Table 3.4. Because 

much of the bonito harvest occurs on unregulated trips 

and because it is not likely that all the bonito catch on 

regulated trips is motivated by the regulations, however, 



TABLE 3 . 5 .  California Partyboat Reported Catches in  Numbers of 
Fish of Pacific Bonito, 1947-1977. 

Total Central and No. 
Year California So. California California 
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it must be concluded t h a t  the  preponderance of the  

harvest by tuna vessels  is  motivated more by the  s a l e s  

value of the  f i s h  than by the  need t o  meet yellowfin re- 

gula t  ions. 

3.2 Mexican Ccmnnercial Fishery 

Recent annual catches by Mexico f i s h e r i e s  a r e  not 

avai lable  but h a w  been estimated f o r  purposes of the  f ish-  

eries analysis  a s  500 tons per year (see Table 5.2). 

3.3 U. S. Recreational Fishery 

3;3.1 Catches 

A t  times, bonito have been chief contr ibutors  t o  

the  southern California marine recreat ional  ca tch  

(Table 3.5). I n  the 1968 survey, southern Cal i fornia  

conmmercial passenger f i sh ing vesse l  (partyboat) operators 

ranked bonito as  the  fourth most important species t o  

t h e i r  industry (Young 1969). Croker (1931) observed the  

catch of "a few" bonito from a barge anchored i n  Santa 

Monica Bay on March 22, 1931. However, f i sh ing  f o r  

bonito was good from p i e r s  during t h e  summer i n  the  ea r ly  

t o  mid-1930's. In  a l a t e r  report  on commercial passenger 

f i sh ing vessel catches, Croker indicates  that  during the  

period 1936-38, bonito were taken i n  small quan t i t i e s  

( l e s s  than 6% of the  t o t a l  catch) (Croker 1939). H e  

c l a s s i f i e s  bonito a s  "desirable game f i s h  ". However 

i t  was l e s s  des i rable  than white seabass, ye l lowtai l  and 

r e l a t i v e l y  abundant barracuda and l a rge  kelp bass pre- 

valent  a t  tha t  t i m e .  Commercial passenger f i sh ing  



vesse l  records f o r  1936-40 show boni to  ca tch  per  u n i t  of 

e f f o r t  (CPUE) t o  have been r e l a t i v e l y  high i n  1936 and 

1937, dec l in ing  t o  a very low va lue  i n  1910 (Figure 3.4) .  

During t h e  period 1937-40, an ang le r  by t h e  name of F.R. 

Hering compiled a l i s t  of a l l  t he  spec i e s  he caught during 

492 days of f i sh ing  from a barge i n  Santa Monica Bay. 

While he attempted " to  ca tch ,  by angl ing methods, a s  many 

f i s h  of a s  many kinds a s  poss ib l e  i n  one loca l i t y" ,  no t  

a s i n g l e  boni to occurs i n  a l i s t  of 30,487 organisms 

f a l l i n g  i n t o  35 repor ted  spec ies  and spec ies  groups 

(Croker 1941). I n  t h e  e a r l y  1940's no r e c r e a t i o n a l  

f i sh ing  records were kept ;  however, f i s h i n g  w a s  occasion- 

a l l y  good f o r  boni to i n  t he  Los Angeles a rea .  When 

commercial passenger f i sh ing  ves se l  record keeping was 

resumed i n  1946, t h e  boni to had v i r t u a l l y  disappeared, 

no t  t o  r e t u r n  i n  fo rce  u n t i l  1957. 

For t h e  7 years  following World War 11, t h e  commer- 

c i a l  passenger f i s h i n g  v e s s e l  ca tch  of boni to w a s  re-  

l a t i v e l y  low, only once exceeding 15,000 f i s h .  During 

the  next  3 years ,  ca tches  improved considerably,  averaging 

about 50,000 f i s h  per  year .  With t h e  advent of t h e  w a r m  

water years  (1957 t o  1960),  t he  ca tch  began t o  climb, 

reaching almost 1.2 mi l l i on  f i s h  i n  1960. The catches 

d id  not  dec l ine  a s  expected, when water temperatures 

cooled i n  t he  years  from 1961 t o  1969 (Table 3.5) 

although t h e  ca tch  per  e f f o r t  index did dec l ine  (Figure 

3.4). During the  1960's young boni to were abundant in-  

shore and r e c r e a t i o n a l  fishermen landed record numbers. 



TABLE 3.6. Comparison of Southern Cal i forn ia  Recreat ional  Fishing Catch 
and E f f o r t  f o r  P a c i f i c  Bonito. 

Catch 
Source Year Catch Nos. E f f o r t  Per Hour 

P i e r  & j e t t y  1963 283,068 5,100 ,lo&' 0.06 

Partyboat 1963 773,036 2,480,054- 0.31 2 / 

Pr iva te  Boat 1964 401,575 2,773,405- 0.14 1 / 

Partyboat 

Pr iva te  Boat- 31 1976 78,855 2,218,817- 0.04 4 / 

Partyboat 1970 192,379 2,462,371- 0.08 2 I 

31 1973 P r iva te  Boat - 45,815 2,063,914- 0.02 4 / 

Partvboat 19 77 161,945 2,452,23g1 0.07 

11 Ef fo r t  i n  man/hours - 
2/ Ef fo r t  i n  angler lhours  - 
31 Boats launched a t  launch ramps & h o i s t s  only - 
41 Ef fo r t  i n  angler-trip-hours. Data provided by t h e  Southern Ca l i fo rn ia  - 

Independent Sport  Fishing Survey, CDFG. 

Partyboat f i g u r e s  a r e  f o r  southern Cal i forn ia  f l e e t  only. 
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Since 1969, however, the recreational catch has fallen 

drastically. 

The average annual southern California (Point Con- 

ception to San Diego) commercial passenger fishing 

vessel catch for the period from 1947 to 1956 was 24,107 

fish, while the average catch from 1957 to 1969 was 

801,075. The catch has averaged 301,730 annually since 

(through 1977). The average annual catch per angler for 

these three periode increased from 0.05 to 1.33, then 

dropped to 0.4 (Figure 3.4). The catch per angler curve 

indicates that the increased catch from 1957 on was not 

simply a function of increased effort, but reflected a 

change in the abundance or availability of bonito in 

California waters. 

A survey conducted during the period of 1964-66 made 

estimates of the catch and effort of the recreational 

fishermen from piers and jetties, private boats, and 

shoreline from Point Conception to the Mexican border 

(Pinkas, Oliphant, and Haugen 1968). A later study 

estimated the catch of bonito and the effort expended 

by anglers fishing from boat8 launched at hoists or launch 

ramps in southern California during 1976 and 1977. The 

figures show that commercial passenger fishing vessel 

fishermen were, as a group, far more successful in 

capturing bonito than fishermen in other segments of the 

recreational fishery (Table 3.6). 

3.3.2 Number of Anglers 

The contribution of marine recreational fishing barges 



to  the  t o t a l  recreat ional  catch was calculated a s  21.2% 

of the  reported commercial passenger f i sh ing  vesse l  

catch, based on data collected i n  1966 and 1970. A l l  

these a r e  combined t o  give the  t o t a l  catch and e f f o r t  

f o r  the southern California recreat ional  f i she ry  developed 

by Thayer (1973). We estimate, based on what data  a r e  

available,  t h a t  about 180,000 recreat ional  fishermen 

annually f ished fo r  Pac i f i c  bonito i n  southern California 

waters i n  recent years. \ 

Area and Season of Catch 

The recreat ional  catch of bonito is  generally con- 

f ined t o  southern Cal i fornia  waters, although some a r e  

caught north of Point Conception. The heavieet connner- 

c i a 1  passenger f i sh ing vesse l  catch is usually made during 

August and September from La J o l l a  t o  Redondo Beach. Re- 

c rea t ional  fishermen from Santa Monica Bay nor th  make 

t h e i r  bes t  catches of l a rge  f i s h  i n  October o r  November 

while t o  the  south, the catch declines through October 

and November. The catch of f i s h  i n  the  open ocean is 

generally a t  a low l e v e l  from the  end of November u n t i l  

the  following July. Occasionally however, f i sh ing remains 

good u n t i l  March f o r  both recreat ional  and commercial 

fishermen. 

Bonito a r e  occasionally caught i n  f a i r  numbers by 

commercial passenger f i sh ing vesse l  and p i e r  and j e t t y  

fishermen during t h e  winter months, especia l ly  around warm 

water o u t f a l l s  along the  coast .  This provides considerable 



recreat ion when most f i sh ing is a t  a low ebb. 

3.4 Mexican Sport Fishery 

Commercial passenger f i sh ing vessels  operating out of 

Ensenada, Baj a California,  encounter Pac i f i c  bonito, ' but t h e i r  

main t a rge t s  a r e  more des i rable  species,  and no f igures  a r e  

avai lable  t o  document t h e i r  catch. An estimate of 0.12 times 

the  U.S. partyboat catch was made fo r  the  f i shery  analys is ,  

Section 5. 

3.5 Recreational Commercial Confl icts  

Between 1972 and 1975, l e s s  than a dozen letters wer'e 

received by the  Department of Fish and Game involving conf l i c t s  

between recreat ional  and commercial fishermen. However severa l  

of these letters were inqu i r i e s  from l e g i s l a t o r s  i n  response t o  

numerous complaints from t h e i r  const i tuente.  A l l  of the  com- 

p l a i n t s  involved commercial purse seine vessels  operating i n  the  

Santa Barbara Channel, pa r t i cu la r ly  during the  late f a l l  of 

1972, 1974, and 1975. 

Purse se ine  vessels  of ten  made catches of bonito i n  the  

Santa Barbara Channel near the coast and within s i g h t  of anglers  

aboard the recreat ional  f i sh ing vessels .  Allegations were made 

of d i r e c t  physical confrontation between recreat ional  and commer- 

c i a l  f i sh ing vessels .  

Subsequent t o  1975 bonito landings declined sharply and 

t h e  complaints from recreat ional  fishermen subsided. Although 

l e s s  complaints have been lodged recent ly ,  the  commercial 

f i shery  is now taking smaller f i s h  of a s i z e  previouely taken 

almost sole ly  by the recreat ional  f i shery  and may therefore  be 



competing more d i r e c t l y  with them f o r  t he  same resource than i n  

t h e  pas t .  

4.0 BIOLOGY 

4.1 Reproduction 

Based on co l l ec t ions  of eggs and l a rvae  (Klawe 1961; 

Pinkas 1961; Sokolovskii  1971), boni to spawn of f  southern Cali-  

f o r n i a  and Baja Ca l i fo rn i a  i n s i d e  of t h e  200-m (656 f e e t )  

i soba th  and i n  waters ranging i n  temperature between 1 6 ' ~  and 
\ 

2 0 ' ~  ( 6 1 ° ~  and 68OF). 

A two-year study of boni to maturi ty  and fecundity was 

i n i t i a t e d  by t h e  Department of  Fish and G a m e  (DFG) i n  September 

of 1974 and has shown, from ex te rna l  examinations of male gonads 

and from egg diameter measurements of female gonads, t h a t  boni to 

have a spawning season t h a t  l a s t s  from March through Ju ly  

(Black 1970) . Further  ana lys i s  of t he  f i r s t  y e a r ' s  

samples appear t o  s u b s t a n t i a t e  f i nd ings  on the  spawning behavior 

of t h e  same spec ies  of boni to found o f f  t h e  coas t  of Peru 

(Devildoso 1960): 1 )  boni to spawn between t h e  beginning of spr ing  

and t h e  end of summer, 2) t h e  gonads a r e  a c t i v e  f o r  a longer  

per iod of time i n  males than i n  females, 3) o lde r  f i s h  start t o  

mature sooner i n  t h e  season than do t h e  younger ones,  4) females 

appear t o  spawn more than once each season, and 5) no t  a l l  t h e  

eggs produced during a season a r e  spawned, some remain i n  t h e  

ovary and a r e  absorbed before  t he  next  spawning cycle .  

The DFG study a l s o  revealed t h a t  females 3 yea r s  and o lder  

begin spawning i n  March and probably spawn more than once during 

the  season, while  younger females begin spawning a c t i v i t y  i n  June 



and may spawn only once. Reproduction takes  p lace  i n  100% of 

t h e  males and 97.5% of t he  females when 2 years  of age,  while  

a l l  f i s h  3 years  and o lde r  w i l l  reproduce. No e s t ima te s  have 

been made of t he  number of eggs spawned by females of p a r t i c u l a r  

lengths  and ages because of t h e  d i f f i c u l t y  of making such 

es t imates  f o r  a mu l t ip l e  spawner which does not  spawn a l l  of i t s  

maturing eggs. 

Evidence gathered i n  t h i s  study suggests  t h a t  spawning by 

1- and 2-year-old boni to  takes  p l ace  during cold water years  i n  

a r eas  influenced by warm water discharges,  even when boni to  a r e  

absent  from the  r e s t  of southern Ca l i fo rn i a  water during the  

spawning season. Bonito t ag  r e tu rns  i n d i c a t e  t h e r e  may be  small 

numbers of young r e s iden t  f i s h  t h a t  s t a y  i n  t hese  a r e a s  f o r  a s  

long a s  2 years ,  providing some recrui tment  even i n  cold water 

years .  

4.2 Food Habits 

Onestudy revealed t h a t  t he  northern anchovy, EngrauZia 

mordux, is t h e  major food i tem i n  the  d i e t  of P a c i f i c  boni to;  

t h a t  common squid,  LoZigo opaZescen8, forms an  important p a r t  of 

t h e  boni to d i e t  from January through June; and t h a t  miscellaneous 

f i s h ,  such a s  sard ines ,  and few crustaceans make up a s m a l l  

po r t i on  of t he  d i e t  (Oliphant 1971). 

4.3 S ize ,  Age, and Growth 

Campbell and Co l l in s  (1975) g ive  the  von Ber ta lanf fy  

equat ion f o r  length  i n  cm 

L = 76.87 [1-e -' 6215(t + " 410)] , where L equals  t h e  f i s h e s  

length  a t  any given age t ,  and t h e  length-weight r e l a t i o n s h i p  

W(kg) = 7.62728 x ~ o - ~ L ~ *  (cm) . 



TABLE 4.1. Average Growth o f  P a c i f i c  Bonito i n  Lennt@:and Weight by Month*. 

Non t h  

October 
Novemb e r  
December 
January 
Feb ruary 
llarch 
A p r i l  
May 
June  
J u l y  
Augus t 
S ep t emb er 
October 
November 
December 
January 
February 
Idarch 
Apr i 1 
-Y 
June 
J u l y  
Au gus t 
September 
October 
No vemb e r 
December 
January 
February 
Xarch 
A p r i l  
?lay 
June  
Ju  l y  

Age Fork 
(months) c m  

l e n g t h  
inches  

12.2 
1 3 . 1  
13.9 
14.8  
15.6 
1 6 . 3  
17.0 
17.7  
1 8 . 3  
18.9 
19.5 
20 .o 
20.6 
21.0 
21.5 
21.9 
22.4 
22.8 
23.2 ' 

23.5 
23.8 
24.2 
24.5 
24.8 
25.0 
25.3 
25.6 
25.8 
26.0 
26.2 
26.4 
26.6 
26.8 
27 .O 

T o t a l  l e n g t h  
crn i n c h e s  

35.5 14.0  
37.9 14.9 
40.2 15.8  
42.3 16.7  
44.3 17.5 
46.3 18.2  
48.1  18.9 
49.8 19.6 
51.5 20.3 
53.0 20.9 
54.5 21.5 
55.9 22.0 
57.3 22.6 
58.5 23.0 
59.7 23.5 
60.9 24.0 
62.0 24.4 
63.0 24.8 
64.0 25.2 
64.9 25.6 
65.8 25.9 
66.7 26.3 
67.5 26.6 
68.2 26.9 
68.9 27.1 
69.6 27.4 
70.2 27.7 
70.4 27.7 
71.5 28.1 
72.0 28.3 
72.5 28.5 
73.0 28.7 
73.5 28.9 
73.9 29.1  

Weight 
kg l b  s 

0 .31  0.67 
0.38 0.84 
0.47 1 . 0 3  
0.56 1.23 
0.65 1.44 
0.75 1.67 
0.86 1 .90 
0.97 2.14 
1.08 2.39 
1.19 2.63 
1 .31 2.89 
1 .42 3.13 
1.54 3 .41 
1.66 3.66 
1 .78  3.92 
1.89 4.17 
2.01 4 .43 
2.12 4.67 
2.23 4.92 
2.34 5.16 
2.45 5.38 
2.55 5.63 
2.65 5.86 
2.75 6.07 
2.85 6.28 
2.94 6 .48  
3.03 6.68 
3.12 6.87 
3.20 7.07 
3.29 7.24 
3.37 7.41 
3.44 7.58 
3.52 7.75 
3.59 7.89 

* Reference,  Campbell and C o l l i n s ,  1975. 



Fish 15  t o  25 cm (6 t o  10 in . )  long a r e  observed by f i sh-  

ermen i n  t he  e a r l y  summer; by t h e  following spr ing  these  f i s h ,  

now 1-year-old, a r e  45 cm (15 i n . )  i n  length  and weigh about 1 kg 

(2 l b . ) .  These f i s h  w i l l  weigh 1.4 kg (3  l b . )  o r  more by 

September, 4 pounds i n  December and by the  following May w i l l  

weigh about 2.3 kg (5 l b . ) .  The next  year  these  3-year-olds w i l l  

weigh 3.2 t o  3.5 kg (7 t o  7.5 lb . )  and be about 68 cm (27 i n . )  

long (Table 4.1). There is  a v e r i f i e d  r epo r t  of boni to  100 cm 

(40 in .  ) i n  length  weighing 11 kg (25 lb .  ) , and an unver i f ied  

r epo r t  of a 17 kg (37 lb . )  f i s h  (Campbell and Co l l in s  1975). 

4.4 Migration 

I n  1968, a tagging p r o j e c t  w a s  i n i t i a t e d  t o  s tudy t h e  

movements and growth r a t e s  of bonito.21 Since 1968, over 11,200 

boni to have been tagged and re leased  along t h e  coas t  from Monterey 

Bay, Ca l i fo rn i a ,  t o  Cape San Lazaro, Baja Cal i forn ia .  Over 1,100 

t ags  have been recovered by s p o r t  and commercial fishermen. 

These have provided information about boni to movements and have 

confirmed short-term growth r a t e  es t imates .  These f i s h  appear 

t o  move randomly i n  l o c a l  waters ,  although t h e r e  is a d e f i n i t e  

movement down t h e  southern Ca l i fo rn i a  coast  during t h e  winter  

months, and northward i n  t h e  l a t e  summer and e a r l y  f a l l ,  i n  an 

apparent response t o  changes i n  t h e  temperature of t h e  ocean 

water . 
The major i ty  of t ag  r e tu rns  came from f i s h  t h a t  had 

t rave led  l e s s  than 32 km (20 mi les ) .  Several boni to tagged of f  

L 1 - 
Col l ins ,  Robson A. ,  and S. G a i l  Campbell, M.S. The migrat ion of P a c i f i c  
boni to i n  the eas t e rn  North Pac i f i c .  On f i l e  a t  Ca l i fo rn i a  S t a t e  F i she r i e s  
Laboratory, Long Beach. 



Baja Ca l i fo rn i a  i n  June were recaptured by purse s e i n e r s  near 

Santa Barbara 4 t o  6 months l a t e r .  Bonito tagged near  Santa 

Barbara have been recovered a year and a ha l f  l a t e r  o f f  Baja 

Cal i forn ia .  Bonito t h a t  t r ave l ed  long d i s t ances  moved from 

Mexico t o  l o c a l  waters i n  t h e  summer months and back again i n  

t h e  winter  (Figure 4.1).  

Two of t he  22 boni to t h a t  have been recovered more than 2 

years  a f t e r  tagging were recovered wi th in  2 km (1.6 m i . )  of the  
4 

r e l e a s e  poin t  a t  King Harbor, Redondo Beach, a heated water 

discharge a rea .  

Data from our tagging study i n d i c a t e  t h a t  heated water 

discharges from c o a s t a l  e l e c t r i c  generat ing s t a t i o n s  s t rongly  

inf luence  the  migrat ion of young boni to i n  southern Ca l i fo rn i a  

waters.  Extensive tagging of f i s h  found i n  heated water plumes 

has  revealed t h a t  t hese  f i s h  e i t h e r  remain i n  t he  a r e a  of t he  

d ischarge  o r  tend t o  migrate  t o  another heated d ischarge  a rea .  

Most of these  f i s h  were a t  l i b e r t y  l e s s  than 2 years .  However, 

two f i s h  a t  l i b e r t y  f o r  almost 3 years  were recovered i n  t h e  

same heated water discharge where they were o r i g i n a l l y  tagged. 

W e  cu r r en t ly  be l i eve  t h a t  t h e  f i s h  found i n  t h e  heated 

water discharge a r e a s  a r e ,  f o r  t he  most p a r t ,  young of t he  year 

spawned i n  southern Ca l i fo rn i a  waters ,  t h a t  have been i n t e r -  

cepted on t h e i r  way south during the  e a r l y  win ter .  These f i s h  

remain i n  southern Ca l i fo rn i a  waters  t he  year round and a r e  l e s s  

l i k e l y  t o  migrate south i n t o  Baja Ca l i fo rn i a  waters  during the  

winter  when they g e t  o lder .  



FIGURE 4.1 . Gross migrations of Pac i f i c  bonito. 



TABLE 4.2. Year-Class Composition o f  P a c i f i c  Boni to  Cornmercia.1 P n s s e ~ l g e r  F i snfng  Vessel  Catches 
Made Off Southern C a l i f o r n i a .  

Year 
c l a s s  1970 1971 1972 1973 1974 1975 1976 1977 1978 TOTAL 

Year 
1972 5,447 85,892 324,713 0 0 0 0 0 416,052 

1977 0 0 0 0 0 0 45,564 116,398 161,962 

19 78 

TOTAL 5,588 96,421 852,792 23,433 129,732 1,575 242,946 116,398 



PARTYBOAT CATCH 1972 - 1978 

6 s - 30 35 4 0 4 5  50 55 60 65 7 0 7 5  8 0 ' . .  
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- FIGURE 4.2 .  Average l eng th  composit ion o f  spo r t  and' commercial catches 
o f  P a c i f i c  boni to .  



4.5 "Size  and Age of Catch 

During the  period 1969-1974 boni to caught by sportsmen 

were genera l ly  l e s s  than 2 years  of age and o f t e n  a s i n g l e  

year-class  supported t h e  f i s h e r y  through a per iod of 2 t o  3 

years ,  a s  w a s  t he  case  from 1972 through 1974 (Table 4.2) . 
Commercial landings on the  o the r  hand consis ted almost ex- 

c lu s ive ly  of f i s h  2 years  and o lder .  Recently however, both 

s p o r t  and commercial catches from Ca l i fo rn i a  waters have been 
4 

pr imar i ly  composed of young of t he  year ,  with a few 1 year-old 

f i s h  being taken i n  t he  e a r l y  sunrmer (Figure 4.2).  

4.6 Natural  Mor ta l i ty  

An es t imate  of instantaneous r a t e  of n a t u r a l  mor t a l i t y ,  

M, f o r  boni to is not  ava i l ab l e ,  bu t  reasonable va lues  can be 

derived based on the  population biology of the  stock. The 
rn 

maximum age,  Tmx, of boni to i n  age frequency s t u d i e s  is 6 

years  and K, t h e  von Ber ta lanf fy  growth parameter, is 0.62 

(Campbell and Co l l in s  1975, s ee  Sec. 4.3).  Based on these  

va lues ,  M would be between 0.8 and 1.1 using r e l a t ionsh ips  

from Beverton and Hol t ' s  (1959) review. Using t h e  method of 

Alverson and Carney (1975), M equals  0.60 f o r  t h e  above values 

of T,,, and K. The Beverton and Holt r e l a t i onsh ip  between K 

and M was based on temperate water spec ies  and may not  apply t o  

warmer water spec ies  such a s  boni to.  Also the  es t imates  of 

asympotic maximum length,  L =, and Ga, were most l i k e l y  on the  

low s i d e  which would lower t h e  es t imates  of K and M using both 

methods. A reasonable va lue  of M f o r  population models i s  

l i k e l y  between 0.6 and 0.8. 



5.0 FISHERY ANALYSIS 

5 . 1  Production Model 

Measurement of Abundance 

The r ec rea t iona l  f i s h e r y  usua l ly  ca tches  boni to  age 

0 and 1, and t h e  ca t ch  per  angler  r e f l e c t s  t h e  abundance 

of these  f i s h  (MacCall, S t au f f e r  and Troadec 1976). The 

commercial f i s h e r y  usua l ly  caught boni to aged 2 ,  3 and 4, 

up u n t i l  t h e  1975 season when t h e  age compoeition began 

s h i f t i n g  toward younger f i s h .  The commercial f i s h e r y  

i t s e l f  uses  a e r i a l  scout ing t o  l o c a t e  f i s h ,  and t h e  log- 

books from these  p i l o t s  provides a second index of 

abundance (Squire 1972). I f  these  two ind ices  of 

abundance p e r t a i n  t o  t he  same s tock  of f i s h ,  t h e  age 

composition of t h e  ca tches  by t h e  two f i s h e r y  segments 

suggests  t h a t  a t i m e  l a g  is necessary t o  compare values.  

When t h e  a e r i a l  index is  compared wi th  t h e  mean angler  

CPUE index of two and t h r e e  years  e a r l i e r  (Figure 5.1) ,  

a good r e l a t ionsh ip  is  evident  ( r  = 0.91). This  agree- 

ment supports  t h e  hypothesis t h a t  each index r e l a t e s  t o  

t he  abundance of t he  same s tock ,  and a combined index is  

the  b e s t  a v a i l a b l e  measure of r e l a t i v e  abundance. I n  

order  t o  provide equal  weighting of t h e  two ind ices ,  t h e  

ca tch  per  angler  index was mul t ip l i ed  by 0.674 t o  br ing  

i t s  average value t o  equivalence wi th  t h e  a e r i a l  log- 

book abundance index. The o v e r a l l  index of abundance i s  

ca lcu la ted  by t h e  following formula: 
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where Ii is  abundance index i n  year  i, 

Ai is  day a e r i a l  s p o t t e r  index f o r  boni to ,  and 

Pi is  ca tch  per  angler  index. 

Values a r e  given i n  Table 5.1. 

5.1.2 Catch 

Two sets of catches were examined. The ca tch  from 

Ca l i fo rn i a  waters was estimated by combining t h e  commer- 

c i a l  landings from Ca l i fo rn i a  waters  with t h e  est imated 

r ec rea t iona l  ca tch  from Ca l i fo rn i a  waters.  Recreat ional  

ca tch  was estimated t o  be  2.02 t i m e s  t h e  repor ted  party- 

boat ca tch  i n  number, a t  an average weight of 3.56 l b /  

f i s h .  To ta l  landings from a l l  waters  included t h e  above, 

p lus  commercial landings from south of t he  border ,  long 

range partyboat  ca tches ,  es t imated Mexican r e c r e a t i o n a l  

catches (12% of Ca l i fo rn i a  ca t ch ) ,  and repor ted  o r  

est imated Mexican commercial catch.  Values a r e  given i n  

Table 5.2. 

5.1.3 Fishing I n t e n s i t y  Index 

An index of f i sh ing  i n t e n s i t y  was obtained by d iv id ing  

ca tch  by the  index of abundance. 

where f i . i s  f i sh ing  i n t e n s i t y  index i n  year  i, and 

Ci is ca tch  ( e i t h e r  Ca l i fo rn i a  o r  t o t a l ) .  

Values a r e  given i n  Table 5.3. 

5.1.4 F i t t i n g  Procedure 

Catches and f i sh ing  i n t e n s i t y  index values were used 

a s  input  t o  t h e  program PRODFIT (Fox 1974). Because two 



TABLE 5.1. Abundance Indices  Used i n  Production Model. 

2 Year Combined Scaled 
Mean Abundance Abundance 

Aerial  Angler CPUE , Index Index 
Day CPU E Lagged (Aer i a  1 (Percent ,  

Year Index Index 2 Years Basis)  2.0 = 100%) 

11 - 
Aerial  Index Data Lacking. Abundance based on angler  CPUE alone.  



TMLE 5.2. Catches i n  Thousands of Pounds Used i n  Production Model. . 

Cal i forn ia  South of S t a t e  
21 Sport- 

and 
Ifex i c  o  U .  S. Tota l  

Year 'sportL1 Comerc ia l  Total  Commercial Comerc ia l  To ta l  Fishery 

11 Cal i forn ia  s p o r t  catch i s  2.02 x partyboat  ca tch ,  a t  3.56 l b / f i s h .  - 
2/  llexican s p o r t  catch i s  0.12 x U.S. partyboat ca tch ,  a t  3.56 l b l f i s h .  - 
31 Plexico commercial catch assumed t o  be 1000. - 
4 / Pr e l in ina ry  



TABLE 5.3. Fishing. I n t e n s i t y  Indices  Used i n  Produrt ion Model. 

CALIFORNIA FISHERY TOTAL FISHERY 

Abundance 
Index 

(Aerial  
Year Basis) 

Ca t ch 
(Tho us ands 
of pounds) 

2 year 2 year 
weighted weighted 

Fishing average Catch F ish ing  average 
i n t e n s i t y  f i s h i n g  (Thousands i n t e n s i t y  f i sh ing  

index i n t e n s i t y  of pounds) index i n t e n s i t y  

11 Aeria l  index d a t a  lacking.  Abundance based on partyboat CPUE alone. - 
21 Not averaged due t o  lack  of previous da t a  poin t .  - 



year  c l a s s e s  (ages 2 and 3) con t r ibu te  most of t he  commer- 

c i a l  ca tch ,  a two-year weighted average of f i s h i n g  in- 

t e n s i t y  (fi*) was used a s  an equi l ibr ium approximation: 

fi* = 213 f i +  1 / 3  fi-l 

When no r e s t r i c t i o n s  were put on t h e  f i t t i n g  procedure, 

t h e  Ca l i fo rn i a  f i s h e r y  da t a  gave a v i r g i n  abundance index 

of about 1 .8,  while  t he  t o t a l  f i she ry  da t a  gave a v i r g i n  

abundance index of about 2.2. The t r u e  v i r g i n  abundance 

index must be the  same f o r  both the  Ca l i fo rn i a  and t h e  

t o t a l  f i s h e r i e s ,  and the  above two values r ep re sen t  t h e  

s t a t i s t i c a l  v a r i a b i l i t y  i n  i t s  est imation.  An i n t e r -  

mediate va lue  of 2.0 f o r  t he  v i r g i n  l e v e l  of abundance 

appears reasonable,  and the  two sets of da t a  were forced 

t o  conform t o  t h i s  i n t e r c e p t .  Catches f o r  1963 t o  1974 

were used f o r  t he  Ca l i fo rn i a  f i she ry ,  where more recent  

years  have shown a s h i f t  i n  age composition and a r e  no t  

comparable. The d a t a  s e r i e s  f o r  t he  t o t a l  f i s h e r y  w a s  

extended t o  1976. 

The r e s u l t i n g  production curves (Figures 5.2 through 

5.5) a r e  now cons i s t en t  wi th  each o the r  a s  w e l l  a s  with 

the  observed data .  The abundance index has a l s o  been 

sca led  such t h a t  100% is  equal  t o  a value of 2.0,  allowing 

a gene ra l i za t ion  of t he  production curve. Abundance, 

expressed a s  percent  of maximum, may be i n t e r p r e t e d  in- 

dependently of t h e  method of measurement, and w i l l  be  used 

i n  t he  management s e c t i o n  of t h i s  document. 



CALIFORNIA 
FISHERY 

2-YEAR AVERAGE FISHING INTENSITY 

FIGURE 5.2. Production model f i t  t o  the Ca l i fo rn ia  segment o f  the boni to 
f i shery . 



CALIFORNIA FISHERY 

ABUNDANCE INDEX 
FIGURE 5.3 .  Equi l ibr ium y i e l d  curve f o r  the C a l i f o r n i a  segment, o f  the bonito f i s h e r y .  



TOTAL FISHERY 

2-YEAR AVERAGE FISHING INTENSITY 
FIGURE 5.4. Production model f i t  t o  t h e  t o t a l  boni to  f i she ry .  



TOTAL FISHERY 

ABUNDANCE INDEX 

FIGURE 5.5. Equilibrium yield curve for total bonito fishery. 



5.1.5 Discussion 

The production curves indicate MSY from California 

waters to be about 10,000 short tons, occurring at a 

* scaled abundance index of 33%. MSY for the total fishery 

is about 13,000 tons, occurring at an abundance index of 

22%. The production curves are skewed, with peak pro- 

duction occurring at less than one half maximum abundance. 

As is appropriate, the production curve for California 

waters, representing a fraction of the stock, lies within 

the production curve for the total stock. The difference 

between the curves is not as great as should be expected 

if the southern segment is large compared to the northern 

segment. A reason for this inconsistency is the fact 

that the fishery did not exploit the southern stock 

heavily until recently (see Table 3.1, Figure 3.1). 

Thus, the production model tends to reflect the extent of 

actual fishing which occurred rather than the potential 

yield which could occur. As a result, this production 

model may overestimate the southern California equilibrium 

yield as a proportion of the total equilibrium yield. 

However, if the fishery in California waters effectively 

exploits the entire resource, the southern California 

equilibrium yield would be identical to the total equili- 

brium yield. This latter case does not seem reasonable 

based on recent catch history. In addition, violations 

of the equilibrium assumption may lead to over-estimates 

of productivity. The model assumes that the abundances 



observed a r e  near  t h e  t r u e  equi l ibr ium abundance f o r  t h e  

l e v e l  of average f i s h i n g  i n t e n s i t y  ind ica ted .  The 2-year 

averaging of f i s h i n g  i n t e n s i t y  is  intended t o  approximate 

equi l ibr ium condit ions.  I n  a c t u a l i t y ,  t h e  f i s h e r y  developed 

so  rap id ly  t h a t  t h e  observed abundance probably was higher  

than the  t r u e  equi l ibr ium abundance. This b i a s  causes 

MSY t o  be over-estimated, and a l s o  causes t h e  peak of t h e  

apparent equi l ibr ium yield-curve t o  be s h i f t e d  toward low 

abundance. Thus, we s t rong ly  suspect  t h a t  t h e  t r u e  e q u i l i -  - 

b r i m  y i e l d  i s  lower than shown f o r  Ca l i fo rn i a  waters ,  and' 

possibly f o r  t o t a l  ca tch ,  and t h e  l e v e l  of abundance 

corresponding t o  any p a r t i c u l a r  equi l ibr ium y i e l d  is  higher  

than given by t h e  model. For t h i s  reason, y i e l d  recommen- 

da t ions  a r i s i n g  from l i t e r a l  i n t e r p r e t a t i o n  of these  pro- 

duct ion curves probably e r r  on t h e  s i d e  of over-exploita- 

t ion .  Accordingly, optimum y i e l d  i s  l i k e l y  t o  occur a t  

lower catch l e v e l s  and higher abundances than given by 

these  production models. 

F ina l ly ,  these  production models a r e  based on an age 

s t r u c t u r e  of commercial ca tch  corresponding t o  f i s h  age 

2 yea r s  and o lder .  I f  the  f u t u r e  f i s h e r y  depa r t s  from 

t h i s  average age composition, t h e  p red ic t ions  of t he  

model w i l l  no t  be accura te ,  and a c t u a l  equi l ibr ium y i e l d s  

a r e  l i k e l y  t o  be lower than given here.  This  is  an 

important f a c t o r  i n  considering minimum s i z e  r e s t r i c t i o n s  

t o  be placed on t h e  f i she ry .  

5.2 Yield per  Recrui t  Models 

A y i e l d  per  r e c r u i t  model w a s  developed f o r  t h e  boni to  



fishery treating the recreational and conpercia1 fisheries as 

separate competing harvestors. Yield per recruit analyses 

provide criteria for setting minimum size limits and suggesting 

levels of exploitation, but ignore the impact of exploitation 

on the reproductive potential of the stock. Examination of the 

spawning biomass per recruit provides a means of evaluating the 

impact of alternative size limits on the relative magnitude of 

the spawning biomass. 

The yield per recruit analysis was done using the computer 

program MGEAR modified to include spawning biomass per recruit. 

This program allows for age specific growth rates and fishing 

and natural mortality rates for multiple gear fisheries. Growth 

data were taken from Campbell and Collins, 1975 (see section 

4.3). Two alternative values for instantaneous rate of natural 

mortality were assumed, 0.6 and 0.8 (section 4.6). The birth- 

date of bonito was assumed to be May 1 and age 0 fish were 

assumed to enter the fisheries in October at 0.42 years of age. 

The relative magnitude of sge specific fishing mortality rates 

(F vector) were based on the age composition for recreational 

and commercial fisheries (section 4.5) and in general on a level 

of F for the recreational fishery equal to 0.1 of the F for the 

commercial fishery for age 0 and 1. This latter relationship is 

based on the ratio of recreational catch to commercial catch 

for the years 1971-1974 (Table 5.2). 

Results of the yield per recruit analysis including 

percent of maximum spawning biomass per recruit are presented 

in Table 5.4 and 5.5 for size limits of 3 lb, 5 lb, and 



TABLE 5.4. Pac i f i c  Bon i to  Y i e l d  per  R e c r u i t  and Spawning Biomass per  
R.ecruit f o r  Minimum S ize  Eva1 uat ion.  

1)  Y i e l d  per  r e c r u i t  f o r  commercial f i s h e r y  i n  pounds 

F 0.4 0.6 0.8 1 .O 

S ize 7.5 .25 .34 .40 .46 
l i m i t  5.0 .46 .60 .71 .80 Ibs .  

3.0 .61 .79 .92 1.02 

F 0.4 0.6 0.8 1 .O 

S ize 7.5 -52 .68 .87 .91 
l i m i t  5.0 .80 1.03 1.20 1.32 Ibs .  

3.0 .96 1.20 1.36 1.48 

2) Percent o f  maximum spawning biomass per  r e c r u i t  



TABLE 5.5. Percentage Change i n  Y i e l d  per  R e c r u i t  and Spawning Biomass 
p e r  Rec ru i t  f o r  Minimum Size Eva1 uat ions.  

1 )  Percentage change i n  y i e l d  pe r  r e c r u i t  

a) M = 0.8 

F 0.4 0.6 0.8 1 .O 

S ize  0+7.5 -62.8 -60.2 -57.7 -55.4 
l i m i t  0+5.0 -32.5 -28.9 -25.4 -22.2 

0+3.0 - 9.1 - 6.2 - 3.6 - 1.0 

F 0.4 0.6 0.8 1 .O 

S ize 0+7.5 -47.4 -42.8 -38.5 -34.0 
l i m i t  0+5.0 -19.5 -14.3 - 9.4 - 4.2 

9+3.0 - 3.3 0 + 3.3 + 6.4 

2) Percentage increase i n  s~awn ina  biomass oer r e c r u i t  

F 0.4 0.6 0.8 1 .O 

S ize 0+7.5 35.6 92.0 135.6 187.5 

l i m i t  0+5.0 38.8 63.5 92.6 126.9 

0+3.0 15.4 29.9 33.1 43.0 

F 0.4 0.6 0.8 1 .O 

S ize 0+7.5 58.6 97.4 143.9 199.6 

l i m i t  0+5.0 38.8 53.5 92.6 126.9 

0+3.0 15.4 29.9 33.1 43.0 



c 7.5 id'. Generally y i e l d  per  r e c r u i t  w i l l  decrease by an 

amount l e s s  than 10% f o r  a 3 l b  minimum s i z e  l i m i t ,  and 

spawning biomass per  r e c r u i t  w i l l  i nc rease  by 15 t o  43%. For 

a 5 l b  s i z e  l i m i t  y i e l d  per  r e c r u i t  could decrease by a s  much 

a s  33% depending on values of F and M bu t  spawning biomass per  

r e c r u i t  could increase  by 39 t o  127%. The inc rease  i n  spawn- 

ing  biomass per  r e c r u i t  f o r  a 7.5 l b  minimum s i z e  l i m i t  could 

range from 56 t o  200% f o r  a 7.5 l b  s i z e  l i m i t  while  yield-per- 

r e c r u i t  could decrease by a s  much a s  63%. 

Although the  s tock/recrui tment  r e l a t i o n s h i p  is no t  known 

f o r  boni to ,  t he  increase  of spawning biomass per  r e c r u i t  caused 

by a minimum commercial s i z e  l i m i t  should r e s u l t  i n  g r e a t e r  re- 

crui tment ,  a t  least with t h e  cu r r en t ly  depressed s tock  s i z e .  

Thus t h e  reduced yield-per-recrui t  r e s u l t i n g  from a 5 o r  7.5 

l b  s i z e  l i m i t  w i l l  probably be more than compensated f o r  by 

t h e  concomitant i nc rease  i n  recrui tment .  

5.3 S t a t u s  of the  Stock 

The boni to resource appears t o  have been overf ished 

beginning with 1973 when t h e  index of abundance f i r s t  dropped 

and remained below 25% (Table 5.1) .  Commercial landings taken 

i n  Ca l i fo rn i a  waters have decl ined from the  maximum of 9,300 

tons  i n  1973 t o  a l i t t l e  over  1,000 tons i n  1977 (Table 3.1). 

During t h i s  per iod U.S. commercial ca tches  of f  Mexico increased 

t o  a peak of 14,200 tons  i n  1975 (Table 3.1) and then decl ined 

3 / - 
These s i z e  l i m i t s  i n  pounds a r e  equivalent  t o  t he  following lengths  and ages 

1. 3.0 l b ,  20 inches FL, 16 months 
2. 5.0 l b ,  24 inches FL, 2 years  
3. 7.5 l b ,  27 inches FL, 3 years  



t o  about 3,000 t o n s  i n  1978. I n  1973 bo th  t h e  a e r i a l  day 

index and t h e  c a t c h  p e r  a n g l e r  index dropped t o  below one- 

h a l f  of t h e i r  v a l u e  observed i n  t h e  e a r l y  1960 's  and have 

cont inued t o  d e c l i n e .  Commercial l and ings  of b o n i t o  caught 

i n  sou thern  C a l i f o r n i a  i n  1977 and 1978 a r e  of f i s h  o f  t h e  0 

age  group. Also t h e  a n a l y s i s  of t h e  p roduc t ion  model ( s e c t i o n  

5 .1)  conf i rms t h e  s t o c k  has  been over f i shed  s i n c e  1973. The 

s t o c k  i n  1978 con t inues  t o  be  depressed and t h e r e  a r e  no s i g n i -  

f i c a n t  s i g n s  of improvement. 

0 ECONOMIC CHARACTERISTICS 

6 .1  Value of Landings 

I n  amount and v a l u e  of l a n d i n g s ,  b o n i t o  are one of t h e  

top  t e n  f i s h  landed commercially i n  C a l i f o r n i a .  Bonito have 

ranked approximately seven th  i n  l and ings  and seven th  and e i g h t h  

i n  v a l u e  over  t h e  p a s t  few y e a r s .  Bonito have ranked behind 

t h e  f o u r  tuna s p e c i e s  (ye l lowf in ,  s k i p j a c k ,  a l b a c o r e  and blue- 

f i n ) ,  and anchovy, j a c k  mackerel  and squ id  i n  l a n d i n g s  and have 

ranked behind t h e s e  a s  w e l l  as salmon and r o c k f i s h  i n  va lue .  

The v a l u e  of l and ings  i n c r e a s e d  markedly a f t e r  1970, jumping 

from a previous  h igh  v a l u e  of 0.9 m i l l i o n  d o l l a r s  i n  1967 t o  

over  3 .9  m i l l i o n  d o l l a r s  i n  1975 (Table 6 .1) .  The average 

v a l u e  of l and ings  f o r  t h e  p e r i o d  1971-1977 i s  2.6 m i l l i o n  

d o l l a r s .  The e x v e s s e l  p r i c e  has  a l s o  been r i s i n g  i n  t h e  1970's .  

The average e x v e s s e l  p r i c e  f o r  t h e  pe r iod  1960-1969 ranged from 

$50-94/ton. The p r i c e  jumped t o  $142/ton i n  1970 and was 

approximately $322/ton i n  19774~.  

4 / - 
I n  1979, cannery f i s h ' b r o u g h t  $580/ ton f o r  f i s h  over 4 pounds, and $550/ton 
f o r  f i s h  l e s s  t h a n  4 pounds. Some f i s h  a r e  a t  c a n n e r i e s  and a t  t h e  San 
Pedro market f o r  $315/ton.  These lower-valued f i s h  weigh less than  3 pounds. 



6.2 Processed Bonito Products 

Pacif ic  bonito a re  primarily u t i l i zed  fo r  canning. An 

average of six plants  canned bonito i n  the  period 1970-1976, 

when the number of plants  f luctuated between 4 and 7 plants.  

The majority of bonito i s  canned by the major tuna canneries 

operating i n  Terminal Island. One cannery i n  San Diego also 

regularly cans bonito. A processor i n  Port  Hueneme canned 

bonito i n  1972 and 1973, but no longer handles t h i s  product. 

Bonito a r e  canned i n  several  d i f fe ren t  packs (Table 6.2). The 

greates t  quant i t ies  a r e  canned eolid o r  chunk i n  o i l ,  with some 

canned a s  flakes i n  o i l .  Small amounts of bonito a r e  cured and 

smoked. There have been from 3 t o  11 plants  processing smoked 

bonito during the period 1970 t o  1976. These plants  have been 

located i n  such'places as San Diego, Santa Barbara, and Los 

Angeles. The t o t a l  amount of bonito processed through canning 

or  smoking has ranged during the period 1970-1976 from 2.814 

mill ion l b s  i n  1970 t o  a high of 13.088 mill ion l b s  i n  1973, 

with the value of processed bonito ranging from 1.5 t o  10.0 

mill ion do l la rs  for  these years (Table 6.2, Table 6.3). 

The wholesale pr ice  of canned bonito, deflated by the 

wholesale pr ice  index, has fluctuated during the period 1960-1977 

(Figure 6.1). The pr ice  f luctuat ions  have closely followed those 

f o r  canned tuna i n  the past few years. The pr ice  spread between 

tuna and bonito has been f a i r l y  consistent over the  years, with 

bonito remaining a lower-priced product. 

Small quant i t i es  of bonito may be sold f resh o r  frozen, 

but there a r e  no recorded f igures  on th i s .  The o f f a l  from the 



TABLE 6.1. California Bonito Exvessel Price and Values o f  

Landed Exvessel 
Year val ue price 

Landings . 



TABLE 6.2. Processed Bonito Products - Quanti ti es 
i n  Thousands o f  Pounds. 

Canned, Canned, Canned, Cured, Tota l  
s o l i d  chunk f l  akes smoked processed 

Year i n  o i l  i n  d i l  i n  o i l  f i s h  boni t o  

data no t  ava i lab le  

Source: NMFS, Processed Fishery Products, various annual reports. 

TABLE 6.3. Processed b n i t o  Products - Molesale Values 
i n  Thousands of Dal lars,  

Canned, Canned, Canned, Cured, Total 
s o l i d  chunk f lakes smoked processed 

Year i n  o i l  i n  o i l  i n  o i l  f i s h  boni to  

data not avai lable. 

Source: NMFS , Processed Fishery Products, various annual reports. 
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deflated by Wholesale Price Index, 1977=100. 
Source: National Marine Fisheries Service, Current Fisheries Statisttcs,  

Canned Fi shery Products, Annual Summaries. 



canning operations is mostly utilized for pet food and reduc- 

tion, as is the offal from tuna canning. 

6.3 Economics of the Size Limit 

Imposition of a size limit for commercial landings has 

three important effects: (1) it alters the physical and 

economic yield per recruit, (2) it alters the spawning biomass 

per recruit, and (3) it may reduce the direct competition for 

fish by recreational and commercial fishermen. The first of 

these effects is discussed in detail below, but the latter two 

also deserve some serious consideration. Because a yield-per- 

recruit analysis essentially ignores any stock-recruitment 

relationship, the size limit and fishing intensity chosen on the 

basis of yield-per-recruit may lead to "recruitment overfishing" 

(see Cushing, 1973, p. 114). If the level of recruitment is 

depressed due to fishing, then the economic value is reduced 

along with the total catch. An explicit incorporation of effects 

on recruitment in the analysis is not possible, unfortunately, 

because the relationship of recruitment to spawning stock size 

is unknown. Nevertheless, it is likely that maintenance of a 

larger spawning stock will result in a larger average annual 

recruitment. Since the yield-per-recruit analysis ignores any 

marginal effect of fishing on recruitment, and because an in- 

crease in size limit results in a larger spawning stock per 

recruit, it is also likely that the economically optimal size 

limit is somewhat greater than is determined solely through a 

yield-per-recruit analysis. Thus the size limit for the commer- 

cial fishery derived below is a lower limit to the range of size 



limits t o  be considered. 

When commercial fishermen take the small f i s h  ( l e s s  than 

about 60 cm) t ha t  a r e  prevalent i n  the recreational catch, the 

t o t a l  mortali ty of small f i s h  is  increased and, therefore, the 

abundance of s m a l l  bonito is reduced. A reduced angler catch 

r a t e  may r e s u l t  and the reduced catch r a t e  could r e su l t  i n  l e s s  

sat isfactory experiences i n  marine angling. The economic value 

of recreational f ishing and the amaunt of income generated by 

the marine recreational f ishery i n  California might, therefore, 

be improved with a larger s i z e  l i m i t  on commercially taken 

bonito. The analysis of t h i s  phenomenon has not been carried 

out due t o  the paucity of pertinent data. Despite the lack of 

quant i ta t ive  resu l t s ,  however, t h i s  consideration, l i k e  tha t  of 

recruitment e f fec t s ,  suggests tha t  a s i z e  larger  than tha t  

determined by a s t r i c t  yield-per-recruit analysis would be 

beneficial .  These comments serve t o  place the following 

analysis i n  proper perspective. 

An economics approach t o  the select ion of a s i z e  l i m i t  

f o r  bonito para l le l s  tha t  of the yield-per-recruit analysis i n  

section 5.2 above. The economic value per f i s h  increases with 

age and s ize ,  and the mortali ty occurring within an age year- 

c l a s s  reduces the number of animals i n  the year-class a s  the 

year-class ages. Thus the increasing value per r ec ru i t  must be 

balanced against  the mortali ty r a t e  i n  select ing an optimum s i z e  

l i m i t .  I f  economic value i s  given by simply multiplying a 

constant pr ice  t i m e s  the yield-per-recruit, then the economic 

s i z e  l i m i t  would be iden t ica l  t o  the  yield-per-recruit s i z e  l i m i t .  



However, two other factors must be considered in the 

economic approach. First, the percentage yield of fishery 

product increases with the size of bonito, at least for fish 

in the range of 1-112 to 4 pounds. Also, the amount of labor 

involved in cleaning and preparing a given quantity of canned 

bonito is greater when small fish are processed than when large 

fish are processed. For these reasons, the canners value larger 

fish more highly and offer a higher price for large fish. In 

1979 the canners were paying $580/ton for fish greater than 4 

pounds and $550/ton for smaller fish. Also, some bonito less 

than 3 pounds are sold to non-cannery buyers for $315/toa. If 

we take into consideration these landed values, rather than the 

weight per fish, then an economic yfeld-per-recruit analysis 

differs from the biological yield-per-recruit. 

The second economic concept is that of investment and 

discounting. In any given year the commercial fishery could 

take an increased catch and generate an increased economic value 

if it took smaller fish. In the long run the increased catch 

of small fish might cause a reduction in annual value of the 

fishery. Thus the foregoing of the small fish catch involves a 

trade-off through time. Current value is sacrificed in order to 

achieve a future value. The economic theory of optimum invest- 

ment (or capital budgeting) can be used in determining the 

point at which additional investment no longer is economically 

useful. In the case of size limits for commercial fish, the 

analysis of this investment problem has been considered in some 

detail by Clark (1976, pp. 269-292). The optimum economic 



decision is determined by maximizing the present value (PV) of 

the harvest ra ther  than maximizing the average annual value. 

Present value is defined as:  

where Vt is the value of landings i n  period t ,  and r . i s  a dis- 

count rate. The two keys t o  understanding t h i s  formula a r e  the 

interpreta t ion of the discount r a t e  and the dependence of annual 

landings value, Vt, upon the s i z e  l i m i t .  

The discount ra te ,  r, i s  seen t o  be a re f lec t ion  of the 

r a t e  of return tha t  the  investor could earn by placing the money 

i n  a regular investment instrument. I f  the future  payments a r e  

risky ( tha t  is, may not be paid) then the discount r a t e  used i n  

the calculation of present value should be higher than the r a t e  

of return on risk-free investments (see Baumol, 1965, p. 4 5 4 ) .  

A discount r a t e  of = 0.1 is used i n  the s i z e  l i m i t  analysis. 

In applying t h i s  discounting feature  t o  the  s i z e  l i m i t  analysis,  

the value of f i s h  harvested a t  each age is discounted back to  

the value a t  the age of 5  months. This assumes tha t  the f i s h  

could be caught a t  5  months, but a r e  normally allowed t o  grow 

older. 

The annual value from the fishery,  Vt, depends upon the 

age a t  f i r s t  capture and upon the f ishing intensi ty ,  jus t  a s  i n  

the  yield-per-recruit analyeis. As noted above, the size-varying 

pr ice  comes in to  play also,  because the economic value per pound 

of bonito var ies  with the s i z e  of the  f i sh .  Finally,  the dis- 

counting procedure requires tha t  the catch from each age cohort 



be discounted to reflect the present value at age 5 months. 

Tables 6.4 and 6.5 sununarize the results for the economic 

yield-per-recruit analysis. 

Since the yield varies with the rate of fishing mortality, 

F, the analysis was performed for a reasonable range of fishing 

mortality rates. With lower rates of fishing, the ideal size 

limit is lower than with higher rates of fishing. The discount 

rate used throughout was 10 percent. In view of the uncertainty 

regarding the true natural mortality rate, two different rates 

were used -- .8 in Table 6.4 and .6 in Table 6.5. With the 

higher mortality rate, the optimum size limit is, naturally, 

lower than with the higher rate. A final source of uncertainty 

arises from the market pricing arrangements. The canneries offer 

only two prices, $375/ton for fish less than 4 pounds and 

$405/ton for fish greater than 4 pounds. In 1978 some vessels 

were delivering smaller fish (less than 3 pounds) to the San 

Pedro "market" for $200/ton. These fish were reportedly bought 

by pet food manufacturers. The fishermen's union, however, has 

sought to eliminate the sale of the smaller fish for $200/ton. 

Thus it is not clear whether a 2-part pricing arrangement or a 

3-part pricing arrangement will prevail in the future. The 

analysis was carried out for both of the possible price structures. 

The size limits considered in the work were discontinuous, 

with dicrete jumps from 1.44 to 2.63 pounds and from 4.17 to 4.43 

pounds, because the fish are generally not available in the purse 

seine fishery during the time (February through June) when the 

fish pass through these intermediate sizes. A sunrmary of the 



4. Economic Yield-pel 
Fishing Mor ta l i t y  

s c r u i t  f o r  Two Di f fe ren t  
.tes. Natural  Mor ta l i t y  

3-Part ~ r i c i n S . 1  
Fish inn  Mor ta l i t v  Rate: 

P r i c e  S t r u c t u r e s  and Three 
(M) = .6. 

2-Part ~ r i c i n a  
Fishinn Morta l i tv  Ra te: 

Length Age 
(inches) (months) 

.6 .8 1.0 ---------------- d o l l a r s  

14.0 5 .176 . I95 .207 .192 .216 .232 
14.9 6 .178 .199 .212 ,193 .219 ,236 
15.8 7 .180 .203 .217 .194 .221 .239 
16.7 8 . I83 .207 .223 .194* .222 ,241 
20.9 14 .I84 .210 .228 .194 .223* .243* 
21.5 15  .186* .214* .233 .I89 .218 .239 
22.0 16  .I84 .213 .234* c ~ o r  remaininn s i z e s .  - - 

t h e  economic v i e l d  
t h e  
art 

- - - -  .I - 

23.0 1 8  .171 .199 ,221 pe r  r e c r u i t  i s  
23.5 19 .I64 .192 .213 same as f o r  3-p-- - 
24.0 2 0 .I55 .183 .204 p r i c i n g  a t  l e f t  . ] 
26.3 2 6 .147 .173 .I94 

,089 . lo6 .I20 

ces are $200/ton, $375/ton and $405/ton f o r  bon i to  less than  3 lb s . ,  3 t o  4 l b s . ,  
over  4 l b s .  

es are $375/ton f o r  boni to  of less than 4 l b s .  and $405/ton f o r  bon i to  which a r e  
ter than  4 l b s .  

tes optimum economic s i z e  f o r  given n a t u r a l  and f i s h i n g  m o r t a l i t y  r a t e s  and f o r  
p r i c e  s t r u c t u r e .  



- 
Table 6.5. Economic Yield-per-Recruit fo r  Two Different Price Structures and Three 

Fishing Mortality Rates. Natural Mortality (M) = .8. 

11 
3-Part ~ r i c i n s l  2-Part ~ r i c i n & /  

Size Limit- Fishing Mortality Rate: Fishing Mortality Rate: 

Weight Length Age .6 .8 1.0 .6 .8 1.0 
(lbs . ) (inches) (monghs) ---------------- dollar per recruit----------------- 

.I38 .I59 .I75 

.138* .I60 .I76 

.I38 .160* ,177 

.I34 .I60 .177* 

.I35 .I59 .I77 

.I30 .I53 .I71 
[For remaining f i sh  
s izes  the values 
a re  the same as  those 
a t  l e f t  , ] 

1 1 - 
Based on aame information a s  used i n  e a r l i e r  yield-per-recruit analysis (Sec. 4.7). 

2 1 - 
Prices a re  $200/ton, $375/ton and $405/ton for  bonito less than 3 lbs. ,  3 t o  4 lbs., 
and over 4 lbs.  

3 1 - 
Prices a re  $375/ton for  bonito of l e s s  than 4 lbs. and $405/ton fo r  bonito which a re  
greater than 4 lbs .  

* Denotes optimum economic s i ze  fo r  given natural  and fishing mortality ra tes  and for  
given pr ice structure.  



conclusions for economically optimal size limits on commercial 

tk'- 
6- catch appears in Table 6.6. In using these results it should 

be remesnbered that the derivation of these values took no 

count of the possible benefits to recruitment or recreation 

larger size limit. Also, Tables 6.4 and 6.5 allow a c m -  

utation of the percentage gain or loss caused by a size limit 

other than the nominal optimum. With M = .8 and F = .6 and 

3-part pricing, for inetance, an increase in size limit from 

2.89 to 4.17 (i.e. approximately 3- to 4 lbs), results in a 16 

percent reduction in economic yield-per-recruit. It is not known 

o what extent such a reduction in value per recruit would be 

eanpensated by the increased spawning biomass and the increased 

availability of small fish to the recreational fishery. 

6.6. Size Limits to Maxiraiee Econolaic Yield-per-Recruit for Various 
Values of Fishing Martality (F), Natural Mortality (M) and 

Natural Mortality - .8 Natural Mortality = .6 
3-part 2-part 3-part 2-Part 

pricing pricing 



7.0 MANAG- OPTIONS 

7.1 Alternatives Considered 

In developing the detailed management options presented 

below in sections 7.2 and 7.3, a wide range of alternative 

measures was considered. These measures were: 

1. Maintain the status quo 

2. Revise U.S. yellowfin tuna regulations 

3. Closed seasons for commercial fishing 

4. Closed areas for commercial fishing 

5. Bag limits for recreational fishing 

6. Size limits for commercial harvest 

7. Annual commercial catch quotas 

Rationales for either discarding or further pursuing each 

of these alternatives are summarized in this section. 

The consideration of possible management measures was 

undertaken with the premise that restrictions placed on each 

fishery segment ought to be proportional to the impact of that 

segment on the stock. Severe restriction of the take of a minor 

fishery segment will produce only a minor impact on the stock, 

while moderate restriction of a major fishery segment could 

produce a major effect. 

Currently, roundhaul nets, chiefly purse seines, are 

responsible for 95% of the impact on the bonito resource. Other 

commercial fishery segments; gill nets, trollers and hook and 

line fishermen account for about 3 X ,  and recreational fishermen 

about 2% of the total impact. 



7.1.1 Status Quo 

Present lack of management regulations has resulted 

in a depressed level of bonito abundance in the southern 

California area. Yet the bonito stock is important to the 

recreational fisheries (sec. 3.3) and is commercially 

valuable (sec. 6.1). If any effective management 

measures can be instituted to encourage the re-building 

of this stock of fish, then the status quo is not an 

acceptable alternative. 

7.1.2 Revise U.S. Yellowfin Tuna Regulations 

Section 3.1.4 discusses the linkage between the 

tropical tuna fleet and the bonito fishery. It is shown 

that a significant portion of the bonito taken from 

southern Baja California waters is caught by tropical 

tuna purse seiners from San Pedro and San Diego. Some of 

the bonito is taken by tuna vessels fishing under a yellow- 

fin tuna incidental catch regulation. The elimination of 

bonito from the species which are included in the total 

catch for purposes of calculating the percent of yellow- 

fin in catch would presumably reduce the incentive for 

catching bonito during tuna fishing trips. The analysis 

of bonito and yellowfin catches summarized in Table 3.3, 

however, indicates that bonito are fished largely for 

their market value and not because of the yellowfin 

regulations. Thus we have concluded that revisions to 

yellowfin regulations would not effectively control bonito 

fiehing by tuna vessels. 



7.1.3 Closed Seasons 

Comuercial f i sh ing  f o r  bonfto occurs primarily i n  t he  

months of July  through January. The f i s h  are ra re ly  

avai lable  t o  t he  f l e e t  during the  remaining 5 months of 

t he  year. Any season closure t o  control  annual harvest  

must c lose  some of t he  months i n  which f i s h  a r e  readi ly  

avai lable  t o  t he  f l e e t .  Examination of t he  monthly 

catches i n  Table 3.2, however, reveals t ha t  the re  is no 

s t a b l e  pa t te rn  of t he  f ishery during t he  7-month season. 

Monthly catch f o r  July ,  f o r  instance,  varied from 1% t o  

36% of the  annual t o t a l  during t he  period of 1972 

through 1976. Thus t he  e f f ec t  of a t i m e  c losure  on the  

annual catch would be highly unpredictable. This unpre- 

d i c t a b i l i t y  renders a seasonal closure an unrel iable  

management measure. 

7.1.4 Area Closures 

Area closures might be used t o  e i t h e r  reduce t o t a l  

catch o r  t o  prevent t he  capture of smaller f i s h  i n  near- 

shore areas. The d i s t r i bu t i on  of schools sighted by 

a e r i a l  spo t te r s  (sec. 3.1.3) indicates  t ha t  t h e  bonito 

schools sought by commercial vessels  i n  southern Cali- 

fornia  a r e  widely dispersed along the  coast from Point 

Conception t o  San Diego. Also, many of the  schools ex- 

p lo i ted  by t h e  U.S. f l e e t  a re  i n  southern Baja California 

waters. No spec i f i c  areas  appear t o  be su f f i c i en t l y  

important t o  the  f l e e t  t ha t  a closure would e f fec t ive ly  

l i m i t  the  annual catch. Confrontations between recrea- 

t i o n a l  and commercial fishermen indicated by complaints 



to the Department do not appear to be widespread or con- 

sistent enough to warrant closures for the purpose of re- 

ducing conflict. - 

7.1.5 Bag Limits 

Because the recreational catch is occasionally large 

enough to be a significant source of mortality, a limit to 

catch by anglere may be an important management measure 

when bonito stocks are depressed. In most years the 

recreational catch is so much smaller than commercial 

catch that control over total mortality can only be 

exercised through commercial catch regulation. Also, 

recreational fishermen catch smaller fish which are more 

abundant than the larger, spawning fish. Nevertheless, 

during years of exceptionally low bonito abundance, a 

reduced bag limit for recreational fishermen can be an 

important management measure. An option for reducing the 

bag limit is discussed below in Section 7-3. 

7.1.6 Size Limits 

As noted in both Seatiope 5.3 aqd 6,3 a size limit 

on commercially landed fish carr haw effl eEfect on the 

yield-per-recruit in both physical and economic terms. 

Reproductive potential of the stock is enhanced if the 

young adults are allowed to spawn at least once. Further, 

if the size limit is above the size at which recreational 

fishermen take bonito, this option can be used to reduce 

direct competition for fish between recreational and 

commercial fishermen. A size limit on the recreational 



fishery though, would essentially eliminate any sport 

catch since fish over 60 cm (24 inches) are seldom 

caught. Such a severe restriction on the recreational 

take seems unwarrairted in view of the impact of this 

fishery segment on the resource, and we have evaluated 

the effect of a 50% reduction in the allowable individual 

take when the stock is at a low level in its stead. The 

analysis of various size limits suggests that the degree 

of potential impact is great enough to make this useful 

for managing the stock. Also, the enforceability and 

acceptability of size limit regulations makes this a 

promising management tool. Suggested alternatives are 

discussed below in Section 7.2. 

7.1.7 Catch Quotas 

Catch quotas represent the most direct and effective 

control over total mortality in the bonito stock. Any 

serious attempt to improve the abundance of bonito in 

southern California must seek to reduce fishing mortality. 

There are various ways to formulate and alter catch quotas 

for commercial fishing. Some alternatives are discussed 

in Section 7.3. 

7.2 Size Limits 

Four alternative minimum size limits are evaluated for the 

commercial fishery. A minimum size limit for the recreational 

fishery is not considered because this would eliminate any sport 

catch since fish age 2 or older are seldom caught. The four 

limits for the commercial fishery are: 1) no limit (status quo), 





TABLE 7.1. Sumary of the  Effect  o f  S i ze  Limit Optiona 

Option 

ninimum None 3 POUNDS 5 POUNDS 74 POUNDS 
s i z e  (present condition) (50 cm o r  20 inches) (60 cm o r  24 inchar) (68 cm'or 27 i nch r r )  

INCIDENTAL 
OCCURRENCE 
OF SUBLEGAL 
FISH I N  
CATCH 

POTENTIALLY LARGE NUMBERS 
OF SUBLEGAL FISH 

mALL NUMBERS OF 
SUBLEW FISH 

LARGE NUMBERS OF 
SUBLEGAL FISH 

(2) YIELD P Y  
RECRUIT- 
(Change from 
opt ion  1)  

(3) NUMBER OF 
SPAWNING FEMONS 
BEFORE CAPTURE 

0 1 (Par t ia l )  

(4) SPAWNING BIPljASS 
PER RECRUIT- 34 t o  47 
(Percent of a 
maximum) (0) 

* (5) WWRCIAL VALUf, 
($) PER RECRUIT- 0.12-0.22 

(6) RELATIVE POTENTIAL 
VALUE OF 
CO-CIAL CAwIsJ 

1' Range of values f o r  M - 0.8, F - 0.6: M 0.6r F * 0.8 from ~ a b l e s  5.3 and 5.4. 

2' Value per r ec ru i t  times estimated increase i n  epawning bi-ss from row 4 above, divided by value f o r  no e i z e  limit, 
value per r e c r u i t  i e  from Table 5.5 f o r  F = 0.8 and a 3-part p r i c e  s t ruc tu re .  



The ccnmnercial value per recruit would be about the  same 

as the  previous option. The poten t ia l  value of the catch, taking 

i n t o  account increased spawning biomass per r ec ru i t ,  would be 30 

t o  33% greater  than under the  no minimum s i z e  Limit option. 

Size Limit Option 3. No f i s h  under 5 l b s  (24 inches o r  60 cm TL). 

Discussion: A 5 l b  s i z e  l i m i t  delays exploitation u n t i l  bonito 

reach sexual maturity. The growth r a t e  a t  t h i s  age is less than 

the mortali ty ra te ;  consequently the  yield-per-recruit could be 

9 t o  29% less than t h a t  f o r  the  no s i z e  l i m i t  a l ternat ive.  On 

the other hand spawning biomass-per-recruit may be 65 t o  76% 

of maximum, a 64 t o  93% increase from the  no l i m i t  a l ternat ive.  

Ths cammercial value per r ec ru i t  decreases t o  $0.09 t o  0.15llb 

per recru i t .  The potent ia l  value of the catch would be 23 t o  

32% greater  than the no l imi t  a l te rna t ive  and only s l i gh t ly  l e s s  

than the  3 l b  a l ternat ive.  Zn addition, the  recovery of the  

stock would be f a c i l i t a t e d  more than under Option 2. 

Size Limit Option 4. No f i eh  under 7.5 l b s  (27 inches or  68 cm TI 

Discuesion: This fourth a l te rna t ive  size l i m i t  allows bonito a 

second year t o  spawn before exploitation.  The yield-per-recruit 

w i l l  f a l l  t o  0.34 t o  0.81 lb s ,  a 38 t o  60% decrease from no s i z e  

l lmit .  Spawning biomass w i l l  be a s  much aa, 82 t o  90% of maximum, 

an increase of 92 t o  144% over the  no l imi t  a l ternat ive.  The 

c-rcial value per r ec ru i t  would be a s  low a s  $0.04 t o  0.09/ 

recru i t .  The potent ia l  value of the catch r e l a t i ve  t o  no s i z e  

l imi t  would be 0.64 t o  1.0, considerably less than a l te rna t ive  

2 and 3. We would expect t ha t  incidence of sublegal bonito t o  

be higher fo r  the 7.5 l b  a l te rna t ive  l i m i t  than fo r  the 5.0 l b  



alternative. Size-age modes are not well defined above 5 to 6 

lbs and therefore a minimum size limit of 7.5 lbs would probably 

result in a relatively high percentage of incidentally caught 

undersize fish in purse seine sets. However, this option would 

give the most rapid recovery of the stocks. 

7.3 Quotas and Bag Limits 

The recent history of the bonito fishery has demonstrated 

that some limitation on harvests is necessary to prevent severe 

over-exploitation of the resource. The 1977 level of scaled 

abundance  a able 5.1) was 4%, far below the level producing 

maximum equilibrium yield (Figure 7.1), and farther below optimum 

abundance with respect to benefits derived from the various 

fishery segments. 

Maximum gross commercial revenue of bonito catches would 

be achieved by maintaining the stock at the level which produces 

the MSY. At greater stock levels, however, angler catch rates 

would be higher, cost per ton of making the commercial catch would 

probably be lower, and risk of resource depletion would be re- 

duced. Thus combined benefit is obtained by maintaining abundance 

at a higher level than that producing MSY. To do this the annual 

quotas must average less than MSY. 

Quota Option 1. No quota (present conditions). 

Discussion: This has resulted, and will continue to result in 

low abundance, and low and unstable yields. This is a condi- 

tion of severe overfishing and there is no prospect of recovery. 

Both commercial and recreational fisheries will continue to 





decline, making t h i s  option not a viable  a l te rna t ive   a able 7.2). 

Quota Option 2. High l eve l  constant quota: Quota is 10,000 

tons, not more than 6,000 tons t o  be taken from California waters. 

Discussion: Due t o  large catches being allowed a t  very l o w  

leve ls  of abundance, t h i s  option d i f f e r s  very l i t t l e  from the 

previous option i n  its benefits .  Only i f  abundance w e r e  i n  the  

range of 50-100% would t h i s  be a viable  option. Under present 

conditions of low abundance r i s k  of overexploitation would remain 

high. 

guota Option 3. Low leve l  constant quota: Quota is  6,000 tons, 

not more than 3,000 tons t o  be taken from U.S. waters. 

Discussion: Recovery of the  stock would be uncertain because of 

present low abundance. I f  the population were t o  increase due 

t o  favorable environmental fac tors ,  t h i s  option would allow a 

f ishery t o  be maintained over long periods. Abundance would be 

highly var iable  with long periods of high abundance (ca. 75%) 

a l te rna t ing  with long periods of low abundance ( l e s s  than 10%). 

Quota Option 4. Step changes i n  quota: Quota i s  0 i f  abundance 

is  l e s s  than 15%. I f  abundance is between 15 and 75%, quota is  

6,000 tons, not more than 3,000 tons t o  be taken from U.S. waters. 

I f  abundance is above 75%, quota i s  16,000 tons,  not more than 

8,000 tons t o  be taken from U.S. waters. 

Discussion: This option would r e su l t  i n  rehabi l i t a t ion  of both 

f i she r i e s  segments due t o  the  l imita t ion on f ishing a t  low 

leve ls  of abundance. The s t ab i l i z ing  influence of high quotas 

a t  high abundance and low quotas a t  low abundance would r e su l t  

i n  decreased likelihood of extremely high o r  low abundances. 



Description Pra8cmt conditions 6,000 tone California 
10,000 tom Tot& 

3,000 ton8 C a l i f o ~ n i a  ISo fishing when rtock Qwt. aqua18 28,000 ton8 
6,000 tw Total s i z e  index l e r s  than a r l t i p l i a d  by tha r t o  

15% of madurn 8i.e i d x  Maw 0.1 P 
of which not aura thur 60% 

3,000 tom California c m  be tam f r o m  
6,000 tom Total C.lif0tni8. . . 

when stock i 8  between 
15 and 75% of maximum I 

8,000 to- California 
16,000 t o w  Total 
when rtock is above 
75% of maxiarm 

Effect on Average Low stock s i z e  and tow rtock s i z e  and Slowly increasing stock Average nbundance equal Average abundmce Lqul 
Abundance of Stock low average n c n t i t -  l o w  merage recruit-  lrise i n  Baja California to  40 to 75% of maximum t o  60% of ~ x f m u m  r i z e ,  

meat with large mt with l a r p  waters, no increase i n  s i z e ,  stock r i s e  rela- r t a b l e  rtock 81x0 with 
variabil i ty.  v a r h b i l i t y  . California waters and Lively s t ab le  with high high avarage racruitmurt. 

low recruitmeat. average recruitment. 

~ u t u r e  Average Yield Low and very unrtable Low md unetable Low but re la t ively  ca 3,000 tona Califomla c r  6,000 tonr Cnlifornir  
s t ab le  6,000 tom Total 12,000 t o m  Tot& 

ca 2,000 tons California 
5,000 tone Total 

Effect on the Reha- None None Uncertain Both part8 w i l l  recover Both part8 w i l l  rowver  . 
bi l i t a t ion  of Stock 

Effect on crportfiaherg Continued decline Continued decline Relatively l i t t l e  Slow recovery Slow recovery 
q - 

ef fac t  

SF 
- 

If stock s i z e  index is l e ss  than 15 sport  bag limit reduced to  5 f ish .  
2' Stock s ize  index is exprwsed as a fraction of the maximum. 



Management can expect administrat ive d i f f i c u l t i e s  when abundance 

is near t r ans i t i ona l  l eve l s  (Figure 7.1, Table 7.2). 

Quota Option 5. Continuouely var iab le  quota: Quota i s  0 i f  

abundance is less than 15%. Quota i s  28,000 tons times the  

scaled abundance in excess of 15%, not more than one ha l f  t o  be 

taken from U.S. waters. 

(abundance - 15%) 
Quota = 28,000 tons x ( 100% 1 

Discussion: Effects would be s imilar  t o  the  previous option; 

r ehab i l i t a t i on  of both f i s h e r i e s  would r e su l t .  Quotas would be 

smaller than option 4 i n  the  range of 15 t o  35%, but would exceed 

option 4 f o r  abundances over 35%. The grea tes t  s t a b i l i t y  of the  

stock would be expected from t h i s  option, and abundance is  ex- 

pected t o  average from 50 t o  65% (Figure 7.1, Table 7.2). 

Recreational Fishing Bag Limit: When abundance i s  less than 15%, 

the  recreat ional  bag l i m i t  is  5 f i s h  per day. Above 15%, the  

bag l i m i t  i s  10 f i s h  per day. 

Discussion: Although t h e  recreat ional  f ishery i s  responsible 

f o r  only a small port ion of the  t o t a l  f i sh ing  morta l i ty ,  re- 

covery from low leve l s  of abundance could be enhanced by reduced 

l eve l s  of recreat ional  catch. A drawback of t h i s  option is tha t  

a reduced dai ly  bag l im i t  may r e s u l t  i n  lower abundance index 

values. This b ias  could be corrected by Fish and Game observers 

and by comparison with the  a e r i a l  index of abundance. 

7.4 Discussion of Management Options 

The four objectives of t h i s  plan can be achieved i n  a 

balanced manner only by adopting a combination of s i z e  l i m i t  



and qwota optfons. Combinations can be examined by means of a 

table,  with quota options a s  rows and s i z e  limits a s  columns. 

For sme pai rs ,  the  impact is idsuff ic ient  t o  achieve the  

ob ject ivee ; and others would r e s u l t  i n  k e c e s s a r y  res t r ic t ions .  

For purposes of Pxnrnining objectives,  reestablishment of the 

southern California bonito stock and enhancement of southern 

California recreat ional  catch can be considered in the  same 

tab le  (Table 7.3). Enhancement of long term commercial yie ld  

is considered separately i n  Table 7.4, although t h i s  objective-. 

is a l so  pa r t i a l l y  dependent on reestablishment of the southern 

California bonito stock. The fourth objective, ,reduction of 

confl ic ts ,  w i l l  be addressed separately. 

Each combination of the  options is given a subjective 

score with respect t o  accomplishing the bonito management 

.objectives adopted i n  t h i s  document. A "---" score represents 

no dhange from the present s ta tus .  A "+" score suggests a 

posit ive step.  A "0" score is an intermediate but ineffect ive 

step.  

In general, with no quota, the  ̂ recreat ional  f ishing success 

aad the long term commercial yie ld  is increasingly enhanced a s  

the s fze  l i m i t  increases. The same can be said  fo r  quota options 

go- from option 1 (no quota) t o  option 5 under no minimum s i z e  

1-t. The combination of other s i z e  l i m i t  0pti6nS with other 

quota options complement each other. With the 3 l b  minimum s i z e  

option, the  scores f o r  the quota options improve with a I*+" 

score given only to .opt ion 5 for  enhancing commercial yie ld  and 

options 4 and 5 fo r  enhancing recreational f ishing success. 



TABLE 7.3. Evaluatjpn o f  Conbinations o f  Size L im i t  and Quota 
2/ Opti ons- f o r  Enhancing Recreati onal F i  shi  ng Success- . 

Size L im i t  Options 
Quota No s ize 

opt i  ons l i m i t  3 pound 5 pound 7.5 pound 

None - - - - - - + 
High constant - - - 0 + 
Low constant - - 0 ++ 
Step changes 0 + u st.+ 
Proporti  onal 

changes 0 + ++ +++ 

1' Based on a 7 point  scale f rom a low o f  '---I1 t o  a high o f  *+*". 
A value of '---I1 represents no change from the present condition. 

An evaluation o f  conbinations o f  s ize  l i m i t  and quota options 
f o r  the objectives o f  rebui ld ing the stock i s  essent ia l ly  the 
same as f o r  enhancing recreat i  onal f i sh ing  success. 

TABLE 7.4. Evaluation o f  Conbinations o f  Size L imi t  and Quof.7 
Options f o r  Enhancing Long Term Comnerci a1 Yield- . 

Size L imi t  Options 
Quota No s ize 

options 1 i m i  t 3 pound 5 pound 7.5 pound 

None --- - - - + 
H i  gh cons tan t -- - 0 + 
Low constant - 0 0 0 
Step change 0 0 + - 
Proportional 

change + + ++ - 
1' Based on a 7 po in t  scale from a lar o f  "---I1 t o  a high o f  "+++". 

A value o f  "---" represents no change from the present condition. 



With the 5 lb minimum size option, a negative score remains 

drily far the no quota option. With the 7.5 lb minimum size, 

all quota options have a positive score for enhancing re- 

creational fishing success. For commercial yield options 4 

and 5 were given "-" scores because implementation of both 
size limitations and quotas will reduce conmnercial catches. 

Recreational and commercial fishermen compete for the 

same resource, making same conflict inevitable. Before 1975 

actual conflict was slight because the commercial fishery took 

larger fish than those caught by most recreational fishermen. 

Sinc'c? 1975 the commercial fishery was shifted to younger fish, 

competing directly with the recreational fishery (Figure 4.2). 

Enactment of a 5 lb minimum size would return the fishery to 

pre-1975 levels of conflict, while smaller minimum sizes would 

do little to reduce conflict. There has also been indirect con- 

@ - + 
flict due to the influence of overfishing on the level of re- 

cruitment and hence on recreational catch rates. This conflict 

cannot be eliminated, but an optimum solution can be achieved 

by balancing the degree to which the commercial and recreational 

fisheries are enhanced. 

The last option that needs to be considered is a bag 

limit on the recreational catch. For options 4 and 5 in years 

when the annual quota would be zero, the bag limit could be 

lowered to 5 fish. This would temporarily reduce recreational 

success but should enhance stock rebuilding. 

Re-establishment of the stock in southern California has 

been the major consideration in this evaluation because the 



stock is currently depressed. All segments of the fishery will 

benefit from a more abundant resource. The difficult issues 

for policy, however, concern the rate of rebuilding, the degree 

of risk that is acceptable, and the distributi~n of benefits 

among user groups. By judicious choice among the options dis- 

cussed here, a variety of positions can be established with 

respect to these issues. The greater the size limit, for instance, 

the more benefit is provided the recreational sector while diffi- 

culties are imposed upon commercial fishermen. The higher the 

quotas adopted, the slower the stock rebuilding and the greater 

the risk of continued stock depletion. A final reconciliation 

of the management options involves social, political and legal 

considerations which must be thoroughly incorporated by decision- 

makers before adoption of a management plan. 

Other issues not considered in this document should be 

addressed before management regulations are drafted for legisla- 

tion. These are: 

1) allowances for incidental catch by commercial fishing 

gear other than purse seiners. Bonito are frequently 

taken in small amounts by trollers and gill netters. 

The amount of bonito landed by these vessels should be 

specified, particularly in years with a zero quota or 

after a quota is filled. No allowance of incidental 

catch by purse seiners after quotas are filled for the 

year is necessary. 

2) allowance for incidental catches of sublegal fish if a 

minimum size limit is implemented. 
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3) the accounting year for the quota has not been 

specified. The starting date should be consistent 

with start of the historical fishing season and corn- 

pilation of data for measure of abundance and status 

of the resource. 
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