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PREFACE 

This report  was prepared during 1977-78 for  the Pacific Fishery Manage- 

ment Council. The Council i s  one of seven regional councils established by 

the Fishery Conservation and Management Act of 1976, and i s  responsible fo r  

developing management plans f o r  marine f i sher ies  off the coasts of California,  

Oregon and Washington. 

to  come under management by the Federal government through Pacific Fishery 

Northern anchovy was the second species ( a f t e r  salmon) 

Management Council e f fo r t s .  Regulations for northern anchovy fishing were 

f i r s t  promulgated in September 1978 and have been twice amended since then. 

I t  will  be obvious to  most readers t ha t  the following material i s  

organized in to  categories of information and findings which s a t i s f y  the re- 

quirements fo r  f ishery management plans. Despite the f a c t  tha t  the report 

i s  designed as a management plan rather t h a n  a s c i en t i f i c  publication, the 

summary of information i s  worthy of dis t r ibut ion on i t s  own merit. The 

informational and analytical  sections of the f ishery plan a re ,  therefore,  

presented here w i t h  essent ia l ly  no edi t ing.  Only the adopted management program P 

and the public hearings summary have been deleted from the original document 

which was printed i n  the Federal Register on July 2 1 ,  1978 (Volume 43, No. 141, 
I 

118 
Book 2 ,  pp.  31651-31879). 

While the management regulations continue t o  be amended i n  various ways, 

corresponding t o  changing conditions and viewpoints, most of the information 

contained herein will continue t o  be of in te res t .  

Daniel D .  Huppert 
April 1980 
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2.0. I n t r o d u c t i o n  

The F ishery  Conservat ion and Management Act  o f  1976 (Pub1 i c  Law 94-265) 
p rov ides  f o r  the  Un i ted  S ta tes '  e x c l u s i v e  f i s h e r y  management a u t h o r i t y  over  
the  f i s h e r y  resources w i t h i n  a F ishery  Conservat ion Zone extending f rom the  
seaward boundary o f  t h e  Un i ted  S ta tes '  t e r r i t o r i a l  sea (3  m i l e s  f rom shore)  
t o  a p o i n t  200 m i l e s  f rom shore. The r e s p o n s i b i l i t y  f o r  develop ing manage- 
ment p lans f o r  the f i s h e r i e s  i n  the  Zone i s  vested i n  e i g h t  Regional F i s h e r y  
Management Counci ls .  The P a c i f i c  F i s h e r y  Management Counci l  i s  respons ib le  
f o r  t h e  f i s h e r i e s  o f f  t h e  coasts  o f  t h e  s t a t e s  o f  Washington, Oregon and 
C a l i f o r n i a .  
f i s h e r i e s  management w i t h i n  the  F i s h e r y  
s i b i l i t y  o f  t h e  Secre tary  o f  Commerce. 
was developed f o r  and by t h e  P a c i f i c  F ishery  Management Counci l  and i s  
submi t ted t o  the  Secretary  of  Commerce f o r  approval and implementat ion.  

Implementat ion and enforcement o f  any r e g u l a t i o n s  p e r t i n e n t  t o  
Conservat ion Zone a r e  t h e  respon- 

The Anchovy F ishery  Management Plan 

The successfu l  implementat ion o f  t h e  Anchovy F i she r ies  Management Plan 
w i l l  r e q u i r e  u n i t y  o f  purpose between t h e  Federal management r e g u l a t i o n s  and 
t h e  r e g u l a t i o n s  enforced by the  S t a t e  o f  C a l i f o r n i a .  
ment ing f i s h e r y  management r e g u l a t i o n s  i n  C a l i f o r n i a  res ides  w i t h  the  S t a t e  
L e g i s l a t u r e  and t h e  C a l i f o r n i a  F i s h  and Game Commission. 
C a l i f o r n i a  f i s h e r y  r e g u l a t i o n s  i s  accomplished by the  C a l i f o r n i a  Department 
o f  F i sh  and Game (CF&G). 

A u t h o r i t y  f o r  imple- 

Enforcement o f  

Because the  F ishery  Management Plan i s  d i r e c t e d  toward a f i s h  s tock  
which res ides  i n  t h e  f i s h e r y  conserva t ion  zone o f  Mexico as w e l l  as i n  the  
Un i ted  S ta tes '  Zone, coopera t ion  and common o b j e c t i v e s  between t h e  Un i ted  
Sta tes  and Mexico w i l l  be necessary t o  t h e  successfu l  i n t e r n a t i o n a l  manage- 
ment o f  t h e  anchovy resource. 
share an o v e r a l l  o b j e c t i v e  w i t h  respec t  t o  t o t a l  annual harvests  f rom t h e  
s tock.  B i l a t e r a l  n e g o t i a t i o n s  between t h e  Un i ted  Sta tes  and Mexico on 
f i s h e r i e s  management mat te rs  a r e  t h e  r e s p o n s i b i l i t y  o f  t h e  Un i ted  S ta tes '  
Secre tary  o f  S t a t e  w i t h  the  adv ice and counc i l  o f  t he  Secre tary  o f  Commerce 
and the  F i s h e r i e s  Management Counci l  whose a u t h o r i t y  covers the  U.S. p o r t i o n  
o f  the  shared f i s h e r y  resource. 

A t  t h e  very l e a s t ,  t h e  two c o u n t r i e s  should 

The management u n i t  chosen f o r  t h i s  Plan i s  the  c e n t r a l  subpopulat ion 
o f  no r the rn  anchovy (Engraul i s  mordax) which extends from approx imate ly  
San Franc isco t o  Punta Baja, Ba.ja C a l i f o r n i a ,  Mexico. B i o l o g i c a l  aspects 
o f  t he  no r the rn  anchovy a re  reviewed and the  maximum sus ta inab le  y i e l d  
o f  t he  f i s h  s tock  i s  es t imated  a t  484 thousand s h o r t  tons pe r  year.  
g r e a t  v a r i a b i l i t y  o f  the  anchovy biomass, independent ly  o f  t he  e f f e c t s  
o f  a commercial f i s h e r y ,  makes the  management o f  t h i s  f i s h e r y  sub jec t  
t o  a l e v e l  o f  u n c e r t a i n t y  which c a l l s  f o r  f l e x i b i l i t y  i n  s e t t i n g  annual 
a l l owab le  y i e l d  and a conserva t ive  stance i n  r e l a t i o n  t o  p rese rv ing  
s u f f i c i e n t  rep roduc t i ve  p o t e n t i a l  i n  the  s tand ing  biomass t o  assure cont inued 
p r o d u c t i v i t y  o f  t he  s tock .  

The 
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3.0. Description of Fishery 

3.1. Areas and Stocks Involved 

The commercial f i sher ies  in Southern California for  pelagic schooling 
fish are conducted by fishing vessels us ing  various round haul gear, typically 
purse seines and lampara nets. 
collapsed Pacific sardine fishery.  
the northern anchovy, Engraulis mordax; jack mackerel, Trachurus symmetricus; 
bonito , Sarda chi 1 iensi s ; bl u e f i n ,  T h u n n u s  thynnus ; and market s q u i d  , 
Loligo opalescens. 
and a variety of other incidental species a re  taken. 
integrated set  of management plans tha t  cover most of these species i s  a 

a t  northern anchovy has been assigned f i r s t  pr ior i ty .  
the fishery of the northern anchovy tha t  i s  addressed by this  management 

Many of the vessels are  remnants of the 
The major species in this  fishery are 

cr To a much l esser  extent Pacific mackerel , Scomber japonicus, 
Development of an 

long-term goal. The development of a management plan directed specif ical ly  

plan. II* 

- 
Consequently, i t  i s  

The northern anchovy, Engraulis mordax Girard, i s  a common pelagic 
schooling fish of the west coast of North America tha t  ranges from Queen 
Charlotte Islands (Miller and Lea, 1972, p .  56) t o  essent ia l ly  Magdalena 
Bay, Baja California (Ahlstrom 1968, p.  69 and Mais 1974, p. 50). Hubbs 
(1925, p. 18) ident i f ied a subspecies, En rau l i s  mordax nanus, in San 
Francisco Bay, b u t  this subspecies, i f  +---- i t  actua ly  exists, i s  very minor 
re la t ive  t o  the northern anchovy population. T h e  population has been divided 
into northern, central  and southern subpopulations based on variations in 
meristics (McHugh 1951, p .  157) and electrophoretic separation of the blood 
serum protein,  t ransferr in  (Vrooman and Paloma 1975, p.  2) ,  as shown i n  
Figure 3.1-1 . 

The northern subpopulation occurs off  Oregon, Washington and northern 
California. Richardson (1973, p .  708) has found anchovy eggs and larvae off  
Oregon b u t  has recently concluded tha t  early larva development i s  successful 
only offshore beyond the continental shelf  (Richardson and Pearcy, 
1977, p .  42). Tillman (1974, p .  214) determined from length frequency 
samples of trawl-caught anchovies taken off Washington and Oregon i n  the 
winter and spring of 1966 and 1967 tha t  0-age anchovies were present in the 
survey area. 
i n  the summers of 1965 and 1966 and tha t  the northern subpopulation bas se l f -  
sustaining capabili ty.  

From this he concluded tha t  successful spawning had occurred 

Apparently, anchovies move seasonally in and out of the bays and 
estuar ies  i n  the northern area. 
areas as nursery grounds, b u t  they a re  not areas of s ignif icant  spawning 
(S. Richardson, pers. comm., 2-15-77). Minor f isher ies  fo r  anchovy of the 
northern subpopulation supply ba i t  f o r  albacore and recreational f isher ies  
and take place nearshore i n  the vicini ty  of es tuar ies .  

Juvenile anchovy probably use these inshore 

The boundary between the northern and central subpopulations i s  not 
well defined. Occasional surveys off California north of San Francisco 
have not found anchovies i n  abundance (Frey 1971 , p .  49 and Mais 1974, p.  21 ) . 
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The percentages of the t ransferr in  a l l e l e s  from blood samples taken from 
anchovies i n  Humboldt Bay and nearshore a t  Sa l t  Point, l a t i tude  38"34', were 
s imilar  t o  those fo r  anchovies from Newport Bay, Oregon (Vrooman and 
Paloma 1975, p.  5 ) .  
were c lass i f ied  as central subpopulation. O f  the three samples from 
Monterey, California,  one was identified as northern subpopulation. 
Sampling i n  the boundary area between the two subpopulations has been 
nearshore and too sparse t o  define the division. 
f luctuates  seasonally and annually i n  the area just north of  San Francisco 
approximately 38"N. 

Two samples they collected from San Francisco Bay 

The boundary probably 

The central  subpopulation, the most abundant of the three subpopulations 
(Vrooman and Smith 1971, p. 51), extends from 38"N t o  approximately 30"N 
a t  Punta Baja, Baja California, i n  the south. The portion of the subpopula- 
t ion north of Point Conception i s  continuous w i t h  the southern portion. 
Vrooman and Paloma (1975, p. 6 )  found no difference i n  the r a t i o  of trans- 
ferrin a l l e l e s  between these areas. Spra t t  (1972, p. 19) could not detect  
any difference in the relationship o f  oto l i th  w e i g h t  t o  f i sh  length fo r  
anchovies between the two areas. 
increase i n  average length fo r  g iven  age i n  the northern portion of the 
central  subpopulation. 
anchovies move between the two areas of the central subpopulation i n  b o t h  a 
northerly and southerly direction (Haugen, Messersmith and Wickwire, 1969, 
p. 81 and 82). 

The b u l k  of the biomass i n  the central subpopulation is  consistently 
located in the Southern California B i g h t ,  an approximate 20,000 sq. n .  m i .  
area bounded by Point Conception, California i n  the north t o  Point Descanso, 
Mexico, i n  the south, and a series of banks and islands extending  i n  a 
northwest-southwest direction from San Miguel Island t o  the Sixty-Mile Bank 
(Mais, 1974, p. 29 ) .  
abundance offshore as f a r  as 200 miles (Smith 1972, p.  869) (see Figure 3.1-2. 
Based on theyears  1951-1975the estimated number of anchovy larvae from the 
egg and larva surveys, on the average, 50.7% of the anchovy spawning biomass 
is  i n  the Southern California Bight. This percentage i s  consistent f o r  the 
survey years 1969, 1972 and 1975, although the percentage has fluctuated 
from 97% i n  1957 t o  17% i n  1961 ( F i g .  3.1-3). 
anchovy reduction fisheries take place in the channel area of the Southern 
California Bight bounded i n  the n o r t h  and west by the c i t y  of Santa Barbara 
and Santa Cruz Island and t o  the south and eas t  by Santa Catalina Island 
and Dana Point, an area approximately 90 miles long and 22 miles wide o r  
2,000 sq. n .  m i .  
a smaller extent i n  Monterey Bay. 
conducted by California Dept. of F i s h  and Game, on the average, 30.9% of the 
anchovies monitored by acoustics i n  the Southern California B i g h t  were inside 
the area described as the channel. 
of the central subpopulation in the channel then i s  50.7% times 30.9% o r  
15.7%, approximately 1 / 6 t h  of the central subpopulation. 

re la t ive ly  well defined although the offshore area has not been sampled 
adequately. Vrooman and Paloma (1975, p .  6) found a dis t inct ion i n  the 
percentages of t ransferr in  a l l e l e s  between 29"33'N and 28O33.2" from a 

Mais (1974, p .  25) found only a s l i g h t  

Tagging conducted i n  the l a t e  1960's demonstrated 

The overall tag recovery r a t e  was relat ively low. 

Anchovy eggs and larvae a re  frequently taken i n  

The San Pedro and Port Hueneme 

The commercial harvest of  anchovies a lso takes place t o  
Based on the more recent sea surveys 

An estimate of the average proportion 

The division between the central  and southern subpopulations is  
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s e r i e s  o f  10 samples taken between 30'50.5'N and 27'04". 
i n  mean l e n g t h  a t  age f o r  anchovies n o r t h  and south o f  t h i s  zone suppor t  
t h i s  d i v i s i o n  (Mais 1974, p. 53). 
i n  any 1 y e a r  probably  depends on the  environmental cond i t ions .  

D i f fe rences  

The ac tua l  l o c a t i o n  o f  t h i s  d i v i s i o n  

The southern subpopulat ion extends south f rom approximately 30'N , 
Punta Baja t o  approx imate ly  24"N, Magdalena Bay (Ahls t rom 1968, p. 68 and 
Mais 1974, p. 50). 
subpopulat ion a r e  cons ide rab ly  s m a l l e r  f o r  t h e i r  age, s h o r t e r  l i v e d  and 
a t t a i n  l ess  maximum l e n g t h  than anchovies i n  t h e  c e n t r a l  subpopulat ion.  
T h i s  subpopulat ion i s  harvested t o  some e x t e n t  by t h e  Mexican anchovy 
f i s h e r y .  The percentage o f  t h e  anchovy ca tch  a t t r i b u t e d  t o  the  southern 
subpopulat ion can be determined f rom commercial ca tch  samples f o r  l e n g t h  
and age frequency d i s t r i b u t i o n s  and from knowing the  l o c a t i o n  o f  capture.  
The p a r t i t i o n i n g  o f  the  Mexican ha rves t  i n t o  southern and c e n t r a l  sub- 
popu la t ions  w i l l  be impor tan t  i n  t h e  i n t e r n a t i o n a l  management o f  t h e  anchovy 
resource. 

Mais (1974, p. 53) found t h a t  anchovies i n  t h e  southern 

I n  conclus ion,  the  c e n t r a l  subpopulat ion ranges from approximately 
38'N, j u s t  n o r t h  o f  San Francisco, C a l i f o r n i a ,  t o  approximately 30'N, near 
Punta Baja, Baja C a l i f o r n i a ,  Mexico, and extends o f fshore  t o  approximately 
200 mi les .  The c e n t r a l  subpopulat ion i s  r e l a t i v e l y  homogeneous throughout 
i t s  range and y e t  i s  d i s t i n c t  f rom b o t h  the  n o r t h e r n  and southern sub- 
populat ions.  
American anchovy f i s h e r i e s .  
t h i s  anchovy management p l a n  i s  l i m i t e d  t o  the  c e n t r a l  subpopulat ion.  

The c e n t r a l  subpopulat ion i s  t he  t a r g e t  o f  both Meixcan and 
For  these reasons , the  management u n i t  f o r  

.IJ 

E 

E 

I*- 

- 
I* 
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Nor fhern Subpopuh f ion 
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Figurie 3.1-1. Geographic d i s t r i b u t i o n  and spawning seasons  o f  the 
three s u b p o p u l a t i o n s  o f  nor the rn  anchovy, Engraul i s  
mordax. 



130. 
I 

ANCHOVY L A R VA E 

1954 

CUMULATIVE TO 

1-10 

(/ 8.' 
CAPE MENOOCINO 

I 

6 

iTALS 

11-100 

101-1.000 

I.0Cl- 10.000 

OVER 10.000 

O o 0  I o STATIONS OCCUPIED 

130. 
I I 

- 

ANCHOVY L A R V A E  

Figure 3.1-2. D i s t r ibu t ion  o f  anchovy l a rvae  f o r  yea r s  1954 and 1962 (from 
Ahlstrom 1966). Legend i s  number of l a rvae  per 10 square meters. 



100 

80 

60 

40 

20 

0 
1 

F igure  3.1 -3. The percentage o f  c e n t r a l  subpopulat ion anchovy 
l a r v a e  o c c u r r i n g  i n  t h e  Southern C a l i f o r n i a  B i g h t .  

... . .... ... __ . .- . ~~ -. .. 



8 

3.2. History of Exploitation and Description of Fisheries 

3.2.1. Domestic Commercial Fishery 

The la rges t  catches a t  present a re  taken by the commercial "wetfish" 
f l e e t  w h i c h  f ishes  fo r  reduction purposes. 
sardines,  jack mackerel , Pacif ic  mackerel , bonito, bluefin tuna and some- 
times fo r  market s q u i d .  This i s  basical ly  the remains of the f l e e t  tha t  
harvested the sardine. 
the anchovy catch accounts f o r  the preponderance of the multi-species harvest 

This f l e e t  a lso f ishes  f o r  

While the f l e e t  f ishes  f o r  other "wetfish" species,  

Re1 i ab1 e records of commerci a1 1 andi ngs of northern anchovi es , 
Engraulis mordax, used f o r  human consumption, dead ba i t ,  feeding i n  fish 
hatcheries and m i n k  farms, and reduction t o  o i l  and meal, date from 1916 
(Table 3.2-1). During the e a r l i e r  years o f  the fishery,  annual landings 
averaged only 505 tons.  
reduction t o  o i l  and meal. In 1919 a law was passed p r o h i b i t i n g  the re- 
duction of whole f i sh  except under permit. 
i n  1921 and resulted i n  reduced anchovy landings which averaged 150 tons 

1,454 tons. 

Most of the catch from 1916 t h r o u g h  1921 was for 

The law became very e f fec t ive  

f o r  the next 17 years. D u r i n g  the period 1939-1946, landings averaged .I" 

Scarci ty  of Paci f i  c sardine , Sardi nops sagax caerulea, caused pro- rl" 

cessors t o  beg in  canning anchovies i n  quantity i n  1946; and i n  1947, the 
catch increased t o  9,470 tons w i t h  landings exceeding canning needs and 
the excess del iver ies  b e i n g  diverted t o  reduction plants.  In order t o  lower 
the quantity of  anchovies be ing  reduced, the California F i s h  and Game Commission 
required each processor t o  place a large proportion of each ton of anchovies 
i n  cans (40-60% depending on can s i z e ) .  Anchovy canning declined w i t h  the 
temporary resurgence of the sardine population through 1951. 
collapse of the sardine f ishery i n  1952, anchovy landings again increased 
t o  42,918 tons i n  1953. Due t o  economic conditions, presumably low consumer 
acceptance of canned anchovies, and an upsurge of sardines i n  1958, landings 
declined t o  19,400 tons i n  1957 and 5,200 tons i n  1958. Landings remained 
below 5,000 tons through 1965. 

m 

W i t h  the 

In November 1965, the California Fish and Game Commission authorized 
a 75,000 ton anchovy harvest f o r  reduction. Quotas ranging up t o  165,000 
tons have been authorized since 1965 (Table 3.2.-2). During the f i r s t  four 
seasons, catches f e l l  f a r  short  of the quotas. The th i rd  season (1967-1968) 
was a near f a i l u r e  w i t h  only 6,506 tons taken, almost a l l  i n  the Monterey 
Bay area. A declining world price fo r  f i sh  meal and the resul t ing low price 
paid t o  fishermen f o r  their catch,  along w i t h  a lack of available anchovies 
close t o  port ,  were responsible f o r  decreased landings. Economic conditions 
improved f o r  the 1968-69 season, when 28,050 tons were landed, and continued 
t o  improve throughout the season. During the 1969-70 season, 83,467 tons 
were landed and the quota fo r  the season was increased t o  140,000 tons. 
T h e  following year the quota was s e t  a t  110,000 t o n s  and remained a t  t ha t  
level f o r  the next three seasons. D u r i n g  the 1973-74 season, the quota was 
reached and was increased to  135,000 tons. 
a t  115,000 tons, b u t  l a t e r  i n  the season was increased t o  130,000 tons. The 
1975-76 quota was i n i t i a l l y  s e t  a t  115,000 tons and l a t e r  raised t o  165,000 
tons. 

Reduction landings was established 
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Table 3.2-1. Yearly California Anchovy Landings 

Year Tons 

1916 
191 7 
1918 
1919 
1920 

1921 
1922 
1923 
1924 
1925 

1926 
1927 
1928 
1929 
1930 

1931 
1932 
1933 
1934 
1935 

1936 
1937 
1938 
1939 
1940 

1941 
1942 
1943 
1944 
1945 

266 
264 
434 
805 
285 

973 
326 
154 
174 
46 

30 
184 
179 
191 
160 

154 
150 
159 
129 
90 

98  
113 
368 

1,074 
3,159 

2,053 
847 
785 

1,946 
808 

Year 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

Tons 

96 1 
9,470 
5,418 
1,664 
2,439 

3,477 
27,891 
42,918 
21,205 
22,346 

28,460 
20,274 

5,801 
3,587 
2,529 

3,856 
1,382 
2,285 
2,488 
2,866 

31,140 
34,805 
15,538 
67,639 
96,242 

44,853 
69,100 

132,636 
82,717 

1 5 8 3  1 
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The anchovy f l e e t  consists primarily of purse seiners  tha t  range i n  
l e n g t h  from 38 t o  100 fee t .  These vessels use round-haul nets (purse and 
lampara). 
the vessels f i s h i n g  i n  the Monterey Bay area mainly f i sh  w i t h  lampara nets.  
For fur ther  descriptions,  see Scofield (1951) and Knaggs (1972) .  

California waters. Some catches for  reduction a re  made i n  Monterey Bay and 
are  landed a t  Moss Landing. Several vessels land anchovies a t  Oxnard, b u t  the 
major reduction landings are  made a t  Terminal Island (San Pedro). The principal 
areas of catch a re  the Catalina Channel and the Santa Barbara Channel. The 
California f l e e t  f i s h i n g  anchovies for  reduction has increased i n  s i ze  d u r i n g  
the l a s t  few years (Table 3.2-2) ;  however, the "basic" f l e e t  has remained 
about the same and approximates 25 vessels. 
t ro l l ed  by processing capabi l i t i es .  
becomes the l i m i t i n g  factor  and the f l e e t  i s  p u t  on daily landing limits. 

Most of the southern California f l e e t  use purse seine gear, while 

F i s h i n g  e f f o r t  for  anchovies i s  a t  the present time mainly i n  southern 

F i s h i n g  e f f o r t  i s  somewhat con- 
When fish are  readily available,  processing 

Two non-reduction commercial f i sher ies  represent only minor usage a t  the 
present time. 
"fresh-frozen" fo r  human consumption. 
very limited quanti t i e s  o f  anchovies, they do represent potential harvest. 

A few amchovies a re  canned each year,  and small quant i t ies  a re  
While these two groups currently u t i  1 ize  

Expansion o f  the southern California anchovy reduction fishery would 
l ike ly  diver t  some f i s h i n g  e f f o r t  from other species fished by the round-haul 
f l e e t  (primarily jack mackerel and squid, and to a smaller extent Pacif ic  
mackerel, Pacific bonito, and bluefin tuna).  A moderate expansion of the 
anchovy f l e e t ,  which would be expected, would probably have very l i t t l e  long- 
term e f fec t  on f i s h i n g  pressure on the a l te rna t ive  ta rge t  species. 

3 .2 .2 .  Domestic Live-Bait Fishery 

The l ive-bai t  industry consists of the harvest, maintenance, and s a l e  
of small, l i ve  marine f i sh  t o  anglers fo r  use as ba i t  and/or chum. 
unique fishery had i t s  introduction i n  southern California i n  1910 by Japanese 
albacore fishermen who  employed blanket nets t o  capture small forage fish i n  
their fishing operations. 
f ishery and sport  boats carrying anglers t o  the offshore fishing grounds began 
u s i n g  their own nets t o  capture ba i t .  

This 

I n  1912, the lampara net was introduced into the 

As the sport  f ishing industry grew, the demand fo r  l i ve  ba i t  also i n -  
creased, causing a greater  degree of  specialization in boats and nets,  and 
i n  the methods of locating and d i s t r i b u t i n g  the l i ve  ba i t .  
WW 11, the demands for l i ve  ba i t  became suf f ic ien t  to  support a f leet  engaged 
solely t o  supply ba i t .  
prized sport  f ishes  usually prefer l i ve  b a i t  t o  any other offering. 

w i t h  smaller f i sher ies  a t  Morro Bay and San Francisco. The mainstay of the 
l ive-bait  f ishery has always been anchovies, b u t  pr ior  to  the vir tual  dis-  
appearance o f  the sardine,  as much as 15 t o  20% of  the b a i t  consisted of 
young sardines. 
was observed, anchovies have comprised 98-99% of the l i ve -ba i t  catch. The 
remainder of the catch i s  comprised of white croaker, queenfish, Pacific 
sardine,  jack mackerel and Pacific mackerel. 

Shortly a f t e r  

This fishery i s  important today because the most 

The l ive-bai t  f ishery is  located principally i n  southern California 

Since 1957, when the l a s t  large i n f l u x  of young sardines 

c 
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Tr? r e c e n t  years,  t h e  l i v e - b a i t  f i s h e r y  has landed between 5,300 and 
.4LO tons o f  b a i t  each yea r  (Table 3.2-3). Dur ing 1975, between 40 and 45% 

o f  t t ie  l i v e  b a i t  taken i n  waters o f f  C a l i f o r n i a  was caught o f f  San Diego. 
Between 20 and 25% was taken o f f  San Pedro, w h i l e  Santa Monica Bay and 
waters o f f  Newport each y i e l d e d  f rom 10 t o  20% o f  t he  t o t a l  catch.  
than 5% o f  t h e  t o t a l  ca tch  was taken i n  each o f  t h e  f o l l o w i n g  areas: Morro 
Bay-Avi la, P o r t  Hueneme and Oceanside. 

Less 

Cur ing  t h e  p e r i o d  1947 t o  1969, t h e  number o f  l i v e - b a i t  f ishermen 
cjradual ly d e c l i n e d  as overhead cos ts  and l a c k  o f  good c o n t r a c t s  took  t h e i r  
t o l l  o f  t i l e  smal l  independent b a i t  opera tor .  The number o f  boats  r e p o r t i n g  
t h e i r  cc?:'rh t o  the  C a l i f o r n i a  Department o f  F i s h  and Game were f rom a h i g h  
o f  30 t o a t s  i n  1940 t o  a low o f  10 boats  i n  1969. 
t h e r e  a re  14 b a i t  opera tors  who supply v i r t u a l l y  t h e  s t a t e ' s  e n t i r e  l i v e -  
b a i t  c a t c h  (Tab le  3.2-3). Some o f  these f ishermen a l s o  p a r t i c i p a t e  i n  t h e  
3 n c h o vy r e d  u c t i on f i s he ry . 

A t  t h e  present  t ime, 

!h i s  smal l  b u t  impor tan t  f l e e t  i s  faced w i t h  a d i f f i c u l t  l o g i s t i c a l  
problem. 
e x e r t  a g r e a t  deal  o f  pressure.  B a i t  hau le rs ,  by necess i ty ,  must f i s h  
r e l a t i v e l y  c l o s e  t o  home. When l i v e  b a i t  becomes scarce o r  o f  poor q u a l i t y  
l o c a l l y ,  t h e  amount o f  e f f o r t  ( t i m e )  expended t o  f i s h  elsewhere and t r a n s p o r t  
t h e i r  ca tch  can be cons iderab le .  Dur ing some years,  t h e  a lbacore  f l e e t  used 
anchovies f o r  chumming albacore.  Th is  b a i t  may be purchased f rom t h e  l i v e -  
b a i t  i n d u s t r y ,  o r ,  i n  many cases, be caught by the  a lbacore  f ishermen. These 
" b a i t i n g "  a c t i v i t i e s  occur a t  a number o f  p o r t s  i n  C a l i f o r n i a .  

D a i l y  commitments o f  q u a l i t y  b a i t  d u r i n g  peak s p o r t  f i s h i n g  a c t i v i t y  

. r ~ . i I  d i s t r i b u t i o n  and behav io r  o f  t h e  no r the rn  anchovy o f t e n  
,Jence on t he  l i v e - b a i t  i n d u s t r y .  

t d i f f i c u l t y  meeting t h e i r  commitments du r ing  the  summer months. 
H i s t o r i c a l l y ,  l i v e - b a i t  

a i  
4 w e v e r  l i v e  b a i t  becomes scarce, a g r e a t  deal  o f  a n x i e t y  w i t h i n  t h e  recrea- 
:iicfnal f i s h i n g  i n d u s t r y  sur faces  and t h e r e  seems l i t t l e  t h a t  can be done t o  
a l l a y  f e a r s  o f  o v e r f i s h i n g .  

I n  p a s t  years,  when b a i t  shortages occur red  d u r i n g  summer months, 
Los Anyeles-Long Beach Harbor u s u a l l y  proved an except ion  and many l i v e - b a i t  
f ishermen a long the  coas t  depended on t h i s  t r a d i t i o n a l  f i s h i n g  area f o r  t h e i r  
b a i t .  I n  some years ,  t h e  harbor p rov ided as much as 30% o f  a l l  l i v e  b a i t  
caught and was t h e  mainstay o f  t h e  l i v e - b a i t  f i s h e r y  i n  southern C a l i f o r n i a .  
I n  p a r t i c u l a r ,  t h e  1957, 1963, 1965 and 1966 summer seasons found t h e  
m a j o r i t y  o f  b a i t  boats f i s h i n g  t h e  harbor  throughout t h e  summer months. 
getween 1956 and 1966 boats f rom as f a r  away as San Diego were fo rced  t o  
fish Los Angeles Harbor on numerous occasions f o r  f i v e  o u t  o f  t h e  ten  seasons. 

I n  some years,  t h e  q u a l i t y  o f  b a i t  c rea tes  as many problems f o r  t h e  
f ishermen as a shortage o f  b a i t .  
of "pinheads" (smal l  , j u v e n i l e  f i s h )  moved inshore  a long t h e  southern 
C a l i f o r n i a  coas t  and plagued t h e  l i v e - b a i t  f ishermen. 
f i shermen 's  observa t ions ,  stomach a n a l y s i s  o f  o f f s h o r e  f i s h  ( tuna )  , and 
iesearch  c r u i s e s  i n d i c a t e d  l a r g e  anchovies were abundant o f f s h o r e  i n  deeper 
Jvaters where t h e  lampara ne ts  o f  t h e  b a i t  f ishermen cannot work e f f i c i e n t l y .  
3 a i t  f ishermen were f o r c e d  t o  expend a d d i t i o n a l  i nsho re  e f f o r t  i n  o r d e r  t o  
secure q u a l i t y  b a i t  d u r i n g  these seasons. 

I n  1957, 1958 and 1959, tremendous q u a n t i t i e s  

A t  t he  same t ime, 
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Table 3.2-3. Commercial landings and l ive-bai t  catch o f  anchovies 
i n  tons i n  California 1939-1975. 

Percent Number of 

Year 1 andi ngs* ba i t  Total ba i t  reporting 
Commercial Live- 1 i ve- 1 i ve-bai t boats 

1,074 
3,159 
2,052 
64 7 
7 85 

1,946 
808 
961 

9,470 
5,418 
1,661 
2,430 
3,477 
27,&92 
42,918 
21 ;205 
22,346 
2 3 , 4 6 2  
20,274 
5,801 
3,587 
2,529 
3,856 
i,3a2 
2,285 
2,488 
2,&67 
31,140 
34,805 
15,.538 
67,639 
95,242 
44,653 
69.100 

1,503 
2,006 
1,582 
256 - - - 

2,748 
2,&54 
3,725 
2 , 602 
3,824 
5,142 
6,810 
6,391 
6,666 
6.125 
6,332 
4,110 
4,235 
4,737 
4,657 
5,913 
6 ,167 
4,442 
5,191. 
6,223 
6,772 
5,359 
7,324 
5,391 
6,110 
6,387 
5, e50 
5,944 
6,318 
5,370 

2,577 
5,165 
3,634 
1,105 - - 
3,709 
12,324 
9,143 
4,463 
6 , 263 
8,619 

34,702 
49,300 
27,691 
28,471 
3'1,732 
24,384 
10,037 
8,324 
7,186 
9,769 
7 ,s49 
6,727 
7,679 
9,090 
37,912 
40,204 
22 ,R62 
73,030 
102,352 
51,240 
74.950 
138,580 
89,035 
163,881 

5 S . B  
35.8 
43.5 
23.3 - - - 
74.1 
23.2 
40.7 
62.8 
61.1 
59.7 
19.6 
13.0 
24 .O 
21.5 
18.2 
16.9 
42 - 2  
55.9 
64.8 
60.5 
81.7 
66 .O 
67 .S 
68.S 
17.8 
13.4 
32 .O 
7.4 
5.9 

12.5 
7.8 
4.3 
7.1 
3.3 

30 

9 - 
* - - - 
2s 
23 
25 
22 
24 
30 
23 
22 
13 
17 
24 
16 
13 
16 
22 
23 
22 
24 
18 
16 
19 
10 
11 
11 
12 
12 
14 
14 
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The l ive-ba i t  fishermen use lampara nets almost exclusively. The 
lampara net i s  a forerunner of the purse seine,  b u t  lacks the a b i l i t y  t o  
close or "purse" the bottom of the net t o  prevent the f i sh  from escaping. 
Therefore, lampara nets a re  usually used i n  shallow waters where the sea 
bottom serves t h i s  purpose. 
men to  f i sh  in inshore areas,  and does not allow them t o  catch offshore 
fish e f f i c i en t ly ,  even when they are  abundant. Use of purse seine gear 
would ideally improve the ba i t  fishermen's a b i l i t y  t o  supply l i ve  ba i t ,  
however, the purse seines tha t  have been t r i ed  have tended t o  injure  the 
f i s h ,  thus severely reducing survival in the ba i t  wells. 
tha t  many of the problems of ba i t  ava i lab i l i ty  can be overcome through i m -  
provements i n  gear technology. 

The use of such nets forces live-bait f isher-  

I t  appears l ikely 

3.2.3. Mexican Fisheries 

There a re  basically two user groups involved i n  the harvest of northern 
anchovies i n  Mexico. 
a t  the present time. 
partyboats and fo r  individual sportsmen. The commercial f ishery is conducted 
by boats based a t  Ensenada. 
and a small amount may be taken f o r  use by the albacore f l e e t .  

Both these groups a re  based i n  Ensenada, Baja California 
The recreational f ishery uses anchovies as ba i t  for  

The anchovies are  used fo r  reduction and canning; 

Mexico's u t i l i za t ion  of the anchovy resource off her west coast has 
increased considerably d u r i n g  the l a s t  few years (Table 3.2.-4) w i t h  the 
increase i n  the processing capabi l i t i es  a t  Ensenada as well as the s i z e  and 
quality of the fishing f l e e t ;  landings for  the reduction fishery based i n  
this port should continue t o  increase d u r i n g  the next few years. A t  present, 
there are  plans to  locate another reduction plant i n  the Ensenada area and 
t o  add several large purse seiners to  the reduction f l e e t .  

The Mexican comnercial f i s h i n g  f l e e t  contains a number of rather small 
purse seiners averaging less  than 50 tons hold capacity. These vessels fish 
close inshore and re la t ive ly  close to  Ensenada. 
of larger  vessels tha t  fish fo r  anchovies par t  of the year,  then move t o  the 
Gulf of California t o  par t ic ipa te  i n  the sardine fishery.  S i x  large purse 
seiners of 300 net ton capacity joined the anchovy f l e e t  i n  1976. 
vessels will fish anchovies on an al l -year  basis.  

Part  o f  the f l e e t  consists 

These 

While a large portion of the catch landed a t  Ensenada i s  from the 
central stock, par t  of the catch is made up of fish from the southern stock. 

Table 3.2-4. Anchovy landings a t  Ensenada, Baja California.  
(short  tons) 

1965 10,230 1970 5,565 
1966 14,470 1971 4,126 
1967 24,750 1972 6,682 
1968 17,267 1973 2,310 
1969 4,239 1974 47,766 

1975 60,862 
1976* 78,693 

* prel imi nary 

r) 

.- 

P 
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3.3.  California Management Regime 

3.3.1. Management institutions, policies and jurisdictions 

3.3.1.1. Domestic 

Management of the anchovy fishery by the state of California 
is divided among three bodies: the California state legislature, the 
California Fish and Game Commission, and the California Department of 
Fish and Game. The state legislature is responsible for making laws 
governing most commercial fishing activities, including take of 
anchovies for bait and for human consumption (fresh or canned). The 
laws passed by the state legislature comprise the Fish and Game Code. 

The California Fish and Game Comnission is a panel of five 
people appointed by the Governor. 
determine sportfishing and hunting regulations , which comprise "Title 
14." At times, the legislature has voted to give the Commission manage- 
ment authority over certain comnercial fisheries. In 1965, the Commis- 
sion was given such authority to regulate the anchovy reduction fishery. 

The Commission's main purpose is to 

The Department of Fish and Game is responsible for enforcing the 
regulations set by both management authorities, which also includes 
monitoring of the fishery for quota purposes. The Department is a 
principal source of management advice to the legislature and t o  the 
Commission, and usually is the source of draft legislation on fishery 
matters. 

With the enactment of the Fishery Conservation and Management 
Act of 1976, California State Legislature passed into law (section 
7650-3 of Fish and Game Code) a procedure by which the Director of 
Fish and Game can bring state law or Commission regulations into confor- 
mity with fishery management plans prepared by the Pacific Fishery 
Management Council and approved by the Secretary of Commerce. This law 
gives the Director the power to make inoperative any statute or regula- 
tion for up to 180 days and/or adopt new regulations effective for up 
to 180 days. 
nia State Legislature that need to be enacted as statutes to conform 
state law to the fishery management plan. 

The Director must then report such actions to the Califor- 

3.3.1.2. International 

A new Fisheries Agreement between the United States of America 
and Mexico that recognizes Mexico's 200 mile Exclusive Economic Zone 
and the U.S. 200 mile Fishery Conservation Zone was signed November 24, 
1976. 
anchovy resource shared by the two nations. It does acknowledge that 
'I. . . the Government of Mexico will promote the objective of optimum 
utilizationof living resources in the Zone off the coast of Mexico . . .'I 

This agreement does not address bilateral management o f  the 
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Article  XI s t a t e s  tha t  the two governments 'I. . . shall  consult a t  l ea s t  
annually w i t h  a view t o  coordinating the i r  respective national manage- 
ment programs and exchanging relevant information and data, i n  order 
t o  promote the effect ive conservation and optimum ut i l iza t ion  of stocks 
tha t  occur w i t h i n  the zones, and are  harvested by the i r  fishermen off 
their respective coasts." 
the two governments 'I. . . will promote cooperation i n  s c i en t i f i c  
research tha t  will contribute t o  the effect ive conservation and opt imum 
u t i l i za t ion  of 1 i v i n g  resources of mutual interest." Annual consulta- 
t ions on the application and implementation of t h i s  agreement will be 
held i n  April of each year. Figure 3.3-1 i s  a map of the agreed boundary. 

I t  i s  further stated i n  Article XIV tha t  

3 . 3 . 2 .  Outline o f  current regulatory measures 

The following outline is  taken from appropriate sections of the 
California Fish and Game Code regarding take of anchovies and more general 
area and gear res t r ic t ions ,  and from Ti t le  14  of the California F i s h  and 
Game Commission. These regulations are  presented i n  f u l l  i n  Appendix 111. 

F i s h i n g  Seasons: Anchovies may be taken for  purposes of reduction between 
August 1 and May 15 n o r t h  of P t .  Buchon, and between September 15 
and May 15 south of P t .  Buchon. Anchovies may be taken for  other 
purposes , incl ud ing  1 i ve o r  dead-.bai t , and human consumpti on , a t  
any time. 

Area Closures: Anchovies may not be taken for  reduction w i t h i n  3 miles 
o f  the mainland south of P t .  Buchon, or within 3 miles of the 
northeast side of Santa Catalina Island. There a re  five local 
closure areas,  including the G u l f  of the Farallons, Oxnard, Santa 
Monica Bay, Los Angeles Harbor and Orange County, and from Oceanside 
south (see Figure 8.3-1 and Section 8.3.2). 

Size Restrictions: There i s  a 5" to ta l  length minimum size l imi t  except 
fo r  use as l i ve  bai t .  There i s  a 15% by weight incidental catch 
allowance, w i t h  prescribed methods of sampling t o  determine i f  a 
violation has occurred. 

of the spawning biomass i n  excess of one mi l l i on  tons, not to  
exceed 450,000 tons. 
be made i n  order t o  implement the formula. The current 
s ta tus  o f  this  regulation i s  discussed i n  the fo l lowing  
section. 

Harvest quota: The quota fo r  the season i s  t o  be equal t o  one-third 

A determination o f  spawning biomass must 
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l o n g i t u d e  

F igure  3.3-1. Agreed 200 m i l e  boundary 
between U.S. and Mexico 
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3.3.3 E f fec t i veness  o f  management measures 

The C a l i f o r n i a  harves t  quota formula was adopted by the  
F i s h  and Game Commission i n  e a r l y  1977 and has n o t  been implemented due 
t o  the  l a c k  o f  a spawning biomass es t imate  i n  1977. 
management regime, which cont inued through the  1977/1978 f i s h i n g  
season, g e n e r a l l y  a l lowed a 100 thousand ton  quota w i t h  extens ions being 
considered l a t e r  i n  the  season. Current  s t a t u s  o f  t o t a l  harves t  has been 
moni tored by the  C a l i f o r n i a  Department o f  F ish  and Game, and the re  has 
been no d i f f i c u l t y  i n  ach iev ing  t i m e l y  c losu re  o f  t he  season when the  
quota i s  reached. 

The prev ious 

F i s h i n g  seasons and area c losures  have genera l l y  been aimed a t  
reducing c o n f l i c t ,  bo th  phys ica l  and psycho log ica l ,  between the  reduc t i on  
f i s h e r y  and the  r e c r e a t i o n a l  and l i v e - b a i t  f i s h e r i e s .  The e x t e n t  t o  which 
t h i s  has been achieved cannot be determined. 
enforced, b u t  area c losures  have caused some d i f f i c u l t i e s .  E a r l y  at tempts 
a t  c r e a t i n g  geographic quota zones were abandoned as unenforceable.  
More r e c e n t l y ,  some vessels  were l and ing  anchovies i n  southern C a l i f o r n i a  
between August 1 and September 15 under the  pretense t h a t  they had been 
caught l e g a l l y  i n  waters n o r t h  o f  P t .  Conception which was t h e  o r i g i n a l  
boundary o f  t he  no r the rn  and southern f i s h e r y  zones. Again, enforcement 
was unable t o  counter  t h i s  ruse, b u t  r e v i s i o n  of  t he  regu la t i ons  (moving 
the  boundary t o  P t .  Buchon) was s u f f i c i e n t  t o  prevent  f u r t h e r  occurrences. 
The present  l o c a l  area c losures  have n o t  been e a s i l y  enforced, b u t  s u f f i -  
c i e n t  compliance has been achieved. 

The season has been e a s i l y  

The minimum s i z e  l i m i t  has worked w e l l .  Fishermen genera l l y  
p r e f e r  l a r g e r  f i s h  i f  they a re  a v a i l a b l e ,  so cond i t i ons  where the  
minimum s i z e  i s  an i ssue  r a r e l y  a r i s e .  

I n  e v a l u a t i n g  the  o v e r a l l  e f fec t i veness  o f  t he  C a l i f o r n i a  
management regime, two cons idera t ions  must be borne i n  mind. F i r s t ,  
t he  present  quota formula,  which i s  aimed a t  p r o v i d i n g  optimum y i e l d  from 
the  resource, has n o t  been i n  e f f e c t  very  long.  Secondly, t he  prev ious 
C a l i f o r n i a  management regime was opera t i ng  under q u i t e  a d i f f e r e n t  manage- 
ment ph i losophy.  
a reasonable f i s h e r y  w h i l e  p rese rv ing  the  resource f o r  i t s  uses as p reda to r  
forage and l i v e  b a i t  t o  the l a r g e s t  e x t e n t  c o n s i s t e n t  w i t h  the  above 
f i s h e r y .  Th is  i n t e n t i o n  was met by the  e a r l i e r  management. The new 
C a l i f o r n i a  p l a n  r e f l e c t s  broader cons idera t ions .  

The prev ious  management was in tended s imp ly  t o  a l l o w  

Y 

li 

I 



3.4. History of Research 

3.4.1. Domestic Research 

Research on the population of northern anchovy i s  re la t ive ly  recent. 
In  general, i t  began as studies incidental t o  sardine research i n  the  ear ly  
1950's. As sardines disappeared and anchovies became more abundant, research 
i n  the pelagic f i sh  stocks took on multiple species objectives.  The research 
of California Department of F i s h  and Game ( C F & G ) ,  National Marine Fisheries 
Service (NMFS) , Scripps Ins t i tu t ion  of Oceanography (SIO) and California 
Academy of Science has been coordinated through California Cooperative 
Oceanic Fisheries Investigations (CalCOFI). 
the hypothesis t h a t  the expanding anchovy population f i l l e d  the void i n  the 
ecological niche once occupied by the sardine. A f ishing experiment was 
planned t h a t  proposed t o  reduce the anchovy stocks by harvesting 200,000 
tons annually so tha t  the sardine might have a chance t o  return (Hewitt, MS, 
p. 10). 
reduction fishery d i d  begin in the f a l l  of 1965. 

larva surveys in the California Current region beginning in 1949. Anchovy 
biomass information i s  available f o r  1951 t o  present. 
NMFS in i t i a t ed  physiological research on anchovies tha t  has developed into 
a thorough investigation of the parameters of the stock-recruitment process. 
The logbook system for  aer ia l  f i sh  spot ters  t h a t  scout for  the purse seiners 
was in i t i a t ed  in 1962. CF&G has conducted sea surveys for  mapping the 
dis t r ibut ion and density of adult  f i sh  throughout the year, a lso since the 
ear ly  1950's t o  the present. Once the anchovy reduction f ishery began i n  
1965, CF&G inst igated a logbook system and stepped u p  t h e i r  catch sampling 
program, both of which are  ongoing. L i t t l e  has been done w i t h  the 
logbook data with respect t o  catch per e f f o r t  information. 
developed ageing methods using scales and o to l i ths .  
of the samples from sea surveys and port sampling a re  routinely published. 
Rates o f  growth and mortality have subsequently been estimated using 
t h i s  age composition data. With the development of underwater acoustic 
technology, b o t h  CF&G and NMFS developed sonar surveys. CF&G objective 
was t o  assess anchovy biomass available t o  the fishery in the Southern 
California Bight. NMFS emphasized research and development o f  technology 
for  assessing pelagic f i sh  stocks. A major t a g g i n g  program was in i t i a t ed  
in the mid-l%O's tha t  provided information on f i sh  movement b u t  was 
terminated. 

SI0  has emphasized research on the oceanography of the California 
Current t o  describe the environment of the pelagic fishery resources. 
a lso have compiled a 2000 year time ser ies  on re la t ive  biomass o f  sardine 
and anchovy from scale deposits i n  the bottom sediments of anaerobic deep- 
sea basins. 

Ident i f icat ion of possible subpopulations i n  the anchovy population 
has been studied by a l l  three agencies since 1950. 
Science supported the coordinator of CalCOFI programs. 
emphasized population dynamics of the sardine population and food habits o f  
the various pelagic species. 

The CalCOFI research lead t o  

The experiment was never successfully carried o u t ,  b u t  the anchovy 

NMFS (then the Bureau of Commercial Fisheries) conducted egg and 

I n  the ear ly  1960's, 

CF&G has 
Age compositions 

They 

California Academy of 
Their research has 
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3 . 4 . 2 .  Foreign Research 

The Soviet Union has been interested i n  the  anchovy resource o f f  
California since i t  began i t s  fishery fo r  Pacific hake (Merluccius productus) 
in 1966. 
par t icular ly  directed a t  Pacific hake. 
resources u s i n g  acoustic and midwater trawl surveys. From t h i s  research 
they have attempted to  map the density and dis t r ibut ion of the anchovy 
resources although their resu l t s  are  incomplete because of the limited number 
of surveys both w i t h i n  a season and between years. 
i n t e re s t  i n  developing a commercial f ishery for  anchovies, b u t  this has never 
been a t  tempted . 

I n  cooperation w i t h  NMFS they have conducted egg and larva surveys 
They also have studied the fishery 

They have expressed an 

Pa r t i a l ly  as a r e su l t  of the well-documented U.S. research on the 
magnitude o f  northern anchovy resource off the s t a t e  of California and Baja 
California,  Mexico, w i t h  FA0 sponsorship, developed plans for expanding i t s  
anchovy f ishery i n  the mid-1970's. Increased research p r i o r i t i e s  i n  Mexico 
have resulted i n  U.S.-Mexico cooperative research studies and information 
exchanges. 
INP-CalCOFI Stock Assessment Committee which meets approximately twice a 
year. This i s  a forum f o r  discussing ( a t  the s c i e n t i f i c  level)  research 
objectives,  national f ishery objectives and future  management pol ic ies .  

This work i s  informally coordinated through Cal COFI under the 
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San 
Franc isco  

3.5. Socio-Economic C h a r a c t e r i s t i c s  

San t a  San Diego Monterey Barbara Angeles 

S a l i e n t  economic c h a r a c t e r i s t i c s  o f  t h e  anchovy f i s h e r i e s  of 
C a l i f o r n i a  a r e  discussed w i t h  respec t  t o  t h e  commercial f l e e t s  l a n d i n g  
anchovies and t h e  l i v e - b a i t  f l e e t  s e l l i n g  f i s h  t o  r e c r e a t i o n a l  f ishermen 
and commercial pa r t yboa t  opera tors .  More d e t a i l e d  t rea tmen t  o f  t h e  f i s h e r y  
i n d u s t r i a l  products markets i s  presented i n  Appendix V I .  L i t t l e  comprehen- 
s i v e  economic data i s  a v a i l a b l e  w i t h  respec t  t o  t h e  l i v e - b a i t  f i s h e r y  o r  
t h e  r e c r e a t i o n a l  f i s h e r i e s  o c c u r r i n g  i n  C a l i f o r n i a .  Nevertheless, t he  
s o c i a l  and economic importance o f  t h e  r e c r e a t i o n a l  s e c t o r  i s  r e f l e c t e d  
i n  t h e  data and d e s c r i p t i v e  m a t e r i a l  presented below. 

954 

1,205 

594 

4 , 068 
5,069 

7,125 

3.5.1. Output o f  Domestic F i she ry  

Dur ing  t h e  p e r i o d  1970 through 1975, t h e  annual land ings  o f  anchovies 
f o r  r e d u c t i o n  purposes averaged 94,815 s h o r t  tons, w h i l e  t h e  average r e p o r t e d  
take  f o r  l i v e - b a i t  was 5,997 s h o r t  tons. 
anchovy i n  C a l i f o r n i a  accounted f o r  an average o f  2,538 s h o r t  tons  o f  f i s h  
per year. As i n d i c a t e d  i n  Tables 3.5-1 and 3.5-2, t h e  land ings  a re  
h e a v i l y  concent ra ted  i n  t h e  Los Angeles (San Pedro) and Santa Barbara ( P o r t  
Hueneme) areas. 

Miscel laneous uses f o r  no r the rn  

9,807 
9 , 861 

13,738 

16,714 

18,032 

25,437 

Table 3.5-1. Anchovy Landings by Geographical Areas, 1970-1975. 

Year - 
1970 

1971 

1972 

1973 

1974 

1975* 

109 

159 

180 

3 98 

420 
42 9 -- 

85,373 
33,628 

54 , 587 

111,485 
59,195 

125,519 

0 
.2 
.7 

.1 
1 

.2 

To ta l  

96,242 
44,852 
69,101 

132,637 
82,717 

J58,510 

(Source: CF&G C a l i f o r n i a  Marine F i s h  Landings f o r  1970 th rough 1974.) 

*P re l im ina ry  CF&G C i r c u l a r ,  No. 50. 
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' San Diego San San t a  
Francisco terey Barbara Angel es 

Table 3.5-2. Value of Anchovy Landings by Geographical Areas, 
1970-1 975. 

To t a  1 
- 

Year - 
1970 
1971 
1972 
1973 
1974 
1975* 

1,877 0 
760 - 

1,260 - 
5,500 - 
2,450 
3 , 766 - . 

2,157 
1,093 
1,678 
6,646 
3,432 
4,818 

(thoilsands o f  dol 1 a r s )  I 
22 
35 
29 
67 
73 
75 

33 
30 
24 

21 9 
208 
21 4 

225 
268 
364 
859 
700 
763 

(Source: CF&G California Marine Fish Landings for  1970 through 1974.) 
*Preliminary estimates based on 1974 average price i n  San Francisco 
and $30/ton for fish landed i n  Monterey th rough  San Diego. 

3.5.1.1. \!slue of Catch 

The landings monitored by CF&G (not includins b a i t  catches) had 
an estimated exvessel value of $4,818,000 i n  1975, the l a s t  year fo r  which 
o f f i c i a l  landings f igures  have been published. The preponderance of this 
value (about 98 percent) accrues from the landings fo r  reduction. In re- 
sponse to  domestic and world markets for  f ish meal and other protein meals, 
the exvessel price of anchovy varies considerably. By agreement between 
the Fishermen's Cooperative Association of San Pedro and major buyers of 
anchovy for reduction, the exvessel price i s  t ied d i rec t ly  t o  the estab- 
l ished market price for  protein. 
mum price of 25 dol lars  per ton of anchovy when the price of  protein is  
3 dol lars  or  l e s s  per unit .  
per ton of meal d i v i d e d  by 65). Each additional 10 cent increase i n  the u n i t  
price of protein c a l l s  fo r  a 75 cent increase in the exvessel price of 
anchovies . 

The current arrangement c a l l s  for  a mini- 

(The price per uni t  of protein equals the price 

As a r e su l t  of the pricing arrangements and the great  var iab i l i ty  
exhibited by protein meal markets, i t  can be expected tha t  anchovy exvessel 
prices will continue t o  f luctuate.  In future  price variations,  an important 
ro le  will be played by the Peruvian anchoveta fishery. A flood o f  new f i sh  
meal production from Peru could easi ly  dampen the domestic market prices 
fo r  anchovy and fo r  domestic fish meal generally. 
fo r  f i sh  protein may, however, divert  most Peruvian meal- t o  other nations. 

Expanding world demand 
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The va lue  o f  l i v e - b a i t  catches a r e  n o t  r o u t i n e l y  monitored by 
o f f i c i a l  agencies. 
B a i t  hau le rs  g e n e r a l l y  operate on c o n t r a c t  w i t h  commercial pa r t yboa t  opera- 
t o r s .  
f rom passenger r e c e i p t s  i n  r e t u r n  f o r  a l i v e - b a i t  supply equal t o  1/2 scoop 
p e r  ang le r .  
748,052 pa r t yboa ts  ang le rs  i n  1975 pay ing  a rough average o f  15 d o l l a r s  p e r  
t r i p .  
o f  t h i s  revenue would be earned by southern C a l i f o r n i a  pa r t yboa ts  which 
u t i l i z e  l i v e  b a i t  ex tens i ve l y .  I f  l i v e - b a i t  dea le rs  r e c e i v e  15 pe rcen t  
o f  t h e  pa r t yboa t  revenue, then a t o t a l  o f  1.15 m i l l i o n  d o l l a r s  would be 
p a i d  f o r  b a i t .  
boats, revenue i s  generated by s a l e  t o  p r i v a t e  vessels.  Genera l l y  t h e  
p r i v a t e  vessels buy anchovies by t h e  "scoop" a t  b a i t  h o l d i n g  f a c i l i t i e s  
a t  an es t imated  p r i c e  o f  $5 f o r  a scoop c o n t a i n i n g  8 t o  10 pounds. 
i n g  t o  i n d u s t r y  sources, t h e  b a i t  sa les  t o  p r i v a t e  vessels account f o r  
approximately 50 percent  o f  t o t a l  sales.  Thus t h e  t o t a l  va lue  o f  anchovy 
b a i t  catches would average about 2.29 m i l l i o n  d o l l a r s .  Al though t h e  va lue  
c a l c u l a t e d  i n  t h i s  fash ion  i s  o n l y  an approximation, i t  does i n d i c a t e  t h a t  
t h e  economic va lue  o f  l i v e  b a i t  i s  f a r  g r e a t e r  than t h e  volume of ca tch  
would suggest. 

Nevertheless, a rough es t ima te  o f  va lue  can be made. 

As a rough average, the  pa r t yboa ts  pay 15 percent  o f  t he  revenue 

According t o  CF&G (see CF&G Anchovy P1 an, p. 11 1 ) , t h e r e  were 

Th is  y i e l d s  a gross revenue of 11.2 m i l l i o n  d o l l a r s .  About 68 Dercent 

I n  a d d i t i o n  t o  t h e  revenue from b a i t  d e l i v e r e d  t o  p a r t y -  

Accord- 

3.5.1.2. D e s c r i p t i o n  and Value o f  Products 

The major uses f o r  anchovy a r e  f o r  f i s h e r y  i n d u s t r i a l  p roduc ts  and 
f o r  b a i t ,  w h i l e  minor p o r t i o n s  o f  t h e  annual ha rves t  go i n t o  such produc ts  
as f r e s h  f i s h  f o r  human consumption, canned f i s h  f o r  human consumption, 
canned anchovy paste, and f rozen  b a i t .  A t  present,  t he  f i s h e r y  i n d u s t r i a l  
products consume most o f  t h e  anchovy land ings ,  and a re  l i k e l y  t o  con t inue  
t o  do so. These products c o n s i s t  o f  meal, o i l  and so lub les .  The meal 
produced from anchovies i s  g e n e r a l l y  65% p r o t e i n .  The o i l  and r e s i d u a l  
l i q u i d s  a r e  separated and t h e  o i l  s o l d  i n  compe t i t i on  w i t h  o t h e r  
s i m i l a r  o i l s .  The r e s i d u a l  l i q u i d  i s  evaporated t o  produce a 40 pe rcen t  
s o l u t i o n  c o n t a i n i n g  about 30 pe rcen t  p r o t e i n  and i s  s o l d  as f i s h  so lub les .  

The market p r i c e s  f o r  t he  t h r e e  produc ts  o f  t he  r e d u c t i o n  f i s h e r y  
i n  1976 averaged $289 pe r  t o n  f o r  meal, 14 cen ts  p e r  pound f o r  o i l ,  and 
$110 p e r  t o n  f o r  so lub les .  The t o t a l  va lue  o f  a l l  i n d u s t r i a l  anchovy p ro -  
duc ts  i s  es t imated  a t  $8,412,000 f o r  1976 (see t a b l e  3.5-3. f o r  o t h e r  years).  
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Year 

1976 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 

- 

- 

Value 
($1 000's) 

$ 726' 
$1,547 
$ 835 
$1,180 
$ 234 
$ 176 
$ 439 
$ 207 
$ 32 
$ 39 
$ 57 
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Table 3.5-3. Industrial Products from Anchovies. 

Sol ubles' 
( tons) 

12,118 
17,271 
9,061 

14,621 
7,461 
4,889 

10,411 
6,967 
1,545 
3,623 
3,063 

Meal 
(tons) 

21,968 
27,704 
14,058 
22,039 
11,134 

7,718 
16,200 
11,436 
2,762 
5,575 
4 , 468 

Value 
($lOOO's) 

$6,353l 
$6,559 
$4,189 
$8,879 
$1,892 
$1,195 
$2,787 
$1,738 
$ 337 
$ 722 
$ 676 

O i  1 
1,000 lbs  

5,184 
12,857 
5,602 

10,549 
4,372 
3,169 
6,165 
4,862 

899 
1,004 

773 

Val ue 
($1 000' s ) 

$1 ,3334 

1 ' Based on average monthly price per u n i t  protein through October ($289.2 
per ton of meal = 4.45/unit) 
Based on o i l  prices through October as reported i n  NMFS, Industrial 
Fishery Products, Current Economic Analysis 1-28. Nov. 1976. 
Solubles a re  not reported for anchovies specif ical ly .  These figures 
are  based upon the rule-of-thumb tha t  the yield o f  solubles equals 
11 .2  percent of raw anchovy i n p u t .  
Approximation based on price of 110 dol lars  per ton from NMFS Fishery 
Market News Reports, i n  1976. - 

3.5.1.3. Markets, Domestic and Export 

The domestic market for  anchovy meal i s  the widely dis t r ibuted 
animal feed mix business. All fish meals, including tuna, menhaden, herring 
and imported Peruvian anchovy meals, contain high levels of proteins w i t h  
well-balanced amino acid content. T h i s  amino acid balance, as well as some 
t race  minerals and other nutr i t ive factors ,  are  highly desirable components 
in poultry feed, hog feed, and F i s h  feed. Much of the meal produced in 
California is  sold t o  poultry growers i n  the s t a t e ;  b u t  the market can ex- 
tend as f a r  ea s t  as Arkansas, depending upon the price and ava i lab i l i ty  
of competitive meals. Also, anchovy meal is  used i n  preparing feed mixes 
fo r  various freshwater f ish,  including t rout  and salmon raised i n  hatcheri.es. 
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F i s h  so lub les  can be re tu rned  t o  the  f i s h  meal t o  c r e a t e  a p roduc t  
known as whole meal. The process r e q u i r e s  s u b s t a n t i a l  a d d i t i o n a l  d r y i n g  
by the  producers. Such d r y i n g  i s  n o t  o n l y  expensive, b u t  causes a d d i t i o n a l  
a i r  p o l l u t i o n  c o n t r o l  problems f o r  t h e  producer. As a r e s u l t ,  most o f  t he  
so lub les  f rom C a l i f o r n i a  anchovy r e d u c t i o n  p l a n t s  i s  s o l d  d i r e c t l y  i n  l i q u i d  
form. 
supplement hav ing  n u t r i t i o n a l  va lue  s i m i l a r  t o  t h a t  o f  meal i t s e l f .  

The l i q u i d  can be sprayed and mixed i n t o  feed mixes as an a d d i t i o n a l  

The p o u l t r y  i n d u s t r y  i n  C a l i f o r n i a  which absorbs much o f  t he  l o c a l l y  
produced meal and so lub les  i s  a s u b s t a n t i a l  p o r t i o n  o f  t he  s t a t e ' s  a g r i c u l -  
t u r a l  complex. C a l i f o r n i a  i s  t he  l e a d i n g  s t a t e  i n  p roduc t i on  o f  ch icken 
eggs, and i s  t he  second l e a d i n g  s t a t e  i n  p r o d u c t i o n  o f t u r k e y s .  When feed 
mixers  cannot ob%ain des i red  q u a n t i t i e s  of h igh  p r o t e i n  f i s h  meals, t h e  d i e t a r y  
requirements can be met f o r t h e m o s t  p a r t  by s u b s t i t u t i o n  o f  vegetable p ro-  
t e i n  products,  such as soybean meal, o r  of meals made from meat by-products. 
Some n u t r i t i o n i s t s  express a preference f o r  f i s h  meal due t o  h i g h  concentra- 
t i o n  o f  t h e  amino ac ids  l y s i n e  and methionine and t o  the  presence o f  o t h e r  
growth f a c t o r s .  Ana lys is  o f  t he  n u t r i t i o n a l  elements i n d i c a t e s  t h a t  t h e  
p r e v i o u s l y  " u n i d e n t i f i e d  growth f a c t o r "  i n  f i s h  meal i s  a combinat ion o f  
t r a c e  minera ls ,  B v i tamins ,  and we l l -ba lanced amino a c i d  complex. Whether 
o r  n o t  f i s h  meal i s  e s s e n t i a l  t o  the  feed ing  o f  p o u l t r y  stock,  i t  i s  s u p e r i o r  
t o  vegetable p r o t e i n s  i n  t h a t  a sma l le r  volume o f  f i s h  meal c a r r i e s  a more con- 
c e n t r a t e d  l o a d  o f  p r o t e i n  and o t h e r  n u t r i t i o n a l  elements. 

F i s h  o i l  i s  u t i l i z e d  domes t i ca l l y  i n  p a i n t s  and l u b r i c a n t s ,  w h i l e  
e x p o r t  markets i n  Europe channel f i s h  o i l  i n t o  human consumable i tems, such 
as margarine, as w e l l  as i n t o  o t h e r  i n d u s t r i a l  uses. The o i l  con ten t  o f  
anchovies i n f l u e n c e s  d i r e c t l y  t h e  o u t p u t  o f  o i l  f rom the  r e d u c t i o n  p lan ts .  
To the  e x t e n t  t h a t  o i l  y i e l d s  f rom anchovy r e d u c t i o n  vary, so must the  
revenue earned by processors p e r  t o n  of anchovy. 

The preponderance of t h e  domestic market f o r  f i s h  meal i s  supp l i ed  
w i t h  menhaden and imported ( p r i m a r i l y  Peruvian) meal. Tuna ( o r  tuna/mackerel) 
meal i s  Drodiiced by a l l  mainr tuna canner ies i n  C a l i f o r n i a  and Puerto Rico. 
Menhaden meal o r i g i n a t e s  f rom the  A t l a n t i c  and G u l f  Coasts. 
sh ipp ing  cos ts ,  t h e  menhaden meal i s  g e n e r a l l y  n o t  s o l d  i n  C a l i f o r n i a ,  
w h i l e  t h e  anchovy meal produced i n  C a l i f o r n i a  i s  n o t  s o l d  i n  t h e  eas te rn  
p o r t i o n  o f  t h e  Un i ted  States.  Nevertheless, t h e  boundaries o f  t h e  markets 
a r e  f l u i d  w i t h  market p r i c e s  and supp l i es  having a c o n t r o l l i n g  i n f l u e n c e  on 
t h e  e x t e n t  t o  which a ba tch  o f  meal w i l l  be shipped i n t e r - r e g i o n a l l y .  

Because o f  

Because t h e  o u t p u t  o f  anchovy r e d u c t i o n  p l a n t s  i n  C a l i f o r n i a  i s  smal l  
i n  comparison t o  t h a t  o f  t h e  domestic menhaden i n d u s t r y  and t o  t h a t  o f  t h e  
f o r e i g n  f i s h  meal i n d u s t r i e s ,  t h e  p r i c e s  p a i d  f o r  domestic anchovy meal a r e  
a t  t h e  mercy o f  a dominant n a t i o n a l  andworldwidemarket.  
f a i l u r e  of U.S. soybean crops and Peruvian anchovy ha rves t  w i l l  have a 
c o n t r o l l i n g  i n f l uence  on t h e  domestic demand f o r  C a l i f o r n i a  anchovy meal. 
The p r i c e  o f  anchovy meal i s  determined i n  a h i g h l y  c o m p e t i t i v e  market f o r  
h i g h  p r o t e i n  o i l  cake meals and i s  l i t t l e  i n f l u e n c e d  by t h e  domest icproduct ion 
o f  anchovy meal i t s e l f .  The s t a t i s t i c a l  a n a l y s i s  o f  demand f o r  f i s h  meal 

The success o r  
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1975 

11 1,342 
30 

I 

31,357 
4 

5,370 
12 

15,764 
36 

incorporated in Appendix VI lends support t o  these statements. 
i n  Appendix VI indicates a lso tha t  the market fo r  f i sh  meal from California 
is  suf f ic ien t ly  isolated by geographical distance and transport  costs from 
the East and Gulf Coast supplies of f i s h  meal tha t  prices i n  California can 
move somewhat independently from national average prices. 

The analysis 

3.5.2. Domesti c comnerci a1 f l e e t  charac te r i s t ics  

From an economic standpoint there i s  no unified "anchovy fishing 
f l e e t . "  The f l e e t  can be usefully divided into four segments: 1 )  the wetfish 
vessels,  2)  combination vessels, 3) l ive-bai t  vessels, and 4 )  miscellaneous 
smaller round haul boats (see Table 3.5.-4). 
re la t ive ly  small purse seiners varying i n  length from s l igh t ly  l e s s  than 
t h i r t y  f e e t  t o  more than eighty f e e t ,  and i n  net registered tonnage from 
about t h i r t y  t o  nearly one hundred tons. 
varies from year t o  year, 
1973, 1974 and 1975 were 26, 28 and 30. During these same three years,  the 
wetfish vessels accounted f o r  68 percent of a l l  anchovy landings i n  
California (not including l ive-bai t  catches).  

Combination vessels a re  similar t o  wetfish vessels,  b u t  a re  
generally larger  (80 t o  150 net registered tons) .  They typical ly  f i sh  for  
bluefin, yellowfin and skipjack t u n a  during p a r t  of the year, while fishing 
fo r  anchovy i s  more of a s idel ine.  
power of the larger  vessels allows them to  harvest s ignif icant  quant i t ies .  
During 1973-75, while no more than seven combination vessels were landing 
anchovies i n  any one year, they accounted for  s l i gh t ly  more than twenty 
percent of the to ta l  anchovies landed. 

The wetfish vessels a re  

The number of wetfish vessels 
The numbers reported landing anchovies d u r i n g  

Nevertheless, the superior fishing 

Table 3.5.-4. Anchovy Harvests by Wetfish Vessels, 
Combination Vessel s , L i  ve-Bai t Vessel s 
and Others. 

Wetfish: Catch ( tons)  

Combination: Catch 

Live-Bait: Catch 

Number 

Number 

Number 

I Other: Catch 
Number 

1973 

87,418 
26 

27,580 
7 

5 , 944 
11 

17,592 
36 

1974 

53,995 
28 

17,900 
7 

6,318 
14 

10,819 
39 
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L i v e - b a i t  vessels  a r e  g e n e r a l l y  i n  t h e  same s i z e  range as t h e  
we t f i sh  vessels,  b u t  use lampara, r a t h e r  than purse se ine ne ts  t o  capture  
anchovies. I f  a vessel  ho lds a reduc t i on  f i s h e r y  permi t ,  i t  may d e l i v e r  
some of i t s  anchovy harvests  t o  reduc t i on  p lan ts .  
o f  F i s h  and Game land ings  records i n d i c a t e  t h a t  some smal l  p o r t i o n  o f  t h e  
l i v e - b a i t  vesse ls ’  ca tch  i s  landed f o r  reduc t i on  o r  o the r  purposes. 
t h e  ca tch  o f  anchovies f o r  l i v e  b a i t  i s  n o t  considered a “ land ing”  and 
i s  n o t  recorded by the  land ings  r e c e i p t  system o f  CF&G. A vo lun ta ry  r e p o r t -  
i n g  system i s  p a r t i c i p a t e d  i n  by most l i v e - b a i t  f ishermen, and r e s u l t s  i n  
t h e  l i v e - b a i t  f i s h e r y  s t a t i s t i c s  presented above (Table 3.2-3). 
years,  t h e  number o f  vessels  i n  t h e  l i v e - b a i t  f i s h e r y  has been around 
twe lve  t o  four teen.  

The C a l i f o r n i a  Department 

Normal ly,  

I n  recen t  

The group o f  smal le r  round haul  vessels  numbers between t h i r t y - f i v e  
and f o r t y .  
r e d u c t i o n  p l a n t s  i n  t h e  Monterey area, a few smal l  purse se iners  from t h e  
P a c i f i c  Northwest which e n t e r  t h e  C a l i f o r n i a  anchovy reduc t i on  f i s h e r y  
occas iona l l y ,  and o the r  vessels  l and ing  anchovies i n  r e l a t i v e l y  smal l  
q u a n t i t i e s  f o r  canning, f rozen  b a i t ,  f r e s h  market o r  o t h e r  species. Dur ing 
the  1973-75 per iod,  t h i s  miscel laneous f l e e t  accounted f o r  about 12 percent  
of t h e  land ings  o f  anchovies i n  C a l i f o r n i a .  

Th is  group inc ludes  t h e  f l e e t  o f  lampara vessels  f i s h i n g  f o r  

3.5.2.1. Income earned from the  f i s h e r y  

The t o t a l  revenue from s a l e  o f  anchovies exvessel has been discussed 
i n  s e c t i o n  3.5.1.1, b u t  some a d d i t i o n a l  c h a r a c t e r i s t i c s  o f  t he  commercial 
va lue a re  o f  i n t e r e s t .  The income earned from anchovy f i s h i n g  i s  c l e a r l y  
unevenly d i s t r i b u t e d  among vessels,  and i t  i s  h i g h l y  v a r i a b l e  d u r i n g  the  
year.  
f i s h  t h a t  can be caught by purse se in ing .  

Also, most vessels  earn income from sa les  o f  o the r  pe lag i c  schoo l ing  

The uneveness o f  ca tch  d i s t r i b u t i o n  i s  dep ic ted  i n  F igu re  3.5.-1. 
The upper panel i s  a h is togram showing the  number o f  vessels  f a l l i n g  w i t h i n  
annual land ings  c lasses from 0 t o  1000 tons, 1000 t o  2000 tons and so fo r th .  
The data a re  f o r  1975. Assuming t h a t  the  amount o f  income earned i s  rough ly  
p r o p o r t i o n a l  t o  the  amount o f  f i s h  landed, the  f i g u r e  i n d i c a t e s  t h a t  t he re  
a r e  many vessels  earn ing  l i t t l e  f rom the  anchovy f i s h e r y  and the re  a re  a 
few vessels earn ing  cons iderab le  sums. A t  1976 p r i ces ,  f o r  instance,  a 1000 
ton  ca tch  would be wor th about 35,000 d o l l a r s  w h i l e  an 8,000 t o n  ca tch  would 
be wor th  about 280,000 d o l l a r s .  While the  average land ing  pe r  vessel was 
o n l y  2,264 i n  1975, the  land ings  as a whole were dominated by the  vessels 
l a n d i n g  l a r g e  q u a n t i t i e s .  The lower  panel i n  F igu re  3.5.-1 i s  a Lorenz 
curve showing the  degree o f  i n e q u a l i t y  i n  the  d i s t r i b u t i o n  o f  anchovy land-  
ings.  The Lorenz curve shows the  percent  o f  t o t a l  land ings  taken ( v e r t i c a l  
a x i s )  by success ive ly  l a r g e r  segments o f  the  f l e e t  ( h o r i z o n t a l  a x i s ) .  The 
50 percent  o f  t he  f l e e t  hav ing the  sma l les t  landings,  f o r  instance,  caught 
o n l y  about 5 percent  of the  y e a r ’ s  landings.  
vessels  caught n e a r l y  40 percent  of t he  landings.  
de r i ves  r e l a t i v e l y  l i t t l e  income f rom the  anchovy f i s h e r y .  

The top  10 percent  o f  t he  
Thus, t he  b u l k  o f  t he  f l e e t  
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The v a r i a b i l i t y  o f  t he  anchovy r e d u c t i o n  f i s h e r y  i s  i l l u s t r a t e d  i n  

High winds, waves o r  a b r i g h t  moon c r e a t e  d i f f i c u l t  con- 
F i g u r e  3.5.-2. Several f a c t o r s  c o n t r i b u t e  t o  the  extreme v a r i a b i l i t y  o f  t he  
weekly land ings .  
d i t i o n s  f o r  t he  f i she rs ;  and t h e  r e d u c t i o n  f i s h e r y  o f t e n  h a l t s  e n t i r e l y  when 
c o n d i t i o n s  a r e  poor. A t  o t h e r  t imes,for i ns tance  weeks 21 through 24 o f  t he  
1976/77 season, the  f i s h  a r e  n o t  s u f f i c i e n t l y  concent ra ted  i n  sur face  schools 
t o  a l l o w  good f i s h i n g .  
c e l l e n t .  Also, some o f  t h e  r e d u c t i o n  p l a n t s  may o c c a s i o n a l l y  reduce o r  
comple te ly  e l i m i n a t e  t h e i r  o rders  f o r  anchovies, because l a r g e  q u a n t i t i e s  
o f  tuna and mackerel scrap a r e  be ing  reduced. 

Th is  can happen even when o t h e r  c o n d i t i o n s  a r e  ex- 

L i v e - b a i t  vessels g e n e r a l l y  d e r i v e  the  v a s t  preponderance o f  t h e i r  
incomes from t h e  ha rves t  o f  anchovies. Th is  i s  n o t  n e c e s s a r i l y  t he  case 
w i t h  t h e  o t h e r  anchovy f i s h i n g  vessels. Some vessels concent ra te  on the  
anchovy r e d u c t i o n  f i s h e r y  w h i l e  o the rs  p a r t i c i p a t e  c a s u a l l y  o r  i n c i d e n t a l l y .  
Th i s  i s  one reason f o r  t h e  h i g h l y  skewed d i s t r i b u t i o n  o f  annual harves ts  
dep ic ted  i n  F i g u r e  3.5-1. The w e t f i s h  vessels, which dominate the  anchovy 
r e d u c t i o n  f i s h e r y ,  ha rves t  s u b s t a n t i a l  quan t i  t i e s  o f  j a c k  mackerel, bon i to ,  
and squid. 
mackerel and y e l l o w t a i l .  C u r r e n t l y  t h e  sard ine  s tock  i s  severe ly  dep le ted  
and t h e  s t a t e  o f  C a l i f o r n i a  p r o h i b i t s  commercial f i s h e r i e s  d i r e c t e d  aga ins t  
them, The depressed P a c i f i c  mackerel s tock  has shown an encouraging inc rease 
i n  r e c e n t  years. Under a C a l i f o r n i a  management law which p resc r ibes  v a r i a b l e  
quotas based on spawning biomass, a 1500 t o n  harves t  was s e t  f o r  1977, much o f  
which was caught i n c i d e n t a l l y  t o  t h e  j a c k  mackerel f i s h e r y .  Commercial ye l l ow-  
t a i l  f i s h i n g  has been minimal s ince  t h e  l a t e  1950's. Larger we t f i sh  vessels 
and combinat ion vessels harves t  tunas d u r i n g  the  s p r i n g  and summer. 
3.5-5 i n d i c a t e s  t h e  degree o f  p a r t i c i p a t i o n  o f  anchovy f i s h i n g  vessels ( n o t  
i n c l u d i n g  l i v e - b a i t  vesse ls )  i n  t h r e e  o f  t h e  more impor tan t  southern C a l i f o r n i a  
p e l a g i c  f i s h e r i e s .  
q u a n t i t i e s  g r e a t e r  than 25 tons a r e  w e t f i s h  vessels, w h i l e  most o f  those catch- 
i n g  b l u e f i n  tuna i n  q u a n t i t i e s  g r e a t e r  than 25 tons cou ld  be c l a s s i f i e d  as 
combinat ion vessels.  

Many o f  t he  w e t f i s h  v e s s e l s i n  t h e  p a s t  harvested sardines, P a c i f i c  

Table 

Most o f  t h e  vessels ca tch ing  j a c k  mackerel and b o n i t o  i n  

The revenue de r i ved  from anchovy, j a c k  mackerel, b o n i t o  and b l u e f i n  
tuna harves ts  by t h e  anchovy f i s h i n g  vessels i s  g i ven  i n  Table 3.5-6. The 
importance o f  anchovy harves ts  i s  apparent. A lso  apparent i s  t h e  i n c r e a s i n g  
importance o f  j a c k  mackerel, and t h e  dw ind l i ng  importance o f  b o n i t o  harvests.  
The l a t t e r  r e s u l t s  f rom d e p l e t i o n  of t h e  P a c i f i c  b o n i t o  stocks o f f  southern 
Cal i f o r n i a  (see MacCall , S t a u f f e r  and Troadec, 1976 and Coll i n s  and MacCall , 
1977). Genera l l y ,  t h e  southern C a l i f o r n i a  w e t f i s h  f l e e t  i s  dependent on 
t h e  anchovy f i s h e r y  f o r  i t s  economic s u r v i v a l .  
case. And i n  view o f  t h e  f l e e t ' s  h i s t o r y  as  an o p p o r t u n i s t i c ,  mu l t i - spec ies  
f i s h i n g  f l e e t ,  t h e  resurgence o f  sardines, b o n i t o  o r  P a c i f i c  mackerel cou ld  
t u r n  t h e  f l e e t ' s  a t t e n t i o n  toward o t h e r  species. 
mackerel may show a t h r e e f o l d  inc rease over recen t  harves t  l e v e l s ,  and 
f u r t h e r  expansion o f  t h i s  f i s h e r y  i s  l i k e l y  t o  d i v e r t  e f f o r t  f rom anchovy 
f i s h i n g .  

Th is  was n o t  always t h e  

The 1977 harves t  o f  j a c k  
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Table 3.5-5. Participation of anchovy fishery vessels i n  the 
jack mackerel, bonito and bluefin tuna f i sher ies .  

Number of Vessels w i t h  
Anchovy Landings : 

In any amount 
Greater than 25 tons 

Numbzr Landing Jack 
Mac kere I : 

In any amount 
Greater than 25 tons 

Number Landing Bonito: 

In any amount 
Greater than 25 tons 

Number Landing B1 uef i n 
Tuna: 

In any amount 
Greater than 25 tons 

1973 1974 1975 

69 74 70 
61 59 60 

45 42 38 
28 25 28 

41 34 25 
35 29 14 

22 
14 

29 27 
20 21 
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Table 3.5-6. Catch and Revenue o f  Four Major Species 
Caught by Anchovy Vessels, 1973-1 975. 

Catch: 
1973 1974 1975 

( s h o r t  t ons )  

Jack mackerel 10,000 12,503 16,829 

Bon i to  9,527 5,798 1,872 

B l u e f i n  tuna 1,650 2,157 2,400 

Anchovy 132,636 82,717 158,511 

TOTAL 153,813 103,175 179,612 

Revenue ($1 000's ) 

Jack mackerel 962 1,470 1,526 

B o n i t o  1,982 1,548 525 

B l u e f i n  tuna 772 1,225 1,153 

Anc ho vy 6,646 3,432 4,790 

TOTAL 10,362 7,675 7 , 994 

3.5.2.2. Investr ients i n  F i s h i n g  Gear 

Because p u b l i c  records  o f  t h e  investments s p e c i f i c a l l y  i n  anchovy 
f i s h i n g  vessels and gear a r e  non-ex is ten t ,  l i t t l e  i s  known o f  t h i s  aspect 
o f  t he  f i s h e r y ,  
va lue  o f  t h e  f i s h i n g  vessels, however, and a sample o f  we t f i sh  vesse ls  
demonstrates a wide var iance i n  assessed values. P ro jec ted  market values 
(100 t imes assessed va lue )  run f rom $70 thousand f o r  some o f  the  smal ler ,  
o l d e r  vessels t o  as much as $1.8 m i l l i o n  f o r  a newer, l a r g e r  vessel. Wi thout  
a d d i t i o n a l  in fo rmat ion ,  the  c a p i t a l  va lue  o f  t he  anchovy f i s h i n g  f l e e t  cannot 
be adequately est imated. 

County p r o p e r t y  t a x  records  g i v e  some i n d i c a t i o n  of t he  
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3.5.2.3 Manpower Employed 

J u s t  as the  number o f  vessels p a r t i c i p a t i n g  i n  t h e  f i s h e r y  va r ies ,  
so does the  number o f  f ishermen. For any g iven year,  t he  number o f  f i s h e r -  
men i n v o l v e d  i n  anchovy f i s h i n g  can be est imated by adding up the number o f  
crew members f o r  each p a r t i c i p a t i n g  vessel as i n d i c a t e d  i n  CF&G's vessel 
r e g i s t r a t i o n  f i l e .  For 1975 the re  were an es t imated 472 crew members on 
vessels f i s h i n g  anchovies, d i s t r i b u t e d  among vessel types as f o l l o w s :  wet- 
f i s h ,  291; combinat ion vessels, 43; o thers ,  138; and b a i t  vessels, about 70. 
The l i v e - b a i t  vessel crewmen are probab ly  employed n e a r l y  year  around i n  
anchovy f i s h i n g ,  w h i l e  the  o t h e r  vesse l ' s  crewmen are i n  va ry ing  degrees, 
p a r t  - t i  me a nc ho vy f i she rmen . 
3.5.3. Domesti c Comnerci a1 Processi  ng 

The process ing  o f  anchovy i n t o  i n d u s t r i a l  products takes p lace  
i n  t h r e e  companies a t  Terminal Is land,  one company a t  Oxnard, one company 
a t  Sa l i nas  and one a t  Moss Landing. 
a re  a l l  engaged p r i m a r i l y  i n  canning tuna and mackerel, us ing  t h e  r e d u c t i o n  
p l a n t s  t o  produce tuna/mackerel meal. The annual land ings  o f  anchovies 
and t h e  p roduc t i on  o f  i n d u s t r i a l  p roduc ts  i s  concentrated i n  t h e  Terminal 
I s l a n d  l o c a t i o n .  As i n d i c a t e d  i n  Table 3.5-7, t he  Los Angel- area 
l and ings  o f  anchovy account f o r  most o f  the tonnage and value. 

The companies a t  Terminal I s l a n d  

The canning o f  anchovies i n  a " sa rd ine -s ty le "  pack takes p lace  i n  
t h e  Monterey area. P o t e n t i a l l y ,  many canners i n  o t h e r  l o c a t i o n s  c o u l d  p ro-  
duce canned anchovies. A t  p r i c e s  s u f f i c i e n t l y  h i g h  t o  cover cos ts ,  however, 
t h e r e  i s  c u r r e n t l y  l i t t l e  domestic demand f o r  canned anchovies. 
r e s u l t ,  t he  annual case pack (5 oz.-100 e q u i v a l e n t s )  dropped f rom a h i g h  o f  
1,144,757 i n  1953, t o  an average o f  33,000 i n  t h e  1960's and an average o f  
500 i n  t h e  1970's. 

As a 

Gross income from f i s h  r e d u c t i o n  p l a n t s  i n  C a l i f o r n i a  i nc ludes  
revenue f rom tuna/mackerel meal, o i l  and solubles.  O f f a l  f rom t h e  tuna 
canning i n d u s t r y  a t  Terminal I s l a n d  and San Diego i s  reduced t o  meal i n  
q u a n t i t y  exceeding t h a t  o f  t he  anchovy meal, The two canner ies i n  San Diego 
produce e x c l u s i v e l y  tuna meal, b u t  cou ld  i n c l u d e  anchovy meal i n  t h e  f u t u r e  
i f  economic and p o l i t i c a l  c o n d i t i o n s  make i t  p r o f i t a b l e .  

The employment d i r e c t l y  a t t r i b u t a b l e  t o  t h e  r e d u c t i o n  p l a n t s  i s  
minimal. While no accura te  employment f i g u r e s  a re  a v a i l a b l e ,  t he re  a re  
probab ly  about 50 people d i r e c t l y  employed a t  r e d u c t i o n  p l a n t s  i n  southern 
C a l i f o r n i a  as a r e s u l t  o f  t he  anchovy r e d u c t i o n  f i s h e r y .  
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3.5.4. Recreat iona l  F i s h i n g  Charac t e r i  s ti cs  

While t h e r e  i s  no r e c r e a t i o n a l  f i s h e r y  f o r  anchovies p e r  se, t h e  
c e n t r a l  subpopu la t ion  o f  anchovies p lays  an impor tan t  r o l e  i n  C a l i f o r n i a ' s  
r e c r e a t i o n a l  f i s h e r y .  The species i s  an abundant fo rage species f o r  many 
impor tan t  r e c r e a t i o n a l  and commercial f i s h .  More d i r e c t l y ,  t he  C a l i f o r n i a  
commercial pa r t yboa ts  and p r i v a t e  boats use anchovies as b a i t .  
i s  t he  p r e f e r r e d  b a i t  species and i t  was w i d e l y  used even i n  t h e  1950's when 
t h e  sa rd ine  s tock  (Sardinops caeru leus)  was the  more dominant e p i p e l a g i c  
f i s h  s tock  i n  t h e  C a l i f o r n i a  Current.  F i s h  o f  about 100-120 mm i n  l e n g t h  
(age 1-2 yea rs )  a r e  g e n e r a l l y  p re fe r red .  J u v e n i l e  f i s h ,  o f t e n  c a l l e d  "p in -  
heads," a r e  unacceptable due t o  t h e i r  small  s i ze ,wh i l e  l a r g e r  a d u l t  f i s h  
a r e  t o o  s lugg ish  and a r e  d i f f i c u l t  t o  ma in ta in  i n  a hea l thy  s ta te .  

The anchovy 

L i v e - b a i t  dea le rs  g e n e r a l l y  supply b a i t  t o  par tyboats  on a c o n t r a c t  
basis,  r e c e i v i n g  approx imate ly  10-15 percent  o f  t h e  revenue generated f rom 
passenger fees. A lso  b a i t  i s  s o l d  by the  "scoop" t o  p r i v a t e  vessels.  The 
volume o f  business o f  pa r t yboa ts  i n  C a l i f o r n i a  i s  l a r g e  and e x h i b i t s  a moder- 
a t e l y  r i s i n g  t r e n d  (see Table 3.5-7). The l i v e - b a i t  ca tch  r e p o r t e d  by C a l i -  
f o r n i a  Department o f  F i s h  and Game, on the  o t h e r  hand, does n o t  t r e n d  upward 
n o t i c e a b l y  (see Table 3.2-3). Not a1 1 1 i ve -ba i  t dea lers  r e p o r t  t h e i r  catches 
tsCF&G and t h i s  makes i t  d i f f i c u l t  t o  know whether t h e  o v e r a l l  b a i t  catches 
a r e  inc reas ing .  

Recreat iona l  f i s h i n g  from p r i v a t e  vessels i n  southern C a l i f o r n i a  
has been surveyed twice,  once i n  1964 by CF&Gand again i n  1975-76bY CF&G 
c o n t r a c t  w i t h  NMFS. The 1964 survey (Pinkas, e t  a l . ,  1968) r e s u l t e d  i n  an 
es t ima te  o f  a c t i v i t y  o f  p r i v a t e  boats from marinas and launch ing  ramps. 
A t o t a l  o f  1,863,996 ang le r  hours of f i sh ing ,  equ.iva1ent t o  303,786 ang le r  
days o f  f i s h i n g ,  and 106,301 boat days were est imated f o r  boats launched 
from t r a i l e r s  i n  1964. P r i v a t e  boats ope ra t i ng  f rom mooring s i t e s  i n  
marinas inc reased t o t a l  ang le r  days by an a d d i t i o n a l  50% and boat days 
by an a d d i t i o n a l  33%. Al though t h e  number o f  p r i v a t e  boats r e g i s t e r e d  
i n  C a l i f o r n i a  inc reased from l e s s  than 300,000 t o  over 500,000 d u r i n g  t h e  
p e r i o d  f rom 1963 through 1976, t h e  p r i v a t e  boat survey i n  1975-76 (Wine 
and Hoban, 1976) d i d  n o t  i n d i c a t e  a s i m i l a r  inc rease i n  f i s h i n g  a c t i v i t y  
f rom t r a i l e r a b l e  p r i v a t e  boats. For t h e  12 month p e r i o d  covered i n  t h e  
1975-76 survey, a minimum o f  336,000 a n g l e r  days and 127,000 boat days were 
expended i n  southern C a l i f o r n i a .  

7- 
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Tab1 e 3.5-7. Recreational F i  shery S t a t i s t i c s  

Number of spor t  * 
f ishing licenses 
i n  California 

( 1 000' s 

1,476 

1,492 

1,588 

1,702 

1,769 

1,839 

1,981 

2 , 000 

2,152 

2,168 

2,330 

2,287 

2 , 004 

2,147 

2,363 

2 , 289 

Number of anglers 
on commercial 

par  tyboa ts  
(1 000's 1 

637 

594 

596 

64 3 

695 

688 

857 

780 

850 

803 

873 

7 28 

793 

880 

809 

7 48 

Number o f  f i s h  
caught on the 

partyboats 
( 1 000' s 1 

4 , 090 

3 , 454 

3,656 

4 , 279 

4 , 434 

4,635 

5,408 

4,444 

5,731 

5,726 

5,631 

4 , 604 

5,462 

5 , 923 

5,692 

5 , 354 

* Includes l icenses  bought w i t h  stamps allowing freshwater angling. 
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3.5.4.1. Seasonal and Geographic Characteristics 

Preliminary summaries of partyboat logbook information fo r  the 

year 1975 are  given i n  Table 3.5-8. 

occurs i p  the months of May through September. 

view of southern California ac t iv i ty  patterns i s  provided by the s i x  

individual reporting areas from Santa Barbara t o  San Diego (Table 3.5-8a). 

The Santa Monica and  San Diego regions are of s imilar  magnitudes and 

account for  over half the southern California partyboat e f fo r t  between 

them. 

three peak months of June, July and A u g u s t ,  w i t h  the three slow months 

of December, January and February. As a summer/winter r a t io  (Table 3.5-8a) 

t h i s  measure shows greater seasonal variation fo r  the more southern reporting 

areas,  par t icular ly  Oceanside and San Diego. Whereas Santa Monica ac t iv i ty  

doubles d u r i n g  the summer, San Diego ac t iv i ty  increases ei  ght-fold. 

Peak fishing ac t iv i ty  typically 

A somewhat more detailed 

Seasonality i s  shown by comparing the e f f o r t  expended during the 

Table 3.5-8a. Southern California Regional Partyboat 
Angler Effort  in 1975. 

San Ocean- Long Santa Santa 
Region Diego side Newport Beach Monica Barbara Total 

Annual 136,718 64,853 20,450 81,432 122,042 84,733 510,228 
angler 
t r ips .  

Percent 27 13 4 16 24 1 7  
of annual 
to ta l  

Summer/ 8.57 6.33 2 .78  3.48 2.10 2.04 3.59 
winter 
ratio* 

*Summer/winter r a t i o  i s  (June, July,  August)/(January, February, December) 
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Partyboat logbook information fo r  the year 1970 was summarized 

by CF&G s t a t i s t i c a l  reporting block (10 minute square), p r o v i d i n g  a rough 

indication of  the geographic d i s t r i b u t i o n  of recreational f ishing ac t iv i ty  

(Figure 3.5-2a). T h i s  compilation does no t  include d is tan t  water albacore 

fishing e f f o r t ,  or long-range t r i p s  t o  Mexico, which account fo r  over 50,000 

angler trips annually, and represent t r i p s  of much longer duration than 

local day trips. Most of the angling e f f o r t  was near the mainland shore 

from Oxnard south. Considerable amounts of effort  were expended around 

islands,  par t icular ly  the Coronado Islands, San Clemente and Santa Catalina 

Islands, and  the Channel Islands in the Santa Barbara area (which accounts 

for  most of the Santa Barbara a c t i v i t y ) .  

coarse t o  supply detailed inshore-offshore information, the San Pedro 

While the reporting g r i d  i s  too 

Channel, between Santa Catalina Island and the mainland appears t o  be 

heavily fished b o t h  inshore and offshore, as i s  the area between Oxnard, 

Santa  Barbara, and the Channel Islands. 

3.5.4.2 Species Composition of Catch 

A summary of f i sh  species caught from commercial partyboats in 
California i s  presented in Table 3.5-9. 
species composition are  ( 1 )  the dramatic increase in rockfish catches in 
recent years, ( 2 )  a substantial  decrease in  catch of barracuda, and (3) an 
up-and-down pattern in catches of Pacific bonito, albacore and California 
halibut. Possible reasons for  these changes are  many. They include 
(1  ) water temperature affect ing f i sh  dis t r ibut ions,  ( 2 )  overfishing of sub-  
tropical species by recreational f ishing o r  commercial f ishing or b o t h ,  
(3 )  habi ta t  degradations (water pollution in the Los Angeles area,  loss  of 
kelp beds), and ( 4 )  reduction or dispersion of forage f i sh  due to  the com- 
mercial anchovy reduction fishery.  A1 t h o u g h  insuff ic ient  s c i en t i f i c  evidence 
has been compiled t o  explain observed variations i n  abundance of recreational 
f i sh  species i n  southern California,  many recreat ional is ts  tend t o  place 
substantial  weight on the fourth possible cause--the reduction in available 
forage t o  a t t r a c t  and nuture gamefish 
California. 

Notable patterns i n  partyboat 

near populated areas i n  southern 
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Figure 3.5-2a. Geographical d i s t r i b u t i o n  of Southern C a l i f o r n i a  
Par tyboat  Angling Effort i n  1970. 
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Table 3.5-8. Monthly Partyboat  Catch and Anglers i n  
Ca l i fo rn ia ,  1975 (1000's) .  

Month 

January 

Fe b r ua ry  

March 

Apri 1 

May 

June 

Ju ly  

August 

September 

October 

November 

December 

Total * 

Southern Ca l i fo rn ia  
Number Number 
fish anql  ers 

219.1 

174.3 

159.3 

166.0 

281.3 

344.8 

481.1 

482.2 

283.8 

259,9 

203.4 

197.3 

22.0 

17.4 

18.3 

19.1 

37.8 

49,2 

78.9 

87.5 

40,9 

29,8 

21.6 

20,6 

3,769.0 510.2 

Central  and 
Northern Ca l i fo rn ia  

Number Number 
f ish ang le r s  

39.0 

51.1 

66.1 

96.8 

141.1 

166.5 

237.3 

295.3 

165.6 

94.3 

49.5 

32.1 

3.8 

9.7 

11.9 

17.7 

20.1 

22.9 

31.2 

38.8 

23.8 

17.9 

10.1 

4.0 

1,585.0 237.8 

*Sum of  monthly figures does not equal t o t a l  f i gu res  because monthly figures 
a r e  preliminary.  
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Table 3.5-9. P a r t i a l *  Species Composit ion o f  Statewide 
C a l i f o r n i a  Par tyboat  Catches i n  Three H i s t o r i c a l  
Per iods (average number of  f i s h  pe r  yea r  [lOOO's]). 

Rockf ishes 

Bass ( k e l p  and sand) 

P a c i f i c  b o n i t o  

P a c i f i c  mackerel 

Ye1 1 owta i  1 

Sa 1 mon 

Scu lp in  

Lingcod 

Barracuda 

Sheephead 

A1 bacore 

S a b l e f i s h  

Cal i f o r n i a  ha1 i b u t  

White seabass 

B l u e f i n  tuna 

Gian t  seabass 

~ ~~ ~ 

1956-58 1973-75 1963-65 

3,844 

591 

232 

144 

121 

102 

84 

83 

58 

36 

35 

23 

10 

5 

5 

.5 

1,092 

1,184 

960 

133 

34 

72 

67 

29 

41 0 

29 

124 

5 

128 

15 

.5 

.5 

1,664 

578 

248 

137 

132 

71 

21 

38 5 

483 

16 

38 

2 

16 

24 

14 

.1 

* Not a l l  species repo r ted  i n  pa r t yboa t  catches a r e  inc luded.  Some 
species appear ing t o  be numer i ca l l y  un impor tant  (such as h a l i b u t ,  
w h i t e  seabass, b l u e f i n  tuna and g i a n t  seabass) a r e  i n c l  uded because 
pa r t yboa t  opera tors  cons ider  them impor tan t .  (Young, 1969; p.39). 
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3.5.4.3. Recreat iona l  Catch and t h e  Anchovy Reduction F i she ry  

Anchovies a re  an impor tan t  source o f  fo rage f o r  h i g h e r  l e v e l  
p redators  as i n d i c a t e d  by a n a l y s i s  o f  stomach contents.  To some ex ten t ,  t h e  
apparent importance o f  anchovies r e s u l t s  from i t s  r e l a t i v e  abundance r a t h e r  
than f rom s p e c i f i c  f eed ing  h a b i t s  o f  p redators  (Pinkas e t  a l .  1971; Baxter,  
1960). 
t h e  e x t e n t  t o  which predators  depend upon anchovies as a food supply. Many 
p reda to r  f i s h  appear t o  be o p p o r t u n i s t i c ,  e a t i n g  any a v a i l a b l e  p rey  and n o t  
t a r g e t i n g  on s p e c i f i c  p rey  species. 

S u f f i c i e n t  food cha in  s tud ies  have n o t  been c o m F e s d  f o r  de termin ing  

Recreat iona l  f i s h e r y  spokesmen have been p a r t i c u l a r l y  concerned 

An examinat ion 

w i t h  t h e  impact o f  a l a r g e  anchovy f i s h e r y  i n  t h e  San Pedro Channel, an area 
of i n t e n s e  r e c r e a t i o n a l  f i s h i n g  which serves r e s i d e n t s  o f  t h e  Los Angeles 
area (e.g. , over  250,000 pa r t yboa t  ang le rs /year )  ( F i g .  3.5-3). 
of t h e  ca tch  p e r  e f f o r t  ( f i s h  p e r  a n g l e r )  f o r  t h e  pa r t yboa t  f i s h e r y  i n  t h e  
Los Angeles area w i t h i n  t h e  p r o x i m i t y  o f  t h e  corrnnercial anchovy r e d u c t i o n  
f i s h e r y  and f o r  t h e  p o r t s  f rom Dana P o i n t  t o  San Diego south o f  t h e  f i s h e r y  
p rov ides  a comparison o f  a v a i l a b i l i t y  o f  t h e  impor tan t  r e c r e a t i o n a l  f i s h  t o  
t h e  pa r t yboa t  a n g l e r  b e f o r e  and a f t e r  t h e  s t a r t  o f  t h e  r e d u c t i o n  f i s h e r y  i n  
1966 ( F i g .  3.5-4 and 3.5-5). 
more " l a s t  cho ice"  species such as r o c k f i s h  i n  t h e  ca tch  composi t ions i n  
recen t  years  f o r  t h e  Los Angeles area. 
b o n i t o  t o  t h e  r e c r e a t i o n a l  f i s h e r y  s i n c e  the  e a r l y  1960's has been the  r e s u l t  
o f  low r e c r u i t m e n t  l e v e l s  o f  t h e  incoming yea r  c lasses  combined w i t h  t h e  in -  
tense r e c r e a t i o n a l  and p a r t i c u l a r l y  commercial f i s h e r i e s  (MacCall e t  a l .  1976, 
p. 14 and C o l l i n s  and MacCall 1977, p. 28). 
i s  s i m i l a r  f o r  b o t h  t h e  southern and Los Angeles areas. 

t o  t h e  beg inn ing  of t h e  r e d u c t i o n  f i she ry ,  t h e  ca tch  Der e f f o r t  dec l i ned  con- 
s i d e r a b l y  i n  1971 as t h e  r e s u l t  of a new 28- inch s i z e  l i m i t .  
1976, p .9 ) .  
barracuda has been g r a d u a l l y  inc reas ing .  The a v a i l a b i l i t y  o f  y e l l o w t a i l  i n  
t h e  area o f  t he  r e d u c t i o n  f i s h e r y  has always been low. 
p.23) (F igu re  3.5-5). 
The number of f i s h  pe r  ang le r  has o n l y  s l i g h t l y  inc reased s ince  1973, 
p a r t i c u l a r l y  i n  San Diego. 

There has been a t r e n d  toward fewer gamefish and 

The d e c l i n e  i n  t h e  a v a i l a b i l i t y  o f  

The downward t r e n d  f o T b G i t o  

I n  the  case o f  barracuda which was a depressed s tock  even p r i o r  

(MacCall e t  a i  

(MacCall e t  a1 1976, 

-- 
Since t h i s  law, the  average s i z e  o f  t h e  par tyboat -caught  

- _  
San Diego has been the  major p o r t  f o r  ye1 l o w t a i l .  

The ca tch  r a t e  of t h e  bass group, Paralabrax spp., which i s  
reserved f o r  r e c r e a t i o n a l  f i s h i n g  o n l y ,  has a s l i g h t  d e c l i n i n g  t r e n d  i n  
San Diego. (F igu re  3.5-4 and 3.5-5). 
peaked i n  1969 and has s ince  dec l i ned  as the  r o c k f i s h  ca tch  r a t e s  inc reased 
from two t o  over  s i x  f i s h  p e r  ang le r .  I t  i s  q u i t e  l i k e l y  t h a t  t he  d e c l i n e  
i n  bass ca tch  r a t e  i s  the  r e s u l t  o f  t h e  f i s h i n g  e f f o r t  be ing  d i v e r t e d  t o  
r o c k f i s h  such t h a t  t h e  e f f o r t  i s  n o t  capable o f  ca tch ing  gamefish l i k e  t h e  
bass, c r e a t i n g  a reduc t i on  i n  e f f o r t  on gamefish. 

I n  the  Los Angeles area, t he  ca tch  r a t e  
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important recreational species for  southern ports. Note 
l ine A fo r  barracuda i s  the total  C / E  including under- 
sized fish tha t  a re  released; l ine  B i s  C/E  f o r  the legal 
s i z e  barracuda. Source: CF&G partyboat records. 
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Figure 3.5-5. Annual partyboat catch per e f f o r t  ( f ish per angler) 
fo r  important recreational species for  the Los Angeles 
area. Note l ine  A for  barracuda i s  the to ta l  C/E in- 
cluding undersized fish tha t  are released; l i ne  B i s  
C / E  fo r  the legal s ize  barracuda. Source: CF&G party- 
boat records. 
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Even though t h e r e  i s  a t r e n d  toward fewer o f  these gamefish 
i n  t h e  Los Angeles area i n  recen t  years,  any r e l a t i o n s h i p  between the  
anchovy resource and i t s  f i s h e r y  w i t h  a v a i l a b i l i t y  o f  b o n i t a  and barracuda 
i s  p robab ly  overshadowed by the  d i r e c t  impact o f  the  f i s h e r i e s  f o r  these 
l a t t e r  species. 

3.5.4.4. Recreat iona l  F i s h i n g  and B a i t  Suppl ies 

Vessel-based r e c r e a t i o n a l  f i s h i n g  i s  h i g h l y  dependent upon l i v e  b a i t  
f o r  m a i n t a i n i n g  h i g h  ca tch  r a t e s  of gamefish. 
as "chum" t o  a t t r a c t  f i s h  t o  the  boat, and a r e  a l s o  used as a semi f r e e -  
swimming b a i t  when they  a re  c a r e f u l l y  impaled on f i s h  hooks. I n  t h e  absence 
o f  l i v e  b a i t , f i s h i n g  Anchovies a r e  n o t  t h e  o n l y  
l i v e  b a i t  used i n  C a l i f o r n i a ,  b u t  a r e  t h e  most abundant source o f  b a i t .  
Squid and sard ines  a r e  used when a v a i l a b l e ,  and f rozen  b a i t  i s  used a t  t imes. 

The l i v e  anchovies a r e  used 

success tends t o  drop. 

There a r e  occas iona l  pe r iods  when l i v e - b a i t  f i s h e r i e s  a r e  unable t o  
f i n d  b a i t  w i t h i n  t h e  normal range o f  opera t ions  (about a 50-mile r a d i u s ) .  L i ve -  
b a i t  h o l d i n g  pens h e l p  t o  f i l l  i n  d u r i n g  s h o r t  per iods  o f  poor a v a i l a b i l i t y ,  
b u t  t h e  l i m i t e d  h o l d i n g  capac i t y  o f  t he  pens and t h e  l i m i t e d  l i f e - s p a n  o f  
c a p t i v e  anchovies p reven t  the  r e t e n t i o n  of more than about a one-week supply 
o f  b a i t .  

Because lampara ne ts  a r e  used, which r e q u i r e  a sha l low sea-bottom t o  work 
e f f e c t i v e l y ,  l i v e - b a i t  f i s h i n g  opera t i ons  occur i n  t h e  inshore  areas r a t h e r  
than o f f s h o r e  i n  deeper water.  
gear, takes p lace  i n  deeper water.  To some ex ten t ,  t he re fo re ,  t h e  b a i t  f i s h i n g  
opera t i on  i s  more s e n s i t i v e  t o  d i s t r i b u t i o n a l  charges i n  t h e  anchovy stocks 
than i s  t he  r e d u c t i o n  f i s h e r y .  

The r e d u c t i o n  f i s h e r y ,  u t i l i z i n g  purse se ine  

B a i t  f ishermen o f t e n  contend t h a t  t h e i r  d i f f i c u l t i e s  i n  f i n d i n g  b a i t  
a r e  due t o  the  r e d u c t i o n  f i s h e r y .  
behav io r  o f  anchovy schools causes l a r g e  offshore schools t o  ' 'break up" i n t o  
sma l le r  schools which move inshore  where they  a r e  then a v a i l a b l e  as b a i t .  
The r e d u c t i o n  f i s h e r y  causes t h i s  "b reak ing  up" t o  be l e s s  f requent ,  thus 
l ower ing  the  abundance o f  ca tchab le  b a i t .  Also,  i t  i s  contended, t h e  f i s h  
t h a t  do e n t e r  t h e  b a i t i n g  grounds tend t o  be "spooky" and hard  t o  ca tch  due 
t o  t h e  harassment o f  t he  r e d u c t i o n  f i s h e r y  purse s e i n i n g  opera t ions .  MacCall 
-- e t  a l .  (1976, p. 25-27) examined t h e  ca tch  and e f f o r t  data f rom t h e  l i v e - b a i t  
f i s h e r y  logbooks f o r  t h e  years  1960 t o  1972. These records a r e  v o l u n t a r i l y  
submi t ted  t o  CF&G. T h e i r  a n a l y s i s  has n o t  been updated t o  i n c l u d e  t h e  recen t  
4 years .  They found t h a t  t h e  long- te rm t rends  i n  ca tch  p e r  e f f o r t  i n  scoops 
p e r  t r i p  f o r  t h e  San Diego and Los Angeles reg ions  has been toward an inc rease 
i n  a v a i l a b i l i t y  o f  anchovies t o  the  b a i t  f i s h e r y  ( F i g .  3.5-6). 
Barbara r e g i o n  appeared t o  have exper ienced a s l i g h t  inc rease i n  a v a i l a b i l i t y  
up t o  1969 b u t  then s u f f e r e d  a d e c l i n e  i n  1970, 1971 and 1972. They f u r t h e r  
examined t h e  r a t i o  o f  w i n t e r  t o  summer ca tch  p e r  e f f o r t  f o r  sho r t - t e rm 
changes i n  anchovy b a i t  a v a i l a b i l i t y  f o r  r e d u c t i o n  and non-reduct ion years. 

According t o  b a i t  f ishermen, t h e  normal 

The Santa 
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Mean r e l a t i v e  w i n t e r  a v a i l a b i l i t y  decreased 12 percent  i n  bo th  the  Santa 
Barbara and San Diego reg ions  b u t  i n  the  Los Angeles reg ion  i n  which reduc t i on  
f i s h i n g  i s  t he  heav ies t ,  the mean r a t i o  showed a 8.6% increase i n  r e l a t i v e  
w i n t e r  a v a i l a b i l i t y .  These analyses, thovgh r a t h e r  gross examinations of t h e  
data, d i d  n o t  d e t e c t  any apparent r e l a t i o n s h i p  between t h e  reduc t i on  f i s h e r y  
and a v a i l a b i l i t y  o f  b a i t .  

Using lampara ne ts ,  t he  b a i t  f i s h e r y  i s  n o t  ab le  t o  move of fshore 
t o  avo id  problems which seem t o  occur  o n l y  inshore  a t  t imes. 
purse se ine  gear t o  take  l i v e  b a i t  has been l a r g e l y  unsuccessful  due t o  
i n j u r i e s  and mass " d i e - o f f s "  when a n e t  " r o l l - u p "  occurs. Recent ly,  however, 
one b a i t  f isherman has begun t o  exper iment w i t h  a purse se ine  n e t  which can 
be used f o r  bo th  b a i t  and reduc t i on  f i s h e r y  operat ions.  The success o f  t h i s  
venture may suggest a p o s s i b l e  s o l u t i o n  t o  some o f  t he  b a i t  f i s h i n g  problems. 

The use of  
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3.6. Interaction between and among user groups 

Two sources of interaction are  potent ia l ly  important. 
e f fec t  of commercial reduction f i s h i n g  upon bai t  f i shers  and upon recreational 
f i shers  generally i s  the principal domestic conf l ic t .  Current regulations 
promulgated by California agencies are  substant ia l ly  influenced by the 
existence of, o r  perception of, the damaging e f f ec t  a large commercial take 
would have on the coastal ba i t  supplies. Also, there i s  a def in i te  competi- 
t i o n  fo r  use of the resource, defined broadly t o  include the f i s h i n g  areas 
as well as the yield of the s t a n d i n g  stock. That i s ,  when recreational and 
commercial reduction f i s h i n g  occurs i n  the  same areas and a t  the same time, 
s ign i f icant  psychological conf l ic t s  a re  i n  evidence. Whether or n o t  these 
conf l ic t s  rest upon sc i en t i f i ca l ly  substantiated species interact ions,  the 
commercial and recreational in te res t s  tend t o  take opposing views. To the 
commercial fishermen, there seems t o  be so many anchovy schools tha t  the com- 
mercial harvest cannot possibly harm the abundant recreational species. To 
the recreational fishermen, the commercial harvest may appear t o  be an a l l -  
important factor  i n  the abundance of bai t  and the abundance of highly-prized 
pelagic fish species in the heavily fished coastal area. Unfortunately, too 
l i t t l e  i s  known of the ecological interactions between the f i sh  stocks t o  
make a quant i ta t ive estimate of the influence the reduction fishery has on 
the recreational f i sher ies .  Probably, the two points of view expressed by 
the recreational and commercial fishermen bracket the truth. 

The proclaimed 

To lessen the conf l ic t s  between the two f i s h i n g  groups, California 
regulations include closed zones and closed seasons for  the reduction fishery.  
The closed zones t e n d  t o  keep the commercial purse seine vessels o u t  of near- 
shore areas which are  heavily fished by recrea t iona l i s t s ,  and the closed 
seasons (May 15 to A u g u s t  1 i n  the northern permit area, and May 15 t o  September 
15 i n  the southern permit area) prohibit  anchovy reduction fishing d u r i n g  the 
height of the recreational f i s h i n g  season. 

the central subpopulation of the northern anchovies between Mexico and the 
United S ta tes .  
f ishery i n  Baja California i n  par t icu lar ,  could c lear ly  lead t o  an interaction 
between the U.S. f ishery and the Mexican fishery.  Economically and soc ia l ly ,  
the two countries may easi ly  have d i f fe ren t  def ini t ions of what i s  optimal. 
Although the Mexican fishery draws upon the southern subpopulation of anchovies 
as well as the central subpopulation, Mexican harvests from the central  popu- 
la t ion will tend t o  reduce the available surplus stock f o r  a U.S. harvest 
and vice versa. 
t r i e s  must be established. Through bi la teral  negotiations, an acceptable 
basis for managing and sharing the allowable yield from the stock would 
reduce the likelihood of real confl ic t .  

The second area of potential conf l ic t  is  the international sharing of 

Mexico's intent  t o  develop her f i sher ies ,  the anchovy reduction 

A j o i n t  f ishery management agreement between the two coun- 

I- 

- 
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3.7. S ta te  Revenues Derived from the  F i she ry  

The C a l i f o r n i a  Department o f  F i s h  and Game (CF&G) c o l l e c t s  revenues 

A l l  revenues c o l l e c t e d  a r e  depos i ted  w i t h  
from t h e  anchovy f i s h e r y  through two p r i v i l e g e  taxes au tho r i zed  by t h e  
C a l i f o r n i a  F i s h  and Game Code. 
the  S ta te  Treasury i n  the  F i s h  and Game Preserva t ion  Fund, from 
which bo th  the  Department o f  F i s h  and Game and t h e  F i s h  and Game Commission 
a r e  funded. 
p e n a l t i e s  a r e  a l s o  g e n e r a l l y  depos i ted  i n  the  F i s h  and Game Conservat ion 
Fund. The two p r i v i l e g e  taxes a p p l i e d  t o  anchovy f i s h i n g  a re  s p e c i f i e d  
i n  A r t i c l e  7, Sect ions 8045 and 8046 o f  t h e  Code. The Sect ion  8045 t a x  
c o n s i s t s  o f  one d o l l a r  pe r  t o n  o f  anchovies when anchovies s e l l  f o r  f i f t y  
d o l l a r s  o r  l e s s  pe r  ton, and two d o l l a r s  p e r  t o n  when anchovies s e l l  f o r  
more than f i f t y  d o l l a r s  pe r  ton .  
suppor t  t h e  general opera t ions  of t h e  Department and t h e  Commission. 

Revenues c o l l e c t e d  by CF&G from l i c e n s e  sales,  f i n e s  and 

The revenues c o l l e c t e d  under t h i s  t a x  

The o t h e r  p r i v i l e g e  t a x  imposed by Sec t ion  8046 requ i res  payment o f  
one d o l l a r  p e r  t o n  o f  t h e  f o l l o w i n g  species: sardines, P a c i f i c  mackerel, 
j a c k  mackerel, squid,  h e r r i n g ,  and anchovies. Revenues from t h i s  t a x  a r e  
t o  be kept  i n  a separate account f o r  use by the  Marine Research Committee, 
a departmental committee c o n s i s t i n g o f  n i n e  members appointed by t h e  Governor. 
The Marine Research Committee uses t h e  funds from t h i s  t a x  t o  fund research 
" i n  the  development o f  commercial f i s h e r i e s  o f  t h e  P a c i f i c  Ocean and o f  
marine produc ts  s u s c e p t i b l e  t o  be ing  made a v a i l a b l e  t o  the  people o f  C a l i f o r n i a "  
(Sec t i on  729 o f  t h e  F i s h  and Game Code). 

Both o f  t h e  taxes a r e  p a i d  by t h e  l i c e n s e d  packers o r  processors o f  
anchovies. 
due t o  the  anchovy f i s h e r y  i s  i n d i c a t e d  i n  Table 3.7-1. 

The t o t a l  revenue c o l l e c t e d  by the  S ta te  o f  C a l i f o r n i a  s p e c i f i c a l l y  

Table 3.7-1. Revenues de r i ved  from t h e  anchovy f i s h e r y  
by t h e  S t a t e  o f  C a l i f o r n i a ,  1950-1976* 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

$ 4,878 
6,954 

55,782 
85,836 
42,410 
44,692 
56,920 
40,548 
11,602 

1959 $ 7,174 
1960 5,058 
1961 7,712 
1962 2 , 764 
1963 4 , 570 
1964 4,576 
1965 5,732 
1966 62,280 
1967 69,610 

1968 $ 31,076 
1969 135,278 
1970 192,486 
1971 89,706 
1972 138,202 
1973 265,272 
1974 165,434 
1975 317,022 
1976 223,610** 

* F i f t y  percent  o f  t h i s  revenue i s  s p e c i f i c a l l y  
f o r  t he  use o f  t h e  Marine Research Committee. 

** Est imated from p r e l i m i n a r y  f i g u r e s .  
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4.0. Biological Descriptions 

4.1. Life History 

4.1.1. Distribution 

The population of northern anchovy Engraulis mordax i s  dis- 
tr ibuted from the Queen Charlotte Islands, British Columbia t o  Magdalena 
Bay, Baja California as discussed i n  section 3.1. The central subpop- 
ulation, the management u n i t  of this  plan, ranges from approximately 
San Francisco, California,  38"N to  P t .  Baja, Baja California 30"N. The 
eggs and larvae a re  common out t o  200 miles offshore and have been 
taken out as f a r  as 300 miles i n  some years (Ahlstrom 1967, p .  121). 
Based on the r e l a t ive  abundance of anchovy larvae,  the greatest  density 
of anchovies i s  i n  the inshore regions (Ahlstom 1967, p .  121 and 
Smith 1972, p. 869). 

The dis t r ibut ion and movement patterns of the northern anchovy 
i n  northern Baja California and southern California documented by Mais 
(1974, p .  29-43) a re  given as summarized by Knaggs (MS, p .  5-8). 
These seasonal patterns though are  not well defined. The informa- 

t ion i s  based on CF&G acoustic transect-midwater trawl surveys 
( frequently referred t o  as the sea surveys) fo r  the period June 
1966 t o  February 1973. 
from shore t o  157 km seaward. 
e r a l ly  w i t h i n  37 km of shore over deep water basins. 

"Anchovies in t h i s  area a re  widely dis t r ibuted 
The greatest  concentrations were gen- 

"The more d i s t an t  deep water basins lying 37 t o  111 km offshore 
col lect ively contained the la rges t  portion of the anchovy population 
i n  this region w i t h  small b u t  very numerous schools distributed over 
large areas. 

"Relatively small amounts of f i sh  were found i n  the shallow 
banks and inshore waters. School groups o r  concentrations rarely 
exceed o r  equaled those of deeper water. However, these areas may 
be more important than resu l t s  indicated since acoustic equipment, 
par t icular ly  sonar, i s  less e f f i c i en t  in detecting schools i n  shallow 
water. In addition, a common scattered schooling behavior i n  shallow 
water often made school enumeration d i f f i c u l t  o r  impossible. 

"Anchovy dis t r ibut ion w i t h i n  the Southern California B i g h t  
varied considerably both seasonally and annually. 
months, a large portion of the population was located inshore and i n  the 
more northern par t  of the B i g h t .  
s i ze  b u t  fewer i n  number than i n  any other season. 

Dur ing  the f a l l  

Schools were generally larger  i n  

"Commencing i n  l a t e  winter, an offshore and southeasterly move- 
ment occurred coinciding w i t h  the onset of major spawning ac t iv i ty .  
A t  this time the population was widely spread over large areas offshore 
and south of San Pedro. Schools became extremely numerous and small 
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reach ing  peak numbers u s u a l l y  i n  A p r i l  o r  May. 
a l s o  occur red  a t  t h i s  t ime w i t h  p a r t  o f  t h e  popu la t i on  fo rming  l a r g e  
daytime su r face  schools d u r i n g  some years .  
these schools v a r i e d  f rom t h e  midd le  o f  March t o  l a t e  June. 

A r e t u r n  northward 

Time o f  f o rma t ion  o f  

"Seasonal d i s t r i b u t i o n  i n  no r the rn  Baja C a l i f o r n i a  was l e s s  
v a r i e d  and d i f f e r e n t  than i n  southern C a l i f o r n i a .  
p o r t i o n  o f  t h e  year,  anchovies were found i n  concent ra t ions  i n  deep 
water c l o s e  t o  shore s i m i l a r  t o  the  southern C a l i f o r n i a  f a l l  d i s t r i b u -  
t i o n .  I n  c o n t r a s t  t o  southern C a l i f o r n i a ,  however, very few schools 
were de tec ted  d u r i n g  s p r i n g  months, and few o r  nay f i s h  were found 
more than 27.8 km o f f s h o r e  except near the  o f f s h o r e  border area between 
t h e  two l o c a l i t i e s .  

Dur ing  a l a r g e  

"By f a r  t h e  most p r e v a l e n t  and common schoo l ing  behav io r  ob- 
served i n  t h e  Southern C a l i f o r n i a  B i g h t  was t h e  fo rma t ion  o f  small  
very  low d e n s i t y  near su r face  schools d u r i n g  d a y l i g h t  hours. 
dark, anchovy schools i n v a r i a b l y  d ispersed i n t o  a t h i n  su r face  s c a t t e r -  
i n g  l a y e r  and remained so u n t i l  t h e  f o l l o w i n g  dawn. 

A f t e r  

"Small low d e n s i t y  schools near the  su r face  were always found 
over bottom depths o f  more than 183 m and were w i d e l y  d i s t r i b u t e d  over  
thousands o f  square m i l e s  o f  sea su r face  area. Although they  were found 
over deep water everywhere, they were t h e  o n l y  t ype  schools d i s t r i b u t e d  
i n  t h e  more o f f s h o r e  areas. Schools o f  t h i s  type  comprised an es t imated  
90% of a l l  de tec ted  by sea surveys. They were dominant type  d u r i n g  a l l  
seasons b u t  were most numerous and p r e v a l e n t  d u r i n g  t h e  l a t e  w i n t e r  
and sp r ing .  A t  t h i s  t ime, schools a r e  very  small  (p robab ly  0.5 t o  6.0 
t o n s )  and wary. A l l  t h e  a c t i v e l y  spawning anchovies c o l l e c t e d  d u r i n g  
t h e  sea survey were f rom t h i s  type  o f  school .  

"The r a p i d i t y  o f  v e r t i c a l  m i g r a t i o n  and t h e  l a r g e  d i f f e r e n t i a l  
i n  temperatures encountered i n d i c a t e  a eurythermal t o le rance  f o r  
anchovies. It  

Baxter  (1967, p. 110) repo r ted  t h a t  no r the rn  anchovies 
have been taken i n  waters o f  temperatures 8.5"C t o  25.OoC. The tem- 
pe ra tu re  range f o r  t h e  c e n t r a l  subpopulat ion i s  probably n o t  as 
wide. 
t o  23.3"C (Ah ls t rom 1956, p. 38) b u t  most eggs occur i n  temperatures 
between 13.0"C and 17.5"C I n  a s tudy  o f  t h e  r e l a t i o n s h i p  o f  su r face  
temperature t o  sexual development , Mai s (1  974, p. 48) found anchovies 
from t h e  c e n t r a l  subpopulat ion over  a temperature range of 12°C t o  21.5"C. 
The da ta  i n d i c a t e d  t h a t  a pronounced peak o f  spawning a c t i v i t y  occurs 
i n  a range of 13.5"C t o  14.0"C w i t h  minor peaks a t  15.5"C t o  16.0"C 
and 17.0"C t o  17.5"C. I n  a recen t  s tudy  Brewer (1976, p. 441) p re-  
sented a summary f i g u r e  of t h e  thermal l i m i t s  f o r  t h e  d i s t r i b u t i o n  and 
s u r v i v a l  o f  l a r v a l  and a d u l t  anchovies, t h i s  i s  reproduced as Fig.4.1-1. 

Anchovy eggs have been sampled i n  temperatures rang ing  from 9.9"C 
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Figure 4.1-1. Field and labora tory  deduced thermal limits f o r  
the d i s t r i b u t i o n  and surv iva l  of northern anchovy 
(reproduced from Brewer 1976, p. 441 ) . 
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Tagging conducted i n  t h e  l a t e  1960’s demonstrated anchovies 
move a1 ongshore between c e n t r a l  Cal i f o r n i a  area (San Francisco Bay t o  
Morro Bay), and southern C a l i f o r n i a  i n  bo th  a n o r t h e r l y  and s o u t h e r l y  
d i r e c t i o n  (Haugen, Messersmith and Wickwire 1969, p. 81 and 82). 
There i s  some evidence f rom Haugen e t  a1 . (1969, p. 82) t h a t  
anchovies i n  southern C a l i f o r n i a  move from o f f s h o r e  areas t o  i nsho re  
and v i c e  versa. Anchovies tagged o f f  Ca ta l i na  and SanClemente I s lands  
were l a t e r  recovered i n  t h e  Los Angeles-Long Beach Harbor. Tagged f i s h  
re leased  i n  t h e  Harbor area were caught i n  southern C a l i f o r n i a  f i s h i n g  
grounds and o f f  Baja C a l i f o r n i a .  Knaggs (MS, p. 8) r e p o r t e d  on one tagged 
anchovy t h a t  was re leased  o f f  San Diego and recovered a t  Monterey 129 
days l a t e r .  The f i s h  t r a v e l e d  a t  l e a s t  370 m i l e s  a t  a r a t e  o f  n e a r l y  
3 m i l e s  p e r  day. Un fo r tuna te l y  t h e  o v e r a l l  t a g  recovery  r a t e  was low. 

Lasker (pers.  comm. , A p r i l  1977) measured t h e  swimming speed 
o f  a small  school o f  90-100 mm SL anchovies i n  t h e  l a b o r a t o r y  a t  3 body 
l eng ths  pe r  second. I f  a school o f  130 mm SL anchovies main ta ined and 
average speed o f  3 body l eng ths  pe r  second, they  cou ld  t r a v e l  a d i s tance  
o f  approx imate ly  34 k i l omete rs  i n  24 hours. Th is  i s  about 18 n a u t i c a l  
m i l e s  o r  21.0 s t a t u t e  m i les .  I t  i s  u n l i k e l y  t h a t  a school t r a v e l s  i n  a 
s t r a i g h t  l i n e  f o r  a d i s tance  o f  34 k i lometers .  

4.1.2. Age and Growth 

r i n g s  on sca les  and o t o l i t h s .  C la rk  and P h i l l i p s  (1952) used sca les  
f o r  age de te rm ina t ion .  
i n d i c a t e  t h e  age o f  t h e  anchovy. 
t h e  use o f  o t o l i t h s  f o r  ag ing  anchovies and concluded t h a t  t h e  age com- 
p o s i t i o n  ob ta ined  from o t o l i t h s  d i d  n o t  s i g n i f i c a n t l y  d i f f e r  f rom t h a t  
f o r  scales.  Because 40% o f  t h e  anchovies sampled from t h e  f i s h e r y  d i d  
n o t  have readab le  scales,  C a l i f o r n i a  F i s h  and Game now uses o t o l i t h s  f o r  
aging. M i l l e r  (1955, p. 24) found t h a t  sca le  a n n u l i  formed d u r i n g  e a r l y  
w i n t e r  and s p r i n g  months. 
completed annual r i n g  f o r  o t o l i t h s  as t h e  i n t e r f a c e  between an i n n e r  
h y a l i n e  zone and an o u t e r  opaque zone. They i n d i c a t e d  t h e  peak t ime  o f  
r i n g  format ion i n  o t o l i t h s  i s  l a t e  s p r i n g  and t h a t  n e a r l y  a l l  new r i n g s  
were complete by June 1 s t .  

The age o f  n o r t h e r n  anchovies has been determined from annual 

M i l l e r  (1955) v e r i f i e d  t h a t  a n n u l i  on sca les  
C o l l i n s  and S p r a t t  (1969) v e r i f i e d  

C o l l i n s  and S p r a t t  (1969, p. 43) de f i ned  a 

I n  general ,  t h e  anchovy i s  s h o r t  l i v e d ;  t h e  average age o f  
a d u l t s  i n  an unexp lo i ted  p o p u l a t i o n  i s  approximately 2.28 years  (see 
Appendix IV.A).Some anchovy become s e x u a l l y  mature a f t e r  12 months o f  age 
(C lark  and P h i l l i p s  1952, p. 205). According t o  recen t  work by CF&G, 
n e a r l y  100% o f  t h e  anchovies a r e  s e x u a l l y  mature a f t e r  24 months o f  
age, a l though C l a r k  and P h i l l i p s  (1952, p. 205) concluded o n l y  a smal l  
percentage a r e  mature a t  t he  end o f  2 years  o f  l i f e  (E.  Knaggs, CF&G, 
pers. comm. , A p r i l  1977). 

f i s h e r i e s  begins w i t h i n  t h e  f i r s t  year  (Bax ter  1967, p. 116 and Sunada 
1976, p. 221). Anchovies a r e  f u l l y  r e c r u i t e d  t o  bo th  f i s h e r i e s  d u r i n g  
t h e i r  second yea r  o f  l i f e  (Sunada 1976, p. 221). Anchovies over  5 years  
o f  age a r e  r a r e l y  caught i n  t h e  commercial f i s h e r i e s  a l though anchovies 
7 years  o l d  have been taken (Bax ter  1967, p. 112 and Sunada 1976, p. 221). 

Recrui tment o f  anchovies i n t o  t h e  l i v e - b a i t  and r e d u c t i o n  

II 

..)- 

I 
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c 

Age a t  end Total  Leng th  
of y e a r  Clark & P h i l l i p s  (1952) 

mn 1 ncnes 
1 108 4.2 

2 140 5.5 
3 163 6.4 
4 178 7.0 
5 189 7.4 
6 196 7.7 
7 200 7.9 

I 

Clark and P h i l l i p s  (1952) and S p r a t t  (1975) have presented  
growth curves f o r  anchovies from comnercial fishery samples. S i z e  
a t  the end of the y e a r  from these two papers a r e  l i s t e d  i n  Table 4.1-1. 
The samples of Clark and Phi l l ips  were from the f i s h e r y  i n  c e n t r a l  
California while S p r a t t  c o l l e c t e d  samples from southern C a l i f o r n i a .  
A t  12 months, anchovies are approximately 92 mm s tandard  l eng th  (SL).  
In gene ra l ,  the mean length  o f  anchovies a t  age are larger i n  central 
C a l i f o r n i a  than southern C a l i f o r n i a  (Co l l in s  1969, 1971; S p r a t t  1972, 
1973a, 1973b; Sunada 1975, 1976; and Mais 1974). Sakagawa and 
Kimura (1976, p.  278) es t imated  average l eng ths  f o r  anchovies r ea red  
i n  the l abora to ry  were 102 mm SL for 12 m o n t h  o l d s  and 119 nun SL for 
24 month o l d s .  
t o  be 75 t o  90 mm SL a t  age 6 months (R.  Methot, SIO, pe r s .  comm., 
March 1977). S p r a t t  (1975, p.  123) f i t t e d  the von Ber ta lanf fy  growth 
curve t o  back-calculated l eng ths  f o r  age groups 1 through 6 u s i n g  
o t o l i t h s .  The equation i s  

1 = La (1-exp ( -K( t - to ) )  

Recent work on d a i l y  growth r i n g s  shows some anchovies 

w i t h  parameter e s t i m a t e s  L- = 165.5 mm SL, K=0.2987 and tQ = -1.714. 
Total  l e n g t h  (TL) o f  the anchovy i n  millimeters can be es t imated  
by mul t ip ly ing  s tandard  l eng th  i n  millimeters by 1.17111 (Clark and 
P h i l l i p s  1952, p.197). A 5-inch TL anchovy i s  approximately 110 nun SL. 

Total  Length 
S p r a t t  (1 975) 

1 R  4.2 
131 5.2 
145 5.7 
158 6.2 
170 6.7 
182 7.1 

1 nc hes 

The length-weight relationship has been found t o  vary s i g n i f i -  
c a n t l y  w i t h i n  seasons and between seasons (Knaggs, MS, p .  3 ) .  

Table 4 .1-1 .  Average l eng th  a t  each age o f  the anchovy 
i n  the California F ishery  (Clark and P h i l l i p s  
1952, p. 204 and S p r a t t  1975, p .  124).  
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C o l l i n s  (1969, p. 68) gave t h e  f o l l o w i n g  a l l o m e t r i c  r e l a t i o n -  
s h i p  f o r  southern C a l i f o r n i a  anchovies f rom t h e  1966-67 f i s h e r y :  

5 L2.98408 Female W = 1.0933 x 10- 

Male W = 8.056 x 10- 6 L3.04859 

where weight, W, i s  i n  grams and length,  L, i s  i n  mm SL. For these 
es t i  mates t h e  i some t r i  c r e  1 a t  i ons h i  p 

W = 1.015 x L3 

appears t o  be approx imate ly  e q u i v a l e n t  f o r  t h e  two sexes (see Table 4.1-2.). 

Est imated weight  (9) 

A l l w t r i c  I s o m e t r i c  . 
M+F 

2 M + F  - Male Fema 1 e 

10.08 10.16 10.12 10.15 

17.57 17.51 17.54 17.54 

28.11 27.73 27.92 27.85 

42.23 41.31 41.77 41.57 

Table 4.1-2. Est imated weight  f o r  va r ious  l eng ths  f rom 
t h e  a l l o m e t r i c  and i s o m e t r i c  length-weight  
equat ions.  

Length (mm) 

109 

120 
140 

160 

The o i l  con ten t  o f  t h e  anchovy a d u l t  i s  c y c l i c  over  t h e  
season. 
increases i n  t h e  summer t o  a peak around September (Lasker and Smith 
1977, i n  press, p. 17).  
Dur ing t h e  low per iod,  t h e  o i l  i n  t h e  f l e s h  i s  rep laced by mois ture.  

Menhaden f i s h  o i l  has a s p e c i f i c  g r a v i t y  o f  approx imate ly  
0.93 a t  15"C1. Assuming t h e  same value f o r  anchovy o i l ,  then one 
g a l l o n  weighs about 7.75 pounds. The o i l  con ten t  o f  anchovies was 
r e p o r t e d  by  Messersmith (19G9, p. 29) t o  f l u c t u a t e  between 15 and 
45 g a l l o n s  p e r  t o n  of  anchovy (5.8 t o  17.4% body we igh t )  i n  Monterey 
and between 5 and 30 g a l l o n s  pe r  t o n  (1.9 t o  11.6% body we igh t )  i n  
southern C a l i f o r n i a .  The low values occurred d u r i n g  t h e  spawning 
season. O i l  y i e l d s  from l a b o r a t o r y  s tud ies  are about 50-60% g r e a t e r  
than those from r e d u c t i o n  p l a n t s .  

I t  has a low i n  t h e  w i n t e r  and s p r i n g  spawning season and 

Th is  c y c l e  i s  g iven i n  F igu re  4.1-2. 

From Handbook of Chemistry and Physics, t a b l e  of constants  of 
oi l s ,  f a t s  and waxes. Chem. Rubber Publ. Co. 
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The food of anchovies has been examined by Loukashkin (1970). 
He estimated the percentage of food items by number from stomach 
samples as crustaceans, 50.78%; other zooplankters, 35.76%; phyto- 
plankton, 10.99% and foreign matter, 2.4%. Loukashkin (1970, p.  431), 
Baxter (1967, p.  112) and John Hunter (NMFS pers. comm., April 1977) 
have found anchovy eggs and larvae i n  the stomachs of adul t  anchovies 
b u t  there i s  no measure of the magnitude. 
larvae by the adul ts  could a c t  as a density dependent mechanism. 
Loukashkin (1970, p .  450) concluded tha t  the northern anchovy i s  an 
omnivorous species feeding predominantly on zooplankters and t o  a 
lesser  extent on phytoplankton. 
adul ts  a r e  copepods and euphausiids. In re la t ion t o  feeding habi ts ,  
the anchovy i s  diurna1,feeding mostly d u r i n g  the day. The northern 
anchovy i s  primarily a f i l t e r  feeder, b u t  may also be a par t icu la te  
o r  se lec t ive  feeder,  depending  on the size of the available food. 
Experiments have shown t h a t  prey organisms l e s s  than 1 mm a r e  consumed 
by f i l t e r  feeding and organisms a few millimeters i n  length a re  taken 
by par t iculate  b i t i n g  (Anonymous 1967, p.  19) .  

Consumption of eggs and 

The most important food items of the 

4.1.3. Mortal i ty  

MacCall (1974) estimated the instantaneous r a t e  of to ta l  
mortali ty,  Z ,  f o r  anchovies i n  southern California from a catch curve 
analysis of the age composition samples taken from the CF&G sea survey 
trawling between October 1966 and April 1971 and the anchovy reduction 
f ishery catch a t  San Pedro from the 1965-1966 to  the 1970-1971 seasons. 
He assumed t h a t  natural mortali ty was constant over the adul t  l i fe-s tanza 
and tha t  age 2 f ish and older were fu l ly  recruited.  Estimates of  Z fo r  
the sea survey data ranged from 0.75 to  1.30 w i t h  a mean value of 1.09. 
By comparison estimates f o r  the 5 years of f ishery data ranged from 
0.95 t o  1.56 w i t h  a mean of 1.16. These l a t t e r  estimates a re  l e s s  l ike ly  
to  be representative of the en t i r e  stock, since the f ishery occurs i n  
a res t r ic ted  area of central stock. Because year c lass  strength 
fluctuated over the years i n  question MacCall selected the average value 
o f  1.09 as  the best estimate of Z .  

MacCall, Stauffer and Troadec (1976, p .  6 )  estimated the 

T h i s  gives a remainder of approximately 1.06 fo r  

instantaneous r a t e  of f ishing mortali ty from the r a t i o  F = C/N.  They 
estimated F ranged from 0.02 t o  0.04 fo r  the recent years of the re- 
duction f ishery.  
instantaneous r a t e  of natural mortali ty,  M .  T h i s  implies t ha t ,  under 
conditions of no f i sh ing ,  only 33% of the anchovy i n  numbers survive 
to the n e x t  year. 

The survival of anchovies i n  units of wei hts is  greater  
since invididuals a r e  growing, i .e.  , survival i s  e-?-M+G. 
the value of M-G i s  found to  be approximately 0.8. 
45% of the adul t  anchovy biomass survives to  the next year. 

In Appendix I V . A . ,  
This implies t ha t  
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4.1.4. Reproduction 

The s i z e  and age a t  f i r s t  m a t u r i t y  was f i r s t  examined by 
C la rk  and P h i l l i p s  (1952, p. 204). They concluded t h a t  a few female 
anchovies f i r s t  reached sexual m a t u r i t y  between 90 t o  100 mm SL a t  
t h e  end o f  t h e i r  f i r s t  year  of l i f e .  
100 t o  120 mm SL o r  1 and 2 years  o f  age. Th is  increased t o  50% f o r  
120 t o  139 mm SL f i s h  between 2 and 3 years  o f  age. More than 90% 
were matur ing  above 139 mm SL a t  t h e  end o f  3 years .  
r e n t  ongoing study, Knaggs (CF&G, pers.  comm., A p r i l  1977) has concluded 
t h a t  some, b u t  unknown percentage o f  12 month o l d  anchovies, a r e  
s e x u a l l y  mature and t h a t  100% of anchovies o l d e r  than 24 months a r e  
s e x u a l l y  mature. 
o f  an age group mature e a r l i e r  than sma l le r  f i s h  i n  t h e  same group. 

MacGregor (1968) examined t h e  fecund i ty  o f  a smal l  sample 
o f  ma tu r ing  female anchovies. He assumed t h a t  t h e  number o f  eggs per  
spawning was equal t o  t h e  number o f  eggs i n  t h e  most advanced modal 
group i n  t h e  ova r ies .  He found t h a t  t h e  number o f  eggs was propor -  
t i o n a l  t o  t h e  we igh t  o f  t h e  f i s h  f o r  t h e  l e n g t h  range o f  97 t o  138 mm 
SL. The mean of h i s  sample was 574 eggs/gram w i t h  a 95% conf idence 
i n t e r v a l  of * l o %  (MacGregor 1968, p. 285). 
anchovies taken by CF&G had a mean o f  557 eggs/gram (Knaggs, MS, p. 2); 
t h i s  i s  w i t h i n  MacGregor's conf idence l i m i t .  

About 30% were matur ing  between 

Based on a cu r -  

These p r e l i m i n a r y  data a l s o  suggest t h a t  l a r g e r  f i s h  

A recen t  sample of 133 

Spawning has been noted i n  every month o f  t h e  year,  p a r t i c -  
u l a r l y  i n  t h e  southern p a r t  of t h e  anchovy's geographical  d i s t r i b u t i o n  
(Bax ter  1967, p. 111). Based on t h e  r e l a t i v e  occurrence o f  anchovy 
l a r v a e  f o r  each month, t h e  peak spawning p e r i o d  i s  d u r i n g  t h e  l a t e  
w i n t e r  and s p r i n g  (Ah ls t rom 1967, p. 122) (see F igu re  4.1-3.). The 
frequency o f  l a t e r  stages o f  gonad m a t u r i t y  i s  g r e a t e r  f o r  l a r g e r  
anchovies ( C l a r k  and P h i l l i p s ,  1952, p. 205). Knaggs (CF&G, pers.  
comm., A p r i l  1977) a l s o  f i nds  t h a t  l a r g e r  anchovies sampled by t h e  
CF&G sea surveys and from t h e  r e d u c t i o n  f i s h e r y  have a h ighe r  f requency 
of l a t e r  m a t u r i t y  stages f o r  a l onger  p e r i o d  o f  t ime. Th is  suggests 
t h a t  t h e  number of spawnings per  female d u r i n g  a season may increase 
w i t h  t h e  s i z e  o r  age o f  t h e  anchovy. 

The sex r a t i o s  f o r  anchovy samples f rom the  San Pedro reduc- 
t i o n  f i s h e r y  and CF&G zea survey t r a w l  hau ls  i n d i c a t e  t h a t  a d u l t  
anchovies a r e  o f t e n  segregated by sex. K l i n g b e i l  ( i n  press, p. 3)  
found t h a t  t h e  o v e r a l l  female t o  male r a t i o  f o r  samples f rom 1966 t o  
1975 sea surveys was 1.09: 1 , o n l y  s l i g h t l y  g r e a t e r  than t h e  expected 
1 : l  r a t i o .  On t h e  o t h e r  hand t h e r e  were an i n o r d i n a t e  number of 
samples w i t h  a l a r g e  p r o p o r t i o n  of e i t h e r  males o r  females, p a r t i c u l a r l y  
d u r i n g  February through June. 
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Figure 4.1-3. Percentage of the yearly to ta l  of sardine larvae (uppe r  
panel) and anchovy larvae (lower panel) taken i n  each 
monthly cruise, 1952-59. Spaces fo r  each year on the 
abscissa depict a to ta l  of 1 2  months. " X "  indicates no 
cruise  was made (reproduced from Ahlstrom 1967, p. 122). 
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Samples from the reduction fishery a re  dominated by females through-  
out September t h r o u g h  May season (Figure 4.1-4). The sex ra t ios  only s l igh t ly  
favored males in just a few months. The sex ra t ios  for  the comercial  f ishery 
averaged 1.73:l by weight  for  the past  10 fishing seasons (excluding 1967-68). 
The ra t ios  ranged from 1.27:l i n  the 1969-70 season t o  2.18:l i n  the 1973-74 
season. The sex ra t ios  by number and by weight as reported i n  the annual 
CF&G reports on the age and length composition of the anchovies i n  the 
reduction fishery a re  given i n  Table 4.1-3. 
Collins and Sprat t  1969; Collins 1969, 1971). 

(Sunada, 1975; S p r a t t ,  1972, 1973a,b; 

Klingbiel ( i n  press, p .  3) d i d  not detect any consistent seasonal or 
cyclic trends i n  the sex ra t ios  for  e i the r  set of data. From a summary o f  
the sea survey data by the monthly periods"February," "April ,I' "May-June," 
"October," and "November," he found tha t  the area generally southeast of 
San Clemente Island showed a consistent dominance of males, an area seldom 
fished by the commercial f l e e t  (Fig. 4.1-5). The area t o  the north and west 
of Catalina Island was predominantly females. The samples from the Channel 
Islands-Port Hueneme area were consistently dominated by females for a l l  
monthly periods except October. 
samples taken i n  the vicini ty  of Santa Monica Bay d u r i n g  the s p r i n g .  His 
data a lso show tha t  samples from San Pedro Channel area were dominated by 
females fo r  "November" through "Apri 1 'I periods overlapping the commercial 
f ishing season. 
commercial f ishery.  
the other hand, were dominated by male anchovies. 
f ro  
and May. 
dur  ng the summer months would take mostly male f i sh .  

He also noted tha t  males generally dominated 

T h i s  coincides with the female dominated sex ra t ios  fo r  the 
The "May-June" and "October" periods i n  t h i s  area, on 

On the contrary, samples 
the fishery have consistently favored females i n  the months of October 

Consequently, we cannot conclude tha t  a purse seine fishery operating 

L 

Table 4.1-3. The female t o  male sex ra t ios  by number and w e i g h t  
f o r  the San Pedro reduction fishery for  seasons 1966-67 
t o  1975-76 (Sunada 1975; Sprat t  1972 and 1973; Collins 

and Sprat t  1969; Collins 1968 and 1971). 

Sex r a t io  Sex r a t i o  
Season by number by weight 

1966-67 
1967-68 
1968-69 
1969- 70 
1970-71 
1971-72 
1972-73 
1973-74 
1974- 75 
1975-76 
1976- 77 
Mean 

1.58:l 

1.45:l 
1.14:l 
1.60:l 
1.52:l 
1.99:l 
2.02:l 
1.57:l 

1' Source: J .  Sunada, CF&G,  April 1977. 

1.77:l  

1.54:l 
1.27:l 
1.75:l 
1.60:l 
2.14:l 
2.18:l 
1 . 7 2 1  
1.61 : 111 

1.73 

, 
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S O N D J f l l A M I J A S O N D J F M A M  

1974-75 
Commercial fishery- x * 20 somplor 
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S O N O J F M A M  

Figure  4.1-4. Sex r a t i o s  (F:M) o f  anchovies by month computed from 
samples taken from the  commercial f i s h e r y  (1968-69 
through 1974-75 seasons) and f rom C a l i f o r n i a  Department 
o f  F i s h  and Game Sea Survey Cru ises ( f rom K l i n g b i e l ,  
i n  p ress) .  
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4.1.5. Recrui tment 

Recrui tment i s  t h e  a d d i t i o n  o f  young f i s h  f rom the  more recen t  
year  c lasses t o  the  ca tchab le  p o r t i o n  o f  a f i s h  s tock (R icker  1975, p. 5 
and p. 265). F i sh  r e c r u i t  t o  t h e  vu lnerab le  p o r t i o n  o f  t he  s tock as a 
r e s u l t  o f  growth and sometimes changes i n  movement p a t t e r n  o r  m ig ra to ry  
behavior.  
t he  age a t  recru i tment ,  l o c a t i o n  where rec ru i tmen t  takes p lace,  and t h e  
magnitude o f  t h e  biomass o f  t h e  incoming r e c r u i t s .  

I n  t h e  management o f  no r the rn  anchovies, i t  i s  impor tan t  t o  know 

Age o f  rec ru i tmen t  f o r  anchovies i s  d i f f e r e n t  f o r  t h e  l i v e - b a i t  and 
commercial r e d u c t i o n  f i s h e r i e s .  From a l i v e - b a i t  sampling program i n  the  
summer o f  1968, Crooke (1969, p. 92) found t h a t  age I f i s h  accounted fo r  
62% o f  t h e  ca tch  by weight.  Age groups 0 and I 1  c o n t r i b u t e d  15% and 19% 
o f  t he  ca tch  by weight,  r e s p e c t i v e l y .  Age groups I 1 1  and o l d e r  made up 
4% o f  the  ca tch  ( these percentages were ad jus ted  t o  account f o r  the  4% o f  
t he  sampled f i s h  t h a t  cou ld  n o t  be aged). 
ment t o  the  l i v e - b a i t  f i s h e r y  occurs over  a 6 t o  12 month age i n t e r v a l  
beginn ing w i t h  age 0 f i s h  i n  the  midd le  o f  t h e i r  f i r s t  year  o f  l i f e  
(anchovies o f  t h i s  smal l  s i z e  a re  commonly r e f e r r e d  t o  as "pinheads") .  
Recrui tment t o  t h e  San Pedro reduc t i on  f i s h e r y  begins w i t h  age 0 f i s h  i n  
t h e  w i n t e r  months near the  end o f  t h e i r  f i r s t  year  o f  l i f e  (Sunada 1975, 
p. 221). Age I f i s h  approach f u l l  r ec ru i tmen t  i n  t h e  f o l l o w i n g  w i n t e r  near 
the  end of t h e i r  second yea r  o f  l i f e .  Age I 1  f i s h  a re  f u l l y  r e c r u i t e d .  
Recrui tment t o  t h e  c e n t r a l  C a l i f o r n i a  f i s h e r y  appears t o  occur e a r l i e r ,  
s i m i l a r  t o  the  l i v e - b a i t  f i s h e r y  (Sunada 1975, p. 222). 
f o r  every 5,000 tons  landed d u r i n g  t h e  1973-74 San Pedro reduc t i on  f i s h e r y ,  
a r a t h e r  t y p i c a l  season, i s  reproduced i n  F igure  4.1-6. The age o f  r e -  
c ru i tmen t  t o  t h e  Mexican r e d u c t i o n  f i s h e r y  has n o t  been examined. 

These data suggest t h a t  r e c r u i t -  

The age composi t ion 

The d i f f e r e n c e  i n  age o f  rec ru i tmen t  between these f i s h e r i e s  i s  l i k e l y  
t h e  r e s u l t  o f  t h e  d i f f e r e n c e s  i n  the  areas o f  opera t ion .  
r e p o r t s  t h a t  t h e r e  i s  a d e f i n i t e  onshore-of fshore g rad ien t  i n  t h e  s i z e  
d i s t r i b u t i o n  o f  anchovies sampled by midwater t r a w l s  on CF&G sea surveys. 
Anchovies i n  nearshore s t a t i o n s  were g e n e r a l l y  smal le r  than those taken i n  
t h e  o f f s h o r e  areas w h i l e  t h e  l a r g e r  and o l d e r  f i s h  e x h i b i t e d  a g r e a t e r  
o f f s h o r e  d i s t r i b u t i o n .  He a l s o  noted t h a t  t h e  midwater t r a w l  undersampled 
age 0 and I anchovies.  I n  a recent  sea survey, midwater t r a w l  samples were 
taken i n  t h e  nearshore zone over  bottom depths of 20-91 meters (Crooke 
1976, p. 5 ) .  Young anchovies o f  age 0 occurred i n  t h i s  nearshore zone w i t h  
a h ighe r  f requency r e l a t i v e  t o  o f f s h o r e  surveys o f  prev ious years.  Th is  
and the  age composi t ion o f  t h e  l i v e - b a i t  ca tch  s t r o n g l y  suggest t h a t  t h e  
younger anchovies (age 0 and I )  predominate i n  the  nearshore zone, t h e  area 
of  t h e  b a i t  f i she ry .  
and n o t  p a r t  of  t he  spawning biomass. 

Cur ren t l y ,  t h e r e  i s  no s t a t i s t i c a l l y  sound q u a n t i t a t i v e  method o f  
f o recas t i ng  t h e  magnitude o f  t h e  rec ru i tmen t  o r  incoming year  c lass .  
o t h e r  hand, t h e  t ime s e r i e s  o f  t h e  age composi t ion data f rom CF&G sea surveys 
and r e d u c t i o n  land ings  prov ides  a r e l a t i v e  index o f  year  c l a s s  s t reng th .  
The recent  CF&G sea survey o f  thenearshorezone was t h e  f i r s t  a t tempt  t o  

Mais (1974, p. 46) 

These younger f i s h  a l s o  are  probably  sexua l l y  imnature 

On t h e  
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Figure 4.1-6. Percent frequency occurrence o f  age groups 
per 5,000 ton s t r a tum,  1973-74 San Pedro 
landings  (bar red  figures - 1970 y e a r  c l a s s )  
(Sunada 1975, p.  221). 
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develop a sampling procedure t o  assess t h e  s i z e  o f  t he  incoming y e a r  c lass .  
I t  i s  hypothesized t h a t  t he  s t r e n g t h  o f  an incoming yea r  c lass  i s  determined 
by t h e  l a r v a l  m o r t a l i t y  r a t e  (Hunter 1976, p. 1 ) .  
p a r t i c l e s  o f  t h e  proper  s i z e  was found by  Lasker ( i n  p ress)  t o  be c r i t i c a l  
t o  the  s u r v i v a l  o f  f i r s t - f e e d i n g  anchovy l a rvae .  He suggested t h a t  by 
m o n i t o r i n g  t h e  dens i ty and d i  s tri b u t i  on o f  food p a r t i c l e s  d u r i  ng t h e  spawni ng 
season t h a t  one cou ld  p r e d i c t  t he  success o r  f a i l u r e  o f  t he  yea r  c lass  i n  
t h e  making. As i n  most s tock - rec ru i tmen t  r e l a t i o n s h i p s ,  one should expect 
a g r e a t  deal o f  v a r i a b i l i t y  i n  r e c r u i t m e n t  t o  t h e  anchovy f i s h e r y  r e s u l t i n g  
from environmental  f a c t o r s .  An a n a l y s i s  o f  t h e  t ime s e r i e s  o f  t h e  CalCOFI 
spawning biomass f o r  t h e  c e n t r a l  subpopu la t ion  o f  n o r t h e r n  anchovy suggests 
t h a t  r e c r u i t m e n t  i s  d e n s i t y  dependent. The maximum es t imated inc rease i n  biomass 
between two ad jacent  years  has n o t  been much g r e a t e r  than t w o f o l d  (see 
Appendix 11, F igu re  2 ) .  Al though t h e r e  i s  a chance t h a t  a p a r t i c u l a r l y  s t r o n g  
y e a r  c lass  migh t  develop from a r e l a t i v e l y  low spawning biomass, i t  has n o t  
been a f requen t  event  i n  t h e  growth o f  t h e  c e n t r a l  subpopulat ion t h a t  can be 
planned on i n  t h e  development o f  management s t r a t e g i e s .  

The abundance o f  food 

4.1.6. P reda t ion  

The anchovy i s  a p rey  species throughout a l l  i t s  l i f e  stanzas; egg and 

(Table 4.1-4). 

l a r v a ,  j u v e n i l e  and a d u l t .  The l i s t  o f  p redators  i s  l ong  and inc ludes  
almost every p r e d a t o r  species o f  f i s h ,  b i r d s  and mammals i n  the  C a l i f o r n i a  
Cur ren t  r e g i o n  
zooplankton complex, f a l l  p rey  t o  the  assortment o f  i n v e r t e b r a t e  
and v e r t e b r a t e  p l a n k t i v o r e s  i n c l u d i n g  a d u l t  anchovies. Because o f  t he  r a p i d  
l a r v a l  growth r a t e s ,  t he  d u r a t i o n  o f  t h i s  l i f e  stanza i s  about 2 t o  4 months, 
b u t  t h e  m o r t a l i t y  i s  h igh .  As j u v e n i l e s  i n  t h e  nearshore zone, anchovies a r e  
the  most vu lne rab le  t o  gamefish o f  r e c r e a t i o n a l  and commercial importance a l -  
though these species must compete w i t h  a v a r i e t y  o f  o t h e r  p redators  o f  l e s s  
r e c r e a t i o n a l  value. ImPortant r e c r e a t i o n a l  species i n  southern C a l i f o r n i a  a re  

Anchovy eggs and la rvae ,  as p a r t  o f  t he  

P a c i f i c  b o n i t o  (Sarda c h i l i e n s i s ) ,  y e l l o w t a i l  ( S e r i o l a  d o r s a l i s )  , 
barracuda ( S D h v r z a r a e n t e a )  and i n  n o r t h e r n  Cal i f o r n i a .  salmon 
sp.) and s t r i G d  b a s s m ' s a x a t i l i s ) .  Less impor tan t  species s 
e l e c t r i c  r a y  (Torpedo c a l  i f o r n m t h e  abundant w h i t e  c roaker  
1 i neatus) have been observed feed ing  on anchovy schools (A. Mearns 
C a l i f o r n i a  Coastal Water Resources P r o j e c t ,  pers .  corn.  May 1977). 

Cal i f o r n i  a 
( Oncorhy nc hu s 
uch as P a c i f i c  
( Genyonemus 
, Southern 

As a d u l t s  o f f sho re ,  anchovies a r e  f e d  upon by numerous predators  t h a t  i n -  
c lude  albacore,  an impor tan t  r e c r e a t i o n a l  and commercial f i s h ,  b l u e f i n  tuna, 
sharks, porpo ise ,  sea ls  and b i r d s .  Many o f  these predators  a re  o p p o r t u n i s t i c  
feeders p r e y i n g  on whichever species i s  a v a i l a b l e .  Un fo r tuna te l y ,  very  l i t t l e  i s  
known about t h e  a c t u a l  q u a n t i t i e s  o f  anchovy consumed o r  the  percentage of 
anchovies i n  t h e  p reda to r  d i e t s  i n  r e l a t i o n  t o  o t h e r  forage species (Bax ter  
1967, p .  112). The annual amount o f  a d u l t  anchovies t h a t  succumb t o  p r e d a t i o n  
i s  es t imated  as 73% o f  t he  i n i t i a l  spawning biomass when no f i s h i n g  occurs.  
Th is  percentage w i l l  decrease, as w i l l  t he  average i n i t i a l  biomass, as f i s h i n g  
pressure  inc reases .  The amount o f  biomass from t h e  j u v e n i l e  o r  prespawning 
stanza must a l s o  be l a r g e ,  b u t  w i t h o u t  es t imates  one can o n l y  specu la te .  

The impact o f  t he  anchovy f i s h e r y  on marine b i r d s  i s  l i k e l y  t o  be some- 
what  g r e a t e r  than t h a t  on o t h e r  p redators ,  s ince  the  purse se ine  f i s h e r y  w i l l  
d i r e c t l y  compete f o r  t he  su r face  schools on which marine b i r d s  feed. An extreme 
s i t u a t i o n  was exper ienced i n  Peru, where an i n t e n s e  purse se ine  f i s h e r y ,  com- 
b ined  w i t h  E l  Nino c o n d i t i o n s ,  r e s u l t e d  i n  a severe d e c l i n e  i n  b i r d  popu la t i ons  



65 

Table 4.1-4 Known o r  Suspected Predators of the Northern Anchovy .- 

-- 

_.a. 

Marine Mammal s 

Delphinus de lphis bairdi  
Phocoenoides dulli Dall porpoise 
Lagenorhynchus ob liquidens 
Callorhinus ursinus Northern fu r  seal 
Ewnetopias jubatus S t e l l e r  sea l ion 
Zalophus ca l i fomianus  California sea l ion 
Mirounga angust irostr is  Northern elephant seal 
Phoca v i tu l ina  Harbor seal 
Tursiops truncatus Pacific bottlenose dolphin 
G 1 obi cep ha 1 a macrorhy nca Pi 1 o t  whale 
possibly Baleen whales 

Common dolphin 

Pacific s t r iped dolphin 

(except Eschrichtius gibbosus, the Cal i fornia gray whale, 
an endangered species,  which does not ea t  during i t s  
migrations t h r o u g h  California waters) 

Marine Birds (* denotes endangered species) 

Diomedea nigripes 
FuZmarus g lac ia l i s  
Puffinus griseus 

11 puff inus 
Oceanodrorna leucorhoa 

11 hornochroa 
Loome lania me Zania 
Pelecanus occidentalis * 
Pha lacrocorax aur i  t u s  

It  penici  Z latus 
11 pe lagicus 

Larus glaucescens 
I‘ occidentalis 
l r  heermanni 

delauarensis 
californicus 

Rissa triducty l a  
Uria aalge 
Cepphus eo lwnba 
Brachyramphus marmoratm 
Endomychura craveri  

I t  hypo leuca 
Synth liboramphus antiquwn 
Ptychoramphus aleut ica 
Cerorhinca monocerata 
Fratercula comicula ta  
Lunda cirrhata 
Ha Ziaee tu s  leucocephalus 
Pandion haliaetus 

B1 ack-footed a1 batross 
Fulmar 
Sooty shearwater 
Manx shearwater 
Leach’s petrel 
Ashy petrel 
Black petrel 
Brown pelican 
Doubl e-crested cormorant 
Brandt I s cormorant 
Pelagic cormorant 
G 1  aucous-wi nged gull 
Western gull 
Heerman I s gull 
R i  ng-bi 11 ed gull 
Cal i fornia gull 
B1 ack-1 egged kittiwake 
Common murre 
Pi geon gui 11 emot 
Flarbl ed murrel e t  
Craveri I s rnurrelet 
Xantu ’ s murrel e t  
Ancient murrelet 
Cassin‘s auklet  
Rhinoceros auklet 
Horned puffin 
Tufted puff i n 
Bald eagle 
Osprey 
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Marine Fishes 

A Zopias vu Zpinus 
Isurus oxyrinchus 
Galeorhinus zyopterus 
Prionace g Zauca 
Torpedo caZifornica . 
Oncorhynchus kisutch 

Sebastes s p p  . 
Roccus saxat i  l i s  
Para labrax nebu Zi f e r  

clathratus 
Cau Zo l a t i  Zus princeps 
Trachurus symmetricus 
Serio Za dorsa l i s  
Atractoscion (Cynoscion) nobi Zis 
Seriphus po Zi tus  
Menticirrhus undalatus 
Genyonemus Zineatus 
Embiotocidae s p p .  
Sphyraena argentea 
Scomber japonicus 
Sarda chi  Ziensis 
Thunnus a Za Zunga 

I’ thynnus 
Xiphias gladius 
Tetrapturus audax 
Para Zichthys cal i fornicus 

t s haw y t s  c ha II 

11 

I n v e r t e b r a t e s  

LoZigo opaZescens 
DECAPODA (oegopsida) 

Common th resher  shark 
Bon i to  shark 
Soupf in shark 
Blue shark 
Paci fi c e l e c t r i c  r a y  
S i  1 v e r  salmon 
King salmon 
Rockfishes (many spec ies)  
S t r i p e d  bass 
Barred sand bass 
Kelp bass 
Ocean w h i t e f i s h  
Jack mackerel 
Ye1 l o w t a i  1 
White seabass 
Queenf ish 
C a l i f o r n i a  co rb ina  
White c roaker  
Surfperches (many species) 
C a l i f o r n i a  barracuda 
P a c i f i c  mackerel 
P a c i f i c  b o n i t o  
A1 bacore 
B l u e f i n  tuna 
Swordf ish 
S t r i p e d  marl i n  
Cal i f o r n i a  ha1 i b u t  

Market squ id  
Oceanic squids 
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(Clark 1975, p.  285). 
producing WSY , combined w i t h  appropriate area closures 
impact of the anchovy fishery on bird populations. 

Maintenance of an anchovy nopulation larger  than tha t  
should minimize the 

-- 

Of par t icular  importance i s  the possible impact of the anchovy fishery 
on the food supply of the California brown pelican (Pelecanus occidentalis  
cal i forni cus ) , an endangered species . 
colonies in the southern California area a re  a t  Anacapa Island and a t  North 
Coronado Island. L i t t l e  i s  known of the pelican's actual food requirements 
or  of i t s  a l te rna t ive  sources of forage. 
opportunistic feeder, concentrating on the most abundant prey available.  In 
southern California, anchovy i s  the major component of the pel ican 's  d ie t .  
Pelicans require about two pounds of f i sh  per day per bird,  and can f l y  t o  
feeding s i t e s  as f a r  as 30 miles from the nesting colony, although i t  i s  
not known i f  such f l i gh t s  are  physiologically e f f i c i en t .  Forage requirements 
appear t o  be most c r i t i c a l  a t  the time of nesting, which extends from February 
t o  September (above information supplied by Dr. Daniel Anderson, UC-Davis, 
personal communication). The Endangered Species Act of 1973 requires tha t  
Federal agencies (e .g . ,  NMFS and FWS) insure tha t  their a c t i v i t i e s  and programs 
do not jeopardize the continued existence of l i s t e d  species or  resu l t  in the 
destruction o r  modification of "c r i t i ca l  habitat" (which has been interpreted 
t o  include biota) .  
been o f f i c i a l ly  determined. 

The two remaining breeding and nesting 

The pelican appears t o  be an 

The "c r i t i ca l  habitat" of the brown pelican has n o t  ye t  

4.2.  Stock Units (see Section 3.1) 

4.3. Catch-effort data 

c 

UI 

California Department of Fish and Game has maintained a f i sh  receipt 

For each transaction, the dealer records 
system since 1916 whereby f i sh  dealers and processors, a t  time of delivery, 
record purchases of landed f ish.  
the species, w e i g h t ,  exvessel price,  fisherman's name, vessel number, gear 
type, capture area,  and intended use (McAllister 1976). 
routinely edited,  punched on cards, and summarized for  various uses. These 
data could be used t o  calculate catch per t r i p  s t a t i s t i c s ,  b u t  t h i s  i s  not 
done routinely for  the anchovy reduction fishery.  
for  anchovy reduction, canning, dead ba i t ,  and fresh and frozen market fo r  
human consumption. 
used by recreational f i sher ies .  

number o f  sets, species caught, area fished, and number of scoops of bai t  
sold. These records are something less  than 100% complete. Periodically 
these records are  analyzed and reviewed by CF&G (Alpin 1942; Wood and 
Strachan 1970; and Yaxwell 1974), b u t  a t  most, they are  an indication of 
local ava i lab i l i ty  of generally the younger age groups.  Vessel logs are 
required of a l l  boat operators who land anchovies fo r  reduction. 
for  these logs has changed a number of times since the i r  beginning in 1965, 
b u t  they provide the necessary data f o r  calculating catch per t r i p ,  catch per 
s e t ,  area of  catch, catch per hour where time may be time away from p o r t ,  
or hours searching. Logs for  unsuccessful trips ar2 not reported. The  
qual i ty  of the logs as in most other f i sher ies  varies depending on the vessel 
operator. These data have been processed and summarized for the 1965-66 and 
1966-67 seasons (Messersmi t h  1969). Since then , routine updates of catch 
based on CPUE of the reduction fishery which operates in a limited area w i t h  

These data are  

Receipts include landings 

They do not include the catch of anchovies fo r  l i ve  ba i t  

Operators of boats supplying l i ve  ba i t  keep a voluntary daily log fo r  

The format 
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respec t  t o  t h e  range of t he  c e n t r a l  s tock i s  q u i t e  u n l i k e l y  t o  be representa- 
t i v e  o f  the  c e n t r a l  s tock  as a whole. 
anchovies i n  t h e  San Pedro Channel t o  the  commercial purse se iners  undergoes 
l a r g e  f l u c t u a t i o n s  over  very s h o r t  t ime per iods .  
l i k e l y  a r e s u l t  o f  environmental  and behav io ra l  f a c t o r s  r a t h e r  than changes 
i n  o v e r a l l  abundance. A t h i r d  impor tan t  comp l i ca t i ng  f a c t o r  i s  t h e  l i m i t e d  
vessel  h o l d  capac i t y  and reduc t i on  process ing capac i ty .  

A f i s h i n g  t r i p  f o r  anchovy r e d u c t i o n  i s  almost always l e s s  than 24 hours 

Furthermore, the  v u l n e r a b i l i t y  o f  

These changes a re  more 

and u s u a l l y  no f a r t h e r  than 50 m i l e s  f rom p o r t .  
capac i ty ,  processors o f t e n  impose land ing  l i m i t s  on the  vessels  which a re  
g e n e r a l l y  l e s s  than t h e  vessels c a r r y i n g  capac i ty .  
p o s s i b l e  f o r  t h e  vessel  t o  ca tch  i t s  l i m i t  i n  1 o r  2 se ts .  A e r i a l  f i s h  
s p o t t e r s  r o u t i n e l y  scout  f o r  f i s h a b l e  concent ra t ions  o f  f i s h  and i n  many 
cases d i r e c t  t h e  s e t t i n g  o f  t he  ne t .  Th is  minimizes vessel search e f f o r t  and 
increases t h e  success r a t e .  As a r e s u l t ,  t he  ca tch  pe r  t r i p  o r  ca tch  per  
hour may r e f l e c t  vessel  o r  reduc t i on  capac i t y  more than abundance o f  t he  
s tock .  

Because o f  l i m i t e d  reduc t i on  

I n  many instances,  i t  i s  

Recent ly,  NMFS-SWFC and CF&G i n i t i a t e d  a coopera t ive  s tudy t o  process, 
analyze and eva lua te  a sample o f  r e d u c t i o n  logbook data as a source f o r  CPUE 
i n fo rma t ion .  
F i s h e r i e s  I n s t i t u t e )  Subcommittee on Catch-Per-Uni t - E f f o r t .  

Th is  i s  be ing done through the  CalCOFI-INP (Mexico's Nat iona l  

4.4. Survey and Sampling Data 

Four major  on-going surveys and sampling programs e x i s t  f o r  t h e  
purpose o f  m o n i t o r i n g  t h e  f i s h e r y  resources o f f  C a l i f o r n i a  w i t h  p a r t i c u l a r  
emphasis on n o r t h e r n  anchovies. 
a e r i a l  marine resource mon i to r i ng  survey, CF&G sea surveys and t h e  f i s h  
land ings  sampl ing program. 

These a re  t h e  CalCOFI egg and l a r v a  surveys, 

The f i r s t  o f  these, t he  egg and l a r v a  surveys, p rov ides  t h e  25-year 
t ime s e r i e s  f rom which t h e  es t imates  o f  t he  anchovy spawning biomass used 
i n  t h i s  management p l a n  a re  der ived.  
procedures f rom t h i s  survey a re  e x t e n s i v e l y  reviewed i n  Appendix 
t h e  p e r i o d  1951-1960, egg and l a r v a  surveys were conducted annua l ly  w i t h  
monthly c r u i s e s  over  the  major p o r t i o n  o f  t h e  anchovy range. Dur ing 1961- 
1965, annual surveys were conducted w i t h  one c r u i s e  per  qua r te r .  
i n  1966, surveys were run  every t h i r d  yea r  w i t h  8-10 monthly c r u i s e s  pe r  year .  
The nex t  t r i a n n u a l  CalCOFI survey begins i n  December 1977 and extends i n t o  
October 1978. The o b j e c t i v e  o f  the  survey i s  t o  mon i to r  t h e  abundance and 
d i s t r i b u t i o n  of  eggs and l a r v a e  o f  var ious  f i s h  species i n  t h e  C a l i f o r n i a  
Current  area as an i n d i r e c t  measure o f  t he  biomass o f  a f i s h  species t h a t  
spawned the  eggs and la rvae .  

The est imates and t h e  e s t i m a t i o n  
I. 

Beginning 

Dur ing 

c 

k 

sa 
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The aer ia l  marine resource monitoring survey i s  conducted by commercial 

f i sh  spot ter  p i lo t s  scouting for  pelagic f i sher ies  w i t h i n  generally the 
Southern California Bight. 
on a f l i g h t  log of pelagic species, giving location, number of schools, 
estimated tonnage of each school o r  groups of schools, and f l i g h t  track for  
each survey f l i gh t .  This program was in i t i a t ed  i n  1962 and i s  currently 
ongoing. Results of t h i s  survey were f i r s t  reported on by Squire (1972). 
The majority of f i sh  s p o t t i n g  e f f o r t  i s  directed toward the location and 
catching of northern anchovy; jack mackerel, Trachurus symmetricus; Pacific 
bonito, Sarda chi1 iensis ;  Pacific mackerel , Scomber japonicus; and bluefin 
tuna, T h u n n u s  thynnus for  the recent years i n  the survey area. 
t ions a re  conducted during daylight hours o r  on nights during the dark phase 
of the moon a t  a l t i tudes  o f  500 t o  1200 f t .  above the sea surface (Squire 
1972, p.  1007). T h i s  survey i s  essent ia l ly  f l i gh t s  of opportunity ra ther  
than a systematic survey, consequently i t  suffers  from many of the same 
problems of CPUE data. Effort  i n  this case i s  number of CF&G block areas 
flown over during a f l i gh t .  Fish school tonnages a re  coded t o  simplify 
tabulation. The 15-year time se r i e s  i s  presently being coded so t h a t  the 
data can be extensively analyzed w i t h  the aid of a computer. 

They are  contracted to  NMF5 t o  record observations 

Flight opera- 

Mr. James Squire of NMFS-SWFC has updated this index for northern 
anchovy in the area of the commercial f ishery (Figure 4.4-1). For the 
northern anchovy, the n i g h t  index rather than the day index i s  the most 
appropriate. The index was re la t ive ly  s table  fo r  1962 through 1972 w i t h  an 
average of 3.57. In 1973, the i n d e x  peaked and has since shown a downward 
trend. 
15-year time ser ies  i s  5.29. The value of the index f o r  1976 i s  5.37. For 
the 15-year time se r i e s ,  the index i s  below 5.37 i n  10 years and above 5.37 
in 4 years. 

surveys and n ight t ime midwater trawl surveys. Data from these surveys a re  
routinely pub1 ished i n  annual CalCOFI data reports. Mais (1974) documented 
the f i n d i n g  of these surveys from 1966 t o  1973. Although CF&G routinely 
use horizontal scan sonar t o  estimate the abundance of anchovies i n  the 
Southern California B i g h t  (Figure 4.4-2) there are  a number of practical  
problems w i t h  the method t h a t  are  currently research topics and tha t  produce 
questionable estimates of biomass (Hewitt 1976, p. 152). This i s  par t icular ly  
so when the ocean's thermocline i s  shallow. The midwater trawl surveys pro- 
vide data on length and age composition, sex ra t ios  and sexual maturity of 
the anchovy resource in the Southern California B i g h t .  These data often suffer 
from small and infrequent samples a1 t h o u g h  the area surveyed i s  considerably 
larger  than the  fishery.  
yea r . 

s t r a t i f i e d  two-stage random sample of the commercial reduction landings. 
The anchovy reduction landings a t  Terminal Island canneries are  sampled 
using a s t r a t i f i e d  random sampling plan w i t h  subsampling without replace- 
ment. 
babi l i ty  proportional t o  i t s  expected s ize .  
i s  chosen randomly and without replacement. 
mately 5,000 tons and 20 samples a re  taken per stratum. 
a t  Oxnard. 
quantity of f i sh  landed i s  less  and since the time and order of arr ival  of 
boat loads i s  unknown before sampling (Collins 1971, p. 283). All f i sh  i n  
the samples a re  measured fo r  length and weight, sexed, and s t a t e  of  maturity 
assessed. 
1971, p: 284). 
i n  sections 4.1 and 4.7. 

The average of the index since 1972 is  9.92. The average f o r  the 

The sea surveys conducted by CF&G have two components, daytime sonar 

Sea surveys are  generally conducted 3-5 times per 

The catch sampling program conducted by CF&G i s  a well designed 

The boatload is  the primary u n i t  and i s  selected randomly w i t h  pro- 
A secondary u n i t  of 250 grams 
A stratum consists of approxi- 

There i s  no sampling 
Sampling in central  California is  s l igh t ly  modified since 

Otoli ths a re  taken from each f i sh  for  age determination (Collins 
The age composition, sex ra t ios ,  maturity data a re  reported 
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Figure 4.4-2. Anchovy acoustic survey results estimated from horizontal 
ranging sonar operation. Each bar represents an estimate 
of  t o t a l  anchovy schools inhabiting a par t icular  region 
d u r i n g  a single survey. Solid l ine represents the number 
o f  schools detect  d per Square mile o f  sea surface area. 
(Mais 1974, p. 227. 
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4.5. H a b i t a t  

The n o r t h e r n  anchovy i s  an e p i p e l a g i c  species a l though i t  has been 
observed a t  depths o f  300 m. A d u l t s  tend t o  remain r e l a t i v e l y  o f f sho re .  
Juven i l es  a r e  o f t e n  found c l o s e  inshore,  i n  sha l low waters, and i n  
es tua r ies ,  as w e l l  as o f f s h o r e .  

A d u l t  anchovies have been r e g u l a r l y  observed i n  waters rang ing  from 
12 t o  20°C su r face  temperature i n  southern C a l i f o r n i a .  
evidence t h a t  anchovies tend  t o  a v o i d  h i g h  su r face  temperatures by r e -  
ma in ing  deeper i n  t h e  water  column, as demonstrated by t h e  anomalous 
c o n d i t i o n s  i n  November 1976 (Mais 1976). Spawning u s u a l l y  occurs i n  
temperatures between 12 and 15OC, which a r e  t y p i c a l  d u r i n g  l a t e  w i n t e r .  

There i s  some 

There i s  l i t t l e  i n f o r m a t i o n  rega rd ing  water  q u a l i t y  requirements and 
preferences. Anchovies o f t e n  congregate i n  areas o f  sewage o u t f a l l s ,  as 
i n  t h e  case of Whi te 's  P o i n t  o f f  t h e  Palos Verdes Peninsula.  There have 
been p e r i o d i c  d i e - o f f s  i n  Santa Cruz Harbor, and occasional  cases o f  
d i e - o f f s  i n  F i s h  Harbor a t  Terminal I s l a n d  when d i sso l ved  oxygen became 
t o o  low. 
caused by d i n o f l a g e l l a t e  blooms, and i n  F i s h  Harbor by excessive dumping 
o f  h igh  BOD h o l d  water and f i s h  o f f a l  ( t h e  problem has been l a r g e l y  
r e c t i f i e d ) .  I n  bo th  cases, d i e - o f f s  occur red  i n  harbors w i t h  very  poor 
water c i r c u l a t i o n ,  b u t  w i t h  a t t r a c t i v e  food supp l i es  p r e l i m i n a r y  t o  t h e  
event. 

I n  t h e  case o f  Santa Cruz Harbor, t h e  low oxygen l e v e l s  were 

The impact of t h e  cannery waste has been s tud ied  i n  o n l y  t h e  
Los Angeles Harbor area. 
o n l y  one o f  t h e  va r ious  f i s h e r y  p roduc ts  t h a t  c o n t r i b u t e  t o  cannery e f f l uen t .  
Cannery wastes f o r  many years  were dumped i n t o  I n n e r  F i s h  Harbor a long w i t h  
pumpings from boa t  ho lds  and human wastes. 
l o c a t e d  and p iped  t o  two o u t f a l l s  on t h e  eas t  s i d e  o f  P i e r  301 (Soule and 
Oguri 1973, p.7). The Way S t r e e t  S t a t i o n  rece ives  wastes f rom var ious  
canner ies  and t h e  o t h e r  discharges e f f l u e n t  from o n l y  S t a r k i s t  canner ies.  
The d ischarge o f  cannery wastes a re  most c r i t i c a l  d u r i n g  the  f a l l  o f  t h e  
yea r  when seasonal d i e - o f f  o f  b i o t a  f rom l a t e  summer and e a r l y  f a l l  p lank ton  
blooms and thermal t u rnove r  p lace  a heavy n a t u r a l  oxygen demand on the re- 
c e i v i n g  waters (Chamberlain 1975, p. 13).  Soule and Oguri (1976, p. i i )  r e p o r t  
t h a t  ' 'under p resen t  c o n d i t i o n s ,  a smal l  zone w i t h i n  approximately 200 f e e t  
of t h e  o u t f a l l s  e x i s t s  where numbers o f  species a r e  low. Adjacent t o  t h i s  
zone i s  a zone o f  enrichment which extends through most o f  t h e  o u t e r  harbor.  
Beyond t h a t ,  c o n d i t i o n s  r e t u r n  t o  average coas ta l  popu la t ions .  The r e g u l a t i o n s  
of waste l oad ings  and c o n t r o l  of p o l l u t a n t s  i n  t h e  p a s t  6-year p e r i o d  has 
brought  t h e  harbor  ecosystem from a depauperate b i o t a  t o  a moderately r i c h  
one i n  t h e  immediate o u t f a l l s  zone, w i t h  a very  r i c h  b i o t a  i n  t h e  ad jacent  
o u t e r  harbor  area. I' 

I n  t h i s  case, anchovy r e d u c t i o n  processing i s  

I n  1964, discharges were r e -  
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Soule and Oguri  (1973, p, 15-16) repor ted  t h a t  "Nothing i s  known 
about t h e  d i s tance  t r a v e l e d  by i n d i v i d u a l  anchovies w i t h i n  t h e  harbor,  
nor  about t h e  degree t o  which they  move i n  and o u t  o f  t h e  harbor .  
by t h e  b a i t  boats,  p r e s e n t l y  be ing surveyed, i n d i c a t e  t h a t  t h e r e  may be 
an area of  i n h i b i t i o n  i n  t h e  immediate v i c i n i t y  o f  t h e  cannery o u t f a l l s  . . . 
There a r e  i n d i c a t i o n s  t h a t  t h e  anchovies move away from the  area when t h e  
oxygen i s  low and a l s o  when i t  i s  excess ive ly  high, d u r i n g  p lank ton  blooms. 
Weather c o n d i t i o n s  may e x e r t  i n f l u e n c e  as w e l l ,  f o r  anchovies apparent ly  
disappeared f rom harbor  catches p r i o r  t o  heavy w i n t e r  storms and subsequent 
ra inwa te r  r u n o f f .  They a l s o  were n o t  caught i n  t h e  harbor  near t h e  end o f  
t h e  season when the  Davidson Current  brought  warmer sou the r l y  waters i n t o  
the  area, b u t  reappeared j u s t  a f t e r  water  temperatures dropped. 'I 

t h a t  l a r v a l  h a b i t a t  i s  c r i t i c a l  t o  l a r v a l  s u r v i v a l  and t h e r e f o r e  governs 
subsequent rec ru i tmen t  s t rength .  
throughout  t h e  area i n h a b i t e d  by t h e  c e n t r a l  stock,  w i t h  heav ies t  concentra- 
t i o n s  o c c u r r i n g  inshore.  Favorable l a r v a l  h a b i t a t  cons i s t s  of  dense p lank ton  
blooms o f  e d i b l e  and n u t r i t i o u s  organisms. 
b u t  n u t r i t i o n  i s  governed by species.  
as armored d i n o f l a g e l l a t e s ,  cannot be d iges ted  by t h e  anchovy la rvae.  
p lank ton  blooms c h a r a c t e r i s t i c a l l y  form as t h i n  l a y e r s  o f t e n  extending over  
l a r g e  geographic areas. 

Catches 

Recent s tud ies  (Lasker, 1975, 1976; Lasker and Smith, 1976) have shown 

Spawning occurs from January t o  May 

E d i b i l i t y  i s  governed by s ize ,  
Some organisms o f  t he  proper  s i ze ,  such 

These 

Formation and d e s t r u c t i o n  of these t h i n  l a y e r s  a re  t h e  key events t o  
l a r v a l  s u r v i v a l .  Upwel l ing must i n i t i a l l y  b r i n g  n u t r i e n t s  t o  the  sur face,  
a l l o w i n g  a p lank ton  bloom t o  occur. Subsequent cond i t i ons  must be s tab le ,  
such t h a t  l a y e r s  o f  p l a n k t o n i c  forage a t t a i n  s u f f i c i e n t  concent ra t ions  f o r  
anchovy l a r v a e  t o  feed e f f i c i e n t l y .  Dis turbance o f  these l a y e r s  r e s u l t s  i n  
d i spe rsa l  of  t h e  p lankton,  and concent ra t ions  may drop be l  ow 1 eve1 s necessary 
f o r  s u r v i v a l .  I n  the  s p r i n g  o f  1974, Lasker (1975) observed t h e  ex tens ive  
d e s t r u c t i o n  o f  p lank ton  l a y e r s  by a severe storm. Al though t h i s  s torm was d 
s h o r t - l i v e d  phenomenon, i t  may have been a c o n t r i b u t o r y  cause o f  t h e  ext remely 
poor 1974 yea r  c l a s s  o f  anchovies (see s e c t i o n  4.7). I n  t h e  f o l l o w i n g  year ,  
Lasker (1976) observed d e s t r u c t i o n  o f  t he  l a y e r s  by a p e r i o d  of i n tense  
upwe l l i ng  d u r i n g  t h e  m i d s t  o f  spawning. Optimal l a r v a l  h a b i t a t ,  t he re fo re ,  
depends on a d e l i c a t e  balance between too  l i t t l e  and too  much wind, which i n  
t u r n  a f fec ts  t h e  e x t e n t  and t i m i n g  o f  upwe l l i ng  as w e l l  as d i rec . t  a g i t a t i o n  
of t h e  water  column. 

The ext remely low anchovy biomasses observed by CalCOFI surveys i n  t h e  e a r l y  
1950's a r e  c o i n c i d e n t a l  w i t h  c o n d i t i o n s  which cou ld  have r e s u l t e d  i n  poor 
l a r v a l  h a b i t a t .  Moreover, Smith (1972) shows t h a t  t he  t o t a l  anchovy s tock  was 
r e l a t i v e l y  l a r g e  i n  1940 and 1941, b u t  was smal l  when the  CalCOFI program r e -  
sumed i n  1950 and 1951. A s e r i e s  o f  poor rec ru i tmen ts  must have occurred 
between 1941 and 1950. La rva l  h a b i t a t  f o r  p a r t  o f  t h e  p e r i o d  can be i n f e r r e d  
f rom Bakun's (1973) upwe l l i ng  index f o r  t he  p o i n t  33"N, 119"W which i s  l oca ted  
i n  t h e  Southern C a l i f o r n i a  B igh t .  Bakun's index i s  c a l c u l a t e d  from presumptive 
wind s t resses  as evidenced by baromet r ic  pressure grad ien ts .  Therefore, 
Bakun's index i s  n o t  o n l y  i n d i c a t i v e  o f  probable upwel l ing ,  b u t  even more so 
of probable atmospheric d is turbances.  The index extends from 1946 t o  t h e  
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present, and the period 1947 to 1952 is anomalous in that the index was 
consistently lower than at any time before or since (Figure 4.5-1). The main 
contributor to these anomalies was lack of wind in the spring quarter. These 
data support a hypothesis that recruitment may have been poor due to in- 
sufficient upwelling resulting in insufficient food concentrations, a7 though 
what concentrations there were probably remained undisturbed. 

The consistency of the period 1946 to 1952 relative to the range of index 
values observed since then suggests the possibility of "favorable" and ''un- 
favorable" regimes. 
regime, however, the possi bi 1 i ty of entering an "unfavorable" regime always 
remains. The limited data available do not allow examination of mechanisms, 
or calculation of probabilities. This management plan assumes that present 
"favorableN regime will continue, while incorporating safety measures that 
will minimize the impact on the stock, should we enter an "unfavorable" period. 

We are presently in what appears to be a "favorable" 

UPHELLING INDEX RT 33Nv 119W BY YERR 
I YERR IHOEX ENOHRLY -350 -22% -lag 0 le0 200 306 400 500 

Figure 4.5-1. Annual upwelling index values and anomalies for 
the Southern California Bight (from Bakun, 1973). 

11 
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4.7. Current Status of Stock 

The stock is now b e i n g  harvested a t  a r a t e  of about 200,000 short  tons 
per year between the California and Mexican fisheries. T h i s  i s  theoret ical ly  
a large enough harvest t o  be able t o  observe an e f fec t  on the population s i ze ,  
b u t  the large natural var iab i l i ty  i n  biomass would mask any definitive changes 
over the short term. 

In 1975, the central  stock spawning biomass was estimated t o  be 3.6 
mil l ion short  tons. The next CalCOFI survey will be i n  1978. The present 
population s i z e  can only be guessed a t ,  u s i n g  indications of recruitment 
strength from age composition information. 
weak, and the 1975 year c lass  was poor (Figure 4.7-1). 
i s  making an ear ly  appearance and appears t o  be considerably stronger than 
the previous 2 year classes.  
probably i n  the vicini ty  of 2 million tons,  this being an "educated guess'' 
based on apparent recruitment strengths.  CF&G acoustic surveys of the 
Southern California B i g h t  i n  the s p r i n g  of 1977 gave estimates of about 1 
million tons of anchovy biomass. This i s  consistent with the above guess 
since about 50% commonly occur in the Bight (see Section 3.1, Figure 
3.1-3). As of the f a l l  of 1977, the 1976 year c lass  i s  m a k i n g  a strong 
appearance, and overall anchovy abundance seems t o  be increasing, and 
the stock has probably recovered t o  more "normal" levels of abundance. 
The 1978 CalCOFI survey should supply a t  l ea s t  a preliminary estimate 
of abundance by mid-1978 suf f ic ien t  t o  implement a sound management plan. 

California management. 
presently unregulated fishery i n  Mexico i s  cause for concern, and steps 
toward cooperative management must be in i t ia ted  without delay. 

The 1974 year c lass  was extremely 
The 1976 year c lass  

The spawning biomass i n  the spring of 1977 was 

There i s  l i t t l e  danger of depleting the stock under existing 
However, the existence of an independent and 
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Figu re  4.7-1. Recent age composi t ions from San Pedro f i s h e r y  land ings  

suggest ing r e l a t i v e  yea r  c l a s s  s t rengths .  
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4.7.1. Maximum Sustainable Yield 

Sustainable yield can be approached from two viewpoints and can be 
evaluated usinq the p o p u l a t i o n  growth model described i n  Appendix 11. 
we can ask, " I f  we seek t o  maintain the population a t  i t s  most productive 
level ,  what i s  the la rges t  harvest we could take such tha t  the population 
s ize  in the following year would remain unchanged, on the average?" 
only post-spawning f i sh  were harvested, this catch would be 560,000 tons, 
a t  a spawning biomass of 1 . 7  mi l l i on  tons. Since pre-spawning fish 
normally comprise a portion of  the actual harvest, capture of pre-spawners 
(assumed t o  be 76% vulnerable for  0.2 years before spawning) resu l t s  i n  
this MSY dropping t o  484,000 tons, a t  a spawning biomass of  1.8 million 
tons. Unfortunately, t h i s  approach i s  n o t  useful for managing a fishery 
as variable a s  the one i n  question. The population s ize  will  almost never 
be near t h a t  g i v i n g  maximum production i n  t h i s  sense. A more important 
problem i s  t o  determine the optimum harvest when we are  not a t  1.8 m i l l i o n  
tons of spawning biomass. 

F i r s t ,  

I f  

Therefore, a second approach i s  t o  ask, "What harvesting policy will 
give the la rges t  yield while min imiz ing  the variation i n  annual catches, 
and while minimizing the risk of  extremely low levels of biomass?" 
This aspect of MSY cannot be answered w i t h  a single number. A policy g i v i n g  
the maximum average yield could conceivably produce as much as 520,000 tons, 
b u t  the fishery would be required to  maintain an extraordinarily large 
capacity while not being allowed t o  fish i n  two out o f  three years. The 
fishery would be prohibit ively variable,  and the average population s ize  
would be unacceptably low. A t  the other extreme, a constant quota of between 
100,000 and 200,000 tons could be sustained for long periods, while maintaining 
qui te  h i g h  levels  of  biomass. There would s t i l l  have t o  be a provision f o r  cur- 
t a i l i n g  the f ishery i f  biomass f e l l  below a c r i t i c a l  level ,  such as  l million 
tons. 

In the anchovy f ishery,  the concepts of  "maximum" and "sustainabil i t y "  
tend t o  be mutually exclusive due t o  large na tura l  f luctuations.  
minat ion of  MSY requires a probablist ic answer, and the v a r i a t i o n  i n  catch 
t h a t  const i tutes  "sustainable" must be given as an i n p u t  t o  the analysis. 

The deter- 

4.7.2. Equilibrium Yield 

Figure 4.7-2. shows equilibrium yield under the f i r s t  def ini t ion,  
where the resource is  expected t o  remain unchanged i n  abundance, where the 
given yield i s  t h a t  harvest which would r e su l t  i n  an unchanged population 
s ize  on the average. Yields are  compared for a )  a d u l t  fish only, b)  catch 
of  some prespawners, and c )  expected population growth i n  the absence of a 
f ishery.  Harvest levels  are  la rger  than growth levels  since biomass i s  an 
annual measurement, and many fish can be harvested which would normally 
die  of  natural causes d u r i n g  the year and would n o t  contribute t o  the 
population s ize  a t  the time of measurement. 
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SPAWNING BIOMASS (million short tons) 

Figure 4.7-2. Equilibrium yield and growth rates for the northern 
anchovy population. 
in the absence o f  fishing. Yield is given for no catch 
of pre-spawners ( - r=O),  and for partial availability of 
pre-spawners to the fishery (-r=0.2). 

Growth is mean population growth 

c 

I 
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4.7.3. Acceptable Biological Catch 

c 

c 

There are two main considerations under this topic. The f i rs t  i s  
the des i r ab i l i t y  of maintaining a large enough population so tha t  the 
risks ar i s ing  from natural f luctuations i n  recruitment strength will be 
minimized. The risks are  several ,  b u t  the main biological risk i s  t h a t  
of b r i n g i n g  the spawning biomass t o  such a small s ize  tha t  reproduction 
potential  is severely limited. For this reason, the fishery should be 
cur ta i led (except possibly fo r  small ba i t  catches) i f  the population s ize  
f a l l s  below a s e t  minimum. Such a minimum biomass should be large enough 
tha t  there is s t i l l  a large expected population growth so t h a t  the stock 
will be quickly rehabi l i ta ted.  
cutoff should occur i s  a matter of acceptable probabi l i t ies ,  ra ther  than 
guarantees. 

The exact population s ize  a t  which this 

The second aspect of ABC re la tes  t o  the sex r a t i o  of the commercial 
catch. The San Pedro fishery has averaged 1.73:l females t o  males i n  seasons 
from 1965 t o  1975, w i t h  a range of 1 .27: l  t o  2.18:1, by weight. 
discussions of yield indicate tha t  spawning potential i s  the la rges t  single 
factor  regulating the stock, over which we have control (through harvest 
r a t e s ) .  Also, our determinations have assumed the sex r a t i o  of l a n d i n g s  
would be 1: l  by weight.  
tantamount t o  a h ighe r  exploitation rate o f  spawning potential than i s  
apparent by catch alone. 

The preceding 

The h i g h  take of female fish by the fishery i s  

Two possible solutions can be offered. The eas i e s t  i s  t o  adjust  the 

Such an adjustment 
allowable catch for  this sex r a t i o  such t h a t  the impact on the population 
would be tha t  of the "ideal" 1:l  sex r a t i o  fishery.  
would require an average reduction by 21% of the previous quota (11% t o  27% 
according t o  the previously given range). The a l te rna t ive  solution would be 
t o  set the quota a t  1/2 i t s  given value, such tha t  the fishery will close 
when this quantity of female fish is landed. Port sampling procedures as 
they are  presently done i n  the San Pedro f ishery should be suf f ic ien t  t o  
provide the necessary monitoring of the fishery.  

of this resource. 
and as young as  possible (Appendix IV B ) .  
11, which includes a spawner-recruit relationship,  indicates t h a t  such a 
harvesting strategy would cause overfishing due t o  poor recruitment. 

Yield per recru i t  considerations a re  not important t o  u t i l i z a t i o n  
Maximum yield per recru i t  i s  obtained by f i s h i n g  as hard 

The population model i n  Appendix 
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Since the population is  highly variable, sus ta inabi l i ty  must be 
sacr i f iced somewhat i n  order t o  maintain the population a t  t h a t  s i z e  which 
produces desired equilibrium yield on the average. Therefore, l ess  than 
tha t  yield should be taken when the biomass i s  low, allowing the stock t o  
recover. Conversely, we may wish to  harvest some of the surplus when the 
biomass is  larger  than t h a t  producing the desired equilibrium yield.  
a harvest policy can be described by a l ine  intersecting the yield curve a t  
the desired equilibrium yield p o i n t ,  f a l l i ng  below the curve t o  the l e f t  of  
tha t  intersection and rising above on the r i g h t .  
be approximately tha t  indicated by the point of intersect ion,  while the 
var iab i l i ty  about t h a t  mean will increase as the slope becomes steeper.  
Protection against  very low biomasses i s  obtained by maximizing the growth 
potential i n  general, b u t  par t icular ly  a t  those low biomass levels.  

Such 

The mean yield will generally 

For simplicity in describing these pol ic ies ,  the plan has used harvest 
formulas consisting o f  s t r a igh t  l ines .  
sought by imposing a level ofbiomass a t  which the fishery ceases. 
options regarding these harvest policies a re  given in Section 8.3.6. 

Insurance against low biomasses has been 
Various 

c 
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5.0. Catch and Capaci ty Desc r ip t i ons  

5.1. F i s h i n g  f l e e t  c a p a c i t y  

The te rm "capac i t y "  has several  d i f f e r e n t  meanings. The most common 
meaning i n  f i s h e r i e s  i s  t h a t  o f  h o l d  capac i t y .  
some anchovy land ings  ( n o t  i n c l u d i n g  b a i t  ca tch )  d u r i n g  t h e  years  1973 th rough 
1975, t h e  h o l d  c a p a c i t i e s  f o r  anchovies a re  known f o r  twen ty - fou r  vessels 
(CF&G, pers. comm.). Because a l l  commercial f i s h i n g  vesse ls  i n  C a l i f o r n i a  
must r e g i s t e r  w i th  S ta te  a u t h o r i t i e s ,  t h e  r e g i s t e r e d  l e n g t h  o f  each anchovy 
vessel i s  known. To t h e  e x t e n t  t h a t  l e n g t h  o f  vessel and anchovy h o l d  c a p a c i t y  
a re  r e l a t e d ,  t h e  h o l d  c a p a c i t y  f o r  t h e  e n t i r e  f l e e t  can be es t imated s t a t i s -  
t i c a l l y .  A moderately accura te  1 i n e a r  r e l a t i o n s h i p  between r e g i s t e r e d  l e n g t h  
and h o l d  c a p a c i t y  i s  represented  by t h e  f o l l o w i n g  l i n e a r  reg ress ion  equat ion:  

Hold capac i t y  i n  tons = .2289 + 1.73 ( r e g i s t e r e d  l e n g t h  i n  fee t ) ,  

O f  t h e  102 vessels r e p o r t i n g  

w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  of .773. 

By e s t i m a t i n g  t h e  h o l d  capac i t y  o f  each vessel w i t h  t h e  reg ress ion  
equat ion,  and summing up c a p a c i t i e s  f o r  a l l  c u r r e n t l y  a c t i v e  vesse ls  l a n d i n g  
anchovies d u r i n g  t h e  3-year pe r iod ,  1973-75, a f l e e t  c a p a c i t y  es t ima te  of 
7,688 s h o r t  tons  i s  c a l c u l a t e d .  
many vessels n o t  p a r t i c u l a r l y  a c t i v e  i n  t h e  anchovy r e d u c t i o n  f i s h e r y .  Some 
o f  t h e  vessels i nc luded  land  o n l y  ve ry  minor q u a n t i t i e s ,  and some have n o t  
p a r t i c i p a t e d  i n  t h e  l a s t  year.  
o f  t h e  southern C a l i f o r n i a  r e d u c t i o n  f i s h e r y  has about 4,500 s h o r t  t ons  of 
h o l d  capac i t y .  

Th is  es t imate  i nc ludes  t h e  c a p a c i t y  of 

I n d u s t r y  sources i n d i c a t e  t h a t  t h e  "core"  

From t h e  es t imate  o f  h o l d  c a p a c i t y  i t  i s  p o s s i b l e  t o  o b t a i n  a rough 
es t ima te  f o r  f i s h i n g  f l e e t  capac i t y .  
n o t  u t i l i z e  comple te ly  t h e  f l e e t  h o l d  c a p a c i t y  f o r  a l l  t r i p s .  
assumptions t h a t  on t h e  average 9/10 o f  t h e  h o l d  c a p a c i t y  i s  f i l l e d ,  t h a t  
f i s h i n g  takes p lace  f i v e  n i g h t s  a week, and t h a t  one week of f i s h i n g  i s  
l o s t  each month due t o  b r i g h t  moonl ight ,  then t h e  present  maximum f i s h i n g  
c a p a c i t y  i s  486,000 s h o r t  tons f o r  a 32-week f i s h i n g  season. 
i t  i s  u n l i k e l y  t h a t  t h e  f i s h i n g  f l e e t  w i l l  a c t u a l l y  harves t  t h i s  amount 
o f  anchovies. The e f f e c t i v e  c o n s t r a i n t  t o  the  amount o f  f i s h  harvested 
i s  n o t  t h e  h o l d  c a p a c i t y  o f  t he  f l e e t ,  bu t  t h e  processing capac i ty .  
f l e e t  w i l l  n o t  ha rves t  a g r e a t e r  amount of f i s h  than can be handled by 
t h e  processors. 

The f i s h i n g  f l e e t  w i l l  most l i k e l y  
Under t h e  

However, 

The 
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The abundance and a v a i l a b i l i t y  o f  f i s h  t o  t h e  f l e e t  w i l l  a f f e c t  t h e  
ex ten t  t o  which t h e  peak f i s h i n g  capac i t y  can be u t i l i z e d .  
1976 season f o r  instance,  w h i l e  t h e  peak weekly anchovy reduc t i on  l and ing  
was 8,675 s h o r t  tons, t h e  average weekly l and ing  du r ing  the  season was o n l y  
4,406. I f  t h e  a v a i l a b i l i t y  o f  f i s h  i s  respons ib le  f o r  t h e  shortage o f  
a c t u a l  ca tch  and i f  i t  cont inues t o  have t h i s  e f fec t , then t h e  ca tch  o f  
t h e  f l e e t  cannot be expected t o  exceed 247 thousand tons i n  t h e  32-week 
f i s h i n g  season. 
capac i t y  o f  t h e  f l e e t .  
capac i t y  would a l l o w  t h e  f l e e t  t o  harves t  789 thousand tons per  year  r a t h e r  
than 486 thousand tons. 
y i e l d  migh t  reasonably be expected t o  have a maximum value o f  401 thousand 
tons. 

I n  t h e  1975- 

The l e n g t h  o f  t he  f i s h i n g  season w i l l  a l s o  i n f l u e n c e  t h e  

Consider ing the  a v a i l a b i l i t y  o f  f i s h ,  t h e  annual 

I f  a year-around reduc t i on  f i s h e r y  were al lowed, tne  h o l d  

Any es t imate  o f  f l e e t  capac i t y  a t  t h i s  t ime must be p r e l i m i n a r y  
because t h e  f l e e t  has never a c t u a l l y  f i s h e d  unconst ra ined by r e d u c t i o n  
land ings  quotas, season c losures ,  and l i m i t s  r e f l e c t i n g  process ing capac i ty .  
Economic f a c t o r s ;  such as exvessel p r i c e ,  ope ra t i ng  costs ,  a l t e r n a t i v e  
earn ings p o s s i b i l i t y ,  and c a p i t a l  costs ;  w i l l  determine whether o r  n o t  
t h e  f l e e t  owners and opera tors  seek t o  f u l l y  u t i l i z e  t h e  f l e e t  capac i ty .  
Thus t h e  capac i t y  est imates cannot be used as p r e d i c t o r s  o f  annual 
harves t  . 

5.2. Processing Capaci ty  

The e s t i m a t i o n  o f  process ing capac i t y  i s  dec idedly  e a s i e r  than the  
es t ima t ion  o f  f f s h i n g  capac i ty .  
process ing c a p a c i t y  a re  apparent--one stemming from t h e  "nominal" p roduc t i on  
c a p a c i t i e s  o f  t h e  r e d u c t i o n  p l a n t s  i n  place, and t h e  o the r  r e l y i n g  upon 
observed performance o f  t h e  p lan ts .  The ilnominal" capac i t y  of a p l a n t  
r e f l e c t s  t h e  eng ineer ing  and des ign c h a r a c t e r i s t i c s  o f  a p l a n t ,  whereas 
t h e  performance o f  a p l a n t  r e s u l t s  f rom economical ly  mot iva ted  dec is ions  
of t h e  p l a n t  opera tor ,  business cond i t i ons ,  - and t h e  phys ica l  c o n d i t i o n  
of  t h e  p lan ts .  The r e d u c t i o n  p l a n t s  i nvo l ved  i n  anchovy reduc t i on  a t  
Terminal I s land ,  C a l i f o r n i a ,  a r e  nomina l l y  capable o f  process ing 149 
s h o r t  tons  of anchovy pe r  hour. The p l a n t s  a t  Oxnard, Moss Landing and 
Sa l inas  have a c o l l e c t i v e  nominal capac i t y  o f  about 36 s h o r t  tons pe r  
hour. I f  a l l  these p l a n t s  were t o  r u n  for ,  say, twe lve  hours per  day f o r  
365 days a year ,  t h e  annual nominal capac i t y  would be 810,300 s h o r t  tons.  
Taking i n t o  cons ide ra t i on  t h e  32 week f i s h i n g  season under c u r r e n t  C a l i f o r n i a  
r e g u l a t i o n s  and t h e  l o s s  o f  an average o f  1 week o u t  o f  4 due t o  t h e  
re luc tance  o f  t h e  f i s h i n g  f l e e t  t o  f i s h  d u r i n g  per iods  o f  b r i g h t  moonl ight ,  
t h e  l i k e l y  amount o f  nominal capac i t y  t o  be used i n  a y e a r  would be around 
374 thousand s h o r t  tons.  

Two approaches t o  t h e  e s t i m a t i o n  of  

c 
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The performance approach t o  estimating reduction capacity results i n  
a much lower estimate. The peak weekly delivery of anchovies t o  processing 
plants occurred d u r i n g  the week of March 8, 1977, and amounted t o  8,675 
short  tons. 
f i s h i n g  f lee t  d u r i n g  periods of heavy f i s h i n g ,  i t  can reasonably be assumed 
tha t  the plants a re  caDable of u t i l i z ing  this quantity o f  fish. 
ideal conditions th i s  weekly capacity extrapolates t o  an annual 451 thousand 
short  tons. Again, i f  the f i s h i n g  season l a s t s  32 weeks and one week out 
of 4 is l o s t  due t o  fishing conditions, the l ike ly  capacity of the plants,  
based on performance, i s  about 208 thousand short  tons annually. Because 
the performance of the plants implici t ly  accounts fo r  a variety of factors  
not considered i n  estimating "nominal '' capacity, the performance approach 
must be considered more re l iab le .  I t  must be noted, however, tha t  two 
companies a t  Terminal Island, California, a re  reported t o  be upgrading 
their  f a c i l i t i e s  so tha t  a i r  pollution standards do not retard the use of 
the plants t o  the extent experienced now (the dryers of the reduction 
plants a re  the primary focus of the upgrading). I t  i s  estimated tha t  the 
performance-re1 ated capacity estimate could increase t o  around 302 thousand 
tons f o r  a 32-week f i s h i n g  season a f t e r  the upgrading i s  completed. 

Because the processors routinely place nightly limits on the 

Under 

In any case, the capacity figures represent the peak r a t e  of 
processing. 
plants i n  a continuous flow, however, the peak capacity of the plants i s  
l ike ly  t o  be used only infrequently. Because the weekly landings of the 
f l e e t  f luctuate  i n  response t o  environmental and economic conditions, the 
actual quantity of anchovies processed by reduction plants wi l l  always be 
less than the estimated annual capacity o f  the plants. 

Because the f ishing f l e e t  does n o t  bring fish t o  the reduction 
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6.0. Opt imum Yield 

Lr 

Achievement of the optimum yield of the fishery i s  central t o  the 
goal of f ishery management under the Fishery Conservation and Management 
Act of 1976. According t o  the Act, the optimum yield for  any fishery i s  
the quantity of f i sh  which equals the maximum sustainable yield (MSY) as 
modified by social  , economic and ecological considerations such tha t  the 
grea tes t  benefit  t o  the nation i s  provided. 
population of the northern anchovy i s  estimated t o  be 484 thousand short  
tons per year. 
annual average yield which could be taken over a period of many years. 
Natural var iab i l i ty  i n  recruitment t o  the stock will  not allow 484 thousand 
tons to  be taken every year. Consideration of the trade-offs between 
average annual yield and the var iab i l i ty  of yield i s  the principal point 
of section 6.1. 

The MSY fo r  the central sub-  

T h i s  f igure must be treated as an estimate of the maximum 

Ecological considerations require tha t  the role  of the anchovy as 
forage for predators be recognized. 
arising from the stock as a source of forage. An important social consi- 
deration i s  the f a c t  tha t  a major commercial f ishery for anchovies i n  
California,  the reduction f ishery,  i s  widely unpopular among the S t a t e ' s  
recreational fishermen. Aspects of t h i s  factor  are discussed i n  
Section 6.3. Economic considerations discussed i n  Section 6.4 focus 
on the issue of economically e f f i c i e n t  patterns of commercial exploitation. 
A reasonable allocation of the yield of the stock t o  the fishery i n  the 
U.S.  FCZ i s  discussed i n  Section 6.5, and the f inal  optimum yield formula 
i s  presented i n  6.6. 

Section 6.2 discusses the benefit  

6.1. Biological considerations 

The most common biological c r i te r ion  invoked in the fishery 
management f i e l d  i s  maximum sustainable yield ( M S Y ) .  This concept 
emerges from theoret ical  models of population growth which often rely 
heavily on the assumption of constant environmental conditions. An MSY 
value of 484 thousand short  tons per year i s  estimated for  the central 
subpopulation of northern anchovy. The theoretical  model yielding this 
value i s  presented i n  Appendix 11. While MSY i s  generally recognized 
as an average sustainable y ie ld ,  the consequences of t reat ing this 
average as a s tab le  r a t e  of yield are  rarely recognized and considered 
to  the extent tha t  they must be w i t h  regard t o  the northern anchovy. 
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The MSY estimated for  the central subpopulation of the 
northern anchovy i s  the average or  "expected value" calculated from a 
s t a t i s t i c a l  f i t  of a theoretical  population growth curve. The data used 
t o  calculate the f i t t e d  equation were the anchovy spawning biomass estimates 
from the California Cooperative Oceanic Fishery Investigation (CalCOFI) , 
a consortium of agencies including the California Department of Fish and 
Game, the California Academy of Sciences, the National Marine Fisheries 
Service, and the Scripps Ins t i tu t ion  of Oceanography. The spawning biomass 
estimates are  the best available estimates of the anchovy biomass. The 
observed population levels regularly deviate from the expected values of 
the estimated population growth curve by as much as 50 percent. 
while the MSY of 484 thousand tons occurs a t  the equilibrium population 
biomass of 1.8 million tons ,  natural var iab i l i ty  makes i t  impossible t o  
ma1 ntai n this population s ize .  Actual sustainable yields  w i  11 necessarily 
be smaller as sus ta inabi l i ty  becomes more rigorously invoked. In order t o  
maximize the to ta l  y ie ld  from the stock over a long period of years,  
therefore,  the annual yields  must be allowed t o  vary considerably. 

T h u s ,  

The technical solution t o  the problem of maximizing to ta l  yield 
over time i s  t o  specify a policy which assigns a level of catch smaller 
than MSY when the population i s  below 1.8 million tons of biomass. 
the policy assigns an annual yield greater than MSY i n  years when population 
s i ze  i s  greater than 1.8 million tons. Algebraically, the policy i s  approxi- 
mately as follows: 

Similarly, 

Catch = 0 i f  biomass <1 .45  million tons; 
Catch = 1.38 x (biomass - 1.45) otherwise. 

T h u s  a s l id ing  scale  i s  used t o  assign yearly catch according t o  the anchovy 
biomass available a t  the beginning of the year. Although this  policy i s  
a dynamic extension of the usual MSY c r i t e r i a ,  i t  has some detrimental 
characteri s t i  cs. Given the expected vari abi 1 i ty o f  the anchovy biomass , 
t h i s  policy would require the fishery t o  gyrate between tremendously 
large catches i n  some years t o  no catch a t  a l l  i n  most years. I t  i s  ex- 
pected tha t  under th i s  maximum yield policy the fishery would be shut down 
en t i re ly  in approximately 2 years out of 3. 
social advisabi l i ty  of such a harvest policy i s  suspect. 
gical c r i te r ion  o f  maximizing total  f ish yield from stock requires tempering. 
From a biological standpoint, any harvest policy should ( 1 )  maintain an 
average population s i ze  equal t o  o r  greater than tha t  associated w i t h  MSY 
( i , e . ,  1.8 mi-qiion tons) ,  ( 2 )  require the annual harvest t o  f a l l  below 
expected annual growth when the population s ize  i s  less  than 1.8 million 
tons ,  and ( 3 )  c a l l  fo r  a substantial  unf i shed  reserve stock t o  protect 
against accidental depletion and ecological disasters .  
which s a t i s f i e s  these conditions can be considered biologically acceptable. 

Clearly, the economic and 
T h u s  the biolo- 

Any optimum yield 

Another biological consideration i s  the problem o f  unusual sex 
ra t ios  in the reduction fishery catch. The disproportionate catch of female 
f ish by the fishery could lead t o  a more severe impact than calculations 
based on equal catches predict .  In essence, the reproductive potential of  
the anchovy population consists of the female spawning biomass, and there- 
fore ,  fishery e f fec ts  on th i s  population segment are of importance t o  anchovy 
management . 
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6.2. Ecological considerations 

The northern anchovy plays a highly important role  i n  the 
ecology of California coastal waters. 
provide the bulk of forage requirements t o  predatory fish and invertebrates 
(many of which a re  fished recreationally and commercially and t o  marine 
mamnals and b i r d s .  O f  Darticular i n t e r e s t  amoncl marine b i r d s  i s  the 

Food habit  studies have shown i t  to  

California brown pelican (Pelecanus occidental is' cal i fornicus)  , an endangered 
species. The e f f ec t s  of various levels of anchovy biomass are d i f f i c u l t  
t o  predict due t o  the complexity of the ecosystem-and our superf ic ia l  
knowledge of i t .  
the anchovy can be guessed a t ,  us ing  mortality ra tes  and conversion co- 
e f f i c i en t s .  T h u s ,  73% of a 4 million ton anchovy stock will  be consumed 
by predators annually ( see  4 .1 .6) ,  and w i t h  anchovy protein beinq converted 
t o  predator protein a t  a 10% eff ic iency,  tha t  anchovy stock i s  supporting 
an estimated 292,000 tons of predator biomass. Since most predators are  
opportunistic i n  feeding habits,  they could switch t o  a l te rna t ive  prey. 
However, there i s  no c lear  indication tha t  equivalent a l ternat ives  e x i s t  
i n  the ocean; most l ike ly  al ternat ives  will  be less  e f f i c i e n t  suurces o f  
n u t r i t i o n .  
of fish eggs and larvae, 
mortality on the ear ly  l i f e  stages of t he i r  predatory f i sh .  

A crude measure of the predator biomass supported by 

On the other hand, anchovies themselves consume large quanti t i e s  
including t h e i r  own, and may exert  considerable 

I t  i s  very d i f f i c u l t  t o  place a value on anchovies fo r  t he i r  
forage role  i n  the ecosystem. The extent t o  which they support economically 
valuable resources, such as spor t f i sh ,  market f i s h ,  and squid, is  variable 
and d i f f i c u l t  t o  determine. Non-valued resources such as birds and marine 
mamals are  a l so  largely supported by anchovies, lending fur ther  d i f f i cu l ty  
t o  t h e i r  valuation. 
considerations i s  tha t  benefit  t o  the nation occurs by leaving f i sh  i n  the 
ocean. 
f o r  a given year ,  ecological benefit  s t i l l  occurs from the unharvested fraction. 

The conclusion which a r i s e s  from these ecological 

I f  the domestic fishery i s  unable t o  harvest i t s  quota allotment I 

The time ser ies  of anchovy spawning biomass estimates indicates 
t ha t  large natural f luctuations i n  abundance must be expected independently 
of f ishery e f fec ts .  The Deriod 1951 to  1961 showed spawning biomass below 
2 million tons (Appendix 1 )  whereas the more recent years averaged 3 to  4 
million tons. 
mammals, b i r d s  or f ishes  declined d u r i n g  the e a r l i e r  period, although the 
evidence i s  meager i n  any case. Ne may therefore tentat ively conclude tha t  
maintaining a long-term average anchovy biomass i n  excess of 2 million tons 
should not have severe adverse e f fec ts  on predators. A t  the same time, 
management should cu r t a i l  the fishery when lower levels of abundance occur, 
allowing the resource t o  recover rapidly,  and preventing the poss ib i l i ty  of 
fishery-induced collapse of  the forage base. 

There a re  no indications tha t  the abundances of predatory 

6.3. Social considerations 

O f  the Cal i forni a ci  t i  zens concerned about the anchovy fishery , 
the comnercial fishermen and related shore workers are numerically a small 
minority. The number of marine anglers i n  California i s  cer ta inly greater 
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than one m i l l i o n ,  and the public expressions of these anglers are  uniformly 
against  further expansion of the commercial reduction fishery.  I t  can be 
f a i r l y  s ta ted tha t  the pressures brought t o  bear by the vocal members and 
representatives of the recreational f r a t e rn i ty  have been largely responsible 
for  retarding the growth of the anchovy reduction fishery i n  recent years. 
These f ac t s  alone make the anti-reduction f ishery sentiment an important 
social  fac tor  t o  be considered i n  defining optimal yield.  

Because the ecological linkages w i t h i n  the community of marine 
animals i n  the California Current are poorly understood, the impact of an 
anchovy fishery on the abundance o f  recreationally important f i sh  species,  
birds ,  and mammals cannot be predicted w i t h  accuracy. I t  i s  reasonable t o  
proceed w i t h  caution, and t o  attempt t o  evaluate the social  costs of being 
wrong should unforeseen large ecological impacts occur. 

Another consideration is  the impact t h a t  f ishery management 
has on special groups. W i t h i n  the reduction fishery the two major groups 
are  those associated w i t h  the Monterey and San Pedro f i sher ies .  
assure t h a t  each of these f i sher ies  will have a reasonable opportunity t o  
fish, the overall reduction fishery quota should be divided i n t o  two 
regional quotas. Traditionally,  the California S ta te  quota system se t s  a 
separate reduction fishery quota for the region north of P t .  Buchon. 

I n  order to  

6.4. Economic considerations 

The primary considerations for  this section are:  1 )  the economic 
contribution of the f i sher ies  t o  the Nation as a whole, and 2 )  the economic 
efficiency of the f ishery.  
A generally accepted notion of economic contribution i s  net economic value -- 
the  dol la r  value of anchovies to  the users of anchovies and anchovy products, 
minus the dol la r  costs of harvesting anchovies and processing anchovy products. 
Appendix VI of this Plan considers this economic measure o f  value applied t o  
the anchovy reduction fishery.  
non-reduction f i she r i e s ,  and no substantial  economic analysis of those 
f i sher ies  was attempted. The l ive-ba i t  catch, however, i s  f a r  more valuable 
per ton t h a n  i s  the reduction f i sh  harvest. As indicated i n  Section 3.5.1.1 
the l ive-ba i t  anchovies are worth around $ 2 . 3  m i l l i o n  per year. Since the 
annual l ive-ba i t  catch i s  about 6,000 tons ,  the value per ton i s  a remarkable 
$381. Because of t h i s  re la t ive ly  h i g h  value, i t  i s  reasonable t o  permit the 
l ive-bai t  f ishery to  continue harvesting as much as i t  normally harvests so 
long as the anchovy biomass i s  above some minimum level .  

pack, or fresh human consumption should also be given a higher pr ior i ty  than 
the reduction harvest. 
values, the des i r ab i l i t y  of encouragicg the growth of a f ishery for  human 
food, and the savings i n  administrative expense. The to ta l  non-reduction f i sh  
catches in Ca l i fo rn ia  averaged 8525 tons d u r i n g  the per iod 1970-1975, w i t h  the 
highest catch being 9675 tons. An amount a t  l ea s t  t h i s  large s h o u l d  be reserved 
from the overall northern anchovy q u o t a  fo r  use by the non-reduction f i sher ies .  

L i t t l e  economic data was available from the 

Small amounts of  anchovies landed for use as frozen b a i t ,  canned 

This is  j u s t i f i e d  by t h e i r  generally higher u n i t  

The value of the reduction fishery i s  d i rec t ly  related t o  the 
value of the products -- meal, o i l  and solubles -- produced from the 
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r e d u c t i o n  harves t .  The economic va lue of these products  i s  b e s t  measured 
by the  amount t h a t  users a re  w i l l i n g  t o  pay and t h i s  w i l l i n g n e s s  t o  pay i s  
r e f l e c t e d  i n  t h e  demand f o r  anchovy products  as discussed i n  Appendix V I .  
The cos ts  i n c u r r e d  i n  producing the  anchovy products  a l s o  r e f l e c t  values 
o f  products  (sh ips ,  l abo r ,  f u e l ,  equipment, and so f o r t h )  f o r  which people 
a r e  w i l l i n g  t o  pay. Thus, the  n e t  economic va lue i s  a s tandard economic 
c r i t e r i o n  by which t o  judge t h i s  aspect of o p t i m a l i t y ,  and i t  corresponds 
t o  the  amount t h a t  t he  p u b l i c  i s  es t imated  t o  be w i l l i n g  t o  pay f o r  t he  
products  minus the  amount t h a t  i s  spent  i n  the  p roduc t i on  process. 

As noted i n  Appendix V I ,  an optimum economic ha rves t  p o l i c y  
can be computed f o r  a g iven economic s i t u a t i o n  ( l e v e l  o f  demand. cos ts .  and 
capaci  t y )  and a g i  ven b i  o l  og i  c a l  env i  ronment. 
f u r t h e r  be i n f l u e n c e d  by the  p r o p o r t i o n  of  t he  t o t a l  annual ha rves t  which 
the  Un i ted  S ta tes  can reasonably expect  t o  take. 
U.S. shares o f  t h e  ha rves t  -- 100 percent ,  70 percent  and 50 percent  -- the  
economical ly  op t ima l  ha rves t  p o l i c i e s  a re  approximated by the  f o l l o w i n g  
quadra t i c  equat ions (developed i n  Appendix V I )  : 

The optimum p o l  i c y  w i  11 

For th ree  h y p o t h e t i c a l  

For  100% U.S. share - 
ca tch  = -345477 + 0.45347 B - 4.666 x 8'; 

For 70% U.S. share - 
catch,,. = -322892 + 0.37497 B - 3.318 x 10 -8 B2.  

For  50% U.S. share - 
catchu. = -333399 + 0.34330 B - 3.175 x B2. 

where B represents  anchovv spawning biomass i n  s h o r t  tons.  A l l  t h ree  o f  
these U.S. harves t  p o l i c i e s  a re  i l l u s t r a t e d  i n  F igu re  6.4-1. 
these p o l i c i e s ,  the  es t imated  popu la t i on  growth model was t r e a t e d  as a 
d e t e r m i n i s t i c  f u n c t i o n .  Thus the re  i s  an e q u i l i b r i u m  maximum economic 
y i e l d  (MEY) corresponding t o  each h y p o t h e t i c a l  U.S. share o f  the  f i s h e r y .  
These values a r e  analogous t o  MSY i n  t h a t  they assume a d e t e r m i n i s t i c  
r a t h e r  than s t o c h a s t i c  ha rves t  p o l i c y .  Thus the  maximum economic y i e l d  
c o n s t i t u t e s  an MSY ad jus ted  f o r  some economic f a c t o r s .  
Appendix V I ,  Table 8, the  equi  1 i b r i  um economic Val ues and corresponding 
catches are:  

I n  determin ing 

As s t a t e d  i n  

U.S. U.S. 

ME Y ca tch  
equi  1 i b r i  um equi  1 i b r i  um 

A. For  100% U.S. share $8,951,000 458,000 
B. For  70% U.S. share $7,003,000 327,000 
C. Fo r  50% U.S. share $5,335,000 237,000 

Because the  v a r i a b i l i t y  o f  the rec ru i tmen t  t o  the  anchovy popu- 
l a t i o n  i s  g rea t ,  these e q u i l i b r i u m  values have l i t t l e  use i n  d e f i n i n g  the  
optimum y i e l d  f rom the  f i s h e r y  i n  any g iven year .  
f o r  anchovy r e d u c t i o n  products  and t h e  costs  o f  producing anchovy products  
vary from t ime t o  t ime. 
p r e c i s e  q u a n t i t i e s  b u t  r a t h e r  reasonable guides t o  d e f i n i n g  optimum y i e l d .  

Also,  t he  l e v e l s  o f  demand 

Thus the  economic y i e l d s  es t imated  here are  n o t  
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To take  i n t o  cons ide ra t i on  the  v a r i a b i l i t y  o f  t h e  anchovy 
stock,  t he  optimum economic y i e l d  must vary f rom year  t o  year .  
s t o c h a s t i c  (MARKOV) popu la t i on  model (Appendix 11) was used t o  eva lua te  
var ious  ha rves t  p o l i c i e s  corresponding t o  the  above MEY values. 
70% U.S. f i s h e r y ,  t he  s t o c h a s t i c  model p r e d i c t s  an average U.S. ca tch  
o f  about 361 thousand tons pe r  year ,  and an average annual economic y i e l d  
o f  $6.5 m i l l i o n .  
model harves ts  more on the  average b u t  i s  wor th l ess  due t o  the f a c t  t h a t  
annual y i e l d s  f l u c t u a t e  around the  optimum e q u i l i b r i u m  l e v e l  which i s  a 
l o c a l  maximum f o r  n e t  r e t u r n  based upon u n i t  costs  and demand p r i c e .  

t o  be balanced aga ins t  t he  non-quan t i f i ed  values associated w i t h  ma in ta in ing  
a biomass o f  anchovies t o  serve as food supply and a t t r a c t o r  f o r  l a r g e r  
f i s h  and o t h e r  p redators .  The value o f  anchovies i n  t h e i r  r o l e  as food 
supply  f o r  p redators  would be r e f l e c t e d  i n  the n e t  c o n t r i b u t i o n  o f  anchovies 
t o  t h e  abundance o f  p redators .  The value of  increased abundance o f  p redator  
f i s h  would, i n  t u r n ,  be measured by est imates of increased r e c r e a t i o n a l  
and commercial f i s h i n g  values. Unfor tunate ly ,  economic s tud ies  t o  es t imate  
these values are  j u s t  g e t t i n g  underway. S u f f i c i e n t  eco log i ca l  knowledge 
t o  assess the  anchovy/predator l i nkage  i s  a l s o  l ack ing .  
e v a l u a t i o n  o f  t h e  anchovy's importance t o  the  ecosystem cannot proceed 
beyond the  s u p e r f i c i a l ,  and p o s s i b l y  mis- leading,  statement o f  sa les  values 
f o r  r e c r e a t i o n a l  a c t i v i t i e s .  Nevertheless , the l a r g e  economic impact o f  the 
r e c r e a t i o n a l  f i s h e r i e s  i n  C a l i f o r n i a ,  a long w i t h  the  importance o f  anchovies 
f o r  l i v e  b a i t ,  serves t o  j u s t i f y  a harves t  p o l i c y  which mainta ins a l a r g e r  
average biomass than does the  maximum economic y i e l d  p o l i c y .  
t h i s  means t h a t  t he  ha rves t  p o l i c y  should aim f o r  long- term average anchovy 
biomass o f  g r e a t e r  than 2 m i l l i o n  s h o r t  tons.  

Another economic cons ide ra t i on  i s  t h a t  o f  e f f i c i e n c y .  
f i s h e r i e s  have a h i s t o r y  o f  economic i n e f f i c i e n c y  due t o  overexpansion o f  
c a p i t a l  investment  i n  f i s h i n g  f l e e t s  and, sometimes, i n  process ing p l a n t s .  
Th i s  o v e r c a p i t a l i z a t i o n  problem stems from the  f r e e  compet i t ion  f o r  use 
o f  va luab le  common p roper t y  resources (see H.S. Gordon, 1954; o r  J .  C r u t c h f i e l d  
and A. Z e l l n e r ,  1962). Management p o l i c i e s  geared s o l e l y  t o  r e s t r i c t i o n s  
on ca tch  through quotas, s i z e  l i m i t s ,  gear r e s t r i c t i o n s ,  season c losures ,  
and/or area c losu res  cannot address the  problem o f  o v e r c a p i t a l i z a t i o n .  
Examples o f  how t r a d i t i o n a l  f i s h e r y  management methods f r u s t r a t e  at tempts 
t o  achieve economic e f f i c i e n c y  a re  w e l l  documented i n  the cases o f  P a c i f i c  
salmon and P a c i f i c  h a l i b u t  (see C r u t c h f i e l d  and Z e l l n e r ,  1962). I n  b o t h  
cases, ca tch  l i m i t a t i o n s  and gear r e s t r i c t i o n s ,  i n  the  absence o f  l i m i t s  
t o  access by commercial vessels,  l e d  t o  excess ive compet i t ion  f o r  a l lowab le  
harves ts .  More and more vessels en tered  these f i s h e r i e s  over t ime, l ead ing  
t o  s h o r t e r  and s h o r t e r  f i s h i n g  seasons, excessive congest ion on some 
f i s h i n g  grounds, and d i f f i c u l t  management c o n t r o l  problems. 

The 

For  a 

As compared t o  the e q u i l i b r i u m  y i e l d ,  the  s t o c h a s t i c  

The economic values c a l c u l a t e d  f o r  the  reduc t i on  f i s h e r y  need 

Thus the  economic 

Genera l ly ,  

Marine 

T h e o r e t i c a l l y  , t h e  competi t i  ve expansion o f  t he  comnercial  
f i s h i n g  f l e e t  and process ing  f a c i l i t i e s  i s  expected t o  cont inue u n t i l  i n -  
vestment c a p i t a l  earns a r a t e  o f  r e t u r n  j u s t  equal t o  the  going r a t e  o f  
r e t u r n  earned i n  a l t e r n a t i v e  l i n e s  o f  endeavor. The optimum l e v e l  o f  
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capi ta l iza t ion ,  however, occurs when investment i n  f i s h i n g  and processing 
capacity leads to  a maximum expected net economic value. An analysis of 
the optimum fishery capacity fo r  the anchovy reduction fishery is  presented 
i n  Appendix VI. Assuming tha t  the United States  i s  given a 70% share of 
the annual allowable harvest, for  instance, the optimum catch capacity for  
the international f l e e t  would range from 420 to  560 thousand short  tons 
annually, depending upon the harvest quota policy adopted and upon the 
demand and cost  conditions assumed. 

Under f ree  competition for  f i sh  ( i . e . ,  with no res t r ic t ions  on 
entry of new capi ta l )  the f i s h i n g  f l e e t  can be expected t o  expand up t o  
720 t o  800 thousand short  tons annually. From a social standpoint, the 
investment of additional capi ta l  which increases the fishing capacity 
from the optimum level to  the competitive level i s  a waste of scarce 
resources. The estimated potential  economic waste i s  i n  the range of 
3.5 to  6.8 million dol lars .  

To prevent the f i s h i n g  industry from developing the excessive 
investments i n  f ishinq and processing capital  , fishery economists have 
typical ly  prescribed limited entry regulations. 
variety of  forms, including (1)  l icense l imitat ions,  ( 2 )  individual f isher-  
men quotas, and (3)  auctions for  rights to  f i sh .  
l i m i t i n g  access t o  the fishery will have social  and cultural  impacts as 
well as economic efficiency benefits .  
loss of some personal freedoms which a re  often very strongly f e l t  among 
comnunities of independent fishermen. 
instance, f o r  the fishermen t o  b r i n g  t he i r  offspring in to  the fishery as 
they may want t o  do. Other public resource management programs, such as 
national fores t  management and offshore petroleum development, have auctioned 
off permits t o  exploi t  natural resources. B u t  these industries are ,  of 
course, more highly industr ia l ized and do not seem to  have the cultural  
charac te r i s t ics  of the marine f i sher ies .  

These measures can take a 

Clearly, any method of 

Foremost among these impacts Is the 

I t  may become impossible, for  

As noted i n  Section 5.0,  the existing U.S. anchovy fishing 
f l e e t  i s  capable of harvesting around 247 thousand tons assuming t h a t  
recent past f i s h i n g  conditions and patterns pers i s t .  
capacity, under the same assumptions, i s  probably about 226 thousand tons 
in the United States .  Because of market conditions and reduction fishery 
quotas, the f ishery has never taken more than 163 thousand tons in any 
year. The Mexican anchovy f ishery i n  Baja California has taken 130-150 
thousand tons of anchovy and is  i n  the process of expansion. Assuming 
tha t  the Mexican capacity increases t o  200 thousand tons i n  the near 
future ,  a to ta l  of around 450 thousand tons of fishing capacity will be 
available t o  exploi t  the central  subpopulation of anchovies. Some un- 
known proportion of the Mexican fishing e f f o r t  i s  applied t o  the southern 
subpopulation of northern anchovies. 

Fish meal processing 

A t  present, therefore,  the fishing capacity does not exceed the 
upper bounds o f  the range of estimated optimum economic capacity. 
r e su l t ,  the l imitation of additional investment i s  not seen as a c r i t i c a l  
need i n  1978. Nevertheless, consideration of limited entry as a means t o  
prevent r a p i d  accumulation of excessive reduction fishery capital  i s  a 
serious need fo r  the future.  

As a 
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6.5. Opt imum yield i n  the U.S. Fishery Conservation Zone 

Because the northern anchovy's central subpopulation inhabits 
waters off  both Mexico and the United S ta tes ,  i t  i s  necessary t o  consider 
w h a t  portion of the overall optimum yield from the subpopulation should be 
taken i n  the United S ta tes  FCZ. 
f ishery quota should be agreed upon by the two countrtes, 
absence of a r u l i n g  international agreement on this al locat ion,  the Fishery 
Management P l a n  mus t  contain an interim formula for  determining the United 
S ta tes '  portion of the optimum yie ld .  Without such an interim measure the 
optimum yield fo r  the U.S. fishery would remain undefined. 

y ie ld  based upon the dis t r ibut ion of the fish i n  the 200-mile fishery zones 
of the two nations. An estimate of the proportion of the central subpopulation 
occurring i n  U.S. waters can be based upon the proportion of anchovy larvae 
found i n  U.S. waters d u r i n g  egg and larvae surveys. 
the estimated proportion of the stock occurring t o  the n o r t h  of the U.S.- 
Mexico boundary varies substant ia l ly  from year-to-year. 
of the f i sh  on the U.S. side of  the boundary has been as low as 45 percent 
and a s  h i g h  as 86 percent. 

Ideally,  an allocation of an overall 
In the 

I t  i s  reasonable t o  adopt a U.S. al location of the optimum 

As noted i n  Appendix VII, 

The estimated percent 

The average i s  70 percent. 

6 .6 .  Op t imum yield formula 

I n  view of the biological,  ecological, social  and economic 
considerations reviewed above, the optimum yield from the central subpopula- 
t ion of northern anchovies is  a quantity which varies from year-to-year i n  
response to  environmentally caused fluctuations i n  anchovy spawning biornass. 
Due t o  the importance of  anchovy as  a l ive  b a i t ,  and as a component of the 
food supply for  predator f ish,  birds ,  and mammals, the harvest of anchovies 
fo r  reduction to  f i sh  meal, o i l  and solubles should be prevented when the 
population spawning biomass f a l l s  t o  a low level.  Also, the average biomass 
level expected t o  occur under the Fishery Management Plan should be large 
enough t o  support abundant predator populations. These c r i t e r i a  are  sa t i s f i ed  
by the following summary statement o f  optimum yield.  
( 1 )  Glhen the  estimated spawning biornass o f  northern anchovies in 

the central  subpopulation i s  less  t h a n  100 thousand short  
t ons ,  the optimum yield i s  zero. 

( 2 )  When the estimated spawning biomass i s  greater than 100 thousand 
b u t  less  t h a n  one m i l l i o n  short  tons, the optimum yield i s  18 
thousand short  tons for non-reduction fishery catch. 

(3) When the estimated spawning biomass i s  1 million short  tons or 
grea te r ,  the optimum yield for  bo th  reduction and non-reduction 
f i sher ies  i s  18 thousand tons or one-third of the biomass n 
excess of 1 m i l l i o n  tons, whichever i s  greater.  

Because an average of 70 percent of the central s u b p o p u l a t  
northern anchovies is  found i n  the United S ta t e s '  FCZ,  the optimum 
w i t h i n  the FCZ i s  equal t o  70 percent o f  the optimum yield fo r  the 
subpopulation as a whole. 

on of 
yield 
central 
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7.0. Total Allowable Level o f  Foreign Fishing (TALFF) 

Foreign fishing for  anchovies in the United S t a t e s '  Fishery Con- 
servation Zone ( F C Z )  must be governed by the provisions of PL94-265. 
TALFF in the U.S. FCZ i s  the annual optimal yield fo r  the U.S. FCZ 
minus the amount t h a t  will be harvested by U.S. vessels. Because b o t h  
the optimum yield and the U.S. capacity will vary from year t o  year,  the 
TALFF must be re-computed annually a lso.  
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8.0 Management Regime 

8.1 Ob jec t ives  and Operat ional  Needs 

The o b j e c t i v e s  t o  be achieved by management measures adopted 
under t h i s  f i s h e r y  management p l a n  are:  

( 1 )  t o  p revent  o v e r f i s h i n g  o f  t h e  c e n t r a l  subpopulat ion o f  n o r t h e r n  
anchovy (Enaraul i s  mordax) w i t h i n  t h e  U n i t e d  States ' F ishery  
Conservat ion Zone, and waters under Mexican j u r i s d i c t i o n ;  

( 2 )  t o  a l l o w  a f i s h e r y  f o r  anchovies w i t h i n  t h e  U.S .  F ishery  Conserva- 
t i o n  Zone, and t o  l i m i t  such a f i s h e r y  so as t o  achieve t h e  optimum 
y i e l d  on a c o n t i n u i n g  bas is ;  

( 3 )  t o  m a i n t a i n  an anchovy p o p u l a t i o n  w i t h i n  t h e  U.S. F ishery  Conserva- 
t i o n  Zone o f  s u f f i c i e n t  s i z e  t o  s u s t a i n  adequate l e v e l s  o f  p redator  
f i s h ,  b i r d s  and mammals; 

( 4 )  t o  a v o i d  c o n f l i c t s  between U.S.  r e c r e a t i o n a l  and commercial 
f i s h e r s  ; 

( 5 )  t o  promote e f f i c i e n c y  i n  the  u t i l i z a t i o n  o f  t h e  c e n t r a l  sub- 
p o p u l a t i o n  o f  anchovies w i t h i n  t h e  U.S.  F ishery  Conservat ion 
Zone. 

I n  o r d e r  t o  achieve t h e  management o b j e c t i v e s  t h e r e  are  a group o f  
o p e r a t i o n a l  needs t h a t  w i l l  have t o  be met regard less o f  which p a r t i c u l a r  
management measures are chosen f rom among t h e  o p t i o n a l  measures discussed 
below. These are:  

( 1 )  A U.S. m o n i t o r i n g  and implementat ion scheme which: 

a. s e t s  t h e  annual quota and c loses t h e  f i s h i n g  season when 
t h e  quota has been f i l l e d ;  

b. mon i to rs  t h e  f i s h  ca tch  and t h e  s i z e  d i s t r i b u t i o n  i n  t h e  
ca tch ;  

c. es t imates  t h e  anchovy s?awning biomass each year; and 

d. est imates t h e  c a p a c i t y  and e x t e n t  t o  which t h e  U.S.  f i s h e r y  
w i l l  t ake  t h e  optimum y i e l d  annua l ly .  

( 2 )  Enforcement procedures f o r :  

a. s u r v e i l l a n c e  o f  f i s h i n g  vessels t o  assure compliance w i t h  area 
and season c losures ;  and 

b. s u r v e i l l a n c e  o f  land ings  t o  assure compliance w i t h  s i z e  l i m i t s  
and sex r a t i o .  
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( 3 )  Scient i f ic  research to :  

a .  improve the accuracy of the bioeconomic model underlying 
the management plan; and 

b. develop a more cost-effective system for estimating the 
spawning biomass, 

A workable, interim, unilateral  harvest policy fo r  use by the U.S. 
managers until  a cooperative anchovy management system i s  negotiated 
w i t h  Mexico. 

(4) 

(5 )  A cooperative management agreement w i t h  Mexi co which i ncl udes : 

a. an agreed common annual harvest quota policy; and 

b. a f ishery moni tor ing  system which provides consistent data 
from bo th  the U.S. and Mexican f i sher ies  and f a c i l i t i e s :  

1 .  moni tor ing  of annual landings; and 

2 .  separation of catches from southern and central sub-  
populations. 

(6) A system fo r  reviewing and revising the Anchovy Management Plan 
when one of the following occurs: 

a. 

b. 

C.  

d. 

e .  

f .  

9. 

a bi la teral  agreement with Yexico i s  signed; 

a documented change i n  the anchovy population response t o  
exploitation occurs; 

management plans are  adopted for  other southern California 
pelagic f isher ies  which affekt  the operation of ,  o r  value 
of ,  the anchovy fishery; 

a substantial  anchovy fishery for  human consumption develops; 

the sardine population grows t o  the extent tha t  incidental 
catches of sardines i n  anchovy harvests become signif icant ;  

a s c i en t i f i ca l ly  documented adverse impact of the commercial 
f ishery on the abundance and/or ava i lab i l i ty  of l i ve  ba i t  
and predator fish ; and 

an adverse impact of  the anchovy fishery on other species 
of animal or plant l i f e ,  especially those l i s t e d  as 
endangered o r  threatened, i s  Scient i f ical ly  documented. 
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8.2. 

w h i c h  ranges from approximately 38"N, north of San Francisco, t o  30"N, Punta 
Baja, Baja California,  Mexico and as f a r  as 200-300 miles offshore as described 
i n  section 3.1. T h i s  
will  eventually require a b i la te ra l  agreement with Mexico and will require 
consistent management within b o t h  the 0-3 mile zone under California State  
ju r i sd ic t ion  and the 3-200 mile zone. 

Both U.S. and Mexican f l e e t s  f i sh  anchovies i n  t he i r  respective waters. 
The f l e e t s  consist  of round haul commercial reduction vessels predominantly, 
and t o  a l esser  ex ten t , l ive-ba i t  f ishing vessels. The U.S .  domestic f l e e t ,  
as described i n  section 3.5.2, f ishes fo r  reduction purposes o u t  of Moss Landing, 
Oxnard and San Pedro. 
B . C . ,  f ishes along the coast from Coronado Islands to  Cape Colnett. 
f ishery also harvests the southern subpopulation. 
lampara nets, operates nearshore predominantly in southern California from 
Santa Barbara t o  San Diego. 
suppl  i es recreational f i sher ies  i n Ensenada. 

Areas , Fisheries and Stocks Involved 

The stock involved i s  the central subpopulation of the northern anchovy 

The management regime must include t h i s  en t i re  area. 

The expanding Mexican fishery w i t h  homeport in  Ensenada, 

The l ive-bai t  f ishery,  using 
The Mexican 

There i s  a lso an anchovy l ive-bai t  f ishery tha t  

8 .3  Planagement Measures - Options Considered 

The management measures considered by the Pacific Fisher-y ?anagement 
Council are discussed t h r o u g h o u t  section 8 . 3  A summary of the management 
options i s  presented in Table 8.3-1. 

The discussion of optimum yield in section 6 . 4  suggested t h a t  the 
reduction fishery i s  somewhat less  valuable per unit  of harvest t h a n  the 
non-reduction f i sher ies  ( i . e . ,  f ishing for  l ive  ba i t ,  dead ba i t ,  and  for 
human consumption). Under 1978 economic conditions, i t  i s  unlikely tha t  
the l ive-ba i t  catch or the other non-reduction fisher,y catches will expand 
s ignif icant ly .  
are small in comparison to  the reduction f i s k r y  harvests. 
continuation o f  the non-reduction f i sher ies  and  t o  minimize the administra- 
t i ve  cost  of managing the minor non-reduction components o f  the anchovy 
f ishery,  the following general policies were considered: 

Also, i t  i s  noted t h a t  the non-reduction anchovy harvests 
To assure the 

Planagement of non-reduction f i sher ies  - 

[.io specif ic  management res t r ic t ions  are  t o  be aoplied to  f i sher ies  
fo r  northern anchovies providing l ive  ba i t ,  dead b a i t ,  fresh f ish 
for  human consumption, o r  fresh f i sh  for canning unless the com- 
bined annual harvest of these f i sher ies  exceeds 12,000 short tons. 
If the non-reduction f i sher ies  expand so t h a t  the annual harvests 
exceed 12,000 tons, the reduction fishery quota  will be decreased 
by an amount equal t o  the expected non-reduction catch in excess 
of 12,000 tons. I f  the anchovy biomass has fa l len so low t h a t  no 
reduction fishery i s  a1 lowed, then the non-reduction catch should 
be held t o  12,000 short  tons or less .  The l ive-bai t  f l e e t  should 
get f i r s t  p r ior i ty  in allocating th i s  catch. 
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Management of the reduction fishery - 
To conserve the northern anchovy population and t o  assure the 
optimal u t i  1 ization of the northern anchovy resource , various 
regulations must be imposed upon the fishery providing anchovies 
for reduction. 
f ishery a re  discussed i n  sections 8.3.1 through 8.3.6. 

Optional management measures for  the reduction 

8.3.1. F i s h i n g  Seasons 

Rationale: 
some types of anchovy fishing, can be ut i l ized t o  strengthen management 
control over to ta l  annual harvests or t o  a s s i s t  in a t ta ining other objectives 
of management. Existing California regulations prohibit  f ishing for  delivery 
t o  reduction plants d u r i n g  the period from May 15 t o  August 1 i n  the northern 
permit area (north of P o i n t  Buchon), and froin Ray 15  t o  Septenibcr 15 i n  the  
southern perini t area (south of P o i n t  Buchon). 
closui-cs eliminate t o  a large extent the poss ib i l i ty  o f  commercial purse 
seiners  and recreational vessels being i n  d i r e c t  physical confl i c t  and  they 
a l so  t-cduce the possi b i l  i ty  o f  confl i c t s  between reduction and  bc?i t f i she r -  
nien during periods o f  peak deiiiand for  l i ve  b a i t .  
i s  the area of niost intcnsc comii:ercial f ishing f o r  reduction and  i s  a l so  
the area o f  niost intense fishing f o r  tlic l i v e  b a i t  and f o r  the f i s h  species 
most l ike ly  t o  be dcpendcnt upon  anchovies for foi-agc. 
area,  the conitnercial f ishery fo r  reduction i s  inucfi siiidller, a n d  the suninier 
peak recreational f i s h i n g  season i s  l e s s  in conf l i c t  w i t h  the  coirtnicrcial f i shery .  

Closure of seasons for  a l l  anchovy f ishing,  or for 

Thcsc reduction f i shery  

The southcrii  permit area 

I n  the nortlicrn 

Because the reduction f ishery has ra re ly  approached i t s  annual l a n d i n g s  
quota pr ior  t o  the season closure d a t e ,  the season, ra ther  than the quota, has 
acted as a r e s t r a in t  upon  anchovy harvests as  well as a nieans t o  avoid 
recreational/commercial conf l ic t s .  The closed summer period may be a period 
o f  potent ia l ly  productive commercial f i sh ing .  The Mexican f i shery  achieves 
its peak harvest ra tes  i n  the summer, b u t  the  lack o f  U.S. experience d u r i n g  
the suninier leaves unknown the question of whether the reduction f i shery  would 
be very successful i n  California i n  summertime. This f a c t ,  together w i t h  
the known d i f f i c u l t i e s  i n  catching anchovies d u r i n g  poor weather and peak 
spawning a c t i v i t y  i n  the winter, suggests t h a t  the  current season s t ruc tu re  
reduces the productivity of f ishing vessels i n  the anchovy reduction f i shery .  
Finally,  the o i l  y ie ld  of  anchovies is  especial ly  low d u r i n g  the moiiths o f  
January, February, March and April (see Figure 4.1-1.). The lower y ie ld  o f  
o i l  reduces the comniercial value of a ton of anchovies d u r i n g  the winter and 
ear ly  spring. 

season closure i s  unknown,  b u t  potent ia l ly  substant ia l .  
the extent t o  which season closures should be imposed i n  order to  minimize 
conf l ic t s  involving recreational f i shers  and l ive-ba i t  f ishing vessels. 
Also, t o  a largely unknown extent ,  the summer closure may hel:, to  maintain 
anchovy densi t ies  i n  the intense recreational f ishing grounds i n  southern 
California. 

The magnitude of  the sac r i f i ce  of commercial value due t o  the summer 
The options concern 



98 

The socio-economic concerns of the various in t e re s t  groups a re  
summari zed as fol  1 ows : 

Live-Bait and Recreational Fishers are  opposed t o  extension of the 
reduction fishery i n t o  the summer months. The period beginning May 15 
i s  believed by 1;ve-bait fishers t o  be c r i t i c a l .  t o  meeting ba i t  supply 
commitments fo r  the coming summer. 
t o  reduction f i s h i n g ,  the recreational f ishers  would prefer tha t  this  
occur i n  the l a t e r  summer rather  than i n  the early summer. 

I f  the summer season i s  t o  be opened 

The Reduction Fishers and Processors a re  w i l l i n g  t o  forego fishing 
d u r i n g  the poor months of  February and March i n  exchange fo r  opening the 
summer months t o  the end of June. 
interest i n  opening the period July t o  mid-September since other more 
lucrative species such as bonito and bluefin tuna become targets  of the 
f l e e t .  
economic value of fish harvested a t  this  time. 

There i s  relat ively less indus t ry  

Higher o i l  yield occurs d u r i n g  the l a t e  summer, increasing the 

Option 1 .  Retain the California reduction fishing seasons: 
A u g u s t  1 t o  May 15, north of P t .  Buchon and September 15 t o  
May 15, south of P t .  Buchon. 

Option 2. No closed season. 

This option maximizes the domestic harvesting capacity without 
requi r i n g  addi t i  onal vessels and equipment .  Consi derable con- 
f l i c t  w i t h  recreational and l ive-bai t  fishers would be l ike ly ,  
parti  cul a r ly  d u r i n g  the summer months. 

Option 3. 
t o  June 30 i n  the south, and similar b u t  b e g i n n i n g  August 1 i n  
the north. 

Open season i s  September 15 t o  January 31, and April 1 

Option 4. 
the closed season applies only t o  reduction f i s h i n g  w i t h i n  the 
Catalina channel. Catalina channel i s  the area landward of a 
l ine r u n n i n g  from P t .  Dume t o  the west end of Santa Catalina 
Island, along the coast of Santa Catalina Island t o  the eas t  
end, and then t o  Dana P t .  

In combination w i t h  any of the season closure options, 

h 

am 

111 
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8.3.2. Area Closures 

a 

Rat iona le :  H i s t o r i c a l l y ,  t he  main purpose o f  area c losures  has been 
t o  min imize c o n f l i c t s  between reduc t i on  f i s h i n g  a c t i v i t i e s  and b a i t  and 
r e c r e a t i o n a l  f i s h i n g  a c t i v i t i e s .  The inshore  zone i s  genera l l y  populated by 
sma l le r  anchovies and i s  t h e  favored reg ion  f o r  l i v e - b a i t  f i s h i n g  due t o  the  
necessary shal low-water  cond i t i ons .  
where most o f  t h e  game f i s h  r e s i d e  and where most s p o r t f i s h i n g  a c t i v i t y  takes 
p lace.  

The inshore  reg ion  i s  a l s o  t h e  area 

The S t a t e  o f  C a l i f o r n i a  has j u r i s d i c t i o n  w i t h i n  3 m i les  o f  shore, 
i n c l u d i n g  bo th  the  mainland and i s l a n d s .  Under the  FMCA, t he  Federal  Government 
has f i s h e r y  j u r i s d i c t i o n  f rom 3 t o  200 m i les  (FCZ). Coord ina t ion  between 
Federal  and S t a t e  management i s  e s s e n t i a l  t o  e f f e c t i v e  implementat ion o f  
area c losures .  

Recent evidence from NMFS rec ru i tmen t  s tud ies  and CF&G sea surveys 
i n  t h e  near shore zone i n d i c a t e  the  3-mi le  inshore  zone i s  a major h a b i t a t  
o f  p r e - r e c r u i t  anchovies (Sec t ion  4.1.5 and 4.5).  

The present  S ta te  c losu re  o f  t he  3-mi le  inshore  zone i n  the  southern 
pe rm i t  area south o f  P t .  Buchon i s  a s tep  toward ach iev ing  o b j e c t i v e s  3 and 4. 
As long  as the  c u r r e n t  harves t  i n  the  no r the rn  pe rm i t  area cont inues t g  average 
about 5,000 tons pe r  season and l e s s  than the  15,000 ton h i s t o r i c a l  
a l l o c a t i o n ,  c losu re  o f  t h i s  3-mi le  inshore  zone by the  C a l i f o r n i a  F i s h  
and Game Commission i s  u n l i k e l y .  There are  a l s o  f i v e  separate area 
c losures  t h a t  extend beyond 3 m i les  t h a t  g i v e  added p r o t e c t i o n  t o  t h e  
l i v e - b a i t  i n d u s t r y  and p reda to r  forage supp l ies .  The e x i s t i n g  C a l i f o r n i a  
area c losures  a re  summarized i n  Sec t ion  3.3.2, Appendix I11 and i n  F igure  
8.3-1. 
a c t i v i t y  i n  the  s p e c i f i e d  area o r  p r o h i b i t  t he  use o f  p a r t i c u l a r  types 
of  f i s h i n g  gear. A l l  b u t  one o f  t he  gear c losures  are t o t a l l y  i n s i d e  
3 m i les .  Th is  except ion  i s  t he  Santa Monica Bay c losu re .  

The e x i s t i n g  s t a t e  c losures  e i t h e r  p r o h i b i t  anchovy f i s h i n g  

E x i s t i n g  c losed areas t h a t  r e q u i r e  Counci l  eva lua t i on  are  those areas 
t h a t  extend beyond the  3-mi le  zone. These are:  (1 )  the  l a r g e  area c losu re  
o f f  San Franc isco Bay i n  c e n t r a l  C a l i f o r n i a  t h a t  extends from P t .  Reyes 
(Mar in  
County); ( 2 )  t h e  smal l  area o f  Oxnard t h a t  extends o f f s h o r e  4 m i l e s  f rom 
the  mainland shore between l i n e s  runn ing  235" magnetic f rom the  steam 
p l a n t  s tack  a t  Mandalay Beach and 205" magnetic f rom the  steam p l a n t  s tack  
a t  Ormond Beach; ( 3 )  Santa Monica Bay from Mal ibu P o i n t  t o  Rocky P o i n t  
(Palos Verdes P o i n t ) ;  ( 4 )  the  area ou ts ide  Los Angeles Harbor descr ibed 
by a l i n e  extending 6 m i l e s  165" magnetic f rom P o i n t  Fermin and then t o  a 
p o i n t  l oca ted  3 m i l e s  o f f s h o r e  on a l i n e  210" magnetic f rom Hunt ington 
Beach p i e r ;  and ( 5 )  t he  Oceanside t o  San Diego zone, 6 m i l e s  f rom the  
beach t h a t  begins a t  Oceanside Harbor and extends t o  the  U.S.-Mexico 
border .  

County) t o  S .  F a r a l l o n  I s l a n d  and t o  Pigeon P o i n t  (San Mateo 
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F igu re  8.3-1. E x i s t i n g  C a l i f o r n i a  area c losures ,  and o p t i o n a l  
Cata l  i na Channel c losu re  (ou t1  i ned by dashed 1 i nes) . 
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Option 1 .  
3 miles from shore. 

Retain existing Ca l i fo rn ia  area closures tha t  extend beyond 

These area closures have evolved over the years from debates between 
recreational and commercial user groups over use of the fishery resources. 
In general, the area closures provide sanctuaries tha t  ac t  t o  reserve 
anchovies t h a t  may enter  the closed area for  l i ve  ba i t  i n  the t radi t ional  
baiting grounds, and fo r  forage for  various predator species some of 
which a re  of recreational importance. The pre-recruited anchovies are  
given some fur ther  protection from exploitation by the reduction fishery.  
I n  addition, these closed area reduce chances of d i r ec t  confrontation 
between commercial and recreational fishermen on the f i s h i n g  grounds.  

beyond 3 miles from shore. 
Option 2. Consider separately the f ive area closures tha t  extend 

A. Farallon Island Closure 

The Farallon Island closure off San Francisco Bay i n  the northern 
permit area discourages commercial anchovy f i s h i n g  for  reduction by 
making travel distances excessive for  a processing industry operating 
out of San Francisco Bay. This preserves the anchovies i n  the area 
for forage fo r  such species as salmon and s t r iped bass. 
i n  the area would exploi t  both northern and central subpopulations. 
I t  i s  questionable whether suf f ic ien t  supplies of anchovies would 
be available t o  sustain a long term fishery i n  this area. 

A f ishery 

B. Oxnard Closure 

The small area closure off Oxnard or Port Hueneme reserves a 
portion of the t radi t ional  b a i t i n g  grounds for  the 1 ive-bai t fishery.  

C.  Santa Monica Bay Closure 

The t radi t ional  Santa Monica Bay closure prohibits commercial net 
ac t iv i ty  in general in the densely populated region of Los Angeles. 
Santa Monica Bay i s  a major area for recreational f ishing and making 
ba i t .  Modification of this closure t h a t  would allow commercial 
f i s h i n g  f o r  other t h a n  l ive-bait  would be opposed by a large number 
of c i t izens  l iving in the Los Angeles area. 

D. Los Angeles Harbor Area Closure 

The area closure outside of Los Angeles harbor prohibits the 
harvesting of anchovies for  reduction on the shallow banks and f l a t s  
t h a t  would otherwise be heavily fished because o f  the a rea ' s  proximity 
t o  the fish processing plants where the majority of the anchovies 
a re  unloaded. T h i s  reserves the area for the l ive-bai t  f ishing.  
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E. Oceanside to  San Diego Closure 

The 6-mile closure from Oceanside to  San Diego was se t  aside t o  
reserve anchovies tha t  m i g h t  en te r  the area for  forage and ba i t .  
In the ear ly  years of the anchovy reduction fishery,  this closure 
may have deterred the development o f  a reduction fishery i n  San Diego 
area.  A t  present, the reduction fishery seldom ventures tha t  f a r  
south. Currently, there a re  two tuna canneries i n  San Diego w i t h  
reduction f a c i l i t i e s  for  tuna o f f a l .  They have potential  capabi l i t i es  
to  manufacture anchovy meal and o i l  w i t h  only minor modification i n  
f a c i l i t i e s .  

Any modifications to  these f ive  area closures w i l l  require t h a t  the 

(see 
director  o f  California Department of F i s h  and Game take action to  conform 
s t a t e  law o r  Commission regulations to  the anchovy management plan 
Section 3.3.1.1 and Appendix 111). 

Option 3 .  Uniform 6-mile closure to  reduction fishery.  

No anchovy f i s h i n g  for  reduction purposes would be allowed w i t h i n  6 
miles of the mainland from P t .  Conception t o  the Mexican border. 

8.3.3. Size Restrictions 

Rationale: The population growth model (Appendix 11) indicates tha t  
harvest of  pre-spawners resu l t s  i n  a lowered equilibrium yield curve. 
immature fish presumably produce less  o i l  upon reduction, and are  therefore 
less  valuable. 

Also, 

A m i n i m u m  s i z e  l imit  tha t  protects the pre-spawners will promote opt i -  
mum u t i l i za t ion  o f  the resource w i t h  respect t o  Objective 2.  
generally inhabit  the nearshore area where they provide forage fo r  predator 
species and are  available t o  the l ive-ba i t  f ishery,  a minimum s ize  limit 
fur ther  supports Objectives 3 and 4 (maintaining su f f i c i en t  forage supply and 
avoiding confl ic ts  between the reduction and recreational f i she r i e s ) .  

Since pre-spawners 

Option 1.  Fish shorter  t h a n  5" to ta l  length may not be purchased 
for use as b a i t ,  w i t h  a 15 percent by weight incidental catch allowance 

T h i s  option i s  identical  to  exis t ing regulations i n  T i t l e  14 of 
California F i s h  and Game Commission. 
by this regulation, and there i s  no reason t o  modify i t .  

The fishery i s  accustomed to  a b i d  

except 
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8.3.4. Limited Entry 

Rational e 

There a re  two reasons for  considering a limited entry program fo r  the 
northern anchovy f ishery.  
administrative control .  
equipment and labor devoted to  the annual harvest of anchovies be the m i n i m u m  
amount necessary. 
bute the maximum possible dividend t o  the national income. In section 6 .4  of 
t h i s  Plan, i t  was explained t h a t ,  unlike most f ree  enterpr ise  industr ies ,  
f i sher ies  do n o t  generally a t t a in  a reasonable level of economic efficiency. 
While competing freely f o r  a comnon property resource, the private firms engaged 
i n  a f ishery tend t o  invest  more t h a n  i s  necessary t o  catch the available yield 
i n  f i s h i n g  vessels and  gear. 
t o  restrain over-investment (or overcapitalization) i n  the f i s h i n g  industry. Also, 
administrative control should be f a c i l i t a t e d  somewhat by a limited entry program. 
When the s i z e  o f  the f i s h i n g  f l e e t  being regulated i s  held w i t h i n  reasonable 
bounds, i t  should be eas i e r  and less  costly to  monitor and enforce fishery 
regulations. 

The f irst  i s  economic eff ic iency,  and the second is  
Economic efficiency dictates  t ha t  the amount of capital  

I f  this efficiency i s  a t ta ined,  then the fishery will  contri-  

A limited entry (o r  limited access) program attempts 

The Fishery Conservation and Management Act of 1976 includes limited 
access systems as a discretionary provision of  a Fishery Management Plan (see 
Section 303(b) (6) ) .  
the Council and  the Secretary take in to  account - 

The Act requires t h a t ,  i n  the development of such systems, 

" ( A )  present par t ic ipat ion i n  the f ishery,  
(B )  his tor ica l  f ishing practices i n ,  and dependence on,  the f ishery,  
( C )  the economics of the f ishery,  
( D )  the capabi l i ty  of f ishing vessels used i n  the fishery t o  engage 

( E )  the cul tural  and social  framework relevant t o  the f ishery,  and  
( F )  any other relevant considerations." 

i n  other f i sher ies  , 

The options for  limited entry systems presented below take in to  account items 
( A )  and ( B )  by allowing a l l  current and recent pas t  par t ic ipants  t o  continue 
f i s h i n g  for  anchovies. 

Item ( C ) ,  the economics of the f ishery,  i s  discussed a t  length i n  section 
3.5 and Appendix VI. 
( 1 )  t ha t  economic eff ic iency i n  the fishery promotes higher prof i t s  for  f isher-  
men and a greater  net economic contribution to  the national economy, and ( 2 )  tha t  
the optimum level of investment i n  the anchovy reduction fishery must be defined 
such tha t  the expected net economic return t o  the nation be as large as possible. 
The limited entry consideration i t s e l f  i s  a means of addressing the f i r s t  p o i n t .  
I n  determining the opt imum level of investment, the optional measures take i n t o  
account the f ac t  t ha t  f luctuat ing annual yields  from the fishery will be ex- 
perienced. Thus, the upper l imi t  t o  be applied t o  the anchovy fishing f l e e t  
mus t  allow a level of  domestic harvest capacity suf f ic ien t  t o  take the largest  

Two important p o i n t s  derived from these discmsions are  
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annual catches t h a t  a r e  economical ly  j u s t i f i e d  under t h e  ha rves t  quota p o l  i c y .  
As est imated i n  Appendix VI, t he  op t ima l  l e v e l s  o f  f l e e t  capac i t y  under each 
o f  t he  ha rves t  quota op t ions  are :  

Est imated Optimum Catch Capaci ty  
Assuming - - 

Harvest  Quota A 70% A 50% 
o p t i o n  U.S. share U.S. share 

(1000 s h o r t  tons)  

Opt ion 1 420-450 450 
Opt ion 2 420-580 470-690 
Opt ion 3 400- 560 440-630 
Opt ion 4 345-475 360-51 0 
Opt ion 5 380- 550 440-570 
Opt ion 6 390-540 430-620 

Another impor tan t  f a c t o r  i s  economic e q u i t y .  
successfu l ,  c rea te  a source o f  r e a l  economic p r o f i t  t h a t  would n o t  o therwise 
e x i s t .  By v e s t i n g  the  r i g h t  t o  f i s h  i n  the  ownership o f  l i censed  anchovy 
f i s h i n g  vessels,  a l i m i t e d  e n t r y  system assigns a p o r t i o n  o f  t he  p o t e n t i a l  
economic p r o f i t  t o  the  vessel owners. 
n o t  i t  i s  e q u i t a b l e  o r  s o c i a l l y  app rop r ia te  t o  enhance the  p r i v a t e  economic 
w e l f a r e  o f  i n d i v i d u a l  vessel owners through a pub1 i c  f i s h e r y  management program. 
The FCMA does n o t  a l l o w  the  Secre tary  o f  Commerce t o  c o l l e c t  f rom l i c e n s e d  f i s h e r -  
men 
t h i s  r e s t r i c t i o n ,  any l i m i t e d  access system can be expected t o  c rea te  p r o f i t s  
f o r  t h e  f i s h i n g  i n d u s t r y .  
up a l i m i t e d  access system. 

A l i m i t e d  e n t r y  program w i l l ,  i f  

Th is  r a i s e s  the  ques t ion  o f  whether o r  

fees which exceed the  a d m i n i s t r a t i v e  c o s t  o f  i s s u i n g  f i s h i n g  permi ts .  Under 

The e q u i t y  i m p l i c a t i o n s  must be considered i n  s e t t i n g  

I t e m  ( D ) ,  t he  capac i t y  o f  anchovy vessels t o  engage i n  o the r  f i s h e r i e s ,  
i s  noted i n  s e c t i o n  3.5.2.1. of t h i s  Plan. The l i m i t e d  access systems proposed 
here w i l l  n o t  r e s t r i c t  t he  l i c e n s e d  anchovy vessels f rom p a r t i c i p a t i n g  i n  o t h e r  
f i s h e r i e s .  The o t h e r  f i s h e r i e s  i n  which anchovy f i s h i n g  vessels  p a r t i c i p a t e  
t o  the  g rea tes t  e x t e n t  a re  those f o r  bon i to ,  j a c k  mackerel, and tuna. Th is  
s i t u a t i o n  can be taken i n t o  account i n  s e t t i n g  the  upper l i m i t  o f  anchovy r e -  
duc t i on  f l e e t  s i z e  by cons ide r ing  many o f  t he  anchovy vessels as pa r t - t ime .  
Thus, t he  t o t a l  l i censed  f l e e t  must be l a r g e  enough t o  take  the  maximum econo- 
m i c a l l y  j u s t i f i e d  anchovy harvests  w h i l e  s t i l l  ma in ta in ing  the  approp r ia te  l e v e l s  
o f  ha rves t  i n  t h e  o t h e r  f i s h e r i e s .  
enough t o  assure adequate f i s h i n g  capac i t y  under reasonable c i rcumstances. I f  
f u t u r e  developments, such as a g rea t  expansion i n  t h e  j a c k  mackerel f i s h e r y ,  
r e s u l t  i n  a shor tage o f  t o t a l  capacity then the 'licensed f l e e t  cou ld  be enlarged. 
To accu ra te l y  p r e d i c t  the  t o t a l  f u tu re  f l e e t  capac i t y  needed t o  ha rves t  a l l  of  
t h e  f i s h  species i s  impossib le .  
o f  anchovy f i s h i n g  l i censes  i n  the  f u t u r e  would min imize the p o s s i b i l i t y  o f  
causing a shor tage o f  f i s h i n g  capac i ty .  

The capac i t y  l i m i t s  suggested above a re  h i g h  

F l e x i b i l i t y  i n  a d j u s t i n g  the  l i m i t e d  number 
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I n  response t o  I t e m  (E) ,  t h e  proposed l i m i t e d  e n t r y  op t i ons  a r e  n o t  ex- 
pec ted  t o  i n c l u d e  any r a d i c a l  changes i n  t h e  s o c i a l  and c u l t u r a l  i n s t i t u t i o n s  o f  
t h e  a f f e c t e d  f i s h i n g  communities i n  San Pedro, Oxnard and Monterey, C a l i f o r n i a .  
I n  p a r t i c u l a r ,  t h e  es tab l i shment  of l i c e n s e s  f o r  anchovy vessels i s  n o t  expected 
t o  i n t e r f e r e  w i t h  t h e  independent, p r i v a t e  e n t e r p r i s e  na tu re  o f  t h e  f i s h i n g  
communities. No o t h e r  r e l e v a n t  cons ide ra t i ons  have been i d e n t i f i e d  f o r  I t e m  (F). 

0 t i o n  1. No r e s t r i c t i o n s  on t h e  number o r  types o f  vessels 
f i s h i n g  + f o r  anc ov ies  f o r  any purpose. 

Opt ion  2. I ssue a l i m i t e d  number o f  l i c e n s e s  f o r  t h e  anchovy 
r e d u c t i o n  f i s h e r y .  
f i s h e r y .  Reduction f i s h e r y  l i censes  a r e  t o  be vested i n  the  ownership 
o f  t h e  l i c e n s e d  vessels and can be t r a n s f e r r e d  t o  another vessel owner 
by sale.  

No l i m i t s  t o  be p laced upon t h e  non- reduc t ion  

This o p t i o n  accomplishes t h e  o b j e c t i v e  o f  p u t t i n g  an upper l i m i t  
on t h e  s i z e  o f  t h e  f i s h i n g  f l e e t  w i t h o u t  imposing any economic sanc t ions  
o r  taxes. One drawback t o  t h e  o p t i o n  i s  t h a t  i t  does n o t  p revent  over-  
c a p i t a l i z a t i o n  o f  t h e  f l e e t  through upgrading o r  replacement o f  vessels.  
That i s ,  a l i m i t e d  number o f  vessels cou ld  be v a s t l y  improved through 
a d d i t i o n a l  investments i n  e x i s t i n g  vessels and through t h e  r e t i r e m e n t  
o f  smal l  e r  , 1 ess p r o d u c t i v e  vessel s and t h e i  r rep1 acement w i t h  1 a r g e r  , 
more va luab le  vessel s. 

Opt ion 3. I ssue a l i m i t e d  number o f  anchovy reduc t i on  f i s h i n g  
l i c e n s e s  w i t h i n  a t w o - t i e r  system d i s t i n g u i s h i n g  between vessels w i t h  
smal l ,  i n f r e q u e n t  l and ings  and vessels l a n d i n g  l a r g e  volumes o f  f i s h .  
Licenses would be vested i n  vessel owners and would be t rans fe rab le .  

The key t o  t h i s  o p t i o n  i s  t h a t  i t  a l l ows  a l a r g e  number o f  
l i c e n s e s  t o  be i ssued  so t h a t  a l l  vessels w i t h  a h i s t o r y  o f  anchovy 
r e d u c t i o n  f i s h i n g  can be l i censed .  A t  t h e  same t ime, a s u b s t a n t i a l  
replacement o f  smal l  vesse ls  w i t h  l a r g e  vessels would be f o r e s t a l l e d  
by t h e  t w o - t i e r  system. 
l i c e n s e s  w i t h  a s p e c i f i c  annual ca tch  l i m i t a t i o n  o f  250 tons. I n i t i a l l y ,  
no r e s t r i c t i o n s  would be p u t  on t h e  number o f  such l i c e n s e s  t o  be issued. 
A l l  vessels app ly ing  f o r  t h e  c a t c h - l i m i t e d  pe rm i t s  would be accommodated. 

The sma l le r  vessels would be issued f i r s t - t i e r  

A l l  vesse ls  w i t h  a h i s t o r y  o f  l a n d i n g  anchovies f o r  r e d u c t i o n  
i n  C a l i f o r n i a  i n  q u a n t i t i e s  o f  more than 250 tons annua l l y  would be 
issued t h e  second- t i e r  permi ts .  I n  a d d i t i o n ,  a number o f  pe rm i t s  would 
be a l l owed  above t h e  number o f  e x i s t i n g  l a r g e  r e d u c t i o n  f i s h e r y  vessels. 
I n  1977, t h e  number was about f o r t y - f i v e .  The t o t a l  number o f  these 
l i c e n s e s  i ssued  would depend upon t h e  f i s h i n g  season c losures  and t h e  
ha rves t  fo rmula  adopted f o r  t h e  f i n a l  Anchovy Management Plan. 
t h e  number o f  l i c e n s e s  a l l owed  should be l a r g e  enough t o  assure t h a t  
t h e  l i c e n s e d  f l e e t  c o u l d  h a r v e s t  t he  maximum annual ha rves t  expected t o  
occur  under t h e  h a r v e s t  fo rmula  adopted. 

General ly,  
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As an example o f  how t h i s  would work, suppose ha rves t  Opt ion  #2 i s  
chosen and the  32-week r e d u c t i o n  f i s h i n g  season (September 15 t o  May 15) 
i s  re ta ined .  According t o  the  a n a l y s i s  i n  Appendix V I ,  t h e  maximum l e v e l  
o f  ha rves t  which would be economical ly op t ima l  under t h i s  o p t i o n  i s  about 
300 thousand tons f o r  t h e  U.S. (assuming Mexico takes 30 percent  o f  t he  
quota) .  
p robab ly  ca tch  247 thousand tons o f  anchovies i n  the  32-week season i f  
t h e  process ing  capac i t y  were n o t  c o n s t r a i n i n g .  These two f a c t s  i n d i c a t e  
t h a t  an a d d i t i o n a l  f i s h i n g  capac i t y  o f  54 thousand tons annua l l y  cou ld  be 
l i censed .  I f  t h e  new l i censes  were t o  opera te  medium-size purse se ine rs  
capable o f  t a k i n g  10,000 tons o f  anchovies d u r i n g  the  season, then t h e  number 
o f  a d d i t i o n a l  r e d u c t i o n  f i s h e r y  l i censes  would be 5-6. 
t h e  e x i s t i n g  45, t he  t o t a l  l i c e n s e d  f l e e t  i n  t h e  second- t i e r  would be 50-51. 

I n  Sec t i on  5.1 i t  was es t imated t h a t  t he  c u r r e n t  f l e e t  cou ld  

Adding t h i s  t o  

The a c t u a l  l i m i t  t o  t h e  second- t i e r  l i censes  would have t o  be c a l c u l a t e d  
f o r  t h e  f i n a l  ha rves t  formula and season c losu re  adopted i n  the  Plan. 
t h e  i ssue  o f  op t ima l  f l e e t  s i z e  would remain open t o  a d d i t i o n a l  research 
f i n d i n g s  o r  cons ide ra t i ons  i n  the  f u t u r e .  

Also, 

The i n i t i a l  d i s t r i b u t i o n  o f  second- t i e r  l i c e n s e s  w i l l  be made t o  vessels 
t h a t  have h e l d  anchovy r e d u c t i o n  f i s h i n g  permi ts  f rom C a l i f o r n i a  Department o f  
F i s h  and Game d u r i n g  one o r  more of t h e  th ree  years preceding September 15, 
1977. 
capabi 1 i ty t o  ca tch  anchovies. 

Other  vessels w511 be issued permi ts  on the  bas i s  o f  demonstrated 
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8.3.5. Sex res t r ic t ions  

Rationale: The r a t i o  of females t o  males in the anchovy reduction 
fishery i s  a concern, because the female portion of the f i sh  population repre- 
sents  the spawning potent ia l .  
i n  estimating the population growth equation, i t  i s  assumed t h a t  there are  
equal numbers o f  females and males ( i n  the population as a whole). This 
assumption i s  supported by the sex ra t ios  in midwater trawl samples taken 
during C F & G  sea surveys (see Table 4.1-5). 
equality of females and males in the population, the San Pedro reduction 
fishery tends t o  take a disproportionate amount of female f i sh  (see Table 4.1-3). 
Thus the harvest of anchovies by the reduction fishery should be regulated on 
the basis of spawning potential taken ( i . e . ,  amount of female f i sh  caught) 
rather t h a n  on the basis of to ta l  tonnage taken. 
formula based on sex r a t i o  in the catch can accomplish this. Options 2 and 3 
represent two possible modifications t o  the annual catch quota. 

I n  making the spawning biomass estimates and 

Despite the presumed numerical 

Modifications t o  the quota 

I t  i s  very unlikely tha t  the average sex r a t io  in the San Pedro reduction 
fishery landings (1 .73: l )  represents the true sex r a t io  in the anchovy popula- 
t ion as  a whole. Theoretical considerations and the aforementioned sea survey 
resu l t s  strongly suggest t h a t  the population sex r a t io  i s  very close t o  one-to- 
one. However, i f  the commercial landings sex r a t io  were representative of 
the population sex r a t i o ,  then an adjustment to the annual quota  formula would 
s t i l l  be necessary. 
the anchovy PoPUlation i s  1.73:1, then the biomass i s  21% less  t h a n  the biomass 
estimates based on larva censuses using 1:l  sex r a t io .  Furthermore, the popu-  
la t ion qrowth potential i s  21% less  t h a n  t h a t  estimated by the equilibrium growth 
curve (see Figure 4 .7 -2 ) .  If t h i s  were the case, then the annual quota  formula 
would have t o  be modified in much the same fashion a <  i t  would when there i s  a 
one-to-one sex r a t i o  in the population and a 1 .73:1 sex r a t io  in the commercial 
catch. 

I f ,  f o r  instance, the t rue r a t i o  offemales t o  males in 

Option 1 .  No sex res t r ic t ion  a s  in existing California plan. This option 

If  any other harvest quota  formula i s  chosen, th i s  option should 
i s  included in order to  allow the existing California p l a n  to  be adopted, i f  the 
Council wishes. 
not be chosen, since the fishery harvests mostly female f i s h ,  decreasing the 
productivity cf the resource. 

(1.73 females t o  1 male, by weight), the quota for  any year will be reduced by 
21% from the value given by the harvest formula in section 8.3.7 (catch quotas). 

This option corrects for  the sex r a t io  problem on the average, b u t  does 
not allow for  more catch i f  the r a t i o  i s  lower, or  for  less  catch i f  the r a t io  
i s  higher i n  any given year. 
i s  f i l l e d .  The present CF&G catch sampling program would be suf f ic ien t  to  
implement t h i s  option, should i t  be chosen. 

O p t i o n  2 .  Based on observed average sex ra t ios  in the San Pedro fishery 

I t  does have a f i n i t e  point a t  which the quota  
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0 t i o n  3. The quota f o r  any yea r  w i l l  be f i l l e d  when 50% o f  b a s i c  
quota has p--T been anded i n  female f i s h ,  as determined by mon i to r i ng  o f  l and ings .  

Th is  o p t i o n  a l lows t h e  a c t u a l  ca tch  t o  inc rease i f  more male f i s h  
a re  landed, o r  t o  decrease i f  more female f i s h  are landed. Since t h e  sex 
r a t i o  d i r e c t l y  a f f e c t s  the  t o t a l  catch,  t he re  would be some i n c e n t i v e  f o r  t h e  
f ishermen t o  avo id  t a k i n g  female f i s h  i f  poss ib le .  I f  f ishermen were t o  
a c t i v e l y  seek a l a r g e r  p r o p o r t i o n  o f  male f i s h ,  they would s h i f t  f i s h i n g  t o  
o u t s i d e  o f  t h e  San Pedro Channel, w i t h i n  which anchovies a re  predominant ly 
female. 
r e c r e a t i o n a l  f i s h i n g  i n t e r e s t s ,  who would p r e f e r  l e s s  anchovy f i s h i n g  i n  t h e  
San Pedro Channel. O f  course, such f i s h e r y  e f f e c t s  are con jec tu re  and would 
remain t o  be proven. A disadvantage o f  t he  o p t i o n  i s  t h e  l a c k  o f  a f i n i t e  
t o t a l  ca tch  a t  which the  f i s h e r y  would c lose ,  i f  o n l y  male f i s h  were be ing  
1 anded. 

Such a s h i f t  i n  f i s h i n g  grounds would be favo rab le  t o  b a i t  and 
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8.3.6. Harvest  Quotas 

Rat iona le :  The resource can be expected t o  f l u c t u a t e  i n  biomass under 
any l e v e l  o f  f i s h i n g  pressure.  
c u r r e n t  s t a t u s  o f  the  s tock,  so t h a t  a margin o f  growth i s  a l lowed when the  
biomass i s  low, and so t h a t  g rea te r  q u a n t i t i e s  may be harvested when the  biomass 
i s  h igh .  
formula such t h a t  the  quota i s  determined by the  most c u r r e n t  biomass est imate.  
Each o f  t he  formulas considered i s  f o r  the  anchovy reduc t i on  f i s h e r y  on ly .  
The l i v e - b a i t ,  f r ozen -ba i t  and f o o d - f i s h  harves ts  a re  a l lowed t o  cont inue a t ,  
o r  s l i g h t l y  above c u r r e n t  l e v e l s  w i t h o u t  f u r t h e r  r e s t r i c t i o n s  unless the  non- 
r e d u c t i o n  ha rves t  exceeds 12,000 s h o r t  tons pe r  year .  Also,  i t  i s  impor tan t  
t o  cons ider  the  Mexican f i s h e r y  f o r  anchovies and the  p r a c t i c a l  d i f f i c u l t i e s  
t h a t  t h i s  f i s h e r y  poses f o r  the i n t e r p r e t a t i o n  o f  t he  harves t  formulas.  
t he  b i o l o g i c a l  b a s i s  o f  t he  optimum y i e l d  d iscuss ion  i s  the  s tock  o f  f i s h  which 
i s  e x p l o i t e d  by bo th  the Un i ted  Sta tes  and Mexico, the  harves t  formulas represent  
t h e  t o t a l  annual ha rves t  by bo th  na t ions .  U n t i l  a b i l a t e r a l  agreement between 
t h e  Un i ted  Sta tes  and Mexico i s  obtained, the  domestic f i s h e r y  must be managed 
on a u n i l a t e r a l  bas i s .  Th i s  requ i res  t h a t  the  reduc t i on  f i s h e r y  quota a p p l i e d  
t o  t h e  domestic f i s h e r y  be a p p r o p r i a t e l y  s p e c i f i e d  t o  account f o r  the  Mexican 
catch.  The U.S. quota might,  f o r  ins tance,  be s e t  a t  50 percent  o r  70 percent  
o f  t he  t o t a l  ca tch  a l lowed by t h e  chosen quota formula. 

A l lowab le  l e v e l s  o f  harves t  must r e f l e c t  the  

I n  t h e  case o f  t he  anchovy f i she ry ,  we can e s t a b l i s h  a ha rves t  quota 

Because 

The choice o f  ha rves t  formula should take  i n t o  cons ide ra t i on  the  pro-  
bable e f f e c t  t h a t  t he  a l t e r n a t i v e  formulas w i l l  have on the  f i s h  s tock ,  t he  
annual harves ts ,  t he  economic va lue o f  the  harvest ,  and the  expected i n s t a b i l i t y  
o f  t he  f i s h e r y .  Tables 8.3-2 and 8.3-3 summarize some p e r t i n e n t  c h a r a c t e r i s t i c s  
o f  the  f i s h e r y  under each o f  s i x  o p t i o n a l  harves t  formulas. 
i l l u s t r a t e s  each o f  t h e  o p t i o n a l  ha rves t  formulas.  
f o r  t h e  anchovy r e d u c t i o n  f i s h e r y .  
terms o f  a CL'TOFF below which biomass the  quota would be zero; a SLOPE, which 
i s  t he  f r a c t i o n  o f  t he  biomass i n  excess o f  t he  CUTOFF which i s  t o  be harvested; 
and i n  some cases a LIMIT which i s  t h e  maximum v a l u e h e  quota can assume. 
Only Opt ion  #1 has a s p e c i f i c  LIMIT. The economic ana lys i s  i n  Appendix V I ,  
however, i nd i  cates t h a t  t h e r e  i s  an economi c a l  l y  determined maximum harves t  , 
which i s  e s s e n t i a l l y  t h e  l a r g e s t  ha rves t  which the  i n d u s t r y  i s  l i k e l y  t o  
develop the  capac i t y  t o  take, g iven  t h e  investment cos ts  and the  expected 
p r o f i t s .  
8.3-2 and 8.3-3 i n  t h e  row l a b e l l e d  "assumed l i m i t s . "  
t e r i s t i c s  descr ibed f o r  Opt ions 2 through 6 a re  dependent upon the  assumption 
o f  t he  maximum harves t  c a p a c i t i e s .  

F igure  8.3-2 
A l l  o f  the  formulas a re  

Each ha rves t  formula can be descr ibed i n  

These economic maximum h a r v e s t i n g  c a p a c i t i e s  a re  l i s t e d  i n  Tables 
The resource charac- 
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Table 8.3-2. Comparison of resource c h a r a c t e r i s t i c s  under var ious quota opt ions.  
A l l  biomass and harvests a re  i n  m i l l i o n  s h o r t  tons, 

assumes U.S. catch = 70%. 

Opt ion 

1 2 3 4 5 6 

Harvest Quota Formula Desc r ip t i on  

CUTOFF 1 .o 1 .o 0.5 1 .o 1 .a a.5 

SLOPE ( i n  percent  o f  biomass 33.0 33.0 20.0 10.0 25.0 33.3 
excess of CUTOFF)* 

L I M I T  0.45 none none none none none 

Assumed Maximum To ta l  none 0.77 0.79 0.80 0.75 0.72 
Harvest Capacity 

(See Appendix V I )  *For op t i on  4 the  quota i s  0.1 a t  CUTOFF; f o r  
o p t i o n  5, the quota i s  0.25 a t  CUTOFF (see f i g u r e  
8.3-2). 

To ta l  Biomass S t a t i s t i c s  
~~ 

Mean 2.87 2.55 2.5? 3.00 2.17 2.16 

Standard Dev ia t i on  2.22 2.01 2.06 2.23 1.91 1.92 

Median 2.21 1.95 1.96 2.38 1.57 1.54 

Percent o f  Years Biomass 
W i l l  F a l l  Below 0.5 3.4 4.2 5.0 3.0 8.2 9.1 

1 .o 16.1 19.1 20.5 14.0 29.4 30.7 

2.0 45.0 51 .O 50.7 40.9 61.4 61.7 

To ta l  Catch S t a t i s t i c s  

Mean 0.290 0.371 0.355 0.284 0.384 0.378 

Standard Dev ia t i on  0.181 0.302 0.266 0.210 0.287 0.269 

Median 0.403 0.3 

Percent of Years 
No Fishery 16.1 19.1 

On Slope 37.9 56.3 

A t  Assumed Maximum 47.0 24.6 

8 0.292 0.238 0.392 0.346 

5.0 14.0 29.4 9.1 

80.4 81.9 48.3 64.3 

14.6 4.1 22.3 26.6 

U.S. Economic S t a t i s t i c s  

( m i l l i o n  d o l l a r s )  

U.S. P o t e n t i a l  Value Net 3.1 3.1 - 3.0- 2 .8-  3.0- 3.0- 
o f  Operat ing and Cap i ta l  4.5 4.4 4.0 4.3 4.3 
Cost w i t h  L i m i t e d  Access 
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Tab l e  8.3-3. Comparison o f  resource c h a r a c t e r i s t i c s  under var ious quota opt ions.  
All biomass and harvests a re  i n  m i l l i o n  sho r t  tons, 

assumes U . S .  catch = 50%. 

Opt ion 

1 2 3 4 5 6 

Harvest Quota Formula Desc r ip t i on  

CUTOFF 1 .o 1 .o 0.5 1 .o 1 .o 0.5 

biomass excess o f  CUTOFF)* 

LIMIT 0.45 none none none none none 

SLOPE ( i n  percent o f  33.3 33.3 20.0 10.0 25.0 33.3 

Assumed Maximum T M  none 0.97 0.97 0.96 0.91 0.90 
Harvest Capacity 

(See Appendix VI) *For op t i on  4 the  quota i s  0.1 a t  CUTOFF; f o r  
op t i on  5, t he  quota i s  0.25 a t  CUTOFF (see f i g u r e  
8.3-2). 

To ta l  Biomass S t a t i s t i c s  

Mean 2.87 2.45 2.53 2.99 2.09 2.04 

Standard Deviat ion 2.22 1.93 2.02 2.22 1.83 1.82 

Median 2.21 1.89 1.94 2.38 1.52 1.47 . 

Percent o f  Years Biomass 
Will F a l l  Below 0.5 3.4 4.4 5.1 3.0 8.5 9.6 

1 .o 16.1 20.0 20.8 14.1 30.3 32.2 

2.0 45.0 52.8 51.4 41 .O 63.0 64.2 

- 
Tota l  Catch S t a t i s t i c s  

Mean 

Standard Deviat ion 

Median 

Percent o f  Years 
No Fishery 

On Slope 

0.291 0.396 0.370 0.287 0.403 0.401 

0.181 0.357 0.300 0.218 0.326 0.320 

0.403 0.297 0.287 0.238 0.376 0.323 

16.1 20.0 5.1 14.1 30.3 9.6 

36.9 63.2 85.9 83.3 55.2 72.5 
. 

A t  Assumed Maximum 47.0 16.8 9.0 2.6 14.5 17.9 

U.S. Economic S t a t i s t i c s  

( m i l l i o n  d o l l a r s )  

U.S. P o t e n t i a l  Value Net 2.5 2.4- 2.4- 2.1 - 2.4- 2.3- 
of Operat ing and Capi ta l  3.7 3.5 3.0 3.5 3.4 
Cost w i t h  L i m i t e d  Access 
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The c h a r a c t e r i s t i c s  which are probably o f  most i n t e r e s t  are:  

1. t h e  median biomass o c c u r r i n g  under each ha rves t  formula,  

2. t h e  n e t  economic value o f  t h e  f i s h e r y  under each ha rves t  
formula,  and 

3. t h e  percent  o f  years  i n  which i t  i s  expected t h a t  t he  
anchovy biomass w i l l  f a l l  below the  CUTOFF and, as a 
r e s u l t ,  t he  r e d u c t i o n  f i s h e r y  w i l l  n o t  be a l lowed t o  
operate.  

These t h r e e  c h a r a c t e r i s t i c s  correspond rough ly  t o  some impor tan t  
o b j e c t i v e s  o f  f i s h e r y  management, namely, conserva t ion  o f  t he  f i s h  popu la t ion ,  
maximum economic u t i l i z a t i o n  o f  t h e  resource, and s t a b i l i t y  o f  t he  f i s h i n g  
i n d u s t r y .  The annual biomass es t imates  a re  expected t o  be above t h e  median 
biomass 50 pe rcen t  o f  t h e  t ime and below the median biomass 50 percent  o f  t he  
t ime. The economic value i s  a r e f l e c t i o n  o f  t he  o v e r a l l  c o n t r i b u t i o n  t h a t  
t h e  f i s h e r y  makes t o  t h e  econotqy. 
f a l l s  below the  CUTOFF equals t h e  percent  o f  years  i n  which t h e  anchovy r e -  
d u c t i o n  f i s h e r y  w i l l  p robab ly  be shut  down. 

The percent  of years i n  which t h e  biomass 

Opt ion  1: ( C a l i f o r n i a  Plan) Quota i s  1 /3 (33.3%) o f  t he  spawning 
biomass i n  excess o f  1 m i  

Op t ion  2: Quota 
o f  1 m i l l i o n  tons. 

Opt ion  3: Quota 
0.5 m i l l i o n  tons. 

i o n  tons, w i t h  an upper quota l i m i t  o f  450,000 tons. 

s 1/3 (33.3%) o f  t he  spawning biomass i n  excess 

s 1/5 (20%) o f  t he  spawning biomass i n  excess o f  

Opt ion  4: Quota 
i f  t h e  spawning biomass i s  l e s s  than 1 m i l l i o n  tons. 

i s  1/10 (10%) o f  t he  spawning biomass, b u t  i s  zero 

Op t ion  5: Quota i s  1/4 (25%) o f  t h e  spawning biomass, b u t  i s  zero 
when t h e  spawning biomass i s  l e s s  than 1 m i l l i o n  tons. 

Opt ion  6: Quota i s  1/3 (33.3%) o f  t he  spawning biomass i n  excess o f  
0.5 m i l l i o n  tons. 

A n t i c i p a t e d  r e s u l t s  o f  each o p t i o n a l  ha rves t  formula a r e  summarized i n  
Tables 8.3-2 and 8.3-3. 
S ta tes  f i s h e r y  w i l l  t ake  70 percent  o f  t h e  t o t a l  ha rves t  quotas. The second 
t a b l e  r e f l e c t s  a 50 percent  U.S. share o f  t h e  catch. 
s t a t i s t i c s  a re  s i m i l a r  i n  t h e  two s i t u a t i o n s .  
between t h e  50 percent  and 70 percent  U.S. shares are a t t r i b u t a b l e  t o  t h e  
d i f f e r e n t  "assumed maximum harves t  c a p a c i t i e s  ." 
of t h i s ,  see Appendix V I .  

The f i r s t  r e f l e c t s  t h e  assumption t h a t  t h e  Un i ted  

The biomass and ca tch  
The d i f f e r e n c e s  t h a t  do show up 

For more d e t a i l e d  exp lana t ion  
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The f i r s t  and f o u r t h  op t i ons  m a i n t a i n  the  h i g h e s t  l e v e l s  o f  median 
biomass, w h i l e  y i e l d i n g  the  .smal les t  average catches. 
have r e l a t i v e l y  h i g h  average catches and w i l l  r e s u l t  i n  f i s h e r y  shut-downs 
i n  the  fewest  number o f  years.  
considered occurs w i t h  o p t i o n  f i v e .  
p r o b a b i l i t y  o f  f i s h e r y  shut-down. 
annual y i e l d  as op t i ons  f i v e  and s i x ,  and a l s o  i s  expected t o  m a i n t a i n  a 
reasonably l a r g e  biomass o f  anchovies. 

Opt ions t h r e e  and s i x  

The h i g h e s t  average ca tch  among t h e  o p t i o n s  
Opt ion  f i v e ,  however, y i e l d s  t h e  h i g h e s t  

Opt ion two prov ides  almost as much average 

D iscuss ion  

The c h a r a c t e r i s t i c s  o f  each a l t e r n a t i v e  ha rves t  po l+cy  descr ibed above 
do n o t  l ead  t o  any obvious conc lus ion  as t o  what i s  op t ima l .  
t h e r e  a r e  severa l  u n q u a n t i f i e d  o b j e c t i v e s  which a r e  n o t  g i v e n  r e l a t i v e  values. 
Any one o f  t h e  proposed ha rves t  p o l i c i e s  cou ld  achieve t h e  management ob jec-  
t i v e s  o u t l i n e d  i n  Sec t ion  8.1. Whether o r  n o t  one o f  these p o l i c i e s  i s  t he  
' 'best" o r  whether t h e r e  i s  any "bes t "  p o l i c y  i s  e s s e n t i a l l y  a m a t t e r  of 
judgement which, accord ing  t o  t h e  F i s h e r y  Conservat ion and Management Ac t  of 
1976, i s  t o  be exerc ised by t h e  Counc i l .  

T h i s  i s  because 
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A. 1 

APPENDIX I 

R E V I E A  3F ANCHOVV BIOMASS ESTIMATION 

I n t r o d u c t i o n  

Three methods have been proposed f o r  e s t i m a t i n g  the  spawning biomass 
o f  no r the rn  anchovies f rom spawning products:  
(1968), Smith (1972). 
anchovy spawner biomass. 
1 )  an es t ima te  o f  anchovy l a r v a  abundance, 2 )  an e s t i m a t i o n  procedure t h a t  
uses t h e  r e l a t i o n s h i p  between anchovy l a r v a  abundance and h i s t o r i c a l  i n f o r -  
mat ion  on sa rd ine  biomass and sard ine  l a r v a  abundance. 
a r e  discussed r e s p e c t i v e l y  so t h a t  t h e  reader  gains an understanding o f  how 
t h e  biomass es t imates  used i n  t h e  anchovy management p l a n  a r e  ca l cu la ted .  
A d i scuss ion  o f  t h e  more impor tan t  assumptions used i n  e s t i m a t i o n  and t h e i r  
p o s s i b l e  e f f e c t  i s  reserved u n t i l  l a s t .  

Murphy (1  966) , Ah1 strom 
Th is  rev iew discusses t h e  procedure f o r  e s t i m a t i n g  

Th is  es t ima te  i s  b u i l t  f rom two components: 

These two t o p i c s  

Whv Larvae 

Since t h e  number o f  anchovies i n  t h e  c e n t r a l  s tock  cannot be d i r e c t l y  
enumerated, t h e  s tock  must be sampled i n  o r d e r  t o  determine biomass. 
Anchovy pass through t h r e e  d i s t i n c t  l i f e  stages: eggs, l a r v a e  and f i s h  
( j u v e n i l e  and a d u l t ) .  
Present ly ,  l a r v a e  a re  used. The reasons f o r  t h i s  f o l l o w :  

Biomass cou ld  be es t imated  from any o f  these stages. 

1 )  Schools o f  f i s h  tend t o  be clumped: eggs, r e s u l t i n g  f rom spawning 
schools,  a r e  a l s o  clumped. Th is  r e s u l t s  i n  a sample o f  h i g h  var iance 
which i n  t u r n  r e s u l t s  i n  a h i g h l y  v a r i a b l e  biomass es t imate .  Because 
o f  d i f f u s i o n  and d i spe rs ion ,  l a r v a e  a r e  more even ly  d i s t r i b u t e d  over 
t h e  sample area and consequent ly y i e l d  a l e s s  v a r i a b l e  es t imate .  

Eggs and l a r v a e  a r e  sampled by p lank ton  ne ts .  Juven i l es  and a d u l t s  
a re  sampled by midwater t r a w l s .  
Al though t h e r e  i s  some n e t  avoidance i n  t h e  advanced l a r v a l  s t a  es, 

2 )  
Adu l t s  and j u v e n i l e s  avo id  ne ts .  

i t  i s  minimal i n  comparison (P.Smith, NMFS, pers.comm.,April 19 s 7 ) .  

3) Net r e t e n t i o n  i s  g r e a t e r  f o r  l a r v a e  than f o r  eggs (Smith, pers. comm., 
Reten t ion  o f  eggs i s  h i g h l y  v a r i a b l e  w i t h  season, sometimes 4-18-77). 

d ropp ing  t o  10% r e t e n t i o n .  
c a l l y  i n v e s t i g a t e d  (Lenarz 1972). 
Egg l i f e  span, approximately 3 days, i s  l e s s  than t h a t  o f  l a rvae,  
approx imate ly  30 days. 
t i m i n g  would be r e q u i r e d  t o  sample eggs as e f f e c t i v e l y  as l a rvae .  

Net r e t e n t i o n  o f  l a r v a e  has been s c i e n t i f i -  

4 )  
Surveys o f  g r e a t e r  i n t e n s i t y  and more p r e c i s e  

Larva Abundance Es t ima t ion  

Sampling f o r  anchovy l a r v a e  grew o u t  o f  a sampling p l a n  t o  determine t h e  
major  spawning areas o f  t h e  P a c i f i c  sard ine .  
extended from t h e  Columbia R i v e r  t o  Sebast ian V izca ino  Bay i n  Baja C a l i f o r n i a .  
The p a t t e r n  o f  sampling s t a t i o n s  was designed o r i g i n a l l y  on t h e  bas i s  o f  a 
cen t r i c - sys temat i c -a rea  sampling design ( M i l  ne 1959). 
remains i n  use today. However, as the  spawning area was d e l i m i t e d  the  survey 
became concent ra ted  o f f  c e n t r a l  C a l i f o r n i a  and Baja C a l i f o r n i a .  The sampling 

O r i g i n a l l y ,  t h e  sampling area 

The same b a s i c  design 
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areawas a r b i t r a r i l y  d i v i d e d  i n t o  reg ions .  A t  present,  t h e r e  a r e  530 
s t a t i o n s  i n  23 reg ions  (F igu re  1 ) .  The 23 reg ions  cover  532,000 mi2 
(Table 1 ) .  The c e n t r a l  anchovy s tock  i s  de f i ned  by 8 reg ions ,  i n d i c a t e d  
by * ‘ s  i n  F igu re  1. The area o f  t h e  c e n t r a l  s tock  i s  166,277 mi2. 

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  equipment used and t h e  process ing  o f  
samples i s  conta ined i n  t h e  NOAA Technical  Report,  NMFS CIRC-370, C o l l e c t i n g  
and Processing Data on F i sh  Eggs and Larvae i n  the  C a l i f o r n i a  Cur ren t  
Region (Kramer, -- e t  a l .  1972). I n  b r i e f ,  s t a t i o n s  a r e  se lec ted  be fo re  each 
c r u i s e .  Standard p lank ton  hauls a r e  made a t  each se lec ted  s t a t i o n .  
s t a t i o n  cannot be sampled because of equipment breakdown, weather o r  any 
o t h e r  unforeseen circumstances, a nearby a l t e r n a t e  may be chosen o r  the  
s t a t i o n  omi t ted  e n t i r e l y .  S t a t i o n s  a r e  sampled on a r r i v a l  whether day o r  
n i g h t .  Samples f rom each tow a r e  preserved and taken back t o  t h e  Na t iona l  
Marine F i s h e r i e s  Serv ice  i n  La J o l l a  f o r  i d e n t i f i c a t i o n  and count ing .  

If a 

The Regional Census Est imate 

formula (Smith 1972, p. 856): 
The number o f  l a r v a e  f o r  each r e g i o n  a r e  es t imated  from t h e  f o l l o w i n g  

‘k4 

where c k 4  = 

The p a r t  

m 
= 10 Ar M-’ 

es t ima te  o f  l a r v a  
t h e  yea r  

abundance i n  r e g i o n  r f o r  each q u a r t e r  o f  

n 

area o f  r e g i o n  r i n  numbers o f  10 mL areas o f  sea surface 

number o f  s t a t i o n s  sampled 

area o f  mouth o f  t h e  n e t  

l e n g t h  o f  tow i n  meters 

number o f  l a r v a e  i n  ith sample 

depth o f  tow 

o f  t h e  fo rmula  appearing i n s i d e  t h e  parentheses makes a l l  tows 
comparable by a d j u s t i n g  t h e  l a r v a l  counts t o  a un i fo rm e q u i v a l e n t  o f  t h e  
amount o f  water  s t r a i n e d  pe r  meter o f  depth f i s h e d .  The r e g i o n a l  census 
es t ima te  i s  t h e  average d e n s i t y  p e r  s t a t i o n  t imes t h e  s i z e  o f  t h e  reg ion .  
The es t ima te  f o r  each r e g i o n  i s  then summed t o  y i e l d  a q u a r t e r l y  es t ima te  
and t h e  q u a r t e r l y  es t imates  a re  summed t o  produce t h e  y e a r l y  l a r v a  abun- 
dance es t imate .  

U n t i l  1966, c r u i s e s  were made on a y e a r l y  bas is .  
present,  complete c r u i s e s  were made every  3 years,  these be ing  termed CalCOFI 
( C a l i f o r n i a  Cooperat ive F i s h e r i e s  I n v e s t i g a t i o n )  years.  

Table 2 l i s t s  the  es t ima te  o f  l a r v a  abundance X 10 f o r  each q u a r t e r  
a long w i t h  t h e  y e a r l y  t o t a l  f o r  t h e  c e n t r a l  s tock  o n l y .  Al though spawning 

From 1966 t o  t h e  

9 
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occurs th roughout  t h e  year,  maximum spawning appears t o  occur d u r i n g  t h e  
w i n t e r  and sp r ing .  P a r t i a l  surveys, when a l l  r eg ions  were n o t  sampled, 
a r e  i nd i ca ted .  No c o r r e c t i o n  i s  made f o r  these non-sampled reg ions  and 
t h e r e f o r e  l a r v a  abundance may be underest imated f o r  these years .  The 
es t imates  i n  Table 2 i n c l u d e  t h e  c o r r e c t i o n s  f rom t h e  recen t  rev iew and 
e d i t  of t h e  CalCOFI egg and l a r v a  da ta  which r e s u l t e d  i n  many minor and 
a few major changes i n  l a r v a  es t imates  g iven i n  p a s t  r e p o r t s .  

F igure  2 shows i s o p l e t h s  rep resen t ing  the  average number o f  l a r v a e  per  
The 2.5 mm l a r v a e  a re  on t h e  

The 
10 m2 expressed as 2x f o r  t h e  years  1951-69. 
o r d e r  o f  5 days o l d  and probab ly  have n o t  d r i f t e d  f a r  s ince  spawning. 
h ighe r  values wh ich  occur near shore represent  more i n t e n s e  spawning than 
t h e  lower  values o f f  shore. 
occur i n  samples th roughout  t h e  range o f  t h e  c e n t r a l  s tock .  

However, i t  can be seen t h a t  anchovy l a r v a e  

The d i s t r i b u t i o n  and abundance o f  anchovy l a r v a e  f o r  t h e  years  1954 
and 1962 a r e  shown i n  F igu re  3. The es t imated spawner biomass i s  755 thousand 
tons  f o r  1954 and 2,986 thousand tons  f o r  1962. 
biomass inc reased by a f a c t o r  o f  f o u r ,  t h e  geographic range o f  t h e  l a r v a e  
increased, as would be expected i f  t h e  samples came from t h e  e n t i r e  stock.  
F igu re  3 demonstrates t h a t  samples used t o  es t ima te  anchovy spawner biomass 
come from an area rep resen t ing  the  c e n t r a l  s tock .  
t o t a l  number o f  l a r v a e  sampled i s  smal l  i n  comparison t o  t h e  magnitude of 
t h e  l a r v a e  produced, i t  i s  r e p r e s e n t a t i v e  o f  t h e  c e n t r a l  s tock .  

I t can be seen t h a t  as t h e  

Thus, even though t h e  

Es t ima t ion  o f  Anchovy Spawning Stock Biomass 

There have been t h r e e  methods developed f o r  e s t i m a t i n g  anchovy spawning 
s tock  biomass: Murphy (1966), Ah ls t rom (1968) and Smith (1972). Smi th ' s  
method i s  t h e  one p r e s e n t l y  used and f o l l o w i n g  a b r i e f  d i scuss ion  of t h e  
Murphy and Ah ls t rom methods, i t  w i l l  be t h e  t o p i c  o f  t h i s  s e c t i o n .  

For t h e  years  1951 -1959, Murphy es t imates  t h e  anchovy spawner biomass 

The r a t i o  o f  l a r v a e  a re  c o r r e c t e d  f o r  d i f f e r e n c e s  i n  f e c u n d i t y  and 

by m u l t i p l y i n g  t h e  r a t i o  o f  anchovy l a r v a e  t o  sa rd ine  l a r v a e  t imes an e s t i -  
mate o f  t h e  sa rd ine  biomass. The sa rd ine  biomass i s  es t imated  from f i s h e r i e s  
data. 
n e t  r e t e n t i o n  between t h e  two species.  Murphy es t imates  t h e  n e t  r e t e n t i o n  
o f  sa rd ine  l a r v a e  t o  be about t w i c e  t h a t  f o r  anchovy l a rvae .  
l a t e r  shown t o  be an overes t imate  (Lenarz 1972), t h e  r a t i o  be ing  c l o s e r  t o  
1 :1 and consequent ly Murphy's es t imates  (Col .  1, Table 3) a r e  considered t o  
be h igh .  

Th is  r a t i o  was 

Ah ls t rom's  es t imates  a r e  based on an es t ima te  o f  t h e  sa rd ine  s tock  s i z e  
f o r  1958. With a knowledge o f  t h e  t o t a l  sa rd ine  ca tch  and an es t ima te  of 
f i s h i n g  m o r t a l i t y ,  Ah ls t rom i s  a b l e  t o  es t ima te  t h e  t o t a l  sa rd ine  biomass 
f o r  1958. A f t e r  c o r r e c t i n g  f o r  f e c u n d i t y  and spawning frequency, t h e  anchovy 
s tock  s i z e  i s  c a l c u l a t e d  b y m u l t i p l y i n g t h e s a r d i n e  s t o c k s i z e  t imes t h e  r a t i o  of 
anchovy l a r v a e  t o  sa rd ine  la rvae.  
be c a l c u l a t e d  by m u l t i p l y i n g  t h e  1958 anchovy s tock  s i z e  t imes t h e  q u o t i e n t  
o f  anchovy l a r v a  

Anchovy s tock  s i zes  f o r  o t h e r  years can 

abundance o f  t h e  y e a r  t o  be est imated, d i v i d e d  by t h e  

119 

.IL, 

F 



A.4 

N 

l a r v a  abundance es t ima te  f o r  1958. 
t h e  anchovy biomass t o  range from 1,800,000 -+ 2,250,000 tons  and 4,500,000 -+ 

5,625,000 tons, r e s p e c t i v e l y .  

For 1958 and 1966, Ah ls t rom es t imates  

Smi th ' s  method d i f f e r s  f rom Murphy's method o f  u s i n g  an anchovy t o  
sa rd ine  l a r v a  
each abundance es t ima te  t o  t h e  1958 sa rd ine  biomass es t imate .  Smith uses 
a s e r i e s  o f  reg ress ion  and r a t i o  es t imates  t o  e s t a b l i s h  a r e l a t i o n s h i p  
between anchovy l a r v a e  and anchovy biomass. Th is  r e l a t i o n s h i p  depends on 
t h e  Murphy es t ima te  o f  sa rd ine  biomass and anchovy and sa rd ine  l a r v a l  abun- 
dance es t imates  f o r  t h e  years  1951-59, 1953 and 1959 excluded. 
l a r v a  abundance es t imates  f rom the  t o t a l  CalCOFI area. The reg ions  were 
d i f f e r e n t  f rom those i n  p resent  use (see Smith 1972, p. 854) and o n l y  183 
standard s t a t i o n s  were inc luded.  

r a t i o  f o r  each est imate,  and from Ah ls t rom's  method o f  t y i n g  

Smith uses 

Smi th 's  es t ima te  i s  developed i n  t h r e e  stages: 

A reg ress ion  es t ima te  o f  t h e  r e l a t i o n s h i p  between sa rd ine  l a r v a  
abundance, Ls, and Murphy's (1966) es t imates  o f  sa rd ine  biomass, Bs. 
Assuming a zero  i n t e r c e p t  

A r a t i o  es t ima te  o f  anchovy spawner biomass, Ba, i s  de r i ved  from t h e  
r a t i o  o f  t h e  es t imates  o f  anchovy l a rvae ,  La, t o  sa rd ine  l a r v a e  and 
Murphy's sa rd ine  biomass es t imates .  

Bs = .206 Ls  ( 1 )  

( 2 )  
Ba = c (E La Bs) 

where c i s  a cons tan t  r e l a t i n g  r e l a t i v e  f e c u n d i t y  o f  sard ines  t o  t h a t  
o f  anchovies, assumed t o  be .5. 

The r a t i o  es t ima te  Ba i s  then regressed a g a i n s t  t he  anchovy l a r v a  
abundance. Again, assuming a zero  i n t e r c e p t  

Ba = .098 La ( 3 )  
Equat ion 3 i s  used t o  c a l c u l a t e  anchovy spawner biomass. It i s  used t o  

c a l c u l a t e  t h e  biomass f o r  t h e  e n t i r e  stock,  and f o r  t h e  c e n t r a l  s tock .  
Table 4 l i s t s :  

1 )  Murphy's es t ima te  

2)  Smi th ' s  (1972) es t ima te  f o r  t h e  t o t a l  p o p u l a t i o n  w i t h i n  t h e  CalCOFI 
area. Th is  i s  c a l c u l a t e d  by m u l t i p l y i n g  the  anchovy l a r v a  abundance 
as de r i ved  from t h e  183 standard s t a t i o n s  t imes .098. 

An es t ima te  f o r  t h e  t o t a l  p o p u l a t i o n  based on t h e  c u r r e n t  r e g i o n  
design where a l l  s t a t i o n s  a r e  i nc luded  i n  t h e  anchovy l a r v a  
mate, r a t h e r  than 183 standard s t a t i o n s .  

ob ta ined by m u l t i p l y i n g  .098 t imes t h e  t o t a l s  column o f  Table 2, 
t h e  abundance o f  anchovy l a r v a e  f o r  t h e  c e n t r a l  s tock .  

3 )  
e s t i -  

4 )  An es t ima te  o f  the  c e n t r a l  stock,  a l l  s t a t i o n s  inc luded.  Th is  i s  
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The c e n t r a l  s tock  est imate,  used i n  t h e  PFMC Anchovy Management Plan, 
was c a l c u l a t e d  f rom r e c e n t l y  e d i t e d  t ime  s e r i e s  o f  reg iona l  census est imates 
o f  anchovy l a r v a e  (Tab le  2)  and as a r e s u l t  a re  d i f f e r e n t  than those i n  t h e  
S t a t e  o f  C a l i f o r n i a  anchovy management p lan .  

Ass ump t i oris- 

Assumptions used i n  e s t i m a t i n g  l a r v a l  abundance and i n  e s t i m a t i n g  anchovy 
spawner biomass a r e  discussed r e s p e c t i v e l y .  
inc luded.  I n  t h e  e n t i r e  e s t i m a t i o n  process, t h e r e  a r e  o t h e r  assumptions 
besides these, b u t  t hey  have n o t  been inc luded  because they  a r e  thought  t o  
be o f  r e l a t i v e l y  minor  importance. 

Various assumptions have been used i n  e s t i m a t i n g  spawning s tock  biomass. 

Only the  major  assumptions a r e  

Es t ima t ing  Larva  Abundance 

Sampl i ng 

I n  most sampling surveys t h e r e  a r e  comp lex i t i es  which reduce t h e  p re -  
The r e g i o n a l  census es t ima te  may be c i s i o n  and accuracy o f  t h e  es t ima to r .  

l i m i t e d  i n  p r e c i s i o n  and accuracy 
sampling area i s  l a r g e  and l a r v a  abundance i s  seasonal i n  i n t e n s i t y .  
degree t o  which t h i s  e x i s t s  i s  unknown. 

because surveys a r e  mult ipurpose, t h e  
The 

Two major  f a c t o r s  t h a t  reduce accuracy are :  

1 )  Regions n o t  sampled d u r i n g  a q u a r t e r  c o n t r i b u t e  no th ing  t o  t h e  
biomass es t imate :  an underest imate r e s u l t s .  Since those reg ions  
which a r e  n o t  sampled u s u a l l y  c o n t r i b u t e  l i t t l e  t o  t h e  biomass 
es t imate ,  t h e  degree o f  underest imate i s  n o t  g rea t .  

W i t h i n  a reg ion ,  t h e  nearshore s t a t i o n s  a re  u s u a l l y  sampled more 
i n t e n s e l y  than t h e  fa rshore .  
es t ima te  o r  an underest imate depending on t h e  d i s t r i b u t i o n  of  
t h e  l a r v a e  i n  t h e  reg ion .  
has remained somewhat t h e  same over  t h e  years,  t h e r e  may be l i t t l e  
e r r o r  i n t roduced  s ince  t h e  r a t i o  o f  anchovy l a r v a e  t o  sa rd ine  
l a r v a e  probab ly  remains n e a r l y  t h e  same under these c o n d i t i o n s .  

2) 
Th i s  cou ld  r e s u l t  i n  e i t h e r  an over-  

I f  t h e  degree t o  which t h i s  happens 

Two main f a c t o r s  t h a t  reduce p r e c i s i o n  are :  

1 )  The number o f  samples w i t h i n  a r e g i o n  i s  o f t e n  s m a l l .  
reduces t h e  p r e c i s i o n  o f  t h e  abundance es t imate .  
done t o  a v o i d  t h i s .  Combining reg ions  may increase p r e c i s i o n ,  b u t  
p robab ly  n o t  g r e a t l y .  Hope fu l l y ,  f u t u r e  surveys can be designed 
t o  a l l o c a t e  samples t o  reg ions  more a p p r o p r i a t e l y .  

abundance i s  con t inuous ly  changing. Samples taken from a l i m i t e d  
t i m e  frame w i t h i n  a q u a r t e r  p robab ly  do n o t  adequately represent  
a l l  p o s s i b l e  samples w i t h i n  t h a t  qua r te r .  Th i s  may have occurred 

Th is  n a t u r a l l y  
L i t t l e  can be 

2)  Spawning i n t e n s i t y  i s  seasonal. Thus d u r i n g  a qua r te r ,  l a r v a  



A.6 

d u r i n g  t h e  years  1961-65 when t h e r e  was o n l y  one survey p e r  
q u a r t e r .  
o f t e n  w i t h  two vessels, and t h e  samples a re  most l i k e l y  rep resen ta t i ve .  

For  e a r l i e r  and l a t e r  years,  surveys were r u n  monthly, 

Temperature 

Temperatures c o n t r o l  growth r a t e s .  Dur ing  c o l d  years,  t h e  l a r v a e  grow 
slower and a r e  more s u s c e p t i b l e  t o  sampling and an overes t imate  r e s u l t s .  
The converse i s  t r u e  o f  warmer than average years .  
a re  i n  t h e  process o f  be ing  made. 

Temperature c o r r e c t i o n s  

I t  should be noted t h a t  temperature dependent growth r a t e s  a r e  r e l i a n t  
on food supply.  
o n l y  i f  t h e r e  i s  an adequate food supply.  Larvae would a l s o  l i k e l y  have 
h i g h e r  m o r t a l i t y  r a t e s  f rom s t a r v a t i o n  due t o  h ighe r  metabolism. Complete 
temperature c o r r e c t i o n s  can be made o n l y  w i t h  c o r r e c t i o n s  f o r  food supply. 
Th i s  l a t e r  c o r r e c t i o n  i s  f o rm idab le  and immediate r e s u l t s  a re  n o t  expected. 

A l a r v a  l i v i n g  i n  warm water  w i l l  have a h ighe r  growth r a t e  

Net Avoidance and Re ten t ion  

As mentioned p r e v i o u s l y ,  l a r v a e  a r e  t a r g e t e d  f o r  sampling because they  
a v o i d  t h e  n e t  l e s s  than j u v e n i l e s  and a d u l t s  and a r e  r e t a i n e d  more than eggs. 
However, t h e  l a r v a l  stage represents  t h e  most dynamic p e r i o d  o f  growth i n  
t h e  l i f e  c y c l e  and t h e  v a l i d i t y  o f  these assumptions depends on t h e  age o f  
t h e  l a rvae .  

Young l a r v a e  a r e  smal l  and have much l e s s  r e t e n t i o n  d u r i n g  t h e  f i r s t  
few days o f  growth than d u r i n g  t h e  ensuing stages. 
b u t  because t h e  i n i t i a l  s i z e  o f  t h e  l a r v a e  depends on t h e  season, such 
c o r r e c t i o n s  should t a k e  a more r e f i n e d  a n a l y s i s  than has been used so fa r .  

Cor rec t i ons  can be made 

The l a r g e r  l a r v a e  w i t h  more developed nervous systems tend t o  avo id  t h e  
ne ts .  I n v e s t i g a t i o n s  (Smith 1977, pers.  corn . )  show t h a t  avoidance increases 
w i t h  s i ze .  Dramatic d i f f e r e n c e s  e x i s t  between day and n i g h t  size-dependent 
avoidance. Cor rec t i ons  a re  be ing  developed. 

If, over  t h e  years,  avoidance and r e t e n t i o n  have remained t h e  same, then 
t h e  biomass es t imates  r e l a t i v e  t o  t h e  average va lue  o f  t h e  t ime  s e r i e s ,  would 
be accura te  so t h a t  t rends  i n  t h e  r e l a t i v e  magnitude o f  t h e  biomass would be 
v a l i d .  * 

I n  Smi th ' s  (1972) model, i t  i s  assumed t h a t  n e t  r e t e n t i o n  i s  t h e  same 
f o r  b o t h  anchovy and sa rd ine  l a rvae .  
would g i v e  about a 10% underest imate o f  anchovy l a r v a e  abundance. 

Based on Lenarz '  (1972) work, t h i s  

P r i o r  t o  1969, a .55-mm mesh w i d t h  s i l k  n e t  was used. From 1969 t o  
t h e  present,  a .505-mm mesh w i d t h  ny lon  n e t  has been used. 
a l l  anchovy l a r v a e  a re  r e t a i n e d  by t h e  new n e t  (Lenarz 1 9 7 2 j .  ihe r e g i o n a l  
census es t imates  f o r  these l a t e r  years  a r e  ad jus ted  t o  make them comparable 
w i t h  t h e  o l d  n e t .  Net r e t e n t i o n  o f  l a r v a e  i s  an ongoing t o p i c  o f  research. 

Apparent ly,  - 
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Assumptions i n  Spawner Biomass Es t ima t ion  

Sardine Spawner Biomass 

Biomass e s t i m a t i o n  depends on Murphy's (1966) est imates o f  sard ine  
spawner biomass. 
would b r i n g  about subsequent changes i n  t h e  anchovy spawner biomass e s t i -  
mates. 
w i t h  more i n f o r m a t i o n  a re-examinat ion would be appropr ia te .  
purpose, M r .  Alec MacCall i s  p repar ing  a manuscr ip t  f o r  p u b l i c a t i o n .  

Smith (1972) notes t h a t  any change i n  these est imates 

Murphy o f f e r e d  h i s  ana lys i s  as a t e n t a t i v e  s o l u t i o n  and noted t h a t  
To t h i s  

MacCall I s  a n a l y s i s  i nc ludes  5 more years o f  land ings  data,  1961-65. 
MacCall a l s o  makes impor tan t  changes i n  m o r t a l i t y  est imates and m a t u r i t y  
a t  age. Murphy chose n a t u r a l  m o r t a l i t y ,  f i s h i n g  m o r t a l i t y  and m a t u r i t y  a t  
age t o  agree w i t h  egg counts f rom CalCOFI surveys. Since we a re  now us ing  
Murphy's es t imates  t o  c a l i b r a t e  l a r v a  surveys, the  process i s  c i r c u l a r .  
It i s  po in ted  o u t  t h a t  t h e  r e s u l t i n g  agreement between Murphy's biomass 
est imates and spawning products  i s  more p r e c i s e  than should be expected. 

MacCall a l s o  p o i n t s  ou t  t h a t  Murphy inc luded sard ine  land ings  from the  
southern s tocks  i n  h i s  ana lys i s .  Th is  would tend t o  make t h e  accepted e s t i -  
mates o f  sa rd ine  biomass too  l a rge .  
ca tch  f rom t h e  southern stock, MacCall I s  a n a l y s i s  y i e l d s  s u b s t a n t i a l l y  lower  
est imates.  
o f  t he  c e n t r a l  s tock,  t h e  l a r v a  census es t imate  i s  again decreased. On pre-  
l i m i n a r y  examinat ion,  t he  cons tan t  i n  equat ion 1 i s  r e l a t i v e l y  unaf fected.  

Wi th t h e  removal of  t h e  p o r t i o n  of t h e  

When t h e  area o f  t he  l a r v a e  survey i s  a l s o  r e s t r i c t e d  t o  t h a t  

Mu1 t i p l e  Spawning 

Nor thern  anchovy and P a c i f i c  sard ine  most l i k e l y  spawn more than once 
d u r i n g  a season. Est imates f o r  P a c i f i c  sard ine  range from 1% t o  3 t imes 
pe r  yea r  b u t  a r e  i n c o n c l u s i v e  (MacGregor 1957; k h l s t r o m  1960). Smith (pers.comm. , 
A p r i l  1977) concluded from m u l t i p l e  peaks i n  the  occurrence o f  eggs and 
l a r v a e  w i t h i n  a spawning season t h a t  anchovies apparent ly  spawn w i t h  a 
frequency o f  1 t o  2 t imes pe r  year .  For s i m p l i c i t y ,  e q u a l i t y  o f  spawning 
frequency between t h e  species i s  now assumed even though the  spawning f re -  
quency o f  sard ines  i s  most l i k e l y  equal t o  o r  g rea te r  than t h e  frequency 
f o r  anchovies. Th is  assumption l i k e l y  r e s u l t s  i n  an underest imate of t he  
anchovy biomass. Research on spawning frequency o f  t h e  no r the rn  anchovy 
i s  now be ing  planned f o r  t he  coming year .  

Fecundi ty  

The es t imated number o f  eggs spawned pe r  gram o f  female i n  one batch 
fo r  t h e  P a c i f i c  sard ine  and n o r t h e r n  anchovy a re  263 (MacGregor 1954) and 
574 (MacGregor 1968) , r e s p e c t i v e l y .  Hence the  f e c u n d i t y  o f  sard ines t o  

II 
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approximately 0.5. A1 though these figures are  23 and 9 years 
vely, they a re  probably s t i l  valid. Recently, Knaggs (MS) 
estimate fo r  a second sample of anchovies to  be 556 eggs/gram. 

T h i s  probably does not represent a s ign i f icant  deviation from the previous 
estimate. The estimate of r e l a t ive  fecundity o f  sardines t o  anchovies is  
.46 t o  .47 and the estimate of  0.5 used i n  equation 2 y ie lds  a maximum 8% 
over-estimate of anchovy spawner biomass. 

Natural Mortal i t y  

I t  i s  assumed tha t  natural mortal i t ies  incurred by Sardines and anchovies 
d u r i n g  the egg and larval stages a re  the same. I t  i s  fur ther  assumed tha t  
this relat ionship has been consistent since 1951. 
April 1977) has done research tha t  indicates anchovy embryonic mortality i s  
the greater  of the two. 
estimate an underestimate. 
i s  i n  progress. 

P. Smith  (NMFS, pers. comm., 

This would make the present anchovy spawner biomass 
Research on variation i n  egg and larva mortality 

Conclusions 

The anchovy spawner biomass estimate is  b u i l t  on information from several 
d i f fe ren t  sources. Consequently, the precision and accuracy of these 
primary sources i s  reflected i n  the  biomass estimate. Lack of precision i n  
the estimate may come from more than one source and i t  i s  d i f f i c u l t  t o  judge 
the absolute level of precision without detailed analysis.  However, impre- 
cision does not r e su l t  in an erroneous estimate b u t  in one of va r i ab i l i t y .  
T h u s ,  due t o  imprecision we would expect the present estimate t o  be centered, 
b u t  somewhat more scattered than desirable ,  about the t rue  population biomass. 
Imprecision of the present estimate does not a f f ec t  the observed trend i n  
abundance fo r  the past 25 years. 

Lack of accuracy can b r i n g  about an overestimate o r  an underestimate. 
Both of these deviations have occurred,and i t  i s  d i f f i c u l t  t o  judge exactly 
the e f f ec t  of t h e i r  mix.  However, i t  i s  reasonable t o  assume t h a t  the estimator 
bias is downward and t h a t  the estimates used i n  the Anchovy Management Plan 
a re  conservative. T h i s  conclusion i s  reached because: 1 ) wherever possible, 
an intentional downward bias has been introduced; 2 )  influences of upward b i a s  
a re ,  a t  f i r s t  approximation, minimal i n  comparison. 

Refinements i n  the spawning biomass estimates of the central  stock of 
northern anchovy are  forthcoming. Increased sophistication of  these new 
analyses will improve the estimates of  spawning biomass and w i l l  provide 
estimates of t h e i r  variance. The extent of the absolute differences between 
forthcoming estimates o f  spawning biomass and the current estimates i n  use 
a re  unknown. However, the increasing trend i n  biomass and the r e l a t ive  
differences between the annual estimates wil l  l ike ly  remain unchanged from 
those of the current estimates. 
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Figure 1 .  Regions of CalCOFI area w i t h  sampling s ta t ions .  Regions of the 
central stock a re  followed by stars (from Duke 1976).  
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Figure 3. D i s t r i b u t i o n  and abundance o f  anchovy l a rvae  f o r  the yea r s  1954 and 
1962 (Ah1 strom 1966).  The  anchovy abundance e s t ima tes  f o r  these yea r s  
a r e  1645 x 103 and 5890 x l o 3  t o n s ,  r e s p e c t i v e l y  (from Table 3 ) .  
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24 CALCOFI POOLING REGIONS 

Name 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

Northern C a l i f o r n i a  Inshore 
Northern C a l i f o r n i a  Offshore 
Northern Cal i f o r n i a  Seaward 
Central Cal i f o r n i a  Inshore 
Central  Cal i f o r n i a  Offshore 
Central  Cal i f o r n i  a Seaward 
Southern C a l i f o r n i a  Inshore 
Southern C a l i f o r n i a  Offshore 
Southern C a l i f o r n i a  Seaward 
Southern C a l i f o r n i a  Extended 
Baja C a l i f o r n i a  Inshore 
S e b a s t i a n  Viscano Bay 
Baja C a l i f o r n i a  Offshore 
Baja C a l i f o r n i a  Seaward 
Ba j a  Cal i fo rn i  a Extended 
Southern Ba j a  Inshore  
Southern Baja Offshore 
Southern Baja Seaward 
Southern Baja Extended 
Cape Inshore 
Cape Offshore 
Cape Seaward 
Cape Extended 
North Central  Pzc i f ic  

Area 
mi2 

16,352 
34,400 
28,800 
17,799 
28,800 
28,800 
20,106 
12,000 
28,800 
28,800 

9,244 
10,622 
20,764 
28,764 
28,800 
14,253 
22,400 
28,800 
28,800 
14,512 
33,600 
28,800 
28,800 

> *  

Nuciber of  10  r,i2 
a r e a s  

5.608579021 x lo9 
1 .179886976 
9.8781 23520 
6.1048861 30 
9.8781 23520 
9.8781 23520 
6.8961 64982 
4.115884800 
9.8781 23520 
9.8781 23520 
3.170603258 
3.643244029 
7.121 852666 
9.865775866 
9.8781 23520 
4.8886421 71 
7.682984960 
9.8781 23520 
9.8781 23520 
4.977476685 

9.878123520 X lo9 
9.8781 23520 I 

10 

> > > 

Table 1 .  Regions of the CalCOFI survey a r e a .  Region 24 has no set  
boundaries;  i t  conta ins  a l l  CalCOFI s t a t i o n s  not i n  the 
o t h e r  23 regions (see Figure 1 )  (from Duke 1976).  
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Year 

1951 
52 
53 
54 

55 
56 
57 

58 
59 

60 
61 

62 
63 

64 

65 
66 

69 
72 

75 

Tab le  2. 

9 Est imated number o f  l a r v a e  x 10 

Win ter  

298* 
407* 

1,210* 

4 , 469 
5 , 588* 
1,911* 

5 , 954 
8,114* 
6,341* 

7 , 552 
992 

4,814 
17,377 

8 , 941 
19,155 

15,103 
19,756 

8,213 
29,754 

f o r  cen t r  
Sp r ing  

690 
457 
373 

988 
1,709* 
1,206 
4 , 308* 

5 , 236 
8,155 
7 , 547 
6,714 

23,567 
24,818 
14,383 

22,690 

15,865* 
6,538* 

14,335 

4 , 071 

1 s tock  
Summer 

224 
386 
641 

1,629 
1,228* 
1,611* 
1,199* 

1,639* 
857* 
5 78* 

4 , 025 
1,856* 

829* 
5 , 5 2 3  

5 , 695 

4,140 
2 , 707* 

3 , 361 
1,460 

Fa1 1 

629 
350 

2,984* 
7 52* 

9 3* 
21 6* 

499* 
98* 
87* 
36* 
96 

241 
383* 
7 52" 
- ** 

1,344* 

1,593 
2,464 
1,482 

To ta l  

1,841 

1,600 
5 , 208 
7,838 

8,618 
4 , 944 

11,960 

15,087 
15,440 
15,713 
11,827 

30,478 
43,407 
29 , 599 

47 , 540** 

36,452 

30 , 594 
28,373 
36,768 

9 Larva abundance es t imates  x 10  by quar te rs  f o r  t h e  
c e n t r a l  s tock  ( f r o m  Smith, pers.  comm. 1977). E s t i -  
mates f o r  1969, 1972 and 1975 have been ad jus ted  
f o r  a new p lank ton  ne t .  
* p a r t i a l  surveys 

** no es t ima te  i s  a v a i l a b l e  f o r  1965 

* * *es t imate  i s  based on 3 quar te rs  o n l y  
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Year 

1951 
52 
53 
54 
55 
56 

57 
58 
59 
60 
61 
62 
63 
64 

65 

66 
69 
72 
75 
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ANCHOVY SPAWNER BIOMASS IN l o 3  TONS 

Murphy's 
es t ima te  

1,539 
1,440 

4,892 
4,142 

4,208 
2,549 
3,159 

5,058 
7,372 

T o t a l  Stock 

Smi  t h  
(1  972) 

637 
7 97 

1,335 

1,816 

1,676 
1,491 

1,964 
2,771 

2,299 
3,079 
3,189 
6,248 

6,030 
5,121 
7,771 

5,116 

Revised 
Es t  i ma t e  
- ~~ 

526 
590 

1,042 
1,645 
1,436 

1,468 
1,425 

2,029 
1,951 
3,123 
3,141 
5,890 
8,078 

3,604 
6,996 

4,128 

4,923 

Cent ra l  
s tock  

180 
156 

51 0 

768 
84 6 

485 

1,172 
1,479 
1,514 
1,540 

1,159 
2,986 

4,254 

2,901 
4,659 
3,572 
2,999 
2,784 

3,603 

Table 3. Anchovy spawner biomass es t imates  f rom 1 )  Murphy's es t imate ,  
2 )  Smith (1972) u s i n g  183 standard s t a t i o n s ,  3)  r e v i s e d  
es t imates  us inq  a l l  s t a t i o n s  and new r e g i o n a l  s t r a t a  and 
4 )  c e n t r a l  s tock  est imate.  
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APPENDIX I 1  

ANCHOVY POPULATION GROWTH MODEL DESCRIPTION 

I n  t roduc  t i on 

The f o l l o w i n g  growth model was designed t o  p rov ide  i n f o r m a t i o n  f o r  

Since the re  has never been e v a l u a t i n g  va r ious  management a l t e r n a t i v e s .  
a cont inuous s i g n i f i c a n t  f i s h e r y  on t h e  resource such t h a t  t he  f i s h e r y  

dynamics cou ld  be e labora ted  d i r e c t l y ,  we have used an i n d i r e c t  approach. 

CalCOFI surveys, which have been undertaken s ince  1951, have prov ided us 

w i t h  a remarkable t ime  s e r i e s  o f  popu la t i on  s i z e  data from which some o f  

the  n a t u r a l  growth c h a r a c t e r i s t i c s  cou ld  be i n f e r r e d .  Since popu la t i on  

growth represents  p o t e n t i a l  e q u i l i b r i u m  y i e l d ,  we have employed s tandard 

f i s h e r y  equat ions t o  p r o j e c t  the  growth model t o  a f i s h e r y  model. While 
n o t  hav ing t h e  concre te  bas i s  o f  f i s h e r y  exper ience, t he  model may a c t u a l l y  

avo id  much o f  t he  danger i nhe ren t  i n  s tandard f i s h e r y  models which r e q u i r e  

o f t e n  ques t ionab le  f i s h e r y  i n f o r m a t i o n  such as ca tch  per  u n i t  e f f o r t .  

s t o c h a s t i c  form o f  t h e  model was developed t o  eva lua te  t h e  e f fec ts  of 

n a t u r a l  v a r i a b i l i t y  i n  t h e  resource and i n  our  observat ions o f  i t s  s i ze .  

A 

Popu la t ion  Processes 

Spawning biomass i s  de f i ned  as t h e  t o t a l  weight  o f  anchovies i n  t h e  

popu la t i on  which have spawned a t  l e a s t  once i n  t h e i r  l i v e s .  The abundance 

of anchovy l a r v a e  i n  the  populated area w i l l  be assumed t o  be p r o p o r t i o n a l  

t o  t h e  spawning biomass a t  some t ime when a l l  f i s h  capable o f  spawning a re  

a c t u a l l y  do ing  so. 
spr ing ,  b u t  can occur  throughout  the  year ,  t he  annual census w i l l  be 

assumed t o  measure t h e  spawning popu la t i on  on March 1 o f  each year .  Future 

s tud ies  o f  seasonal spawning i n t e n s i t y  may a l l o w  t h i s  assumption t o  be more 

c l o s e l y  met by us ing  o n l y  w i n t e r  o r  s p r i n g  q u a r t e r  egg and l a r v a  surveys. 

Since spawning u s u a l l y  reaches peak i n t e n s i t y  i n  t h e  

The ac tua l  v a r i a t i o n  o f  spawning biomass throughout  t h e  year  may l o o k  

l i k e  t h e  s inuso ida l  curve i n  F igure  1A. A t  "A" ,  r ec ru i tmen t  and somatic 
growth r a t e s  exceed m o r t a l i t y  r a t e  so the  popu la t i on  r a p i d l y  increases as 

new spawners e n t e r  t h e  pool .  

t h e  spawninq popu la t i on  reaches peak biomass f o r  t he  year .  
rec ru i tmen t  r a t e  has become very  low so t h a t  m o r t a l i t y  i s  t he  dominant force,  

A t  "B", t he  combined r a t e s  equal zero and 
A t  " C " ,  t he  
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causing t h e  spawning biomass t o  f a l l  u n t i l  t he  nex t  season's r e c r u i t m e n t  

begins t o  e n t e r  t h e  popu la t i on .  

which would appear as a r i p p l e  i n  t h e  main popu la t i on  cyc le .  

A t  "D" ,  a f a l l  spawning i s  descr ibed, 

To be u s e f u l ,  a p o p u l a t i o n  model must s i m p l i f y  t h e  events descr ibed 
above and r e l a t e  them t o  q u a n t i t i e s  which we can measure. 

posed here assumes t h a t  r e c r u i t m e n t  can be descr ibed as e n t e r i n g  t h e  
spawning biomass en masse on March 1 o f  each y e a r  (F igu re  1B). 

p lank ton  survey g i ves  a spawning biomass es t ima te  which i s  shown a t  "E."  

Subsequently, t h e  cohor t  c o n s i s t i n g  o f  a l l  spawners i nc luded  i n  ''E" d e c l i n e  

i n  biomass due t o  n a t u r a l  and f i s h i n g  m o r t a l i t y ,  which a r e  p a r t i a l l y  o f f s e t  

by somatic growth. 'IF" 

which i s  augmented by t h e  nex t  r e c r u i t m e n t  ( R )  t o  g i v e  a new spawning biomass 

c o h o r t  a t  "G." The mathematical r e l a t i o n s h i p s  between t h e  biomasses a t  

p o i n t s  ''E," 'IF'' and "G" a r e  now e a s i l y  descr ibed by standard f i s h e r y  equat ions.  

The model pro-  

The i ch thyo -  

shows t h e  remaining biomass a t  t h e  end o f  t h e  year  

The p o p u l a t i o n  a t  "F" i s  a f u n c t i o n  o f  t h e  p o p u l a t i o n  a t  "E" and t h e  

combined r a t e s  o f  growth, f i s h i n g ,  and n a t u r a l  m o r t a l i t y .  I f  t h e  r a t e  o f  

growth i s  expressed i n  s i m i l a r  f ash ion  t o  r a t e s  o f  m o r t a l i t y ,  t h e  equat ions 

become very  s t r a i g h t f o r w a r d .  
r a t e  o f  growth: 

L e t t i n g  G be t h e  instantaneous o r  s p e c i f i c  

G = -  dW 
Wdt 

where W i s  f i s h  weight,  t h e  combined instantaneous r a t e  o f  l o s s  o f  cohor t  

biomass i s  F+M-G. The s u r v i v a l  o f  biomass from March 1 (T)  t o  t ime  T+At i s  

and t h e  ca tch  d u r i n g  t h e  p e r i o d  i s  

- (F+M-G) ( A t )  

The biomass a t  "GI' i s  t h e  sum o f  t h e  biomass a t  "F" and r e c r u i t m e n t .  

I d e a l l y ,  we c o u l d  employ a model g i v i n g  r e c r u i t m e n t  as a f u n c t i o n  o f  pas t  
biomasses, age composi t ions,  p h y s i o l o g i c a l  s ta tes ,  and environmental va r iab les ,  

a l l  s t r a t i f i e d  by area and t ime,  so t h a t  t h e  ac tua l  processes de termin ing  
r e c r u i t m e n t  a r e  accounted f o r .  However, such a model i s  an i m p o s s i b i l i t y  
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Appendix 11. Figure 1 .  
Figure 1 A  represents t rue pattern o f  events; and Figure 1 B  
i s  the model. See tex t  for  labelled events. 

Diagram o f  annual anchovy population growth events. 
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a t  p resent  due t o  i n s u f f i c i e n t  knowledge and i n s u f f i c i e n t  data.  
an emp i r i ca l  rec ru i tmen t  model i s  s u f f i c i e n t  f o r  our  p resent  management 

e f f o r t s .  

Rather, 

L o g i s t i c  Growth 

Having wi tnessed the  growth o f  t h e  anchovy popu la t i on  s ince  1951 under 
c o n d i t i o n s  o f  n e g l i g i b l e  f i s h i n g  pressure (F igu re  2),  we can f i t an emp i r i ca l  

growth curve t o  t h e  t ime  s e r i e s  and o b t a i n  an express ion f o r  rec ru i tmen t  

i n d i r e c t l y .  The t i m e  s e r i e s  o f  anchovy spawning biomass shows an i n i t i a l  

s low increase,  f o l l o w e d  by a sudden upsurge i n  t h e  e a r l y  1960's, fo l lowed by 

f l u c t u a t i o n s  about what appears t o  be an e q u i l i b r i u m  c o n d i t i o n .  

e m p i r i c a l  d e s c r i p t i o n  o f  t h i s  t r e n d  i s  t h a t  g iven  by the  l o g i s t i c  popu la t i on  

growth equat ion  ( P i e l o u  1969). 

A convenient 

Bm B =  t l+e-rt+A ( 3 )  

where Bw i s  asymptot ic  biomass, r i s  i n t r i n s i c  r a t e  o f  increase,  and A i s  
a constant  r e l a t i n g  t o  c o n d i t i o n s  a t  t ime t = O .  

t h e  observed p o i n t s  reasonably  w e l l  (F igu re  2) ,  b u t  a l s o  has severa l  t h e o r e t i c a l  
and p r a c t i c a l  advantages. 

Th is  model n o t  o n l y  f i t s  

The l o g i s t i c  growth equat ion  a r i s e s  f rom a p a r a b o l i c  r e l a t i o n s h i p  

between growth r a t e  and popu la t i on  s i z e :  

f u n c t i o n  would 

i n t e r p r e t a t i o n  
f i c i a l  events  
d e s c r i p t i o n  o f  
p r e v i o u s l y  obs 

r e q u i r e  more f i t t e d  

Th is  equat ion  has o n l y  two f i t t e d  parameters, Bm and r, b o t h  o f  which have 

d i r e c t  i n t e r p r e t a t i o n s .  A1 t e r n a t i v e  equat ions t o  ( 3 )  such as a polynomial  

parameters which would have no such c l e a r  

If the  p o p u l a t i o n  were a l t e r e d  i n  s i z e  by n a t u r a l  o r  a r t i -  
such as a f i s h e r y ) ,  t he  l o g i s t i c  equat ion  prov ides  a s imple 

t h e  subsequent popu a t i o n  growth we cou ld  expect,  based on 

rved t rends .  E x t r a p o l a t i o n s  of  popu la t i on  growth t o  f u t u r e  
t ime per iods  a re  bounded by 0 and a r e  asymptot ic  t o  B- r a t h e r  than unbounded 

as i n  the  case o f  a po lynomia l .  The d i f f e r e n t i a l  equat ion  ( 4 )  g ives  maximum 

popu la t i on  growth r a t e  a t  one-ha l f  t h e  maximum popu la t i on  s i ze ,  which i s  p ro-  

bab ly  t h e  most reasonable assumption pending f u t u r e  evidence of skewness. 
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Basic  Model 

Since t h e  i ch thyop lank ton  surveys g i v e  popu la t i on  est imates a t  t ime 

i n t e r v a l s  of 1 year ,  t he  annual d i f f e r e n c e  equat ion  corresponding t o  the  
l o g i s t i c  equat ion  ( 3 )  i s  a use fu l  d e s c r i p t i o n  o f  biomass " G "  as a f u n c t i o n  

o f  biomass "E"  i n  F igu re  1B: 

when no f i s h i n g  occurs.  
s u r v i v i n g  biomass o f  t h e  o l d  cohor t  BT+l (g iven  by equat ion  1)  and r e c r u i t -  

ment RT+1. 
f o r  F=O: 

represents  a new c o h o r t  formed from the  

Recru i tment  i s  t h e r e f o r e  g iven by equat ion  ( 5 )  l e s s  equat ion  ( 1 )  

-(M-G) -1 
R ~ + l  = (& + (4 - &) e-r) -BTe 

Thus t h e  o n l y  independent v a r i a b l e  i n  t h i s  spawner - recru i t  r e l a t i o n s h i p  i s  

t h e  biomass 1 yea r  p r i o r  t o  rec ru i tmen t .  I n  r e a l i t y ,  t h e  rec ru i tmen t  a t  

t ime T+l  i s  p rov ided by the  prev ious  y e a r ' s  spawning a t  t ime T, b u t  a l s o  

t o  some e x t e n t  those a t  T-1 and p o s s i b l y  a t  T-2. 

a t  t imes T-1 and T-2 a re  r e l a t i v e l y  near t h a t  a t  t ime  T, t he  e r r o r  r e s u l t i n g  

f rom ou r  s i m p l i f i c a t i o n  t o  a 1-year c y c l e  should be smal l .  

Since t h e  spawning biomasses 

Extended Model 

The bas i c  anchovy popu la t i on  model does n o t  a l l o w  t h e  p o s s i b i l i t y  o f  

ca tch ing  pre-spawners. 

t h e  model should r e f l e c t  t h i s  f a c t .  

Since pre-spawners a re  a smal l  component o f  t h e  catch, 

F i s h  were assumed t o  become p a r t i a l l y  a v a i l a b l e  t o  t h e  f i s h e r y  ( w i t h  

The q u a n t i t y  M-G i s  assumed t o  be the  same 

0 as the  c o e f f i c i e n t  o f  r e l a t i v e  a v a i l a b i l i t y )  f o r  a l e n g t h  o f  t ime T before  

spawning on March 1 ( t ime  T).  
as t h a t  f o r  spawners. 
been 

The q u a n t i t y  o f  f i s h  a l i v e  a t  t ime T-T would have 

( 7 )  

L 

II 

L 
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where RT+l i s  as given i n  equation ( 5 )  and R T + l - T  denotes equivalent re- 
cruitment a t  tha t  time e a r l i e r  than March 1 when pre-spawners f i r s t  become 
available t o  the fishery (“HI’ i n  f igure 1 B ) .  Since fishing begins a t  time 
T + ~ - T  , the amount of  fish remaining a t  time T+l i s  

and the biomass a t  T+l i s  

- ( F+M-G) - (@F+M-G) T 
Bf+, = BTe RT+l -.re 

The to ta l  catch of fish d u r i n g  the year i s  

F - ( F+M-G) ( M-G)  T 
= BT F+M-G (l-e j RT+le 

where w i s  a coeff ic ient  of  pre-spawner body we 
body we i gh t . 

(9 )  

g h t  i n  units of adult  f i sh  

Parameter Estimation 

Basic Model 

First, approximate values were estimated by f i t t i n g  larva census estimates 
by equation (3 )  u s i n g  a curvi l inear  least-squares regression procedure. 
T h i s  method requires us t o  ignore the e f fec ts  t h a t  actual harvests may have 
had on the population growth time s e r i e s ,  and therefore tends to bias the 
parameter estimates. 
standard errors  and covariance for  the estimated parameters. 
estimation procedure was an i t e r a t i v e  least-squares estimate u s i n g  the 
growth model i t s e l f  as the predictor. Cihile p r o v i d i n g  be t te r  parameter 
estimates, standard e r rors  could n o t  be estimated. The parameter estimates 
given by the two methods a re  i n  Table 2.  

First Method 

Two methods of estimating the l o g i s t i c  growth parameters were used. 

An advantage of the method i s  tha t  i t  gives approximate 
The second 

The log i s t i c  equation ( 3 )  was f i t  t o  annual biomass estimates f o r  the 
anchovy central stock using the curvi l inear  least-squares regression method 
(Marquardt algorithm) described i n  Conway, Glass and Wilcox (1970). Much of 



A.23 

the e r ror  i n  larva survey estimates a r i s e s  from the clumped d is t r ibu t ion  
of the spawning products. 
bution applied t o  such survey samples, w i t h  the charac te r i s t ic  t ha t  the 
variance increases rapidly w i t h  increases i n  the mean (abundance). Zweifel 
and Smith (pers. comm.) give a preliminary estimate of CalCOFI l a r v a  survey 
sampling e r ror  based on the negative binomial dis t r ibut ion i n  which 95% confi- 
dence interval i s  described by a multiplicative factor  o f  1 . 2 .  Logarithmic 
transformation equalized the variance a t  h i g h  and low biomasses, s u p p l y i n g  the 
condition of homoscedasticity necessary for proper regression estimates. 
use of log-transformed variables resu l t s  i n  the regression being f i t  t o  the 
geometric mean of the raw d a t a ,  a correction described by Beauchamp and 
Olson (1973) was applied t o  estimate the appropriate arithmetic mean. This 
correction consis ts  of multiplying the anti log estimate of  the dependent 
variable by e(S2I2)  where s2 i s  the variance of the estimate (RSS/n-3). 
In terms of the l o g i s t i c  growth equation ( 3 ) ,  the correction i s  applied t o  Bm. 

The relevant parameter estimates are  given i n  Tables 1 and 2.  

Taft (1960) showed the negative binomial distri-  

Since 

Confidence l imi t s  fo r  the growth curve ( 3 )  and for the corresponding 
growth r a t e  curve ( 4 )  are  obtained by the "delta method," which is  basically 
.a Tayl or se r i e s  
ximate variance 
g i ven by 

approximation (Seber 1973). 
of a function g which has parameters x i ,  ( i = l Y 2 , . . . , n )  i s  

I n  Seber 's  n o t a t i o n ,  the appro- 

2 
3 2 %  n 

i =1 
. . . ) ]  = c V [ X i 1  (z) i. 2 i; cOvcxi,x.l J (3x4) ( a x j )  (12) 

Since the log transform o f  equation ( 3 )  was used i n  the regression, function 
g i s  the logarithm of  ( 3 ) ,  and the p a r t i a l  derivatives must be calculated 
appropriately. Also, B,and i t s  covariances do not yet incorporate the geo- 
metric mean correction fac tor ,  which i n  this case must be applied a f t e r  
taking ant i logs of the estimated confidence 1 imits. 
from equation ( 1 2 )  i s  

The approximate variance 

2 2 2 
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Table 1. Variance-covariance matrix for  growth parameters 
estimated by curvil inear regression. 

n = 19 d f  = 19-3 to = 1950 

Table 2.  Estimates of l og i s t i c  growth parameters. 

r 
A 
B ( t = O )  (GM) 

B ( t = O )  (AM) 

RSS 
GM t o  AM 

correct  i on fac tor  

Curv i  1 i near 
regression 

(no catches) 
6 3.611 x 10 tons 

3.841 x lo6 tons 
36.85 x lo1’ larvae 

39.19 x 10l2 larvae 
0.3369 
3.231 

137.3 x lo3 tons  
1.401 x 10” larvae 
146.0 x lo3 tons 
1.490 x JO1’ larvae 

1.976 

1.0637 

I te ra t ive  
sol u t i  on 

(corrected f o r  catches) __ __ ~ - 
3.649 x lo6 tons 

3.888 x lo6 tons 

0.3638 
3.195 

3 143.6 x 10 tons 

3 153.1 x 10 tons 

2.035 

1.0657 
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+ 2cov ( r y B m )  a1 nB 

where the  p a r t i a l  d e r i v a t i v e s  a re  

alnB - 1 
aBm Bm 
- _ _  

- r t + A  alnB - t e  - -  
a r  +e-rt+A 

- r t + A  alnB - e - -  
aA l+e-rt+A 

The approximate 95% conf idence l i m i t s  were c a l c u l a t e d  by the  reg ress ion  

es t imates  2 2 s tandard  e r r o r s  (F igu re  2 ) .  

Confidence l i m i t s  f o r  t h e  growth r a t e  equat ion  ( 4 )  were a l s o  c a l c u l a t e d  

by t h e  d e l t a  method approximat ion.  

growth r a t e  a, t h e  var iance es t imated by equat ion  (12) i s  

L e t t i n g  B '  s i g n i f y  annual p o p u l a t i o n  

dB 

where 

The parameter es t imates  us-3 i n  t h i s  c a l c u l a t i o n  were a l ready  c o r r e c t e d  

f o r  geometr ic mean b ias ,  and the  approximate 95% conf idence l i m i t s  were c a l -  

c u l a t e d  by t h e  es t ima te  +2 standard e r r o r s  (F iqu rP  3 ) .  The growth r a t e  curve 

g i ven  by equat ion  ( 4 )  i s  n o t  e x a c t l y  t h a t  which a r i s e s  f rom t h e  e n t i r e  

- 

m 

c 

I 
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model since ( 4 )  describes growth i n  a continuous s t a t e ,  while the model 
is based on d iscre te  annual events. In e f f ec t ,  the model ( 5 )  tends t o  re- 
f l e c t  average growth rates  over single-year growth segments of the curve 
given by ( 4 ) .  One resu l t  i s  tha t  highest population growth r a t e  occurs a t  
an i n i t i a l  population s i z e  s l i gh t ly  smaller t h a n  B,/2, such t h a t  the center 
of the segment i s  BJ2. The population growth ra te  curve a r i s ing  from the 
model is  therefore  s l i g h t l y  skewed rather than symmetrical as in a purely 
log i s t i c  model. 

The above estimates of l og i s t i c  growth parameters were made under the 
assumption t h a t  actual harvest of  anchovies du r ing  the period had negligible 
e f f ec t  on population growth. Such an assumption was necessary i n  order to  
obtain the parameter e r ro r  estimates by the curvi l inear  regression procedure. 
The following parameter estimates fo r  harvest-corrected growth incorporate 
a catch correction b u t  do n o t  have e r ror  estimates; the magnitude o f  er ror  
i s  very l ike ly  the same as those previously given. 

Second Method 

The second method employs the model i tself  t o  give predicted biomass 
Since the values ra ther  than the simple equation i n  the previous method. 

model i s  ra ther  complicated, an i t e r a t i v e  procedure was used t o  obtain a 
least-squares estimate of the growth parameters. Standard e r rors  of  the 
individual parameters could not be obtained by t h i s  method. 

In order t o  correct f o r  the e f f ec t  of harvests, a quantity was sub- 
tracted from the predicted population s ize  such t h a t  i t  was equal t o  the 
net e f f ec t  of the previous yea r ' s  harvests. 
by an application of cohort analysis.  
of the usual catch equations which employ only M and F. 
a constant instantaneous ra te  and can therefore be combined w i t h  F and M 
which are  a l so  constant instantaneous ra tes .  Using the value of  the 
spec i f ic  growth r a t e  constant developed i n  Appendix IV,the quantity (M-G) = 

0.8 was substi tuted f o r  M i n  the usual cohort analysis equations (Tomlinson 
1970) enabling cohort analysis of a population measured i n  weight ra ther  
t h a n  numbers. 

This quantity was determined 
Equations ( 1 )  and ( 2 )  a re  analogues 

I n  this case,  G i s  
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Monthly catches in weight were compiled for  a March t o  February 
year. California landings by month were obtained from the California 
Marine F i s h  Landings Series of F i s h  Bulletins from the California Department 
of F i s h  and Game. 
b u t  only annual t o t a l s  are given. The ba i t  catch was divided equally 
between the months of June, July,  August  and September, the m o n t h s  of 
maximum b a i t  harvest. Mexican catches were obtained from the Anchovy 
Plan, Table 3.2-4, and  from MacCall, Stauffer  and Troadec (1976, 
p. 6 )  f o r  years not covered i n  the previous source. Since no data are  
available on Mexican catches before 1962, a rb i t ra ry  values of 100 tons 
i n  1956 increasing by 100 tons annually t o  500 tons i n  1960 were used. 
Again,  only annual t o t a l s  a re  available,  so the Mexican catches were divided 
i n t o  the  same 4-month period as the ba i t  catch. T h i s  division is  consistent 
w i t h  the Ensenada-based f ishery,  which operates mainly d u r i n g  the summer 
months . 

UI Bait landings were also obtained from the above source, 

_I. 

- 

A "forward solution" form of cohort analysis was used to  f i n d  the 
surviving biomass of the spawners a t  the beginning of the next spawning. 
An i n i t i a l  value of f i s h i n g  mortality was obtained by solving equation ( 2 )  
f o r  F given the total  March landings and the larva survey estimate of  
spawning biomass (March 1 ) .  Monthly biomasses a re  then estimated sequen- 
t i a l l y  to  give biomass on the following March 1 .  
then subtracted from the biomass which would be indicated by equation (1)  
had there been no f ishing.  
applied to biomasses predicted by equation ( 5 )  and can be viewed as tha t  
catch which would have the same net e f f ec t  as the t rue catches, b u t  t h a t  
would have been taken en t i r e ly  on the l a s t  day of February. 
data are  given i n  Table 3. 

T h i s  ending biomass was 

T h i s  difference i s  the catch correction factor  

Catch correction 

Parameter values were estimated by a least-squares approximation method 
(Stauffer 1973): using log transformation as before, sums of squares of 
the deviations of observed from predicted values ( i  .e .  , residual sum of 
squares, RSS) were calculated f o r  each of the 27 o r  more t r i a l  conbinations 
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of r ,  B, and B ( t = O )  using a t  l e a s t  three t r i a l  values of each parameter. 
mu1 t i p l e  l inear  regression program (BMD02R) was u t i l i zed  t o  estimate coeff ic ients  
of the following equation ilsed t o  model t he  residual sum o f  squares response 
surface: 

A 

RSS = b + b, B, + b r t b B ( t = O )  + b4 Bm2 + b 5 r  2 
0 2 3 

(15) + b6 B ( t = O )  2 + b7rB, + bg B, B ( t = O )  + bgrB( t=O)  

The values of r ,  B a  and B ( t = O )  t h a t  minimize the RSS a re  the solution t o  the 
three f i r s t  order p a r t i a l  derivatives of (15)  with respect t o  r ,  B, and 

B ( t = O ) ,  s e t  equal t o  zero, i . e . ,  

aRSS - - -  bl + Zb4 Bao + b r + b8 B ( t = O )  = 0 a Boo 7 

aRSS 
= b3 + 2b6B(t=0) + b8 B, + bgr = 0 

These can be rewritten i n  terms of matr ix  algebra as 

Dx = d 

where the matrix D = 

From t h i s ,  the values o f  r y  Bm and B ( t = O )  t h a t  minimize RSS can be ex- 

pressed as 
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Table 3. Total  ca tch  and end-of-season equiva len t  catch.  

Total  
ca tch  Season 

(March- February) 
Equ i  Val ent 

ca tch  

~ ~~ 

1950 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

6.5 
8.4 

42.7 
45.6 
28.5 
28.0 
36.3 
19.9 

9.5 
9 .0  
7.6 
9.9 
8.8 
7 .2  

12.7 
23.7 
66.4 
47.7 
40.6 
93.0 

107.9 
60.5 
59.1 

162.6 
142.9 

4.0 
5.4 

26.9 
26.6 
17.4 
15.3 
21.1 
11.6 

6.0 
5.5 
4.5 
6.3 
5.5 
4.6 
8 .0  

14.1 
40.7 
29.7 
27.5 
64.3 
78.7 
37.5 
40.9 

103.3 
95.7 

Ratio 

- 
1.62 
1.55 
1.59 
1.72 
1.64 
1.83 
1.72 
1.72 
1.59 
1.63 
1.68 
1.57 
1.61 
1.56 
1.59 
1.68 
1.63 
1.61 
1.48 
1.45 
1.37 
1.61 
1.44 
1.57 
1.49 
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Since equation (15) only approximates the response surface,  about 
four i t e r a t ions  of the above parameter estimation procedure with successively 
closer  delineations of the t r i a l  parameter region appeared t o  give resu l t s  
precise t o  three s igni f icant  d i g i t s  i n  most cases. An independent test of 
accuracy i s  furnished by the previous curvi l inear  regression estimates. An 
i t e r a t i v e  solution was r u n  for  the case of ''no catches," giving resu l t s  very 
s imilar  to the regression estimates. Parameter estimates a re  given i n  Table 
2. Unfortunately, variances and covariances are  not estimated by this method. 

Extended Model 

The parameters used i n  the basic model were considered t o  be suf f ic ien t ly  
accurate fo r  use i n  the extended model. 
i n  the extended model, P,w and T. 

Three a d d i t i o n a l  parameters appear 

The quantity of w i s  the r a t i o  of the weight of an average pre-spawner 
By d i v i d i n g  to ta l  weight landed by total  

The average r a t io  o f  these average 

t o  t h a t  of an average spawner. 
number of  fish landed fo r  each category, average weights fo r  these two groups 
can be obtained from the landings reports.  
weights gives an estimate of w = 0.647 (Table 4 ) .  

The quantity 0 i s  a coeff ic ient  of ava i l ab i l i t y  of pre-spawners. The 
following diagram shows how 0 was estimated. 

Wt I 
I I 1 

1 - t  Age 

F i s h  a r e  assumed t o  weight 0.647 a d u l t  units u n t i l  age 1 whereupon they 
weigh 1 u n i t .  
relationship between catch and the population s i ze  i n  areas "A" and I'B.'' 

T h e  re la t ive  ava i l ab i l i t y  can be calculated from the following 
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Table 4 .  Mean weight data f o r  estimation of w and 6. 

Season 

1965-66 

1966-67 

1 967-68 

1968-69 

1969-70 

1970-71 

1971-72 

1 972- 73 

1 973- 74 

Mean 
Standard 

deviation 

Ratio mean weight  
Age 0 t o  mean weight age l + ( w )  

0.542 

Ratio catch 
Aqe 0 t o  catch aae +1 

,0254 

.0370 I 0.501 

No data for  southern California 

0.765 

0.636 

0.639 

0.639 

0.81 5 

0.642 

0.647 

0.103 

.1740 

.2347 

.0270 

.0812 

.0852 

.0478 

.0890 

.0764 
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L e t t i n g  W, s i g n i f y  t h e  biomass a t  age 1 , t h e  areas o f  A and B can be c a l -  

c u l a t e d  by i n t e g r a t i n g  t h e  f u n c t i o n  d e s c r i b i n g  popu la t i on  s i z e  as a f u n c t i o n  

o f  t ime. For t=l t o  t = w ,  

and 

Wt = W1 e - (F+M-G) t 

00 

P 

For t = 1 - T  t o  t = 1 

and 
t=l 
f 

The q u a n t i t y  pl was es t imated by  an i t e r a t i v e  s o l u t i o n  of ( Z ) ,  based on 

a h i s t o r i c a l  average F of 0.03 and an average va lue  o f  Co/C1+ of 0.0890 (Table 4) :  

P, T 

.155 1 .oo 
.2 0.76 
. 3  0.49 

-4 0.35 
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Age 0 f i s h  u s u a l l y  f i r s t  appear i n  February, b u t  a re  p robab ly  

among t h e  l a t e r  f i s h  t o  spawn (we have assumed March 1 i s  t h e  average 

spawning da te  f o r  a l l  f i s h ) .  Therefore, we have used a value o f  T = 0.2 

i n  t h e  model. 

S t o c h a s t i c  Model 

Equat ion ( 5 )  o f  t h e  p o p u l a t i o n  growth model can be r e w r i t t e n  as 

o r  more s imp ly  

A 

I n  B; = I n  BP + E 

where E i s  a s t o c h a s t i c  e r r o r  te rm w i t h  mean=O, B* i s  s u r v i v i n g  biomass p l u s  

rec ru i tmen t ,  and B; i s  p r e d i c t e d  from BT 

t h r e e  p r i n c i p a l  sources of t h i s  e r r o r ,  v a r i a b i l i t y  o f  p o p u l a t i o n  processes, 

p a r t i c u l a r l y  rec ru i tmen t ,  and e r r o r  o f  obse rva t i on  o f  biomass a t  t ime  T, and 

a t  t ime  T-1. There i s  p r e s e n t l y  no d e f i n i t i v e  way t o  separate t h e  components 

o f  t h e  e r r o r  term. 

l a t t e r  va lue  i s  p r e d i c t e d  by t h e  growth equat ion  and inco rpo ra tes  t h e  co r rec -  
t i o n  f o r  catches which were a c t u a l l y  made. 
I n  B; a r e  p l o t t e d  a g a i n s t  I n  BT, showing t h a t  ( 1 )  i s  a good d e s c r i p t i o n  o f  
t h e  r e l a t i o n s h i p  ove r  t h e  range o f  biomasses we have observed. 

te rm appears t o  be approx imate ly  no rma l l y  d i s t r i b u t e d  (0 = 0.479). 

A T 
by t h e  growth model. There a r e  - 

A 

I n  F igu re  4, I n  BP i s  p l o t t e d  a g a i n s t  I n  BT where t h e  

Also,  t h e  values o f  E = I n  B; - 
A 6 

The e r r o r  

Equat ion (23)  i s  e q u i v a l e n t  t o  

so i f  t h e r e  i s  no f i s h i n g ,  RT+l can be ob ta ined by t h e  analog o f  ( 6 ) :  

- (M-G) -1 
- - eE (& + (6 - &-I e-.) - BTe 

RT+ 1 

Note t h a t  RT+1 i s  n o t  ac tua l  rec ru i tmen t ,  b u t  apparent rec ru i tmen t ,  s ince  
obse rva t i on  e r r o r  o f  BT and BT+l i s  i n c l u d e d  i n  t h e  s t o c h a s t i c  e r r o r  term. 
For  t h i s  reason, apparent r e c r u i t m e n t  can become nega t i ve  f o r  low values 
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Appendix 11. F igure  4. Comparison o f  p red ic ted  w i t h  observed anchovy popu la t ion  

s izes,  i n c l u d i n g  a p l o t  o f  res idua ls .  

m 

c 
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of e'. 
negative apparent recruitment fo r  various levels  of BT. 
values, w i t h  their probabi l i t ies ,  are:  

Equation (26) can be used t o  estimate values o f  E which give 
Some example 

Minimum E 

(1,000 tons) apparent recruitment (uE = 0.479) 

Probabi 1 i t y  
Spawning biomass BT for  posi t ive E < E m i n .  

1 
500 

2000 
4000 
6000 

10000 

- 1.16 
- 1.11 
- 0.96 
- 0.79 
- 0.65 
- 0.41 

0.0075 
0.0102 
0.0228 
0.0495 
0.0885 
0.1977 

Negative apparent recruitment i n  the model can be a problem i f  one i s  
looking only fo r  verisimili tude.  However, apparent recruitment is  an 
a r t i f a c t  of observational error i n  successive population size observations, 
so negative values can actual ly  occur. 

The extended model , which includes exploitation of pre-spawners, makes 
the s tochast ic  version of the model somewhat complicated. 
i s  determined by the harvest formula under consideration is  given by equation 

(1 ). 
w i t h  (26) ,  obtaining an expression re la t ing  catch t o  B T y  E and F: 

The catch, w h i c h  

Since (11) contains the quantity RTtl we can replace this  term 

c = -  ( I - e  
F+M-G BT 

(27) 

For a vector of n d i scre te  observed biomass values B1, . . . , Bn ( i n  
ascending order) ,  we wish t o  calculate  the elements of a matrix containing 
the probabi l i t ies  t h a t  a population o f  observed size Bi a t  time T will become 
a population o f  observed s i ze  B .  a t  time Ttl . 
possible t rans i t ion  a re  associated w i t h  the corresponding e r ro r  term ci j y  

which is  from a hypothetically normal d is t r ibu t ion .  

The probabi l i t ies  of each 
J 
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Since we a r e  g i v e n  t h a t  t h e  observed biomass a t  t ime  T i s  Bi and the  

observed bicmass a t  t ime  T+l i s  B equat ion  (10) must be 
jy 

- ( F+M-G) -$FT 
B j  = B i  e + RT+l e 

whereRT+l i s  g i ven  by (26) .  Therefore, 

o r  

Equat ion (30) can be s u b s t i t u t e d  f o r  E i n  equat ion  (27) ,  so t h a t  F 

can be es t imated  i t e r a t i v e l y ,  g i ven  Bi, 
g i ves  E f rom equat ion  (30).  

and C.  This va lue  o f  F then B j 

Since B. is  a d i s c r e t e  p o p u l a t i o n  s i ze ,  t h e  p r o b a b i l i t y  assoc ia ted  
J 

w i t h  E. i s  approx imate ly  t h a t  g i ven  by t h e  d e n s i t y  f u n c t i o n  of t h e  normal 

d i s t r i b u t i o n ,  ad jus ted  so t h a t  t h e  sum of t h e  p r o b a b i l i t i e s  f o r  a l l  o f  t h e  

Bj 

1 j  

values f o r  any Bi va lue  must equal 1. Since the  expected va lue  of t h e  

e r r o r  i s  0, t h e  p r o b a b i l i t y  can be expressed as: 
- 1 (+) z 

' e  2 
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Since the s e t  of d i scre te  population s izes  has upper and lower boundaries, 
b u t  the real population does not, equation (31) was modified t o  include the 
probability of events outside of the range m1 , Bn] by including the pro- 
bab i l i t i e s  of B .  values above and below the l imits  of the d iscre te  s e t  i n  the 
probabi l i t ies  of the corresponding highest and lowest value of B. f o r  each 

Bi. The d iscre te  biomasses were chosen t o  be a geometric s e r i e s  w i t h  an 
l / n - 1  element r a t i o  of (Bn /B1 

range j = l  , n  a re  evaluated u n t i l  the probabili ty of B. becomes a r b i t r a r i l y  
J 

small. 
i s  assumed t o  represent a l l  population s izes  between Bi divided by the square 
root of the element r a t io  t o  Bi multiplied by the square root of the element 
r a t io .  

J 

J 

Using this r a t io ,  values of B .  outside the 

For interpolation back t o  continuous population s i zes ,  the value Bi 

J 

Lumping of the probabi l i t ies  a t  the upper and lower bounds of the s e t  
of discrete  population s izes  creates some dis tor t ion.  In r e a l i t y ,  the popula- 
t ion i s  bounded on the lower s ide by 0 and i s  unbounded on the upper s ide ,  b u t  
the model has bounds of B1 and Bn. 
population f a l l i ng  i n  the range B1 t o  Bn r e l a t ive  t o  real probabi l i t ies .  The 
extent of this b i a s  can be assessed by comparing resu l t s  from progressively 
wider ranges of  B, t o  Bn to  determine when the probabi l i t ies  of  observing 
the endpoints become negligibly small. 

T h i s  increases the probabili ty of the 

Note tha t  the en t i r e  function of the preceding population model i s  t o  
estimate t rans i t ion  probabi l i t ies .  No manipulation or interpretat ion of the 
components of the model i s  attempted i n  obtaining those probabi l i t ies .  
question to  be asked is  whether the model give valid estimates of those 
t rans i t ion  probabi l i t i es ,  and not whether the model i s  necessarily a good 
simulation of real processes. 
comparison w i t h  the deterministic resu l t s  predicted by the growth curve 
(Figure 3 ) ,  and by the equilibrium yield curve (Figure 4.7-2) .  
s tochast ic  model generally agrees w i t h  the determinstic model w i t h  regard 
to  equilibrium points,  b u t  predicts wide fluctuations about those equi l ibr ia .  

The 

The main t e s t  we can presently perform i s  a 

The 



A.39 

The t r a n s i t i o n  p r o b a b i l i t y  m a t r i x  can be used f o r  several  purposes which 
w i l l  be i n d i v i d u a l l y  discussed i n  the  appropr ia te  d iscuss ions.  
any p r o b a b i l i t y  vec tor  assoc iated w i t h  t h e  vec tor  o f  d i s c r e t e  observed popula- 

t i o n  s izes  B can be m u l t i p l i e d  by the  t r a n s i t i o n  p r o b a b i l i t y  m a t r i x  t o  ob ta in  
a new vec tor  o f  p r o b a b i l i t i e s  r e f l e c t i n g  the  l i k e l i h o o d  o f  observing the  

corresponding popu la t ion  s izes  i n  the  f o l l o w i n g  year.  

t h i s  m u l t i p l i c a t i o n  can be used t o  i n v e s t i g a t e  the  probable e f f e c t s  o f  manage- 

ment dec is ions.  

appropr ia te  t o  long- term management p o l i c y ,  we can f i n d  t h e  s t a b l e  p r o b a b i l i t y  

d i s t r i b u t i o n  t o  which a l l  beginning p r o b a b i l i t y  d i s t r i b u t i o n s  tend t o  converge 

a f t e r  repeated m u l t i p l i c a t i o n  by the  t r a n s i t i o n  p r o b a b i l i t y  ma t r i x .  

s t a b l e  p r o b a b i l i t y  d i s t r i b u t i o n  i s  t h a t  e igenvector  o f  t he  t r a n s i t i o n  pro-  

b a b i l i t y  m a t r i x  whose eigenvalue i s  1. 

t i o n s  by t h e  t r a n s i t i o n  m a t r i x  most i n i t i a l  p r o b a b i l i t y  vectors  converge t o  
very nea r l y  the  s t a b l e  p r o b a b i l i t y  d i s t r i b u t i o n  g iven by the  e igenvector .  

I n  general, 

For s h o r t  t ime hor izons, 

I n  t h e  case o f  an i n f i n i t e  t ime hor izon, which cou ld  be 

This 

Ac tua l l y ,  a f t e r  about 10 m u l t i p l i c a -  

Examples o f  Use o f  t h e  Stochas t ic  Model 

I n  t h e  f o l l o w i n g  examples, two management p lans w i l l  be compared, f o r  
i l l u s t r a t i v e  purposes on ly .  

charac ter ized  by a constant  quota o f  10,000 tons, represent ing  the  l i v e  b a i t  
f i s h e r y .  The second p lan  i s  the  C a l i f o r n i a  Department o f  F i sh  and Game p lan  

o r  "CFG Plan" which a l lows a harvest o f  one - th i rd  t h e  excess over  1,000,000 

tons spawning biomass up t o  a maximum quota o f  450,000 tons. 

The f i r s t  p lan  i s  t h a t  o f  "no f ishery, "  and i s  

The f i r s t  example (F igure  5)  begins w i t h  an observed biomass o f  1 m i l l i o n  
tons i n  year  0. 

du r ing  the  f o l l o w i n g  4 years a re  compared f o r  Itno f i s h e r y "  and f o r  the  "CFG 

Plan." 
o f  a f i she ry ,  t h e  growth r a t e  i s  smal ler .  

t he  observed popu la t ion  would f a l l  t o  l e s s  than 1 m i l l i o n  tons, as shown 
by the  p r o b a b i l i t y  d i s t r i b u t i o n s .  Table 5 g ives comparative s t a t i s t i c s  

on t h e  two cases. Under the  "CFG Plan," expected ca tch  quotas a re  g iven 
based on t h e  average o f  a l l  o f  the  poss ib le  outcomes and t h e i r  p r o b a b i l i t i e s .  

The p r o b a b i l i t i e s  o f  observing var ious popu la t ion  s i zes  

I n  bo th  cases the  average popu la t ion  s i z e  grows, bu t  i n  t h e  case 

There i s  a p o s s i b i l i t y  t h a t  

E 

1 
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SPAWNING BIOMASS ( l o g  scale) 
Appendix 11. Figure 5. Illustration of stochastic anchovy population growth model 

results. Biomass is 1.0 million tons in year 0, and predicted 
population size distributions are given for subsequent years. 
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L 

I f  we wish to  look f a r the r  in to  the future t o  determine the eventual 
d i s  r ibution of probabi l i t ies  t h a t  would occur for  any s t a r t i ng  point, we 
use the eigenvector ra ther  than repeatedly multiplying by the matrix ad 
i n f  nitum. The eigenvector (Figure 5) appears t o  be the f inal  form to  which 
the previous probabili ty d is t r ibu t ions  a re  converging. 
are given i n  Table 5. 
1 i kel i hoods , averages and variances for  a wide variety of resource charac te r i s t ics .  

Comparative s t a t i s t i c s  
Using these probabili ty d is t r ibu t ions ,  we can estimate 

The eigenvector solution gives a s tab le  probabili ty dis t r ibut ion of 
biomasses under the quota formula which i s  i n p u t  t o  the analysis.  
probabi l i t ies  can be interpreted as the likelihood of observing a par t icular  
population s i ze  i n  any given future  year. 
on observed population s i z e ,  we can also calculate  the probability of any 
par t icular  quota Val ue. 
i n  terms of catch (assuming the quota i s  taken) and biomass ( re f lec t ing  
catch per operating cos t )  expected values of economic measures such as consumer 

These 

Since the quota formula i s  based 

Fi nal ly  , since economic Val ues can usual ly  be s ta ted 

be calculated by the expected value operator surplus (see Appendix VI ) can 
f o r  discrete  random variables 

E [ X I  = c x 
n 

1 

where xi i s  the quantity being averaged, and p ( x i )  i s  the probabili ty of 
observing tha t  value of x i ¶  fo r  the n d i scre te  population s izes  being used. 
Variances a re  calculated s imilar ly .  Some examples of expected values and 
variances are  g iven  fo r  the quota formula presently used by California 

(Table 6 ) .  

In the case of some charac te r i s t ics ,  such as biomass, the median value 
may be more useful than the mean (which i s  influenced by ra re ,  large values). 
The median can be interpreted as t h a t  value about which the variable will be 
larger  50% of the time, and be smaller 50% of the time. 
median value i s  a be t t e r  measure of equi l ibr ia  t h a n  i s  the mean, as i t  be t te r  
r e f l ec t s  the central tendency. 
more f lex ib le  treatment can be obtained by plot t ing cumulative probabili ty 
d is t r ibu t ions .  The median value i s  t h a t  where the cumulative 

I n  par t icu lar ,  the 

Median values a re  given i n  Table 6 ,  b u t  a 
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Catch 
quota 

Table 5. S t a t i s t i c s  f o r  example use of  s t o c h a s t i c  p o p u l a t i o n  model 
comparing "no f i s h e r y "  w i t h  "CFG Plan" ( i n  parentheses).  

B < 1 . 0  B < 2 . 0  

t = O  

1 

2 

3 

4 

(0.230) 

Long- 
te rm 

( t= - )  

0.193 0.527 

(0.239) (0.608) 

I 

- 
Expected Standard Median 

C h a r a c t e r i s t i c  va lue  e r r o r  Val ue 

Spawning biomass 2.87 2.22 2.21 
(106 tons )  

Catch, assuming 291 181 403 
f u l l  quota i s  har-  
ves jjed 
( l o  tons )  
-- A 

Expected (average) Val ues 
m i l l i o n  s h o r t  tons I P r o b a b i l i t i e s  

Biomass (B) 
( a t  beg inn ing  o f  

season) 

1 .o 
(1  .a 

(1.44) 

1.44 

1.92 
(1.80) 

2.35 

(2.07) 

2.68 

(2.26) 

3.64 
(2.71) 

------I 

0.01 

(0.0) 

0.01 

(0.151 

0.01 
(0.202 

0.01 

0.305 0.817 

(0.305) (0.817) 

0.237 0.638 
(0.265) (0.681) 

0.162 0.452 

(0.221) (0.562) 
- - - - -- -- 

(0.247) 

0.01 0.063 0.250 
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probabili ty i s  50%. Such a diagram could be useful i n  planning capital  
investments f o r  reduction equipment, as i t  would be inadvisable t o  in s t a l l  
a reduction capacity which would only be fu l ly  u t i l i zed  i n  one out of ten 
years. 

The s tochast ic  model is a l so  useful i n  searching.for maximum values 
(or optimum values) over a wide range of candidate harvest quota formulae, 
o r  other res t r ic t ions .  
reduction capacity (which maximizes return to  investors) i s  determined for  
various harvest formulae. 
maximizes to ta l  benefit to  investors,  consumers and the environment) can 
be determined. Such searches fo r  maximum values must be done i t e r a t ive ly  
by systematically varying the management formulae and determining the response 
surface. 
curve (Stauffer 1973) a re  appropriate f o r  determining maxima i f  enough 
c r i t e r i a  for optimality can be specified.  

An example i s  given i n  Appendix VI, where the optimal 

Similarly,  the optimum reduction capacity (which 

Techniques such as described e a r l i e r  i n  f i t t i n g  the anchovy growth 

I 

m 
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APPENDIX I11  

CALIFORNIA ANCHOVY FISHERY REGULATIONS 

California Fish a n d  Game Code (Specific Regulations) 

Anchovies 

Section 8180. "In any d i s t r i c t  or par t  of a d i s t r i c t  lying south  of a 
l i ne  drawn eas t  and west t h r o u g h  P o i n t  Mugu, anchovies may be taken in 
any quantity for  ba i t  or for human consumption in a fresh s t a t e ,  o r  by 
contract w i t h  the department, for hatchery food, not t o  exceed 500 tons 
per year. 'I 

Section 8181. "Anchovies taken south of tha t  l i ne  i n  waters not less  
than three nautical miles from the nearest point of land on the mainland 
shore, and anchovies taken nor th  of tha t  l i ne  in any waters, may be 
possessed, transported, sold, or otherwise dea l t  with in any d i s t r i c t  o r  
part  of a d i s t r i c t  south of t ha t  l ine ."  

Section 8182. 
waters south of the l i ne  described i n  Section 8180 shall  a t  a l l  times 
while operating such boat identify i t  by displaying on an exposed part  
of the superstructure,  amidships on each side and on top of the house 
visiblefrom the a i r ,  the Department of Fish and Game regis t ra t ion number 

of the boat, i n  14-inch black numerals on white background." 

"The operator of any boat engaged in taking anchovies in 

Section 8183. "No anchovies may be taken fo r  any purposes i n  Humboldt Bay." 

Section 8188. "No anchovies less  than 5 inches i n  length measured from t i p  
of snout t o  t i p  of t a i l  may be purchased fo r  any purpose except for use as 
ba i t  b u t  the allowable percentage of undersized anchovies which may be 
contained i n  any load or  l o t  purchased shall  be n o t  more than 25 percent by 
w e i g h t  of a l l  anchovies i n  the load o r  l o t . "  

California Fish and Game Code (General Regulations) 

Area closures or gear regulations n o t  specif ical ly  directed 
a t  the anchovy fisheries, b u t  having an e f fec t  upon the harvest of 
t h i s  resource. 

Round Haul Nets 

Section 8750. 
and include purse seines and r i n g  or half ring, and lampara nets." 

"AS used i n  th is  a r t i c l e ,  "round haul nets" a re  c i r c l e  seines,  

Section 8751. " In  Dis t r ic t s  1 ,  2 and 3, round haul nets may n o t  be possessed 
on any boat, except i n  tha t  part  of Dis t r ic t  3 lying within the boundaries o f  
the Moss Landing Harbor Dis t r ic t ,  where round haul or any other type of nets 
may be possessed on any boat." 
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Sec t ion  8752. " I n  D i s t r i c t s  6, 7, 8, 9, 10 and 11, purse and round haul  
ne ts  may be used." 

Sec t ion  8753. 
drawn from t h e  l i g h t  on t h e  end o f  t h e  Monterey Breakwater magnetic eas t  t o  
t h e  shore l i n e ,  purse and round haul  ne ts  may be used t o  take  f i s h  o t h e r  
than squid,  and lampara ne ts  may be used t o  take  squid.  

I n  t h a t  p o r t i o n  o f  D i s t r i c t  16 l y i n g  s o u t h e r l y  of t h e  Monterey 
Breakwater and south o f  a l i n e  drawn from the  l i g h t  on the  end o f  such break- 
water  magnetic eas t  t o  t h e  shore l i n e ,  lampara ne ts  may be used f rom June 1 
t o  August 31 f o r  t he  purpose o f  t a k i n g  squid. "  

" I n  t h a t  p a r t  o f  D i s t r i c t  16 l y i n g  n o r t h  and west o f  a l i n e  

Sec t ion  8754. " I n  D i s t r i c t s  17, 18 and 19, purse and round haul  ne ts  may be 
used, except  t h a t  purse se ines o r  r i n g  ne ts  may n o t  be used i n  t h a t  p o r t i o n  
o f  D i s t r i c t  19 l y i n g  w i t h i n  3 m i l e s  o f f s h o r e  f rom t h e  l i n e  o f  t h e  h igh-water  
mark a long the  coast  o f  Orange County f rom sunr i se  Saturday t o  sunset Sunday 
from May 1 s t  t o  September l o t h ,  i n c l u s i v e .  

September l o t h ,  i n c l u s i v e ,  i n  the  f o l l o w i n g  p o r t i o n s  o f  D i s t r i c t  19: 
Purse se ine or r i n g  ne ts  may n o t  be used from May 1 s t  t o  

(a )  w i t h i n  a two-mi le  r a d i u s  o f  Dana P o i n t  
(b )  w i t h i n  a two-mi le  r a d i u s  of  San Mateo P o i n t  
( c )  w i t h i n  two m i l e s  o f f s h o r e  f rom t h e  l i n e  o f  t h e  h igh-water  

mark a long t h a t  p o r t i o n  o f  t h e  coast  of  Orange County l y i n g  
between t h e  northernmost bank o f  t he  mouth of t h e  Santa Ana 
R ive r  and a p o i n t  on such coas t  s i x  m i l e s  south theref rom."  

Sec t i on  8755. " I n  D i s t r i c t  20A and 21, purse and round haul  ne ts  may be used. 
(a )  Purse and round ne ts  may be used except: (1 )  f rom sunr i se  Saturday t o  

sunset Sunday, i n  t h a t  p o r t i o n  of D i s t r i c t  20 f rom a l i n e  extending 
t h r e e  n a u t i c a l  m i l e s  eas t  m a g n e t i c a l l y  f rom the  extreme e a s t e r l y  end 
of Santa C a t a l i n a  I s l a n d  southwester ly  and n o r t h e r l y  t o  a l i n e  ex- 
tend ing  t h r e e  n a u t i c a l  m i l e s  southwest magne t i ca l l y  f rom t h e  most 
s o u t h e r l y  promontory o f  China P o i n t  and (2 )  a t  any t ime d u r i n g  t h e  
p e r i o d  commencing on June 1 s t  and ending on September 10 i n  each year,  
i n  t h a t  p o r t i o n  o f  D i s t r i c t  20 f rom a l i n e  extending t h r e e  n a u t i c a l  
m i l e s  eas t  magne t i ca l l y  f rom t h e  extreme e a s t e r l y  end of Santa Ca ta l i na  
I s l a n d  s o u t h e r l y  t o  a l i n e  extending t h r e e  n a u t i c a l  m i l e s  sou theas te r l y  
magne t i ca l l y  f rom t h e  Un i ted  Sta tes  government 1 i g h t  on t h e  sou theas te r l y  
end o f  Santa C a t a l i n a  I s land . "  

D ip  Nets 

Sec t ion  8870. "Dip ne ts  may be used sub jec t  t o  t h e  f o l l o w i n g  r e s t r i c t i o n s :  
(a )  I n  D i s t r i c t s  1, 1 - l /Z ,  2, 3 and 4, d i p  ne ts  may n o t  be ba i ted ,  and 

may n o t  measure more than s i x  f e e t  i n  g r e a t e s t  breadth.  
(b )  I n  D i s t r i c t  19, d i p  ne ts  s i x  f e e t  o r  l e s s  i n  g r e a t e s t  b readth  may 

be used. I n  t h a t  d i s t r i c t  d i p  ne ts  may n o t  be used w i t h i n  750 f e e t  
o f  any p i e r ,  wharf, j e t t y  o r  breakwater, except  t o  take  anchovies, 
squids, and sard ines  f o r  b a i t ,  and t o  take  smelt .  

( c )  I n  D i s t r i c t  20, d i p  ne ts  more than s i x  f e e t  i n  g r e a t e s t  b readth  may 
n o t  be used o r  possessed." 
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Commercial F i s h i n g  Reports 

Sec t i on  8011. "Every person engaged i n  t h e  business o f  buying, canning, 
cu r ing ,  o r  p rese rv ing  f i s h ,  o r  manufactur ing meal, o i l ,  f l o u r ,  p r o t e i n  
concentrate,  animal food, o r  f e r t i l i z e r  f rom f i s h  o r  d e a l i n g  i n  f i s h ,  
who rece ives  f i s h  f rom f ishermen, o t h e r  than persons engaged i n  t h e  
tak ing ,  t r a n s p o r t a t i o n ,  o r  s a l e  o f  l i v e  f reshwater  f i s h  f o r  b a i t ,  s h a l l  
make a l e g i b l e  r e c o r d  i n  t h e  form o f  a r e c e i p t  i n  quadrup l i ca te  on forms 
t o  be f u r n i s h e d  by t h e  department. 

The r e c e i p t  s h a l l  show: 
(a )  The weight  o f  each species o f  f i s h  received.  
(b )  The name o f  t h e  f isherman. 
( c )  The Department o f  F i s h  and Game r e g i s t r a t i o n  number o f  t h a t  boat.  
(d)  The name o f  t h e  r e c i p i e n t .  
(e)  The da te  o f  r e c e i p t .  
( f )  The p r i c e  paid.  
( 9 )  The department o r i g i n  b lock  number where t h e  f i s h  were caught. 
(h )  The t y p e  o f  gear used. 
( i )  Such o t h e r  s t a t i s t i c a l  i n f o r m a t i o n  as t h e  department may r e q u i r e .  

Sec t i on  8012. "The r e c e i p t  s h a l l  a l s o  s t a t e  whether t h e  f i s h  a r e  in tended 
t o  be s o l d  f r e s h  o r  t o  be canned, cured, made i n t o  f i s h  meal o r  f e r t i l i z e r ,  
o r  o therwise disposed o f .  
d i f f e r e n t  s i z e s  o r  q u a l i t i e s  o f  any species o r  v a r i e t y ,  t h a t  s h a l l  be so 
s t a t e d  on t h e  r e c e i p t .  
i n  f o r e i g n  waters,  o r  i n  t h e  h i g h  seas o f f  another s t a t e  o r  f o r e i g n  country . "  

I f  a comnercial d i s t i n c t i o n  i s  made between 

The r e c e i p t  s h a l l  a l s o  s t a t e  what f i s h  were taken 

Sec t ion  8013. 
f i s h  d e a l t  w i t h  s h a l l  be those i n  common usage, and may be designated by 
t h e  department. 'I 

"The names used i n  t h e  r e c e i p t  f o r  des igna t ing  t h e  species o f  

Sec t i on  8014. "The o r i g i n a l  s igned copy o f  t h e  r e c e i p t  s h a l l  be d e l i v e r e d  
t o  t h e  f isherman a t  t h e  t ime  o f  t h e  purchase o r  r e c e i p t  o f  t h e  f i s h .  
d u p l i c a t e  copy s h a l l  be kep t  by t h e  dea le r  o r  person r e c e i v i n g  t h e  f i s h  f o r  
a p e r i o d  of  s i x  months and s h a l l  be a v a i l a b l e  f o r  i n s p e c t i o n  a t  any t ime 
w i t h i n  t h a t  p e r i o d  by t h e  department and t h e  t r i p l i c a t e  copy s h a l l  be d e l i v e r e d  
t o  t h e  department on o r  b e f o r e  t h e  f i r s t  and s i x t e e n t h  day of each month. 
On d e l i v e r y  o f  sardines, anchovies, mackerel, o r  squid used o r  intended t o  
be used i n  a cannery a quadrup l i ca te  copy s h a l l  be made a t  t h e  t ime o f  t h e  
o r i g i n a l  and s h a l l  be made a v a i l a b l e  by t h e  maker f o r  d e l i v e r y  t o  an agent 
au tho r i zed  i n  w r i t i n g  by t h e  m a j o r i t y  o f  t h e  persons who p a r t i c i p a t e d  i n  t h e  
t a k i n g  o f  t h e  f i s h ,  exc lud ing  t h e  f isherman r e c e i v i n g  t h e  o r i g i n a l  copy. 
The buyer o r  canner upon request  o f  such au tho r i zed  agent s h a l l  n o t i f y  t h e  
agent o f  t h e  unloading and weighing o f  such f i s h  and s h a l l  p e r m i t  such 
agent t o  be present  a t  a l l  t imes d u r i n g  t h e  weighing o f  such f i s h . "  

The 
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T i t l e  14 o f  Fish and Game Commission (Specific Regulations) 

145. ANCHOVY PACK. Each packing plant processing anchovies shall  produce 

1 lb.  t a l l  o r  oval . . . . . . . . . . . . . . . . . . . .  864 cans 
(864 cans a re  equal t o  18 cases, 48 cans t o  case) 

#10 . . . . . . . . . . . . . . . . . . . . . . . . . . .  120cans 
(120 cans are  equal t o  20 cases, 6 cans t o  case) 

1/2 lb. oval or  9 oz. oblong . . . . . . . . . . . . . .  .1344 cans 
(1,344 cans a re  equal t o  28 cases, 48 cans t o  case) 

1 /2  lb.  round . . . . . . . . . . . . . . . . . . . . .  .1584 cans 
(1,584 cans are  equal t o  33 cases , 48 cans t o  case) 

1/4 lb. oblong . . . . . . . . . . . . . . . . . . . . .  .2600 cans 
(2,600 cans a re  equal t o  26 cases, 100 cans t o  case) 

5 oz. or 6 oz. round (paste can) . . . . . . . . . . . .  .2133 cans 
(2,133 cans a re  equal t o  21-1/3 cases, 100 cans t o  case) 

from each ton of anchovies received in his plant fo r  canning during each 
calendar month not less  than the following number of cans: 

Any canner of anchovies desiring t o  pack i n  cans of a s i ze  or s t y l e  n o t  
l i s t e d  above must submit samples of the pack t o  the Commission, and secure 
the acceptable equivalent before engaging i n  packing such s i ze  or s t y l e  of  pack. 

146. ANCHOVIES, SIZE LIMIT. To determine the percentage of anchovies 
measuring less  than the minimum s ize  l imit  fixed by Sections 8188-8189 of 
the Fish and Game Code, samples shall  be taken from various portions of the 
load or  l o t  measured and weighed, and the mean of the combined weights of 
a l l  samples taken shall  determine the percentage. Samples shall  be taken i n  
containers of not less  than one gallon s i ze  approximately f u l l  of anchovies. 
Five (5) such samples shall  be taken for  loads of 20 or more tons, four (4) 
samples f o r  loads or  lo t s  of from 15 t o  20 tons, three ( 3 )  samples for  loads 
o r  l o t s  of from 10 t o  15 tons, and a t  l ea s t  two ( 2 )  samples shall  be taken 
from loads or  l o t s  of l ess  than 10 tons. 

147. GRANTING AND ISSUANCE OF PERMITS TO TAKE AND USE ANCHOVIES BY A 
REDUCTION PROCESS. I t  i s  the intent of the Fish and Game Commission 

If  d u r i n g  the season the maximum quota set by the commission here- 

The following shall  const i tute  the regulations under which permits 

t ha t  an experimental, s c i en t i f i ca l ly  managed program for the taking of anchovies 
for  reduction purposes shall  continue a t  l ea s t  through the 1970-71 season. 

a f t e r  fo r  the Northern or  Southern areas should be approached, the commission 
will consider an increase i n  the quota fo r  the area approaching i t s  quota. 

may be issued f o r  the take and use of anchovies for  reduction. 
( a )  Permits to  take anchovies 
. I  

( 1 )  Suspension of permits. 
resource i s  being used t o  the p o i n t  where i t  may tend t o  deplete the 

If  the commission determines tha t  the anchovy 

species or  r e su l t  i n  waste or deterioration or  such resource i s  not 
be ing  ut i l ized in the best public i n t e re s t  or for  other cause, i t  may, 
w i t h i n  not less  than 48 hours, suspend a l l  permits issued under the 
authority of these regulations until  further notice. 
( 2 )  Size l imit .  No anchovies less  than f ive  (5 )  inches i n  length, 
measured from t i p  of snout  t o  t i p  of t a i l ,  may be used or  taken for  
reduction purposes, except t h a t  undersized anchovies not exceeding 
more than 15% by weight of a l l  anchovies in the load or  l o t  may be 
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conta ined i n  any l o a d  o r  l o t  taken, purchased o r  used f o r  
r e d u c t i o n  purposes. 
(3 )  Vessel i d e n t i f i c a t i o n .  
anchovies under these r e g u l a t i o n s  s h a l l  a t  a l l  t imes w h i l e  ope ra t i ng  
such boat i d e n t i f y  i t  by d i s p l a y i n g  on an exposed p a r t  o f  t h e  super- 
s t r u c t u r e ,  amidship on each s i d e  and on t o p  o f  t h e  house v i s i b l e  f rom 
t h e  a i r ,  t h e  department 's r e g i s t r a t i o n  number of t h e  boat  i n  14- inch  
b l a c k  numerals on w h i t e  background. 
( 4 )  Records. Vessel opera tors  who take  anchovies f o r  r e d u c t i o n  purposes 
s h a l l  keep f u l l  and accura te  records  of t h e i r  f i s h i n g  opera t ions  on forms 
fu rn ished by t h e  department. 
s e t  i s  made and must be completed p r i o r  t o  t h e  v e s s e l ' s  a r r i v a l  a t  t h e  
r e d u c t i o n  p l a n t .  Completed forms s h a l l  be d e l i v e r e d  t o  t h e  department 's 
r e p r e s e n t a t i v e  upon a r r i v a l  a t  d e l i v e r y  p o i n t .  

The opera to r  o f  any boat  engaged i n  t a k i n g  

Such forms s h a l l  be f i l l e d  o u t  a f t e r  each 

( 5-1 
a.  

b. 

C. 

d .  

e .  

f .  

9. 

- .  
D e c l a r a t i o n  o f  i n t e n t  t o  take  anchov i e s  f o r  r e d u c t i o n  pu r poses. 
The p r o v i s i o n s  o f  subsec t ion  ( 5 )  s h a l l  app ly  o n l y  t o  vessels t a k i n g  
anchovies f o r  r e d u c t i o n  purposes i n  the  Southern Permi t  Area as 
descr ibed i n  subsec t ion  ( 6 ) ( b ) .  
No vessel  s h a l l  be operated t o  take, ca r ry ,  o r  d e l i v e r  anchovies f o r  
r e d u c t i o n  purposes un less  a d e c l a r a t i o n  o f  i n t e n t  has been f i l l e d  
rega rd ing  s a i d  vessel i n  accordance w i t h  these r e g u l a t i o n s .  
Before  a vessel  ope ra to r  can f i l e  a d e c l a r a t i o n  o f  i n t e n t  as r e q u i r e d  
by subsec t ion  ( 5 )  he must be the  opera to r  o f  a vessel d u l y  r e g i s t e r e d  
as p rov ided  by Sec t ion  7890 o f  t he  F i s h  and Game Code, and must 
possess a v a l i d  commercial f i s h i n g  l i c e n s e .  
No vessel  o p e r a t i n g  under t h e  a u t h o r i t y  o f  a d e c l a r a t i o n  o f  i n t e n t  
f i l e d  pursuant  t o  these r e g u l a t i o n s  s h a l l  take, c a r r y  o r  d e l i v e r  
anchovies f o r  any purpose o t h e r  than r e d u c t i o n  except when t a k i n g  
anchovies f o r  canning o r  l i v e  b a i t  purposes as prov ided i n  subsec t ion  
( 5 ) ( 1 )  o f  these r e g u l a t i o n s ,  o r  when opera t i ng  pursuant t o  an except ion  
f i l e d  i n  accordance w i t h  subsec t ion  ( 5 ) ( e )  of these r e g u l a t i o n s .  When 
opera t i ng  under t h e  a u t h o r i t y  of an except ion,  no anchovies may be taken 
f o r  r e d u c t i o n  purposes. 
Dur ing  t h e  p e r i o d  f o r  which t h e  d e c l a r a t i o n  i s  i n  f o r c e  and e f f e c t ,  
a named vessel  may be used t o  take, c a r r y ' a n d  d e l i v e r  anchovies f o r  
o t h e r  than r e d u c t i o n  purposes, i f ,  and o n l y  if, opera to r  f i l e s  an 
except ion  i n  accordance w i t h  t h e  f o l l o w i n g  p r o v i s i o n s :  
1. When t h e  opera to r  i n tends  t o  use s a i d  vessel t o  take  anchovies 

f o r  purposes o t h e r  than r e d u c t i o n  he s h a l l  so n o t i f y  t h e  Long 
Beach o f f i c e  o f  t h e  Department of F i s h  and Game, e i t h e r  by l e t t e r  
o r  telegram, p r i o r  t o  t h e  commencement of f i s h i n g .  Th is  n o t i c e  
s h a l l  be posted o r  sent  p r i o r  t o  t h e  commencement o f  f i s h i n g  and 
s h a l l  be e f f e c t i v e  o n l y  on t h e  vessel named. 

days f o r  which t h e  except ion  i s  t o  be e f fec t i ve ;  t h e  purpose 
f o r  which t h e  anchovies a re  t o  be taken; and the  name and r e -  
g i s t r a t i o n  number of t h e  vessel .  

D e c l a r a t i o n  of i n t e n t  s h a l l  be f i l e d  w i t h  t h e  department d u r i n g  
normal working hours a t  t h e  San Diego o r  Long Beach o f f i c e  o f  t h e  
department. The d e c l a r a t i o n  of i n t e n t  s h a l l  be f i l e d  on forms fu rn i shed  
by t h e  department. 
Each d e c l a r a t i o n  o f  i n t e n t  s h a l l  s p e c i f y  the  vessel t o  which i t  app l i es .  
Only one vessel  may be s p e c i f i e d  on any one d e c l a r a t i o n ,  b u t  a q u a l i f i e d  
a p p l i c a n t  may f i l e  separate d e c l a r a t i o n s  f o r  more than one vessel .  

2. The n o t i c e  s h a l l  c o n t a i n  t h e  f o l l o w i n g  in fo rmat ion :  t h e  calendar 

m 

I 

nu 

..1 

D 
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c 

c 

h. 

i. 

j. 

k. 

1. 

Except as o therw ise  prov ided,  any d e c l a r a t i o n  o f  i n t e n t  f i l e d  
pursuant  t o  these r e g u l a t i o n s  s h a l l  be i n  f o r c e  o n l y  d u r i n g  the  
open season, o r  i f  f i l e d  a f t e r  t h e  beginning o f  such term, f o r  
t h e  remainder the reo f .  
A copy o f  each d e c l a r a t i o n  f i l e d  under subsect ion ( 5 )  t o  take  anchovies 
s h a l l  be c a r r i e d  aboard the  vessel  t o  which i t  r e l a t e s  and s h a l l  be 
e x h i b i t e d  upon demand t o  the  au tho r i zed  r e p r e s e n t a t i v e  o f  any reduc- 
t i o n  p l a n t  t o  which s a i d  vessel  i s  d e l i v e r i n g  anchovies and upon 
demand t o  any o f f i c e r  of  t he  Department of F i s h  and Game. 
No vessel  which has f i l e d  a d e c l a r a t i o n  o f  i n t e n t  t o  take. c a r r y  
and d e l i v e r  anchovies f o r  purposes o f  r e d u c t i o n  and has f i l e d  no 
except ion  t h e r e t o  s h a l l  p lace  any n e t  i n  the  water f o r  t he  purpose 
of t a k i n g  anchovies i n  any unauthor ized area. I n  the event of  any 
v i o l a t i o n  o f  t h i s  sec t ion ,  t he  opera tor  o f  s a i d  vessel  s h a l l  be deemed 
i n  v i o l a t i o n  the reo f .  
Whenever anchovies a r e  possessed aboard a vessel  f o r  which d e c l a r a t i o n s  
of  i n t e n t  t o  take, c a r r y  and d e l i v e r  anchovies f o r  r e d u c t i o n  purposes 
has been f i l l e d  and such d e c l a r a t i o n  i s  i n  f u l l  f o r c e  and e f f e c t ,  and 
n o t  then sub jec t  t o  any n o t i c e  o f  except ion  pursuant  t o  subsect ion 
( 5 )  (E )  , i t  s h a l l  be c o n c l u s i v e l y  presumed t h a t  s a i d  anchovies were 
taken and were being c a r r i e d  f o r  reduc t i on  purposes. 
Notw i ths tand ing  t h e  o t h e r  p r o v i s i o n s  o f  Sec t ion  147(a) (5 ) ,  vessels 
ope ra t i ng  under a d e c l a r a t i o n  o f  i n t e n t  t o  take  anchovies f o r  r e -  
d u c t i o n  purposes may a l s o  take  anchovies f o r  canning purposes, pursuant  
t o  t h e  approp r ia te  sec t i ons  o f  t h e  F i s h  and Game Code and of  Sec t ion  147, 
T i t l e  14, and may a l s o  take  anchovies f o r  l i v e  b a i t  purposes, p r o v i d i n g  
t h a t  a l l  cond i t i ons ,  laws, and r e g u l a t i o n s  p e r t a i n i n g  t o  t h e  r e d u c t i o n  

. f i s h e r y  a r e  adhered t o  w h i l e  so engaged i n  l i v e  b a i t  f i s h i n g .  
( 6 )  Permi t  areas. 
a. Nor thern  Permi t  Area. The t o t a l  tonnage f o r  t h i s  area s h a l l  be 15,000 

tons pe r  season. The area s h a l l  i n c l u d e  the  waters o f  t he  P a c i f i c  Ocean 
between t h e  Cal i forn ia-Oregon border  and a l i n e  extending due west 
( t r u e )  f rom P o i n t  Buchon. Anchovies taken under the  p r o v i s i o n s  of 
these r e g u l a t i o n s  may be taken i n  a l l  waters  of  t h e  no r the rn  pe rm i t  
area descri-bed above, w i t h  the  f o l l o w i n g  except ions:  w i t h i n  D i s t r i c t s  
2, 8, 9, 11, 12, 13, 15; t he  waters o f  Bodega and Tomales Bays; t h a t  
p o r t i o n  o f  D i s t r i c t  10 l y i n g  inshore  o f  a l i n e  beginning a t  Pigeon 
P o i n t  (San Mateo County) thence no r thwes te r l y  i n  a s t r a i g h t  l i n e  t o  
t h e  U.S. Nav iga t ion  L i g h t  on S.E. F a r a l l o n  I s land ,  thence n o r t h e r l y  
i n  a s t r a i g h t  l i n e  t o  t h e  U.S.  Nav iga t ion  L i g h t  on P t .  Reyes (Mar in  
County); t h a t  p o r t i o n  o f  D i s t r i c t  16 l y i n g  sou the r l y  o f  t h e  Monterey 
Breakwater magnet ic eas t  t o  sho re l i ne ;  t h a t  p o r t i o n  of D i s t r i c t  18 
w i th in  3 m i l e s  o f  shore i n  t h e  area l y i n g  between a l i n e  drawn magnetic 
west o f  P o i n t  Es tero  and a l i n e  drawn magnetic west of P o i n t  Buchon; 
and t h a t  p o r t i o n  o f  D i s t r i c t  18 w i t h i n  3 m i l e s  o f  shore i n  t h a t  area 
l y i n g  between a l i n e  drawn magnetic west o f  P o i n t  San L u i s  and a l i n e  
drawn magnetic west o f  Arroyo Grande Creek. 
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b.  Southern Permit Area. The to ta l  tonnage for this area shall  be 
100,000 tons, except tha t  for  the 1975-76 season when the to ta l  
tonnage shall  be 150,000 tons. The  area shall  include the waters 
of the Pacific Ocean between the United States-Mexico International 
Boundary and a l ine  extending due west (true) from P o i n t  Buchon. 
Anchovies taken under the provisions of these regulations may be 
taken i n  a l l  waters of the southern permit area described above, 
w i t h  the following exceptions: w i t h i n  3 miles of the mainland 
shore south of P o i n t  Buchon and i n  a l l  d i s t r i c t s  or portions of 
d i s t r i c t s  where and a t  such times as the use o f  round-haul nets is  
prohibited; within 4 miles of the mainland shore between lines 
r u n n i n g  235" magnetic from the steam plant stack a t  Mandalay Beach 
and 205" magnetic from the steam plant stack a t  Ormond Beach; w i t h i n  
the area encompassed by a l i ne  extending 6 miles 165" magnetic 
from Point Fermin, thence t o  a point located 3 miles offshore on 
a l ine 210" magnetic from H u n t i n g t o n  Beach pier ;  w i t h i n  6 miles of 
the mainland shore south of a l i ne  r u n n i n g  210" magnetic from the 
t i p  of the outer breakwater of Oceanside Harbor. 

( 7 )  Season 
a. The season for  taking anchovies f o r  use by a reduction process under 

these regulations shall  open A u g u s t  1 of each year i n  the northern 
permit area and on September 15 i n  the southern permit area. 

b .  Closing date northern permit area. The season for  taking anchovies 
i n  the northern permit area for  use by a reduction process will close 
on May 15 of each year or whenever 15,000 tons of anchovies have been 
taken, whichever occurs f i rs t .  In the l a t t e r  event, the department 
will estimate from the current trend of catches the date on which 
the season's catch will  reach 15,000 tons  and w i l l  publicly announce 
tha t  date  as  the closing date of the season 48 hours p r i o r  thereto,  
and so notify each permit holder. 

c .  Closing date southern permit area. The season for taking anchovies 
i n  the southern permit area for use by a reduction process will  close 
on May 15 of each year,  or whenever the quota, as set  for th  i n  sub- 
section ( a ) ( 6 ) ( b )  above, has been taken, whichever occurs f i r s t .  
In the l a t t e r  event, the department will  estimate from the current 
trend of catches the date on which the season's catch will reach the 
quota and w i l l  publicly announce tha t  date as  the closing date of 
the season 48 hours pr ior  thereto,  and so notify each permit holder .  

( b )  Permits t o  reduce anchovies. 
( 1 )  Qual i f icat ion of Permittee. To be e l ig ib l e  for a reduction permit 

under these regulations each applicant must have the l icense provided 
i n  Section 8042(a) and supply proof t o  the sat isfact ion of the 
department tha t  the applicant can properly unload, we igh ,  and u t i l i z e  
anchovies for  reduction before any permit i s  issued. 

( 2 )  Awlications.  Al l  applications for permits t o  reduce whole anchovies 
fo r  a g i v e n  season m u s t  be received by the Fish and Game Commission, 
T h e  Resources B u i l d i n g ,  1416 N i n t h  S t ree t ,  Sacramento, California 
95814, on or  before the close of business on the preceding July 15. 
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( 3 )  Limitation of Permit, 
each plant. Permits shall not be transferred without prior authori- 
zation from the commission. 

(4) Duration of Permit, Except as otherwise provided, any permit issued 
pursuant to these regulations shall be in force only for the time 
as specified on such permit. 

(5) Records. The permittee shall submit daily to the nearest office of 
the department receipts required under the provisions of Section 8011 
of the Fish and Game Code for all anchovies purchased or received 
that day for reduction. 

(6) Plant Delivery. No reduction plant shall take delivery of anchovies 
from any vessel whose operator has not filed a declaration of intent 
required under subsection (a)(5) to take, carry and deliver anchovies 
for reduction purposes. 

(7) Weighing of Fish Landed. No anchovies intended for use or used in any 
reduction plant shall be unloaded from any vessel except at a weighing 
or measuring device approved by the Bureau of Weights and Measures. 
Such anchovies shall be weighed by a public weigh-master licensed 
as an individual under the laws of this state and a receipt as to such 
weight shall be immediately issued by him to the fisherman at the 
time of receipt of such anchovies. Copies of such receipt shall be 
handled in the manner provided in Sections 8011 to 8014 of the Fish 

Anchovies taken south 
and Game Code. 

(8) Fish from South o f the Internatipnal Boundaru. 
of the United States-Mexico International Boundary and landed in 
California for reduction processes shall be included in the total 
quota set by these regulations for the southern permit area. 

Not more than one permit shall be issued for 

(c) These regulations shall be set forth in or attached to all permits. 
Permits shall be issued only upon conditions contained in the application 
and signed by the applicant that he has read, understands and agrees to 
be bound by all the terms of the permit. 
shall be given to every person who files a declaration o f  intent pursuant 
to these regulations. 

A copy of these regulations 
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APPENDIX 1 V . A .  

INSTANTANEOUS BIOMASS GROWTH RATE O F  A COHORT 

Stauffer (1973, p .  59) gives a calculation of instantaneous r a t e  

of growth ( G )  where the weight-length relationship i s  isometric and 

growth in length i s  l inear  with time. 

tion based on an examination of S p r a t t ' s  observed (1975) lengths a t  age 

for  ages 2 and older (112 ,  124, 135, 145, 155). A l inear  regression of 

length on age gives 

The l a t t e r  i s  a reasonable assump- 

where 

I t  = l o  + a t  

1 = 91.4 mm 
0 

a = 10.7 mm/year ( r  = 0.99917) 

As shown in section 4 .1 .2 . , . t he  isometric length-weight relationship 

W = c l t  3 

i s  a lso reasonable. 

The spec i f ic  growth  

G = -  3a 
I t  

which i s  plotted i n  

ra te  G i s  

Figure 1 .  

The t rue  average value of G f o r  a population with given l inear  

growth  parameters and F and M can be derived by use o f  the calculus. For 

the present purposes, an approximation i s  suf f ic ien t :  the l i f e  expectancy 

of an exponentially dis t r ibuted variable with decay ra te  M+F-G i s  l/(M+F-G). 

Since f i sh  are  assumed t o  enter the spawning biomass a t  age 1 ,  the average 
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age i s  1 t l/(M+F-G). 

f a i r l y  l i n e a r ,  we can use t h e  approximat ion 

And s i n c e  F igu re  1 shows t h e  f u n c t i o n  G ( l t )  t o  be 

w i t h  It eva lua ted  a t  average age (which ignores  t h e  var iance i n  l eng th -a t -  

age 1 ' 

L e t t i n g  ou r  approximate va lue  o f  E[G] be denoted as i, 

h 

which g i ves  t h e  f o l l o w i n g  t a b l e  o f  values o f  G f o r  var ious  f i s h i n g  r a t e s :  

F 
Mean age 

h o f  spawn- Length a t  
G M- 6 i n g  biomass mean age 

0 0.277 0.783 2.28 115.8 

0.2 0.284 0.776 2.02 113.0 

0.4 0.289 0.771 1.85 111.2 

0.6 0.292 0.768 1.73 109.9 

0.8 0.295 0.765 1.64 108.9 

1 .o 0.297 0.763 1.57 108.2 

OD 0.314 0.746 1 .oo 102.1 

Note t h a t  t h e  c a l c u l a t i o n  does n o t  i n c l u d e  a p o s s i b l e  i nc rease  i n  growth 

r a t e  a t  age due t o  decreased compet i t ion .  These es t imates  o n l y  account 

f o r  t h e  change i n  age s t r u c t u r e .  

anchovies t o  be 75 t o  90 mm a t  age 6 months ( R .  Methot, pers. co rn . ) .  

Recent work on d a i l y  growth r i n g s  shows 

Th is  would suggest t h a t  S p r a t t ' s  ages are somewhat g r e a t e r  than t r u e  age. 

F i s h i n g  m o r t a l i t y  r a t e s  i n  excess o f  0.6 a r e  seldom encountered 
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i n  this s tudy ,  and i n  r e a l i t y ,  true mean age wi l l  t end  t o  vary w i t h  

recruitment s t r e n g t h s .  Moreover, M i s  not  p r e c i s e l y  known (MacCall 1974) 

and i s  only assumed t o  be a cons tan t  1.06. For these reasons,  we have 

used a cons t an t  value o f  0.8 f o r  the q u a n t i t y  M-G, w h i c h  g r e a t l y  simplifies 

the c a l c u l a t i o n s  and should be s u f f i c i e n t l y  precise f o r  our purposes.  
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APPENDIX 1V.B. 

YIELD PER RECRUIT 

A simple Beverton and H o l t  y i e l d  pe r  r e c r u i t  model us ing  i s o m e t r i c  

growth (Gu l land 1969, p. 107) was used t o  examine t h i s  aspect  o f  op t ima l  

f i s h i n g  pressure and age a t  e n t r y .  The f o l l o w i n g  parameters were used: 

n a t u r a l  m o r t a l i t y  M = 1.06 (MacCall 1974) 

von B e r t a l a n f f y  growth L= = 165.52 mm ( S p r a t t  1975) 

k = 0.2987 It 

to = -1.714 years I' 

c o n d i t i o n  f a c t o r  ( i s o m e t r i c )  a = 1.015 x g 

The y i e l d  pe r  r e c r u i t  i s o p l e t h  diagram (F igu re  1 )  g ives  y i e l d  i n  

grams pe r  f i s h  a l i v e  a t  age 0.5. 

n o t  accurate due t o  the  d i s t o r t i o n  imposed by to=-1 .714,  b u t  these very 

young f i s h  a r e  n o t  a v a i l a b l e  t o  be caught i n  any case. 

cons idera t ions  a lone would suggest t h a t  anchovies should be f i s h e d  very 

young and ve ry  hard.  

The bottom o f  t he  i s o p l e t h  diagram i s  

Y i e l d  pe r  r e c r u i t  

The popu la t i on  model pu ts  c e r t a i n  r e s t r i c t i o n s  on t h i s  r e l a t i o n s h i p  

due t o  t h e  r e d u c t i o n  i n  spawning biomass, and t h e r e f o r e  spawning p o t e n t i a l ,  

i f  f i s h i n g  m o r t a l i t y  were h igh.  

The y i e l d  pe r  r e c r u i t  i s o p l e t h  diagram (F igu re  1) g ives  y i e l d  i n  

grams pe r  f i s h  a l i v e  a t  age 0.5 years.  Using the  model i n  Appendix 11, t h e  

y i e l d  curve (T = 0.2) g iven  i n  F igu re  4.7-2 was so lved f o r  e q u i l i b r i u m  

l e v e l s  o f  f i s h i n g  m o r t a l i t y  r a t e  by an i t e r a t i v e  s o l u t i o n  o f  equat ion  ( 2 )  

i n  Appendix 11. From the  popu la t i on  growth model, the  e f f o r t  a t  which FlSY 

occurs (FMsv = 0.41) and e f f o r t  a t  which e x t i n c t i o n  o f  t he  popu la t i on  would 

occur (Fmax = 1.02) show t h a t  a l a r g e  p o r t i o n  o f  t he  y i e l d  per  r e c r u i t  
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i s o p l e t h  diagram i s  o f  l i t t l e  p r a c t i c a l  i n t e r e s t .  Optimal e f f o r t  i s  c e r t a i n l y  

l e s s  than FMCy. 

r e l i a b l e ,  s ince  t h e  von B e r t a l a n f f y  growth curve does n o t  i n d i c a t e  t r u e  growth 

The i s o p l e t h s  a t  age of e n t r y  l ess  than 1 y e a r  a re  very un- 
I I d  

d u r i n g  t h e  f i r s t  y e a r  o f  l i f e .  Noreover, these very young f i s h  a re  n o t  a v a i l a b l e  

t o  be caught i n  any case. Therefore,  t he  diagram i s  u s e f u l  f o r  ages 1 and o l d e r .  

Based on y i e l d  p e r  r e c r u i t  alone, t h e  bes t  s t r a t e g y  would be t o  f i s h  

as hard and as young as poss ib le .  The p o p u l a t i o n  model r e s t r i c t s  t h i s  

s t ra tegy ,  s i n c e  the  spawner - recru i t  r e l a t i o n s h i p  i m p l i e d  i n  the  growth 

h i s t o r y  i s  a more l i m i t i n g  f a c t o r .  

0.2 years  be fo re  age 1 r e s u l t s  i n  a lower  MSY than would be ob ta ined  by 

As shown i n  t h e  p o p u l a t i o n  model, f i s h i n g  

beg inn ing  f i s h i n g  a t  age 1. Therefore,  y i e l d  pe r  r e c r u i t  i s  n o t  an 

impor tan t  c o n s i d e r a t i o n  i n  t h e  anchovy f i s h e r y .  
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APPENDIX V 

NOTAT I ON 
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l i n e a r  growth r a t e  i n  l e n g t h  

a cons tan t  denot ing  exponent va lue a t  t ime = 0 i n  t h e  l o g i s t i c  - 
growth equat ion  

a b b r e v i a t i o n  f o r  a r i t h m e t i c  mean 
mu1 t i p l e  regress ion  c o e f f i c i e n t s  
biomass 
biomass a t  t ime 0 (1950) i n  t h e  l o g i s t i c  growth equat ion  

popu la t i on  growth r a t e ,  t h e  f i r s t  t ime  d e r i v a t i v e  o f  biomass 

s u r v i v i n g  biomass p l u s  rec ru i tmen t  

asymptot ic  biomass i n  t h e  l o g i s t i c  growth equat ion  

a v e c t o r  o f  d i s c r e t e  values o f  biomass 
ca tch  

covar iance 

expected va lue  opera tor  

s t o c h a s t i c  e r r o r  term 
instantaneous r a t e  o f  f i s h i  ng mor ta l  i ty  

instantaneous r a t e  o f  somatic growth i n  we igh t  

a b b r e v i a t i o n  f o r  geometr ic mean 

von B e r t a l a n f f y  growth r a t e  cons tan t  

1 ength 
i n i t i a l  l e n g t h  

von B e r t a l a n f f y  asymptot ic  maximum l e n g t h  
instantaneous r a t e  o f  n a t u r a l  m o r t a l i t y  

number o f  i tems 
a v a i l a b i l i t y ,  as a f r a c t i o n  o f  F f o r  f u l l y  r e c r u i t e d  f i s h  
t h e  c o n d i t i o n a l  p r o b a b i l i t y  o f  observ ing biomass B. a t  t ime  

i n t r i n s i c  r a t e  o f  increase,  growth r a t e  parameter i n  t h e  l o g  
equat ion  
rec ru i tmen t  
rec ru i tmen t  p r o j e c t e d  T years back i n  t ime 

g iven t h a t  t h e  observed biomass a t  t ime T i s  Bi J +1 Y 

s t i c  
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RS S 
t 

t 0  

T 
T 

abbreviation fo r  residual sum of squares 
time of observation 
von Bertalanffy age a t  length zero 
annual reference date ,  March 1 o f  each year 
length of time t h a t  pre-spawners a re  pa r t i a l ly  available 
t o  the f ishery 
vari a w e  
weight 
mean weight of  available pre-spawners 
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APPENDIX V I  

ECONOMIC ASPECTS OF THE ANCHOVY F I S H E R I E S  

Introduction 

T h i s  appendix i s  designed to  provide a more detailed review and 
analysis of the economics o f  anchovies t h a n  could reasonably be i n -  
cluded in the main body o f  the Anchovy Plan. 
i s  pertinent t o  the description and evaluation o f  the commercial re- 
duction fishery.  
towards commercial rather t h a n  recreational i n t e re s t s .  The commercial 
f ishery i s  more eas i ly  subjected t o  quant i ta t ive economic analyses, 
however, and the resul t ing analysis w i l l  involve less  philosophical 
and subjective uncertainty than would an analysis of e i t he r  the 
l ive-ba i t  f ishery o r  the recreational f ishery ( for  predator species) .  
Also, the primary focus o f  the economic analysis wil l  be the annual 
harvest quota policy, which, as proposed i n  the P l a n ,  does not a f f ec t  
the allowable take of l ive-ba i t .  
over, i s  substant ia l ly  assured by the area r e s t r i c t ions ,  s i z e  l imi t s ,  
and seasonal closures proposed f o r  the reduction fishery.  

and canning are  a lso largely ignored i n  the economic analysis.  
provisions of the proposed management measures should assure the con- 
tinuance o f  these f i sher ies  a t  current levels .  
therefore,  i s  the development o f  a defensible,  quant i ta t ive economic 
assessment o f  the proposed a1 ternat ive harvest quota policies for the 
reduction f ishery.  The economic values o f  the reduction fishery can 
then be balanced against potential socio-economic or ecological harm 
t h a t  r n i a h t  accompany an increased commercial harvest o f  anchovies. 

Much of  the material 

This emphasis s h o u l d  n o t  be construed as a bias 

The ava i l ab i l i t y  of  l ive-ba i t ,  more- 

The minor anchovy f i sher ies  fo r  frozen b a i t ,  fresh human consumption, 
Specific 

Of most importance, 
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General Background 

Industrial  f ishery products a re  created by the rendering of whole 
fish, f ish scrap and o f fa l .  
the wet-rendering process, which, as described by Alverson and Broadhead 
(1971) , involves four steps:  

The most prevalent production technique i s  

1.  
2. 

3. 
4. 

The raw fish o r  fish offal  protein is  denatured by steam cooking. 
The  cooked f i sh  i s  pressed i n  order t o  separate a substantial  par t  
of the water and o i l .  
The pressed f i sh  (press cake) i s  dried i n  a rotary dr ie r .  
The dried cake is  ground to  produce a meal, which i s  brought t o  
a point of s t a b i l i t y  by natural oxidation o r  by the addition of 
an antioxidant. 

The l i q u i d  separated from the cake i n  the pressing process, called stickwater 
or press water, contains valuable o i l  , vitamins, water-soluble proteins,  and 
other nu t r i t iona l ly  useful elements. The fish o i l  may be separated from the 
water by centrifuge,  and the remaining water recovered for production of 
solubles. 
percent so l ids .  
may be returned t o  the meal which, a f t e r  fur ther  drying, i s  termed whole meal. 

and such nutr i t ional  elements as riboflavin,  pantothetic acid,  niacin, choline 
and several amino acids. 
acids lysine (4.7 percent i n  anchovy meal compared to  2.96 percent i n  soybean 
and 1.7 percent i n  cottonseed meals) and methionine ( 2 . 0  percent i n  anchovy 
meal as opposed t o  .62 percent i n  soybean and .64 percent in cottonseed meals), 
f i sh  meal i s  a par t icular ly  useful complement t o  vegetable protein meals as a 
consti tuent i n  high-protein animal feeds. The higher concentrations of essential  
amino acids i n  f i sh  meal and the small amounts of calcium and phosphorous as 
well as other nutr i t ional  elements, promote f a s t  growth i n  poultry and f i sh .  

The yield of protein from raw fish depends upon the condition of the 
fish when entered into the reduction plant and upon the anatomical character is t ics  
of the fish species used. 
percent p ro te in ,  while menhaden generally yields about 60 percent protein. 
Meals produced from f ish scrap and offal  yield lower amounts of protein. 
meal, for  example, once contained about 60 percent protein;  b u t ,  as the t u n a  
canners found lucrat ive markets for  pet food and developed e f f i c i en t  methods 
of s t r ipping a l l  usable meat from the f i sh  carcasses for use i n  pet food, the 
protein content dropped t o  55 percent and i s  recently reported t o  be as low 
as 48 percent on occasion. When fish are  caught for reduction they should be 
delivered w i t h i n  12-24 hours depending upon the ambient water temperatures. 
The warmer the storage temperature and the longer the f i sh  are  held pr ior  to  
reduction the more protein is  l o s t  through natural autolysis (Paul Farr, pers. 
corn.) .  D u r i n g  the recent 5-year period, 1971-75, the U.S. anchovy reduction 
plants have averaged .174 tons of  meal for every ton of raw anchovies landed 
for reduction. 

Evaporation of excess water brings the solubles to  about 40-50 
The resul t ing soluble product may be s o l d  separately o r  i t  

The resul t ing meal has a h i g h  level of metabolizable energy (70-74 percent) 

Because of i t s  higher concentration of the amino 

Fresh anchovy, for  instance, generally yields  64-68 

Tuna  
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The o i l  y i e l d  f rom f i s h  r e d u c t i o n  v a r i e s  considerably  depending upon 
t h e  amount o f  f a t  s t o r e d  i n  t h e  f i s h .  For anchovies, f a t  con ten t  and o i l  
y i e l d  tend  t o  be h i g h e s t  p r i o r  t o  spawning a c t i v i t y .  The o i l  y i e l d  v a r i e s  
seasonal ly,  b u t  a1 so dev ia tes  considerably  f rom t h e  t y p i c a l  seasonal p a t t e r n  
i n  some years.  Normal ly t h e  y i e l d  o f  o i l  i s  18-20 ga l l ons  p e r  t o n  o f  raw 
f i s h  i n  September, b u t  may drop t o  2-5 g a l l o n s / t o n  i n  February, March and 
A p r i l .  Dur ing t h e  5-year per iod,  1971-75, t h e  C a l i f o r n i a  r e d u c t i o n  p l a n t s  
have averaged 76.8 pounds o f  o i l  p e r  t o n  o f  anchovies landed f o r  r e d u c t i o n  
(equi  v a l e n t  t o  9.9 ga l  1 ons/ t o n ) .  

Demand and Pr i ces  f o r  Anchovy Products 

The annual ha rves t  quotas o f  t h e  anchovy management p l a n  w i l l  i n f l u e n c e  
t h e  a v a i l a b l e  supp l i es  o f  anchovy r e d u c t i o n  products.  
economic e f f e c t s  o f  any ha rves t  p o l i c y ,  t h e r e f o r e ,  i t  i s  necessary t o  examine 
t h e  impact o f  t h e  p rospec t i ve  ha rves t  quotas on t h e  markets f o r  f i s h  r e d u c t i o n  
products g e n e r a l l y  and on t h e  West Coast markets i n  p a r t i c u l a r .  A conceptual 
framework f o r  t h i s  examinat ion i s  p rov ided  by t h e  economic theo ry  o f  compe- 
t i t i v e  markets. The theo ry  asse r t s  t h a t  f o r  any t raded  good t h e r e  i s  a demand 
schedule i n d i c a t i n g  t h e  r a t e  o f  purchases t h a t  w i l l  occur a t  any market p r i c e .  
The well-known "law o f  demand" f u r t h e r  asse r t s  t h a t  t h e  r a t e  o f  purchases 
( i . e .  , t h e  q u a n t i t y  demanded) w i l l  be n e g a t i v e l y  r e l a t e d  t o  t h e  p r e v a i l i n g  
market p r i c e .  
downward t o  t h e  r i g h t .  A pr ime o b j e c t i v e  o f  q u a n t i t a t i v e  demand a n a l y s i s  
i s  t h e  e s t i m a t i o n  o f  t h i s  demand curve. 

To eva lua te  t h e  

Put  s imply,  t h e  demand curve (as dep ic ted  i n  F igu re  1) slopes 

Market pr ices,accord ing t o  economic theory,  a re  determined by t h e  
ba lanc ing  of demand and supply.  For sma l le r  suppl ies,  t h i s  balance occurs 
a t  h i g h e r  p r i c e s ;  f o r  a l a r g e r  supply t h e  balance occurs a t  a lower  p r i c e .  
I t  can be p red ic ted ,  t h e r e f o r e ,  t h a t  t h e  management o f  anchovy harvests  w i l l  
a f f ec t  market p r i c e s .  Thus, q u a n t i t a t i v e  a n a l y s i s  o f  demand f o r  anchovy 
r e d u c t i o n  products  should c o n t r i b u t e  t o  o u r  understanding o f  how t h e  market 
p r i c e s  a r e  l i k e l y  t o  be a f f e c t e d  by t h e  ha rves t  p o l i c y .  Furthermore, t h e  
demand a n a l y s i s  w i l l  a s s i s t  i n  assessing t h e  degree t o  which t h e  needs and 
des i res  o f  producers and consumers w i l l  be s a t i s f i e d  by t h e  p roduc t i on  a l lowed 
under t h e  anchovy management p lan.  U l t i m a t e l y ,  t h e  economic va lue o f  t h e  
anchovy ha rves t  i s  con t ingen t  upon t h e  need f o r  anchovy products i n  t h e  pro-  
d u c t i o n  o f  va r ious  end-products f o r  consumers. As a general  r u l e ,  t h e r e  a r e  
o t h e r  products  i n  compe t i t i on  w i t h  any i n t e r m e d i a t e  good such as anchovy meal 
o r  o i l  , and t h e  supp l i es  o r  p r i c e s  o f  these c o m p e t i t i v e  goods w i l l  determine 
t o  some e x t e n t  t h e  l e v e l  o f  demand f o r  anchovy products.  
q u a n t i t a t i v e  a n a l y s i s  o f  demand must cons ide r  t h e  degree t o  which o t h e r  
products  a r e  s u b s t i t u t a b l e  f o r  anchovy products  and must es t ima te  t h e  probable 
e f f e c t  o f  v a r i a t i o n s  i n  supp l i es  o f  s u b s t i t u t e  products  on t h e  demand f o r  
anchovy products.  

O f  t h e  t h r e e  products,  f i s h  meal, f i s h  o i l  and f i s h  so lub les,  o n l y  t h e  
meal markets have been subjected t o  q u a n t i t a t i v e  a n a l y s i s  i n  r e c e n t  years 
(see Hav l i cek  and Ccama 7977; Spangler 1971). 
f i s h  meal markets, and t e c h n i c a l  d iscuss ions o f  a l l  f i s h e r y  i n d u s t r i a l  pro- 

Accord ing ly ,  a 

General d e s c r i p t i o n s  o f  w o r l d  
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ducts,  however, p rov ide  a d d i t i o n a l  use fu l  background m a t e r i a l  f o r  t h e  
a n a l y s i s  o f  demand and p r i c e s  (see Alverson and Broadhead 1971; KoThonen 
1974; and K a r r i c k  1963). 
a r e  i ssued r e g u l a r l y  by t h e  U.S. Department o f  Commerce, Na t iona l  Marine 
F i s h e r i e s  Serv i ce  (NMFS) through i t s  c u r r e n t  Economic Ana lys i s  s e r i e s  and 
by  t h e  Food and A g r i c u l t u r a l  Organ iza t i on  (FAO) o f  t h e  Un i ted  Nat ions  through 
i t s  annual Commodity Review and Out look s e r i e s .  The analyses, d e s c r i p t i v e  
m a t e r i a l s ,  and data s e r i e s  p rov ided by these papers and b u l l e t i n s  were re -  
viewed and combined w i t h  a d d i t i o n a l  i n f o r m a t i o n  f rom i n d u s t r y  spokesmen i n  
southern C a l i f o r n i a  i n  ana lyz ing  t h e  demand f o r  anchovy products.  

N a r r a t i v e  accounts and data on p roduc t i on  and p r i c e s  

World Markets 

F i s h  meal i s  t raded  i n t e r n a t i o n a l l y  w i t h  t h e  major e x p o r t i n g  na t i ons  o f  
Peru, Norway, South A f r i c a ,  Ch i l e ,  Denmark and Ice land,  supp ly ing  s u b s t a n t i a l  
q u a n t i t i e s  t o  t h e  major  consuming na t i ons  o f  t h e  Un i ted  Sta tes ,  t he  Federal 
Republ ic o f  Germany, t h e  Un i ted  Kingdom, Poland, I t a l y  and Japan. As i n -  
d i c a t e d  i n  Table 1, t h e  q u a n t i t y  o f  f i s h  meal be ing  produced annua l l y  increased 
from around 2.2 m i l l i o n  tons i n  1960 t o  6.0 m i l l i o n  tons i n  1970 and then 
dec l i ned  t o  4.8 m i l l i o n  tons i n  1975. Much o f  t h e  inc rease and subsequent 
decrease was r e l a t e d  t o  t h e  growth and d e c l i n e  o f  t h e  f i s h  meal i n d u s t r y  i n  
Peru. A l so  shown i n  Table 1 a re  the  es t imated  worldwide annual p roduc t i on  
f i g u r e s  f o r  soybean and o t h e r  vegetable o i l  cake meals. 
o i l  cake meals has shown a rough ly  un i fo rm r a t e  o f  inc rease s i n c e  1960. 

World p roduc t i on  o f  

The most common use o f  f i s h  meal wor ldwide i s  as a p r o t e i n  supplement 
i n  animal feeds, p r i m a r i l y  p o u l t r y  feed. The meal i s  combined w i t h  vegetable 
p r o t e i n  meals, g r a i n s  and o t h e r  n u t r i t i o n a l l y  impor tan t  i n g r e d i e n t s  t o  form 
a h i g h  p r o t e i n  feed. Feed mixers supp ly ing  major p o u l t r y  growers employ 
p ro fess iona l  n u t r i t i o n i s t s  t o  fo rmu la te  t h e  animal feeds such t h a t  a l l  major 
n u t r i t i o n a l  needs o f  t h e  f e d  animals a re  met a t  lowest  cost .  Th i s  means t h a t  
a t a r g e t  n u t r i t i o n a l  p r o f i l e  ( i n  terms o f  c a l o r i e s ,  amino acids,  v i tamins ,  
m ine ra l s  and so f o r t h )  p r o v i d i n g  t h e  f a s t e s t  growth o f  t h e  animals i s  s e t  
and t h a t  each p o t e n t i a l  i n g r e d i e n t  i s  analy'zed f o r  i t s  n u t r i t i o n a l  c o n t r i b u t i o n  
t o  t h e  mixed feed. Depending upon t h e  p r i c e s  a t  which t h e  i n g r e d i e n t s  can be 
bought, more o r  l e s s  o f  a g iven  i n g r e d i e n t  w i l l  be i nc luded  i n  t h e  formula.  
F i sh  meal g e n e r a l l y  c o n s t i t u t e s  2 t o  10 percent  o f  t h e  formula.  When more 
than 10 percent  f ishmeal i s  used i t  tends t o  imbue t h e  animal f l e s h  w i t h  a 
f i s h y  f l a v o r .  A t  l e s s  than 2 percent,  t h e  f i s h  meal may f a i l  t o  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  n u t r i t i o n  and growth. 

Un i ted  S ta tes  feed producers have used advanced l e a s t - c o s t  f o rmu la t i ons  
f o r  many years,  w h i l e  Western Europeans seem t o  have adopted t h e  l e a s t - c o s t  
methods more r e c e n t l y .  It can be expected, t he re fo re ,  t h a t  low, worldwide 
p r i c e s  f o r  f i s h  meal w i l l  induce users t o  approach t h e  maximum i o  percent  o f  
meal i n  feed mixes. Conversely, an inc rease i n  p r i c e  w i l l  induce a r e l a t i v e l y  
r a p i d  s u b s t i t u t i o n  o f  o t h e r  p r o t e i n  supplements. Also,  when t h e  p r i c e  of 
f i s h  meal i s  s u f f i c i e n t l y  h i g h  r e l a t i v e  t o  those o f  o t h e r  p r o t e i n  supplements, 
some feed mixers  w i l l  abandon t h e  use o f  f i s h  meal e n t i r e l y ,  even a t  t h e  
s a c r i f i c e  o f  growth r a t e s  i n  t h e  f e d  animals. 
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World f i s h  o i l  expo r t s  a re  concentrated i n  t h e  major f i s h  meal 
producing na t i ons  o f  Peru, Japan, Denmark, Norway, Ice land,  South A f r i c a ,  
and t h e  Un i ted  Sta tes .  Both Japan and t h e  Un i ted  Sta tes  tend t o  expor t  
much o f  t h e i r  f i s h  o i l  p roduc t i on  w h i l e  being n e t  impor te rs  o f  f i s h  meal. 
The major impor te rs  o f  f i s h  o i l  a r e  t h e  Netherlands, t h e  Un i ted  Kingdom, 
and t h e  Federal Republ ic o f  Germany. 

World p roduc t i on  o f  f i s h  o i l ,  ma in l y  as a by-product of f i s h  meal 
p roduc t ion ,  was 2131 m i l l i o n  pounds (FAO, 1976) i n  1975. World f i s h  o i l  
expor ts  i n  1975 were o n l y  12% o f  t h e  w o r l d  vegetable o i l  expor ts  (Table 5) .  
According t o  Fineberg and Johanson (1967), over  75% o f  a l l  f i s h  o i l  p ro -  
duced i s  used f o r  e d i b l e  purposes. I n  Europe, f i s h  o i l s  a re  used i n  con- 
sumable produc ts  such as margarine, shor ten ing ,  and cooking o i l s .  
consumable use, t h e  major  s u b s t i t u t e s  f o r  f i s h  o i l  a r e  soybean, peanut, 
sunf lower,  sa f f l ower ,  cottonseed, palm and o l i v e  o i l s ,  as w e l l  as b u t t e r  
and l a r d .  F i s h  o i l  i s  r e f i n e d  and de-odor ized f o r  consumption use, and 
thus i s  h i g h l y  s u b s t i t u t a b l e  w i t h  vegetable o i l s .  

For 

The use o f  f i s h  o i l s  f o r  human consumption i n  t h e  Un i ted  Sta tes  i s  
n o t  p e r m i t t e d  by t h e  Food and Drug Admin i s t ra t i on .  
and Johanson (1967), f i s h  o i l  i s  considered t o  be an unacceptable con- 
sumption produc t  i n  t h e  Un i ted  Sta tes  because t h e  raw m a t e r i a l s  used i n  
t h e  r e d u c t i o n  process a r e  n o t  comple te ly  e d i b l e .  
f i s h  o i l  i s  used domes t i ca l l y  i n  va r ious  i n d u s t r i a l  products such as p a i n t s  
and varnishes, l ino leum,  l e a t h e r  t reatments,  p r i n t i n g  i nks ,  l u b r i c a n t s  
and greases. The major competing o i l s  f o r  i n d u s t r i a l  use i n c l u d e  l i nseed ,  
soybean, cas to r ,  sa f f lower  and tung o i l .  U.S. f i s h  o i l  p roduc t i on  was 
o n l y  2% o f  vegetable o i l  p roduc t i on  i n  1976. For many i n d u s t r i a l  uses, 
t h e  spec ia l  q u a l i t i e s  o f  f i s h  o i l  make i t s  use p r e f e r e d  t o  t h e  use of com- 
p e t i n g  vegetable o i l s .  

According t o  Fineberg 

According t o  Gryer (1963), 

The s t a t u s  o f  f i s h  p r o t e i n  concent ra te  (FPC) i n  t h e  f u t u r e  w i l l  p ro-  
bab ly  g r e a t l y  a f f e c t  t h e  w o r l d  market s i t u a t i o n  f o r  f i s h  o i l .  

Because f i s h  so lub les  a re  unimportant i n  wor ld  t rade,  t h e  Food and 
A g r i c u l t u r e  Organ iza t i on  does n o t  r e p o r t  separate p roduc t i on  o r  expor t /  
impor t  s t a t i s t i c s  f o r  meal and so lub les .  Producers i n  Peru tend t o  add 
t h e  condensed f i s h  so lub les  back i n t o  t h e  meal. 
o f  meal by 15 t o  20 percent  (A lverson and Broadhead 1971 , p.1).  It i s  
assumed, the re fo re ,  t h a t  f i s h  so lub les  do n o t  c o n s t i t u t e  a s i g n i f i c a n t  
i t e m  o f  w o r l d  t rade.  

Th is  increases t h e  y i e l d  

The ex i s tence  of a major wor ld  market i n  f i s h  meal and o i l  has an 
impor tan t  imp1 i c a t i o n  f o r  t h e  U.S. i n d u s t r y .  Domestic supp l i es  a r e  
s u b j e c t  t o  t h e  i n s t a b i l i t i e s  o f  f o r e i g n  f i s h e r i e s .  Impor ts  f rom Peru, 
i n  p a r t i c u l a r ,  have v a r i e d  w i d e l y  due t o  f l u c t u a t i o n s  i n  t h e  abundance 
of Peruvian anchoveta. Dur ing  t h e  1960's domestic impor ts  o f  Peruvian 
meal grew s t e a d i l y  t o  a peak o f  635.9 thousand s h o r t  tons i n  1968, dropped 
t o  218.1 i n  1969 and t o  153.1 thousand tons i n  1970. Impor ts  inc reased 
t o  352.2 thousand s h o r t  tons, on1 

supply i nc rease  s u b s t a n t i a l l y ,  domestic meal p r i c e s  tend t o  decrease and, 
converse ly  , c o n t r a c t i o n s  i n  f o r e i g n  supply 1 ead t o  inc reases  i n  domestic 
meal p r i c e s .  

t o  c o l l a p s e  once a a i n  t o  41.8 and 
29.4 thousand tons i n  1973 and 19 T 4, r e s p e c t i v e l y .  Wzen f o r e i g n  sources of 
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Un i ted  S ta tes  Market f o r  F i s h  Meal 

As p r e v i o u s l y  noted, f i s h  meal and so lub les  a r e  consumed i n  t h e  Un i ted  
Sta tes  f o r  p r o t e i n  feed mixes. 
f o r  t h e  years  s i n c e  1955 a r e  l i s t e d  i n  Table 2. Suppl ies o f  o i l s e e d  meal 
and t o t a l  h i g h - p r o t e i n  feed e x h i b i t  moderately r i s i n g  t rends  w h i l e  f i s h  
meal and animal p r o t e i n  meals general l y  exh i  b i t  some annual f l  uc tua t i ons  
b u t  no general growth over  t h e  l a s t  20 years. I t  i s  s i g n i f i c a n t  t h a t  f i s h  
meal c o n s t i t u t e s  but a smal l  p o r t i o n  o f  t h e  a v a i l a b l e  t o t a l  supp l ies .  The 
importance o f  f i s h  meal f o r  t h e  p o u l t r y  feed i n d u s t r y ,  however, b e l i e s  i t s  
r e l a t i v e l y  i n s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  n a t i o n a l  supply o f  p r o t e i n  meals 

The n a t i o n a l  supp l i es  o f  h i g h - p r o t e i n  feed 

The va r ious  types o f  meals g e n e r a l l y  t r a d e  on a p r o t e i n - e q u i v a l e n t  
That i s ,  a comparison o f  two meals c o n t a i n i n g  d i f f e r e n t  p r o t e i n  bas is .  

concent ra t ions  i s  accomplished by m u l t i p l y i n g  the  amount o f  each meal 
(p roduc t  we igh t )  by t h e  percentage o f  p r o t e i n  i n  t h e  meals. Consequently, 
t o t a l  supply o f  f i s h  meal i s  b e s t  expressed as t h e  amount o f  p r o t e i n  supp l i ed  
r a t h e r  than as t h e  t o t a l  p roduc t  we igh t  o f  t h e  var ious  meals. The t o t a l  
supply o f  f i s h  meal p r o t e i n  and t h e  supp l i es  o f  t h e  var ious  meals i n  t h e  
Un i ted  Sta tes  d u r i n g  t h e  l a s t  two decades a r e  shown i n  Table 3. Annual 
average p r i c e s  f o r  var ious  f i s h  meals and f o r  domestic soybean meal a r e  
l i s t e d  i n  Table 4, where t h e  average p r i c e  pe r  u n i t  p r o t e i n  i n  f i s h  meals 
r e f l e c t s  t h e  n a t i o n a l  average p r i c e  p e r  u n i t  p r o t e i n .  

The demand f o r  f i s h  meal i n  the  Un i ted  Sta tes  i s  r e l a t e d  t o  t h e  p r i c e  
o f  meal and t h e  p r i c e  o f  t h e  most common s u b s t i t u t e  f o r  f i s h  meal, soybean 
meal. I f  t h e  economic theo ry  o f  compe t i t i ve  markets i s  a reasonable model 
o f  market behav io r  f o r  p r o t e i n  feeds, then i t  i s  expected t h a t ,  on the  
average, l a r g e r  domestic supp l i es  o f  f i s h  meal and lower  soybean meal p r i c e s  
would be assoc ia ted  w i t h  lower  f i s h  meal p r i c e s .  To i n v e s t i g a t e  t h i s  prop- 
o s i t i o n  t h e  average p r i c e  p e r  u n i t  p r o t e i n  i n  f i s h  meal and i n  soybean meal 
were d e f l a t e d  and t h e  f o l l o w i n g  reg ress ion  equat ion  was computed ( t - va lues  
i n  parentheses) : 

Pm = 1.97 - .0034 FMPUaS + 1. 177*SOYBPR, 

(4.641 ) (-4.245) (12.695) 

where t h e  dependent v a r i a b l e ,  Pmy i s  domestic average f i s h  meal p r i c e  p e r  
u n i t  p r o t e i n ,  FMPu-s. i s  f i s h  meal p r o t e i n - e q u i v a l e n t  apparent consumption, 
and SOYBPR i s  domestic average soybean meal p r i c e .  The squared m u l t i p l e  
c o r r e l a t i o n  c o e f f i c i e n t  (R2) has a h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  (F-  
s t a t i s t i c  w i t h  19 and 2 degrees o f  freedom i s  93.5) va lue  o f  .908. Also,  
t he  t h r e e  regress ion  c o e f f i c i e n t s  a r e  s i g n i f i c a n t  by t h e  o n e - t a i l e d  t - t e s t .  
( A  t v a l u e  o f  1.75 i s  r e q u i r e d  f o r  95% conf idence.)  Both o f  t h e  p r i o r  ex- 
pec ta t i ons  f rom market t heo ry  a re  supported by t h i s  s t a t i s t i c a l  evidence. 
The nega t i ve  c o e f f i c i e n t  f o r  f i s h  meal p r o t e i n  q u a n t i t y  i n d i c a t e s  t h a t  g rea te r  
supp l i es  o f  meal tend, on t h e  average, t o  depress p r i c e s .  Also, t h e  p r e d i c t e d  
p o s i t i v e  e f f e c t  o f  soybean p r i c e s  on f i s h  meal p r i c e s  i s  r e f l e c t e d  i n  the  
p o s i t i v e  va lue  o f  t h e  soybean p r i c e  c o e f f i c i e n t .  
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The regression equation i s  depicted i n  Figure 1 ,  where a change in soy- 
bean meal price i s  shown to  cause a substantial  s h i f t  i n  the demand curve 
fo r  domestic f i sh  meal. 
soybean ~ a l  substant ia l ly  above i t s  typical range. 
of fish meal protein was approximately double i t s  more usual level .  
any wide swings i n  vegetable meal prices a re  expected t o  encourage a greater 
demand fo r  fish meal. 
any dramatic increase i n  demand will be ref lected i n  higher prices.  

and neighboring s t a t e s ,  the existence of a re la t ive ly  isolated and independent 
market f o r  meal produced from the northern anchovy i s  postulated. 
California market i s  isolated from the miciwestern markets by aistance and 
f re ight  charges. The cost  of transpo.rti-ng a ton o f  soybean meal from Decatur, 
I l l i n o i s  to  California markets i s  approximately $45.30. Also, there i s  no 
s igni f icant  California soybean crop, b u t  there i s  a large cottonseed crop. 
T h u s ,  West Coast poultry growers a re  unlikely t o  buy e i t h e r  East or Gulf 
Coast fish meal o r  midwestern soybean meal unless local supplies of f i sh  
meal and cottonseed meal are  e i the r  i n  short  supply o r  exceedingly expensive. 
Another pertinent factor  i s  the re la t ive ly  low concentration of lysine 
in cottonseed meal as compared t o  soybean meal. To a feed mixer 
using local supplies of cottonseed meal in California,  the addition of f i sh  
meal i s  qui te  impor tan t  because the best  a l te rna t ive  source of supplemental 
lysine and methionine ( i . e . ,  soybean meal) i s  available only a t  prices 
inf la ted  by transportation charges. 
fo r  freshwater and anadromous f i sh  species i s  heavily localized in the West 
Coast s t a t e s ,  and anchovy meal (o r  a high-protein a l te rna t ive  such as herring 
meal) i s  preferred t o  the tuna meal or menhaden meal. According t o  industry 
sources, about 20% or 3,500 tons of the annual anchovy meal production is  
sold t o  f i sh  feed manufacturers located primarily i n  Utah and Idaho. 

In only 1 year,  1973, was the price of domestic 
Also, i n  1973, the price 

Thus, 

Given re la t ive ly  fixed f i sh  meal supplies,  furthermore, 

Because domestic anchovy meal i s  consumed primarily in Cal iforlria 

The 

Finally,  the production of feed mixes 

As a consequence of the foregoing fac tors ,  the West Coast market fo r  
anchovy meal should operate somewhat independently. The independence from 
the national market should be ref lected in price movements of California- 
produced meal r e l a t ive  t o  national average prices.  The price of California 
meal should be re la t ive ly  higher when California meal i s  in short  supply, 
and should be re la t ive ly  lower when local supplies a re  abundant. 
following regression equation provides s t a t i s t i c a l  support fo r  these expectations. 

The 

= 1.082 - ,0048 CFMP; 
PCALFM (4.56) (4.83) 

where the dependent variable,  PCALFM, i s  the price of California f i sh  meal 
(tuna and anchovy meal) per uni t  protein divided by the U.S. average pr ice ,  
and the independent variable,  CFMP, i s  annual production of t u n a  and anchovy 
meal i n  California in protein-equivalent uni ts .  
t ion coeff ic ient  (R2)  has a s t a t i s t i c a l l y  s ign i f icant  value of .538 ( the  
F - s t a t i s t i c  w i t h  20 and 1 degrees of  freedom i s  23.29).  

The squared multiple correla- 
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. 1  

The reg ress ion  equat ion  p l o t t e d  i n  F igu re  2 represents  t h e  C a l i f o r n i a  
demand f o r  l o c a l  f i s h  meal. As expected, l a r g e r  l o c a l  supp l i es  of f i s h  meal 
tend, on the  average, t o  depress l o c a l  p r i c e s  r e l a t i v e  t o  the  n a t i o n a l  
average p r i c e  f o r  f i s h  meal. I f  t h e  C a l i f o r n i a  p r i c e  were t o  f a l l  way below 
o r  way above t h e  n a t i o n a l  average f i s h  meal p r o t e i n  p r i c e ,  t he re  would be 
d e f i n i t e  economic i n c e n t i v e s  f o r  i n t e r - r e g i o n a l  shipments of meal. A 
widening o f  t h e  market would a t tenua te  the  r e l a t i v e  p r i c e  movement f o r  
Ca l i f o rn ia -p roduced  f i s h  meals. I t  i s  n o t  s u r p r i s i n g ,  there fore ,  t h a t  t h e  
C a l i f o r n i a  p r i c e  r e l a t i v e  t o  t h e  U.S. average p r i c e  f a l l s  i n  the  narrow range 
o f  .8 t o  1.1. 
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MarkE!t f o r  F i s h  O i l  

*- 

I 

The demand f o r  f i s h  o i l  was i n v e s t i g a t e d  f o r  bo th  t h e  U n i t e d  Sta tes  
market and t h e  w o r l d  market. These markets a re  d i s t i n c t ;  t he  U.S.  
market demands o i l  o n l y  f o r  i n d u s t r i a l  use, w h i l e  the  w o r l d  market 
demands a m a j o r i t y  of f i s h  o i l  f o r  consumption use. 
o i l s  comprise t h e  major  s u b s t i t u t e s  f o r  f i s h  o i l s ,  as has been p r e v i o u s l y  
noted. The w o r l d  market p roduc t ion ,  expor ts  and p r i c e s  o f  f i s h  and 
vegetable o i l  f o r  1958-1975 a r e  l i s t e d  i n  Table 5. I nc luded  i n  t h e  
vegetable o i l  ca tegory  f o r  w o r l d  expor ts  a r e  t h e  f o l l o w i n g  o i l s ,  a l l  of 
which a r e  s u b s t i t u t e s  f o r  f i s h  o i l  t o  some degree: soybean o i l ,  c a s t o r  
o i l ,  cot tonseed o i l ,  groundnut o i l ,  l i n s e e d  o i l  and palm o i l .  World 
expor ts  o f  f i s h  o i l  equa l l ed  12% o f  vegetable o i l  expo r t s  i n  1975. The 
p roduc t i on  and p r i c e  f i g u r e s  f o r  f i s h  and vegetable o i l  f o r  t he  U n i t e d  
S ta tes  a re  l i s t e d  i n  Table 6. The vegetable o i l s  i nc luded  f o r  U.S. 
p roduc t i on  a r e  soybean, cot tonseed, and l i n s e e d  o i l .  The U.S.  share 
o f  t o t a l  f i s h  o i l  p roduc t i on  i s  r e l a t i v e l y  smal l ,  approx imate ly  10% of 
w o r l d  p roduc t i on .  
w i l l  have l i t t l e  i n f l u e n c e  on t h e  much l a r g e r  w o r l d  market.  

Var ious vegetable 

It can be p o s t u l a t e d  t h a t  t h e  U.S.  f i s h  o i l  market 

The demand f o r  f i s h  o i l  i n  t he  U n i t e d  Sta tes  i s  n o t  determined 
i n  i s o l a t i o n  by t h e  U.S.  p r i c e  and p roduc t i on  o f  f i s h  o i l  and vegetable 
o i l s .  
market.  The w o r l d  market i s  expected t o  behave accord ing  t o  t h e  economic 
theo ry  o f  c o m p e t i t i v e  markets, w i t h  t h e  p r i c e  f o r  f i s h  o i l  be ing  de te r -  
mined by t h e  supply o f  f i s h  o i l  and t h e  p r i c e  o f  vegetable o i l  s u b s t i -  
t u t e s .  

The p r i c e  o f  f i s h  o i l  w i l l  most l i k e l y  be determined i n  the  w o r l d  

The U.S. demand f o r  f i s h  o i l  was i n v e s t i g a t e d  us ing  reg ress ion  
a n a l y s i s  and i t  was found t h a t ,  as expected, U.S. f i s h  o i l  p r o d u c t i o n  
and p r i c e  were n o t  s i g n i f i c a n t l y  r e l a t e d .  
and p r i c e  were a l s o  n o t  s i g n i f i c a n t l y  r e l a t e d  t o  U.S. vegetable o i l  
p r i c e s .  Th is  was t r u e  bo th  f o r  t o t a l  U.S. f i s h  o i l  p roduc t ion ,  and 
f o r  U.S. anchovy f i s h  o i l  p roduc t ion .  Th is  i s  n o t  s u r p r i s i n g  s i n c e  
t h e  U.S. f i s h  o i l  market i s  cons ide rab ly  s m a l l e r  than the  w o r l d  market. 
The average weighted p r i c e ,  bo th  ac tua l  and d e f l a t e d ,  o f  U.S.  f i s h  
o i l  f l u c t u a t e s  f rom y e a r  t o  year ,  b u t  these f l u c t u a t i o n s  do n o t  appear 
t o  be s t a t i s t i c a l l y  r e l a t e d  t o  domestic p roduc t i on  f l u c t u a t i o n s .  

The U.S. f i s h  o i l  p roduc t i on  

The w o r l d  demand f o r  f sh o i l  was a l s o  i n v e s t i g a t e d  f o r  t h e  years  
The average weighted p r i c e s  o f  1950-1975 us ing  reg ress ion  a n a l y s i s .  

f i s h  o i l  and vegetable o i l  were d e f l a t e d ,  and t h e  f o l l o w i n g  i n v e r s e  
demand equat ion  was es t imated ( t - v a l u e s  i n  parentheses) : 

.0609 - .00008605 FOXwl d + . I 5 1  29 VEGPwl 
Fopwl d= (1.337) (-3.457) (5.531 5)  
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where FOPwld i s  w o r l d  f i s h  o i l  average weighted expor t  p r i c e ;  FOXwld i s  
w o r l d  f i s h  o i l  exports,  and VEGPwld i s  w o r l d  vegetable o i l  averaqe 
weighted p r i c e .  The squared mu1 t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  ( R 2 )  
w i t h  a s i g n i f i c a n t  va lue  of .7117, i n d i c a t e s  a good f i t  f o r  t h e  reg ress ion  
equat ion  ( F - s t a t i s t i c  w i t h  23 and 2 degrees o f  freedom i s  28.4). 
reg ress ion  c o e f f i c i e n t s  f o r  t he  two parameters a r e  s t a t i s t i c a l l y  s i g n i -  
f i c a n t  a t  95% conf idence ( t - v a l u e  o f  1.71 r e q u i r e d ) .  The cons tan t  term 
i s  i n s i g n i f i c a n t ,  b u t  t h i s  i s  n o t  impor tan t  t o  t h i s  a n a l y s i s .  
reg ress ion  equat ion  supports t h e  con ten t i on  t h a t  wor ld  f i s h  o i l  p r i c e  
and q u a n t i t y  a r e  r e l a t e d .  The w o r l d  demand f o r  f i s h  o i l  f i t s  t he  eco- 
nomic model f o r  compe t i t i ve  market behavior,  t h a t  i s ,  g r e a t e r  supp l i es  
o f  f i s h  o i l  have a nega t i ve  e f f e c t  on p r i c e s .  The reg ress ion  r e s u l t s  
a l s o  suppor t  t he  hypothesis t h a t  s u b s t i t u t e  vegetable o i l  p r i c e s  a re  
p o s i t i v e l y  r e l a t e d  t o  f i s h  o i l  p r i c e s .  Thus, i t  i s  shown t h a t  f l u c t u a t i o n s  
i n  t h e  w o r l d  f i s h  o i l  p roduc t i on  w i l l  r e s u l t  i n  corresponding f l u c t u a t i o n s  
i n  p r i c e .  

The 

Th is  

As was s t a t e d  p rev ious l y ,  a s i m i l a r  r e l a t i o n s h i p  between U.S. f i s h  
o i l  p r i c e  and q u a n t i t y  was n o t  observed f o r  t h e  U.S. market. However, 
when t h e  r e l a t i o n s h i p  between U.S. f i s h  o i l  p r i c e  and w o r l d  f i s h  o i l  
p roduc t i on  and wor ld  vegetable o i l  p r i c e  was i n v e s t i g a t e d  f o r  t h e  years 
1966-1975, s i g n i f i c a n t  s t a t i s t i c a l  r e s u l t s  were found. The f o l l o w i n g  
equat ion  represents t h i s  r e l a t i o n s h i p  ( t - va lues  i n  parentheses) : 

AFOPuS - - .12207 - 5.328 FOQwld 4- .0814 VEGPwl 
(2.2056) (-2.1825) (5.746) 

where AFOPus i s  anchovy f i s h  o i l  average weighted p r i c e ,  U.S., FOQwld i s  
w o r l d  f i s h  o i l  p roduc t i on  and VEGPwld i s  w o r l d  vegetable o i l  average 
weighted p r i c e .  The squared mu1 t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  (R2) 
i n d i c a t e s  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  a va lue  o f  .854 
( F - s t a t i s t i c  o f  2 and 7 degrees o f  freedom i s  20.477). 
g ress ion  c o e f f i c i e n t s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  95% conf idence 
by the  o n e - t a i l e d  t - t e s t  ( t - v a l u e  o f  1.89 r e q u i r e d ) .  This r e s u l t  i n d i c a t e s  
t h a t  t h e r e  i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  between U.S. anchovy 
f i s h  o i l  p r i c e ,  w o r l d  f i s h  c i i l  p roduc t i on  and w o r l d  vegetable o i l  p r i c e .  
The r e l a t i o n s h i p s  a re  o f  t h e  p r e d i c t e d  sign--a nega t i ve  r e l a t i o n s h i p  w i t h  
w o r l d  f i s h  o i l  p roduc t i on  and a p o s i t i v e  r e l a t i o n s h i p  w i t h  w o r l d  vege- 
t a b l e  o i l  p r i c e .  Th is  i n d i c a t e s  t h a t  any f l u c t u a t i o n s  i n  the  w o r l d  supply 
of f i s h  o i l  o r  f l u c t u a t i o n s  i n  w o r l d  vegetable o i l  p r i c e s  w i l l  cause the  
domestic anchovy f i s h  o i l  p r i c e  t o  f l u c t u a t e .  

A l l  o f  t he  r e -  
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Produc t ion  Costs 

The cos ts  o f  producing anchovy r e d u c t i o n  products  occur  a t  b o t h  t h e  
ha rves t i ng  and process ing  stages. The harves ters  i n c u r  c a p i t a l  cos ts  r e l a t e d  
t o  the  purchase and maintenance o f  f i s h i n g  vessels,  as w e l l  as o p e r a t i n g  
cos ts  r e l a t e d  t o  t h e  amount o f  f i s h i n g  done. S i m i l a r l y ,  p rocessors '  c a p i t a l  
cos ts  a r e  r e l a t e d  t o  t h e  s i z e  and number of  r e d u c t i o n  p l a n t s  i n  p lace.  
Operat ing cos ts  f o r  t h e  r e d u c t i o n  p l a n t s  a r e  r e l a t e d  t o  t h e  amount o f  t ime 
the  p l a n t s  a r e  a c t u a l l y  u t i l i z e d  t o  produce meal, o i l  and so lub les .  
t i v e  est imates o f  these cos ts  a r e  de r i ved  from a recen t  s tudy  o f  t h e  anchovy 
and j a c k  mackerel f i s h e r i e s  by E a r l  R .  Combs, Inc .  

Q u a n t i t a -  

The f l e e t  o f  vessels  f i s h i n g  f o r  anchovy i s  ve ry  d i v e r s e  bo th  i n  vessel  
s i z e  and i n  p r o p o r t i o n  o f  t he  f i s h i n g  yea r  devoted t o  f i s h i n g  f o r  anchovy. 
Rather than es t ima te  a c t u a l  vessel  opera t ions  and o p e r a t i n g  cos ts  i n  g rea t  
d e t a i l  f o r  t h e  v a r i e t y  o f  vessels  and f i s h i n g  s t r a t e g i e s  used i n  t h e  e x i s t i n g  
f l e e t ,  t h e  simp1 i f i e d  approach used here est imates a reasonable approx imat ion 
t o  t h e  minimum f i s h i n g  cos ts  f o r  l a r g e r  vessels.  These c o s t  est imates a r e  
based on i n f o r m a t i o n  c o l l e c t e d  by E a r l  R. Combs (1977) f rom a sample of  f i s h i n g  
vessels l a n d i n g  p r i m a r i l y  anchovies i n  southern C a l i f o r n i a .  
has bo th  advantages and disadvantages. 
f i g u r e s  w i l l  represent  a reasonable es t imate  o f  t he  r e a l  economic cos ts  o f  
ha rves t i ng  w i t h o u t  be ing  o v e r l y  compl icated by cons idera t ions  o f  vessel  s i ze ,  
t ime spent i n  var ious  f i s h e r i e s ,  and d i f f e r i n g  age and r e s u l t i n g  d e p r e c i a t i o n  
charges among vessels.  The t o t a l  cos ts  under t h i s  s i m p l i f i e d  scheme c o n s i s t  
o f  an opera t i ng  c o s t  pe r  t o n  o f  anchovies landed and a c a p i t a l  c o s t  t h a t  i s  
r e l a t e d  t o  the  number o f  vessels f i s h i n g  anchovies.  

T h i s  procedure 
The main advantage i s  t h a t  t h e  c o s t  

The obvious disadvantage o f  t h e  s i m p l i f i e d  c h a r a c t e r i z a t i o n  o f  h a r v e s t i n g  
c o s t  i s  t h a t  i t  l a r g e l y  ignores  the  p a r t i c u l a r  c i rcumstances i n  which many 
vessels may be found. 
f o r  anchovies when ca tch  r a t e s  a r e  very good o r  when t h e r e  a r e  t e m p o r a r i l y  
no a l t e r n a t i v e  f i s h e r i e s  t o  occupy them. I n  such cases, i t  i s  p o s s i b l e  t h a t  
t h e  vessels  w i l l  ha rves t  anchovies a t  a lower  o r  h ighe r  r e a l  c o s t  pe r  ton  than 
i s  es t imated  f o r  t h e  l a r g e r ,  e f f i c  e n t  vessels represented by t h e  s i m p l i f i e d  
c o s t  est imate.  The assumption beh nd the  c o s t  es t imate  i s  t h a t  t h e  vessels  
w i l l  devote a l l  o r  most o f  t h e  ava l a b l e  anchovy f i s h i n g  season t o  f i s h i n g  
anchovies. 
l a rge ,  e f f i c i e n t  w e t f i s h  vessel  i s  $24.58. 
capable o f  l a n d i n g  130 s h o r t  tons o f  anchovies p e r  t r i p ,  w i t h  each t r i p  i n  
t h e  r e d u c t i o n  anchovy f i s h e r y  l a s t i n g  one n i g h t .  
and assuming t h a t  no f i s h i n g  occurs d u r i n g  1 week o u t  o f  every 4 (due t o  t h e  
b r i g h t  moon), t he re  w i l l  be 24 weeks o f  f i s h i n g .  
season, the  vessel  catches 7,513 tons o f  anchovies, f o r  a t o t a l  f i s h i n g  c o s t  
o f  $184,670, o r  a weekly c o s t  o f  $7,695. 
B e t t e r  f i s h i n g  o r  h ighe r  p r i c e s  would y i e l d  more income and, because of  t he  
crewshare arrangement, h i g h e r  apparent costs .  

v a r i a b l e  t r i p  costs .  

Some vessels,  f o r  ins tance,  may f i s h  o n l y  o c c a s i o n a l l y  

Accord ing t o  Combs (p .  35), t he  breakeven c o s t  pe r  t o n  f o r  a 
Th is  c o s t  corresponds t o  a vessel  

Wi th  a 32-week f i s h i n g  season, 

For the  e n t i r e  f i s h i n g  

These f i g u r e s  are,  o f  course, averages. 

The crewshare system e s s e n t i a l l y  s p l i t s  t h e  opera t i ng  income n e t  o f  
Al though t h i s  i s  a reasonable and accustomed p r a c t i c e  
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in f ishing,  i t  complicates the assessment of  f ishing costs.  W i t h  fixed 
wages, the labor costs o f  producing a commodity are straightforward, b u t  the 
sharing system used by fishing vessels allows b o t h  labor and  management 
( i . e . ,  crewmen and vessel owner/operators) t o  share i n  p rof i t s  and losses.  
When vessels are  extremely successful, the crew shares the p ro f i t  by receiving 
payments over and above the minimum amount needed t o  secure i t s  services.  
Conversely, when fishing i s  very poor, the crew bears much of  the financial 
burden through lower payments. I t  i s  n o t  necessarily t rue ,  therefore,  t h a t  
the actual payments made to  crew members r e f l ec t  economic costs of labor,  
a cost  which i s  approximated by the income earned by other workers of similar 
a b i l i t y  and level of t r a i n i n g .  Actual crew payments may contain shares of 
prof i t s  and losses which are re la t ive ly  t ransi tory.  
costs for  anchovies should r e f l ec t  the amount t h a t  crews must be paid in order 
t o  a t t r a c t  and re ta in  competent workers, not the amount of ac tua l  payments 
made i n  any given year or by any given vessel. 

ponds t o  a crew wage which can be calculated as follows: subtract  15 percent 
from the weekly to ta l  costs of $7,695 to  deduct the variable t r i p  costs;  
calculate  to ta l  crews' share as f i f ty -e ight  percent of the net a f t e r  t r i p  
costs ( .58  x 6540.4 = 3793); d i s t r ibu te  th i s  share among twelve crew members 
t o  compute the weekly manshare, $316. This weekly wage i s  equivalent t o  
$15,168 fo r  a 48-week working year. 
fo r  labor costs .  The minimum cost f igure,  therefore,  covers the labor costs 
as well as the operating costs (sucn as fuel , net t ing,  s a l t )  and the owners 
costs (insurance, parts and maintenance, nets,  taxes) .  
however, t h a t  capital  costs of fixed investments i n  vessels would be ade- 
quately covered. 

The estimate of fishing 

The minimum cost per ton of anchovies adopted above ( i . e . ,  $24.58) corres- 

This appears to  be a reasonable value 

I t  i s  not c l ea r ,  

Capital costs are  d i f f i c u l t  to  estimate for the diverse collection of  
vessels operating i n  the anchovy f ishery,  
age t h a t  depreciation and i n t e re s t  charges recorded in financial statements 
cannot be clear ly  related to  the value of the vessels. 
furthermore, a re  wooden-hulled vessels which would not be replicated i f  new 
vessels were t o  be b u i l t .  I t  i s  reasonable t o  assume tha t  the investment 
capital  sunk i n t o  these vessels has been amortized long ago and t h a t  repair  
and maintenance expenses charged as current expenses will cover the costs of 
maintaining the vessels in to  the indef in i te  future.  The capital  costs per - se 
a r i s e  only as a factor  i n  decisions t o  build new vessels. According t o  
Combs (p .  2 7 ) ,  the cost  of a new 58-foot purse seiner  would  be about $425,000. 
The existing level of f ishing capacity will be assumed t o  involve no capital  
cost ,  whil e additions t o  capacity will be equal to  $425,000 for  each additional 
vessel capable of  l a n d i n g  7,500 tons of anchovy d u r i n g  a 32-week season. I n  
evaluating the harvest policies for  anchovy reduction, i t  will be assumed 
tha t  no additional capital  investment in vessels will be necessary so l o n g  
as the annual harvest does not exceed the his tor ical  maximum seasonal catch 
of 141 thousand tons. 

Many of the vessels are  of such an 

Many of  the vessels, 

The cost  o f  processing raw anchovies t o  produce meal, o i l  and solubles 
is  reported by Combs ( p .  49) t o  be $150 per ton of  meal exclusive of raw 
f i sh  cost .  Actually, the $150 represents the cost of n o t  only 1 t o n  of meal 
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b u t  a lso 422.4 pounds of o i l  and 1,232 pounds of f i sh  solubles. 
bundle of outputs has a to ta l  cost which depends upon the exvessel price 
of fish. 
cost  of meal o i l s  and solubles per t o n  of  meal. When exvessel price i s  $50/ 
ton the f i sh  cost  of  the bundle o f  outputs r i ses  t o  $275. I t  i s  qui te  c lear  
t h a t  the apparent cost  of the processed product depends crucial y u p o n  
the exvessel pricing agreements. Currently, the exvessel price i s  based 
upon the protein price reported weekly in the Department of  Agr cu l tu re ' s  
Feed Market News (Los Angeles, Cal i fornia) .  The formula i s  

This 

A t  $30/ton exvessel, the raw f i sh  price contributes $165 t o  the 

- 3) x 7 . 5 ,  - 
P X  - $25 + ( P p r o t  

where px stands for  exvessel pr ice ,  and Pprot i s  the published price per 
u n i t  protein from the f i sh  meal. When price of protein i s  greater t h a n  
$3.00, the exvessel price i s  above $25. I t  i s  n o t  c lear ,  however, t h a t  
the fishing costs are  d i rec t ly  affected by the protein market prices.  
pricing formula can be viewed as a negotiated agreement f o r  sharing the 
prof i t s  earned by the sa le  of f i sh  meal. 

Similarly,  the amount of money paid t o  crew members b.y vessel oDerators 
is  based on a sharing of  operating revenue minus operating costs .  
large extent ,  therefore,  the apparent raw f i sh  costs t o  processors and the 
apparent labor costs on fishing vessels contain shares of  p ro f i t s .  
p ro f i t s  earned th rough  market price movements, i n  other words, are  trans- 
la ted back to  exvessel f i sh  prices and  t o  crew payments where they appear 
as costs .  An economic analysis of the harvest po l ic ies ,  however, should 
discriminate between real costs and p ro f i t s  dis t r ibuted t o  various sectors 
of the f ishery.  
costs (estimated a t  $24.58 per short t o n )  and the processing costs ($150 per 
ton o f  meal) will  be deducted from sa les  revenue t o  compute p ro f i t s .  
resul t ing f igure will  not correspond to  reported p ro f i t s  of the processors, 
b u t  i t  will be a good indicator of the to ta l  net earnings above real costs 
received by processors, crew members, and boat owners a s  a whole. 

The 

To a 

Windfall 

For t h i s  reason, the convention adopted here i s  t h a t  f ishing 

The 
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Theore t i ca l  Framework f o r  Economic Eva lua t ion  of Anchovy Harvests 

S t a t i s t i c a l  demand func t i ons  p rov ide  a p r a c t i c a l  means o f  assessing the  
va lue of  annual p roduc t ion .  
t h e  f i r s t  be ing  t h e  market va lue ( t h a t  i s ,  sa les  revenue rece ived by the  
processors on the  wholesale market)  , and t h e  second be ing  t o t a l  va lue t o  the  
consumers. 
surp lus, "  t h e  amount t h a t  t he  produc t  users would be w i l l i n g  t o  pay f o r  the  
q u a n t i t y  be ing  used --- over and above t h e  amount a c t u a l l y  be ing  paid.  These two 
values a re  e a s i l y  dep ic ted  i n  the  diagram o f  a t y p i c a l  l i n e a r  demand curve i n  
F igu re  3. 
w i t h  t h e  market demand curve. 
achieved by t h e  p roduc t i on  o f  Q1. Graph ica l l y ,  t h i s  q u a n t i t y  i s  represented 
by the  cross-hatched area enclosed by the  rec tang le  OPlaQ1. 

The market va lue  i s  impor tan t  t o  the  economic e v a l u a t i o n  o f  t he  harves t  
because i t  i s  t h i s  va lue which must cover  cos ts  o f  p roduc t i on  i f  the  processors 
a r e  t o  cont inue t o  supply  the  q u a n t i t y  be ing  produced. I n  normal business 
dec is ions,  t he re fo re ,  t h e  sa les revenue i s  a key cons idera t ion .  I t  has l ong  
been recognized t h a t  dec is ions  seeking t o  maximize the  p u b l i c  w e l f a r e  must 
cons ider  the  a d d i t i o n a l  non-pecuniary va lue  ( i  .e. , consumer's su rp lus )  rece ived 
by consumers. A common device used i n  a p p l i e d  w e l f a r e  economics i s  t he  measure 
o f  consumer's su rp lus  equal t o  the  area below the  demand curve b u t  above the  
p r i c e  l i n e .  I n  F igu re  3, t h i s  area i s  represented by the  speckled area p aa 
Thus the  t o t a l  va lue which i s  p e r t i n e n t  t o  p u b l i c  p o l i c y  dec is ions  i s  reprksented 
by the  polygon OaaQl i n  F igu re  3. 

Two s o r t s  o f  economic values can be der ived,  

The t o t a l  va lue i s  composed of  t h e  sa les revenue and t h e  "consumer's 

For any q u a n t i t y ,  such as Q1, the re  w i l l  be a p r i c e ,  P I ,  cons i s ten t  
The produc t  P l x Q l  equals t h e  sa les revenue 

I f  the re  were no o the r  cons idera t ions ,  such as c o s t  o f  p roduc t ion ,  conserva- 
t i o n ,  o r  enhancement o f  t he  environment, t he  p u b l i c  would be most b e n e f i t e d  by 
a r a t e  o f  p roduc t i on  equal t o  Qm which i s  t he  maximum amount which cou ld  be 
demanded. 
a t  a p r i c e  o f  zero. 
t h e  va lue o f  economic i n p u t s  ( l a b o r ,  c a p i t a l  , energy and managerial e x p e r t i s e )  
used up i n  the  p roduc t i on  process, t he  approp r ia te  economic value f o r  p u b l i c  
dec is ions  i s  t h e  t o t a l  va lue n e t  o f  p roduc t i on  costs .  

The q u a n t i t y  Qm would have t o  be d i s t r i b u t e d  as a f r e e  good, t h a t  i s ,  
Given t h a t  t he re  a r e  cos ts  o f  p roduc t i on  which represent  

The fo rego ing  n a r r a t i v e  and g raph ica l  ana lys i s  i s  e a s i l y  expressed i n  the  
f o l l o w i n g  a l g e b r a i c  formulas.  The demand curve ( i n  i n v e r t e d  form) i s  

P = a + Bq, ( 1 )  

where a i s  t he  i n t e r c e p t  ( i .e . ,  t h e  h ighes t  p r i c e  which would be p a i d  even as 
the  q u a n t i t y  a v a i l a b l e  approaches zero) ;  and B i s  t he  s lope (a negat ive  number). 
The sa les  revenue i s :  

R = p q = q ( a  + B q ) .  ( 2 )  

The t o t a l  va lue i s  

a 

II 
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The annual costs of  production will generally have two components, 
one representing the fixed cost  of  maintaining the p l a n t  and equipment ins ta l led  
for  use i n  the production of the commodity, and a second representing the 
variable costs of production which are  posit ively related t o  the amount pro- 
duced in any given year.  The capacity for harvesting and processing anchovy 
in to  meal, o i l  and  solubles,  fo r  instance, would be d i rec t ly  related t o  the 
cost  of  maintaining ins ta l led  processing equipment and vessels dedicated t o  
harvesting anchovies. 
ment of funds and subsequent costs associated w i t h  the t y i n g - u p  of funds i n  
the equipment wil l  be incurred regardless of  the level of  harvest allowed 
once the investment funds are  committed. 

This cost  is  fixed i n  the sense tha t  the original invest-  

The variable costs encompass plant operating costs and vesse 
costs incurred i n  the harvesting and processing. I f  the variable 
proportional t o  the level of harvest, then the to ta l  costs can be 

where c1 i s  the cost  per u n i t  capacity, 
qmax i-s the capacity fo r  production, 
c2 i s  the variable cost  per u n i t  production, 
q i s  the ra te  of production, and 
9 tclmax. 

operating 
costs a re  
expressed as 

In the absence of issues regarding the maintenance of a su f f i c i en t  biomass 
for  future  biological productivity o r  predator fish ava i l ab i l i t y ,  the economic 
c r i t e r i a  fo r  annual production would be to  maximize 

where the term, V ( q ) ,  represents net economic value. 

One additional complication must be introduced in to  t h i s  simple economic 
model. 
simply proportional t o  quantity produced. Experience and theoretical  considera- 
t ions stronqly suggest t ha t  larger  annual harvests r e s u l t  in smal 1 e r  average 

The cost  of harvesting and processing f i sh  ( i . e . ,  c2q) will  n o t  be 

levels  and  tha t  these smaller biomass levels  have an e f f ec t  uDon fish biomas; 
the costs of 
re1 a t  i ons h i p 

where the va 

harvests. 
between cost  per u n i t  harvest and biomass i s  

A general algebraic expression fo r  the non-proportional 

c2 = bBY (6) 

ues of the parameters b and Y determine the specif ic  shape of  
the operating cost  function. The exponent y will be a negative number. The 
annual net economic value is  

V(q,B) = q (a + %q) - C 1  qmaX - bBYq- ( 7 )  

T h i s  expression i s  pertinent t o  the evaluation o f  an annual harvest for  a 
g i  ven 1 eve1 of capaci ty . A more comprehensive economic c r i  t e n o n  f o r  Product i  On  
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must account f o r  t he  s t o c h a s t i c  v a r i a b i l i t y  o f  harves ts  and t h e  whole 
t ime stream o f  economic values accru ing  over the  l i f e  o f  the  c a p i t a l  i n v e s t -  
ments. 

So f a r  as t h e  s t o c h a s t i c  v a r i a b i l i t y  i s  concerned, a s imple dev ice f o r  
v a l u i n g  the  a r r a y  o f  p o s s i b l e  harves t  l e v e l s  i s  t he  mathematical expec ta t ion  
o f  t h e  annual economic value. 
( q i ,  i=l, ..., n )  and the  corresponding r e l a t i v e  f requencies ( f i ,  i=l, ..., n)  
the expected va lue i s  computed by t h e  f o l l o w i n g  formula: 

n 

i =1 

Given a s e t  o f  p o s s i b l e  ha rves t  l e v e l s  

E [Wl = c fi v ( q i ) .  (8) 

The s tandard technique f o r  e v a l u a t i n g  a t ime stream o f  annual economic 
values i s  t o  conso l i da te  t h e  sequence o f  annual values i n t o  a "p resent  d iscounted 
va lue"  by the  f o l l o w i n g  formula:  

( 9 )  

where t indexes the  years,  N i s  t h e  number o f  consecut ive years t o  be considered 
i n  t h e  t ime s e r i e s  ( c a l l e d  t h e  " t ime  hor izon"  o r  "p lann ing  p e r i o d " )  and the ex- 
p ress ion  1 represents  the  present  va lue o f  a u n i t  o f  va lue t o  be rece ived 

( l t d )  
1 yea r  hence w i t h  an annual d i scoun t  f a c t o r  o f  d. 

Formula ( 9 )  i s  used t o  eva lua te  any g iven harves t  p o l i c y .  As exp la ined i n  
Appendix 11, t h e  n a t u r a l  v a r i a b i l i t y  o f  t he  popu la t i on  o f  anchovies g ives rise 
t o  a f l e x i b l e  management quota system a l l o w i n g  annual adjustment o f  quotas t o  
compensate f o r  u n c o n t r o l l e d  v a r i a t i o n s  i n  biomass. 
suggested quota p o l i c i e s  i s  a conserva t ion  mot ive  which p r o t e c t s  the  f i s h  s tock  
f rom gross d e p l e t i o n  and seeks a h i g h  annual average harves t .  
p o l i c y  the re  i s  a long-run,  o r  s t a t i o n a r y ,  p r o b a b i l i t y  d i s t r i b u t i o n  associated 
w i t h  t h e  biomass and quotas. 
i n  p lace  o f  t h e  r e l a t i v e  f requencies f i .  
assigned annual n e t  economic values by equat ion  ( 7 ) .  
t he  expected annual n e t  economic y i e l d  f o r  a g iven p o l i c y .  

I nhe ren t  i n  any o f  t he  

For any such 

These p r o b a b i l i t i e s  a re  i n s e r t e d  i n t o  equat ion (8) 
The annual catches are  

Thus E[V(q)] represents  

I f  t h e  s t o c h a s t i c  process rep resen t ing  the  b i o l o g i c a l  v a r i a b i l i t y  r e s u l t s  
i n  a s t a t i o n a r y  p r o b a b i l i t y  d i s t r i b u t i o n ,  as we have assumed, each y e a r ' s  ex- 
pected va lue i s  t h e  same as every o t h e r ' s .  
express ion  i n  equat ion  ( 9 )  can be brought  ou ts ide  o f  t he  summation opera t ion ,  
and t h e  whole p resent  va lue express ion becomes: 

Th is  means t h a t  t he  expected value 

us ing  the  formula f o r  t h e  sum o f  t h e  f i r s t  N terms o f  a geometr ic se r ies .  
F u r t h e r  simp1 i f i c a t i o n  y i e l d s  
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Because t h e  d iscount  f a c t o r  i s  a p o s i t i v e  f r a c t i o n ,  t he  term 
be smal l  f o r  l a r g e  N, and w i l l  approach zero as N gets  a r b i t r a r i l y  l a r g e .  
A lso,  f o r  a g iven t ime hor izon ,  the  t e r m  w i l l  have a sma l le r  va lue f o r  l a r g e r  
d iscount  ra tes .  From a business investment  s tandpo in t ,  t h e  approp r ia te  
values f o r  N and d would be the  expected l i f e  o f  t h e  c a p i t a l  equipment used 
i n  ha rves t i ng  and manufactur ing opera t ions ,  and t h e  r a t e  o f  r e t u r n  which would 
be earned by the  investment o f  funds i n  o t h e r  l i n e s  o f  commerce, r e s p e c t i v e l y .  
For ins tance,  when d=.15 and N=30; (T&)~- '  = .0174. Thus the  present  va lue  

i s  c l o s e l y  approximated by E[V(q)]/d, when the  investment  i s  l o n g - l i v e d  and/or 
the  d iscount  r a t e  i s  h igh.  

w i l l  

The present  value o f  the  s e r i e s  o f  annual harves ts  represents  the  economic 
va lue o f  an income stream which can be achieved o n l y  a f t e r  t he  commitment of 
investment funds. A more complete economic e v a l u a t i o n  i s ,  t he re fo re ,  t h e  
present  va lue minus t h e  c a p i t a l  va lue  o f  t h e  investments.  The r e s u l t i n g  va lue 
w i l l  be c a l l e d  n e t  present '  va lue "(NPV) ," and has t h e  fo 
expression: 

1 N-1 
NPV = [ E  [ V ( q ) I / d I  * 11 - (m) I - 1(qmax I 

where I(qmax) represents  t h e  investment cos ts  as a f u n c t  
c a p i t a l  equipment needed t o  harves t  gmax. 

l ow ing  a l g e b r a i c  

(11)  

on of t h e  amount of 

None o f  t h e  expressions d iscussed here have inc luded  any cons ide ra t i on  o f  
t h e  s tock  of  f i s h ,  t h e  conserva t ion  o f  t he  f i s h  s tock  o r  the  va lue o f  m a i n t a i n i n g  
the  biomass per se. 
presumed t o  d e p e a  upon the  economic va lue as de r i ved  here, t h e  s o c i a l  impact 
o f  t h e  ha rves t  schemes, t h e  e f f e c t  o f  harves ts  upon biomass and p reda to r  f i s h ,  
and o t h e r  f a c t o r s .  Thus the  NPV i s  viewed as one impor tan t  f a c t o r  t o  cons ider  
i n  a broad assessment o f  ha rves t  p o l i c i e s .  

The cho ice  among var ious  suggested ha rves t  p o l i c i e s  i s  

I n  a d d i t i o n  t o  e v a l u a t i n g  proposed ha rves t  p o l i c i e s ,  i t  i s  p o s s i b l e  t o  
f i n d  the  p o l i c y  which maximizes t h e  n e t  p resent  va lue  o f  t h e  r e d u c t i o n  
f i s h e r y .  As noted i n  t h e  main t e x t  o f  t h e  Anchovy Plan, t h e  a l t e r n a t i v e  
ha rves t  p o l i c i e s  represent  va r ious  degrees o f  p r o t e c t i o n  t o  t h e  resource,  
and each p o l i c y  r e s u l t s  i n  an average l e v e l  o f  biomass being mainta ined.  
Assuming t h a t  t he  l e v e l  o f  biomass i s  assoc ia ted  w i t h  t h e  va lue  o f  anchovies 
as forage, NPV and average biomass c o n s t i t u t e  the  two pr imary  c r i t e r i a  
f o r  e v a l u a t i n g  a l t e r n a t i v e  ha rves t  p o l i c i e s .  Al though t h e  l a c k  o f  adequate 
data and knowledge r e q u i r e d  t o  q u a n t i t a t i v e l y  va lue the  biomass prevents  
an e x p l i c i t  o p t i m i z a t i o n  w i t h  respec t  t o  bo th  c r i t e r i a ,  t h e  c o s t  o f  adopt ing  
a p o l i c y  which i s  more p r o t e c t i v e  o f  t h e  anchovy p o p u l a t i o n  can be assessed 
by comparing t h e  economic values o f  t he  a l t e r n a t i v e  p o l i c i e s  w i t h  the  maximum 
economic va lue  which cou ld  reasonably  be expected f rom t h e  r e d u c t i o n  f i s h e r y .  
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A harves t  p o l i c y  which maximizes t h e  n e t  p resent  va lue o f  t h e  reduc t i on  
f i s h e r y  can be computed by an opera t ions  research technique known as 
''dynamic programming" (see H i  11 i e r  and Lieberman (1  967) pp. 239-264). To 
use t h e  dynamic programming method i t  i s  h e l p f u l  t o  view the  decis ion-making 
framework as a sequence o f  annual harves t  dec is ions ,  each o f  which determines 
t h e  amount o f  n e t  economic va lue t h a t  w i l l  be produced i n  the  succeeding 
year  and which r e s u l t s  i n  a new l e v e l  o f  biomass a t  t h e  end o f  t he  year .  
Because t h e  l e v e l  o f  biomass represents  the  s t a t e  o f  t he  b i o l o g i c a l  system 
t o  which t h e  ha rves t i ng  d e c i s i o n  must conform, i t  i s  c a l l e d  the  " s t a t e "  
v a r i a b l e .  S i m i l a r l y ,  because t h e  annual quota i s  t h e  v a r i a b l e  over  which 
t h e  decis ion-makers have c o n t r o l  i t  i s  the  "dec i s ion  v a r i a b l e . "  Once the  
s t a t e  and t h e  dec i s ions  a r e  known the  economic r e t u r n  i s  computed from the  
r e t u r n  func t ion ,  V(q,B). 
f o l  1 ows : 

Schemat ica l ly ,  t h e  process can be p i c t u r e d  as 

Dec is ion  
I n i t i a l  S t a t e  and Return Ending S ta te  

Bt - q t  - %+l 

The ending s t a t e  becomes t h e  i n i t i a l  s t a t e  f o r  t he  nex t  dec i s ion ,  and so 
on f o r  an endless sequence o f  p e r i o d i c  dec is ions .  

The dynamic programming a l g o r i t h m  devised by Bel lman (1  957) p rov ides  a 
method f o r  computing t h e  sequence o f  dec is ions  maximizing the  n e t  d iscounted 
va lue  o f  t h e  f i s h e r y  over  a l ong  sequence o f  years.  
d i scoun t  f a c t o r  causes dec i s ions  and r e s u l t i n g  economic r e t u r n s  i n  the  
d i s t a n t  f u t u r e  t o  have l i t t l e  o r  no impact on n e t  p resent  value. 
l e n g t h  o f  t h e  sequence o f  dec i s ions  which needs t o  be considered can be 
represented as some la rge ,  b u t  f i n i t e ,  number o f  years,  such as f i f t y  
years.  As a p r a c t i c a l  ma t te r  t h e  dec is ions  ( i  .e. , quotas)  corresponding 
t o  a l l  p o s s i b l e  s t a t e s  ( i . e .  biomass l e v e l s )  du r ing  t h e  f i r s t  30 o r  so 
years  of t h e  dynamic programming model w i l l  be i d e n t i c a l  t o  t h e  dec is ions  
which would be op t ima l  i n  an i n f i n i t e l y  l ong  sequence o f  years.  

Fo r tuna te l y ,  t h e  t ime 

Thus the  

The o p t i m i z i n g  problem can be expressed mathemat ica l l y  as f o l l o w s :  

-(F+M-G) + ((&+(e1 - & ) e + )  -1 - %-le 
B t  = B t - 1  e 

and catch,  q , i s  determined by a p p l i c a t i o n  o f  equat ion (11) o f  Appendix 11. 
For  the  g i vek  values o f  a,B,cl ,b and Y from the ana lys i s  o f  demand and 
p roduc t i on  cos ts ,  and f o r  t he  es t imated  values o f  M, G, Bm, r, Q and T f rom 
Appendix 11, the  maximizat ion o f  (12)  can be accomplished f o r  any i n i t i a l  
biomass. 

IIE 

LI 

c 
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Numerical values o f  t h e  parameters i n  t h i s  mathematical model a r e  
de r i ved  f rom e a r l i e r  sec t i ons  o f  t h i s  Appendix and from Appendix I 1  as 
f o l l  ows : 

( 1 )  The annual t o t a l  value o f  t he  f i s h  meal prbduced from 
anchovy i n  C a l i f o r n i a  i s  a f u n c t i o n  o f  anchovy land ings  
from the  reg ress ion  equat ion,  

0 

'CALFM = 1.082 - .0048 CFMP (13) 
3 

where, as exp la ined above, PCALFM i s  t he  p r i c e  o f  C a l i f o r n i a  

f i s h  meal pe r  u n i t  p r o t e i n  r e l a t i v e  t o  the  average U.S. p r i c e ,  
and CFMP i s  the  annual p roduc t i on  o f  tuna and anchovy meal i n  
C a l i f o r n i a  i n  p r o t e i n - e q u i v a l e n t  u n i t s .  Because the  C a l i f o r n i a  
p roduc t i on  o f  meal does n o t  app rec iab l y  a f f e c t  t he  U.S.  average 
p r i c e ,  an express ion  r e l a t i n g  C a l i f o r n i a  p r i c e  t o  C a l i f o r n i a  
p roduc t i on  i s  determined by mu1 t i p l y i n g  equat ion  (1 3)  by the  
average U.S.  p r i c e  d u r i n g  the  p e r i o d  1971-1976 ($5.66). Also, 
t h e  average p roduc t i on  o f  tuna meal (22 thousand tons )  can be 
n e t t e d  o u t  o f  t he  independent v a r i a b l e  t o  leave t h e  f o l l o w i n g  
express ion  f o r  average C a l i f o r n i a  anchovy p r i c e  pe r  u n i t  p r o t e i n  
as a f u n c t i o n  o f  anchovy meal i n  p r o t e i n - e q u i v a l e n t  u n i t s ;  

= 5.525 - .02714 ANCtIP 'CALFM 
now represents  C a l i f o r n i a  f i s h  meal p r i c e  p e r  

u n i t  p r o t e i n  i n  d o l l a r s  and ANCHP i s  thousands o f  tons o f  
anchovy f i s h  meal p r o t e i n .  The e n t i r e  equat ion  i s  converted 
t o  t h e  more n a t u r a l  u n i t s  o f  Val ue p e r  u n i t  ha rves t  as a f u n c t i o n  
o f  anchovy l and ings .  

where 'CALFM 

(15) 
5 v = 65.295 - 3.7906 x 10- 9, 

where v i s  sa les  value pe r  t o n  o f  ha rves t  (equals PCALFM x 
(65/5.5),  assuming anchovy meal i s  65 percent  p r o t e i n  and t h a t  
5.5 tons o f  anchovies y i e l d  one t o n  o f  meal),  and q i s  the  annual 
ha rves t  o f  anchovies i n  tons (equals ANCHP x .65/[5.5-1000]). 

The sa les  revenue and t o t a l  value t o  consumers can, us ing  
equat ions ( 2 )  and ( 3 ) ,  be expressed as f o l l o w s :  

R = q (65.295 - 3.7906 x l o - $ ) ,  

T = q (65.295 - 1.8953 x lO-!jq). 
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Recognizing t h a t  t he  sa les  value accru ing  from a ton  o f  
processed anchovy i nc ludes  the  value o f  f i s h  o i l  and so lub les  
as w e l l  as t h e  value o f  t h e  meal, we should add the value 
o f  the  o i l  and so lub les  produced p e r  ton  o f  anchovies pro-  
cessed i n t o  the  equat ion.  
d u r i n g  1970-1976 converted t o  1977 p r i c e s  i s  12.87t pe r  pound. 
Assuming t h a t  t he  average p roduc t i on  o f  o i l  per  t o n  o f  anchovies 
processed w i l l  con t i nue  t o  be 76.8 pounds, t he  average va lue  o f  
o i l  produced pe r  ton  o f  anchovies landed w i l l  be $9.88. 
S i m i l a r l y ,  the  average va lue  o f  f i s h  so lub les  d u r i n g  the  p e r i o d  
1970-1976 i s  $105. pe r  ton  i n  1977 d o l l a r s  (see Table 7 ) .  

The average p r i c e  f o r  anchovy o i l  

Using t h e  rule-of- thumb t h a t  t he  volume of f i s h  so lub les  produced 
equals, 11.2 percent  o f  t h e  w e i g h t o f  anchovies processed. t h e  f i s h  
so lub les  can be expected t o  c o n t r i b u t e  $11.76 pe r  ton  o f  
anchovies harvested. 

The t o t a l  va lue  of t h e  anchovy r e d u c t i o n  produc ts  i s  f i n a l l y  
expressed as a quadra t i c  f u n c t i o n  o f  annual land ings :  

T = q(86.94 - 1.8953 x lO-'q) (16)  

( 2 )  According t o  Ear l  Combs (1977) the  minimum c o s t  p e r  ton  o f  land ings  
i n  1977 i s  $24.58. The es t ima te  i s  presumably r e f l e c t i v e  o f  the  
f i s h i n g  c o n d i t i o n s  (biomass l e v e l ,  ca tch  .per day o f  f i s h i n g ,  
and weather) d u r i n g  t h e  f i s h i n g  season i n  1975. As noted above, 
however, t he  ca tch  o f  f i s h  pe r  u n i t  o f  f i s h i n g  t ime i s  g e n e r a l l y  
dependent upon the  s i z e  of t he  f i s h  s tock .  
expressed i n  f i s h  p o p u l a t i o n  models as a d e c l i n i n g  ca tch  p e r  
e f f o r t  as ca tch  increases. I n  the  anchovy f i s h e r y  i t  has n o t  
been demonstrated t h a t  t h e r e  i s  a p r o p o r t i o n a l  r e l a t i o n s h i p  
between ca tch  pe r  day o f  f i s h i n g  and anchovy biomass. Never- 
t he less ,  an a n a l y s i s  o f  a very  s i m i l a r  f i s h e r y  i n  C a l i f o r n i a ,  
t he  sa rd ine  f i s h e r y ,  i n d i c a t e s  t h a t  t h e r e  was a n o n l i n e a r  
r e l a t i o n s h i p  between ca tch  p e r  u n i t  of f i s h i n g  t ime ( " e f f o r t " )  
and f i s h  abundance (see MacCall, 1976). According t o  MacCall, 
the  c a t c h  p e r  u n i t  e f f o r t  (CPUE) was r e l a t e d  t o  sard ine  
abundance approximately as f o l l o w s :  

Th is  f a c t  i s  o f t e n  

CPUE = ,BOe4. 

I f  the  c o s t  o f  f i s h i n g  i s  p r o p o r t i o n a l  t o  the  amount o f  t ime 
spent f i s h i n g ,  then c o s t  pe r  ton  o f  f i s h  would be i n v e r s e l y  
r e l a t e d  t o  t h e  ca tch  pe r  u n i t  e f f o r t .  Thus a general f u n c t i o n  
f o r  c o s t  p e r  t o n  (CPT) would be 

rr 

I 

c 

1 -0.4 CPT = a  B . 



A . 8 2  

P 

There i s  no reason t o  b e l i e v e  t h a t  t he  c o s t  p e r  t o n  o f  anchovies 
would be r e l a t e d  t o  the  anchovy biomass i n  p r e c i s e l y  t h i s  fash ion .  
Nevertheless,  i t  i s  c l e a r l y  unreasonable t o  assume t h a t  c o s t  
p e r  t o n  o f  anchovies would remain cons tan t  a t  $24.58 regard less  
o f  t he  s i z e  and d e n s i t y  o f  t he  f i s h  s tock .  I f  t h e  biomass were 
t o  f a l l  f rom t h e  es t imated  3.6 m i l l i o n  tons i n  1975 t o ,  say, 
l e s s  than 1.0 m i l l i o n  tons, t he  i n c r e a s i n g  s c a r c i t y  o f  anchovy 
schools would undoubtedly r e s u l t  i n  a lower average ca tch  pe r  
day f i s h i n g  and a h ighe r  c o s t  pe r  t o n  o f  f i s h  landed. 

I f  the  equat ion  r e l a t i n g  CPUE and f i s h  biomass f o r  the  sard ine  
f i s h e r y  i s  adopted a s  a reasonable f u n c t i o n a l  form f o r  the  
corresponding r e l a t i o n s h i p  i n  the  anchovy f i s h e r y ,  t he  pos tu la ted  
r e l a t i o n s h i p  between c o s t  pe r  t o n  and anchovy biomass can be 
s p e c i f i e d .  Because t h e  c o s t  p e r  t o n  o f  f i s h  i n  1975 corresponds 
t o  a biomass o f  approx imate ly  3.6 m i l l i o n  tons, t he  value o f  the  
parameter I 1 i s  10315. The r e s u l t i n g  c o s t  pe r  t o n  r e l a t i o n s h i p  i s  

a -0.4 CPT = 10315 B 

Also,  t he  CPUE r e l a t i o n s h i p  t o  biomass i s  

CPUE = .186 B O s 4 .  

Equations (17) and (18) a r e  i l l u s t r a t e d  i n  F igu re  4. 
p e r  ton  remains i n  a r e l a t i v e l y  narrow range about $26 when 
biomass i s  i n  the  range of 2.0 t o  5.0 m i l l i o n  tons .  

The c o s t  of p rocess ing  t h e  ha rves t  amounts t o  $159 pe r  t o n  o f  meal 
produced, which conver ts  t o  $27.27 pe r  t o n  o f  anchovy landed. 
S u b t r a c t i n g  t h i s  p rocess ing  c o s t  and t h e  f i s h i n g  c o s t  f rom t h e  
t o t a l  va lue  equat ion  (16 ) ,  y i e l d s  

The c o s t  

(3) 

-0.4 
T = V(q,B) = (59.67 - 1.8953 x 10-5q)q -10315 B q (19) 

( 4 )  C a p i t a l  cos ts  assoc ia ted  w i t h  investments i n  p rocess ing  machinery and 
vessels were i n t roduced  i n  t h e  e a r l i e r  s e c t i o n  on Produc t ion  Costs. 
Each a d d i t i o n a l  vessel  c o s t i n g  $425,000 should be capable o f  
h a r v e s t i n g  a t  l e a s t  7500 tons o f  anchovy d u r i n g  a t y p i c a l  32- 
week season. I f  t h e  season i s  extended t o  June 30, t h e  vessel  
m igh t  ca tch  8900 tons o f  anchovies. 
f i s h e r y  were t o  operate year-round, t h e  $425,000 vessel would 
p robab ly  be a b l e  t o  ha rves t  around 12,200 tons annua l l y .  The 
number o f  vesse ls  needed t o  take  a g i ven  quota and, t h e r e f o r e ,  t h e  
c a p i t a l  c o s t  i n c u r r e d  i n  b u i l d i n g  a f l e e t  a r e  r e l a t e d  t o  t h e  l e n g t h  
of t h e  a l lowed f i s h i n g  season. 

And i f  t h e  anchovy r e d u c t i o n  
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A reasonable estimate of fishing f l e e t  capital  costs i s  made by 
assuming tha t  a new vessel will be needed fo r  each 10,000 tons of 
harvest capaci ty exceedi ng  the exi s ti ng estimated capaci ty of 
247,000 tons (see section 5.0). The annualized capital  cost  per 
vessel, assuming a normal 15 percent return on investment, would 
be .15 x $425,000 = $63,75O/year. 
tons of anchovies per year, then the average vessel capital  cost  
per ton of catch capacity i s  $6.38. 

I f  the vessel catches 10,000 

Each processing f a c i l i t y  capable of reducing 108 thousand tons of 
anchovies per year has a replacement cost  of about $1.5 million. 
The annualized cost ,  a t  a 15 percent return, i s  $225,00O/year. 
Assuming the plant processes 108 thousand tons of anchovy per 
year, the average processor capital  cost  per ton of processing 
capacity i s  $2.083. Algebraically, the to ta l  capital  cost  per 
ton of f i s h i n g  and processing capacity i s  expressed as 

C = 8.463 qmax 

Discussion of Results 

determined by a dynamic programming algorithm for the following four cases: 
The policy which maximizes the net discounted value of the fishery was 

I .  No economic costs or  values are  considered, so that  
V ( q , B )  = q ;  

11. The entire fishery harvest i s  assumed t o  be caught by 
the domestic fishery,  so tha t  equation (19) ,  

V ( q , B )  = (59.67 - 1.8953 x q ) q  - 10315 q B-Oe4 

is the annual net economic value fo r  the fishery; 

111. The U.S. harvest i s  70 percent of the to ta l  harvest, so tha t  
the quantity variable, q ,  i n  equation (19) i s  70 percent of 
the annual harvest; 

IV. The U . S .  harvest i s  50 percent of the to ta l  harvest, so  
tha t  the quantity variable,  q ,  i n  equation (19)  i s  
50 percent of the annual to ta l  harvest. 
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Case I corresponds t o  the  maximum phys i ca l  y i e l d  o b j e c t i v e  o f t e n  
esposed by f i s h e r i e s  b i o l o g i s t s ,  and i s  i nc luded  here  f o r  comparison t o  
Cases 11-IV. The maximum present  values f o r  Cases 11-IV a r e  achieved 
when t h e  annual U.S. ca tch  i s  r e l a t e d  t o  the  i n i t i a l  biomass i n  the 
f o l l  owi ng manner: 

-a B2 11. Catch=-345477 + .45347 B - 4.666 x 10 

111. Catch= -322892 + .37497 B - 3.318 x I O v 8  8’. 

I V .  Catch = -333399 + .3433 B - 3.175 x B2. 

These ca tch  p o l i c i e s  a r e  i l l u s t r a t e d  i n  F igu re  5. Because the  equat ions 
a r e  q u a d r a t i c  approximat ions the  p resc r ibed  annual U.S. ca tch  w i l l  reach a 
maximum a t  some l a r g e  biomass. For Case I 1  t h e  maximum catch  i s  756,297 
tons a t  a biomass o f  4,859,301 tons; f o r  Case I 1 1  t h e  maximum catch  i s  
736,271 tons a t  a biomass o f  5,649,336 tons; and f o r  Case I V  t he  maximum 
catch  i s  594,592 tons a t  a biomass o f  5,406,299. These maximum catches 
would never a c t u a l l y  occur, o f  course, so l o n g  as the  management p o l i c y  
ma in ta ins  t h e  popu la t i on  w i t h i n  a smal l  range about t h e  long- run  average 
optimum values. 
catch,  biomass, and economic r e t u r n  a re  as shown i n  Table 8. 

For each o f  the  f o u r  Cases the  e q u i l i b r i u m  optimum annual 

These r e s u l t s  a r e  from the  dynamic programming model w i t h o u t  s t o c h a s t i c  - v a r i a t i o n  i n  the  biomass. The f u l l  e v a l u a t i o n  o f  any proposed ha rves t  p o l i c y ,  
i n c l u d i n g  the  ones c a l c u l a t e d  t o  y i e l d  maximum economic value, should be 
accomplished w i t h i n  the  con tex t  o f  a s t o c h a s t i c  model such as t he  one - developed f o r  the  anchovy biomass model i n  Appendix 11. E s s e n t i a l l y ,  t h i s  
s t o c h a s t i c  (Markov) model computes the  s t a t i o n a r y  p r o b a b i l i t y  d i s t r i b u t i o n  
o f  biomass and annual ca tch  corresponding t o  any g i ven  ha rves t  p o l i c y .  
Given t h i s  p r o b a b i l i t y  d i s t r i b u t i o n ,  t he  expected economic value o f  t he  
harves ts  under the  p o l i c y  a r e  computed by  equat ion  ( 8 ) .  
va lue  can then be computed by a p p l i c a t i o n  o f  equat ions (11) and (20 ) .  
same e v a l u a t i o n  technique i s  j u s t  as a p p l i c a b l e  io t h e  proposed a l t e r n a t i v e  
ha rves t  p o l i c i e s  f rom the  main t e x t  o f  t he  anchovy p l a n  as i t  i s  t o  t h e  
maximum economic va lue  p o l i c y  determined by the  dynamic programming model. 

t e x t  i s  t h a t  of op t ima l  l e v e l  o f  c a p i t a l  s tock  ( sh ips  and process ing  p l a n t s ) .  
I n  t h e  d e t e r m i n i s t i c  con tex t  of the  dynamic program, the  op t ima l  s tock  of 
c a p i t a l  i s  e a s i l y  i d e n t i f i e d  w i t h  the  e q u i l i b r i u m  l e v e l  o f  harves t .  However, 
when the  biomass i s  assumed t o  be s u b j e c t  t o  random f l u c t u d t i o n s ,  and the  
ha rves t  p o l i c y  adapts t o  these by va ry ing  the  dnnual quota, t he  quota w i l l  
o c c a s i o n a l l y  be w e l l  above the  average annual y i e l d  considered i n  t h e  

t o  expand the  stock o f  c a p i t a l  i n  o rde r  t o  t ake  advantage o f  i n c r e a s i n g l y  
i n f r e q u e n t  b u t  l a r g e r  p o t e n t i a l  catches? 

The n e t  p resen t  - 
The 

- 

- One impor tan t  i ssue  which becomes more complex i n  the  s t o c h a s t i c  con- 

s_ 

a d e t e r m i n i s t i c  model. The economic i ssue  i s :  t o  what e x t e n t  i s  i t  j u s t i f i a b l e  

Because the  p r o b a b i l i t y  d i s t r i b u t i o n  
I- 

- 
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o f  annual quotas f o r  any g iven ha rves t  p o l i c y  i s  computed by the  s t o c h a s t i c  
model, t he  economic i ssue  can be answered i n  terms o f  expected n e t  values. 
The c o s t  o f  i n c r e a s i n g  capac i t y  i s  es t imated  by equat ion  (20) .  
pected p a y o f f  i s  c a l c u l a t e d  by i n s e r t i n g  the  p r o b a b i l i t y  and catches from 
the  s t o c h a s t i c  model i n t o  equat ion  ( 9 ) .  By cons ider ing ,  s e q u e n t i a l l y ,  a 
s e r i e s  o f  ha rves t  p o l i c i e s  w i t h  i n c r e a s i n g l y  l a r g e r  maximum a l l owab le  
harves ts  (and cor respond ing ly  l a r g e r  c a p i t a l  cos ts )  , t h e  optimum l e v e l  o f  
c a p i t a l  s tock  can be est imated. 

The ex- 

To see how t h i s  i s  done, cons ider  the  Opt ion 2 ha rves t  p o l i c y .  Seven 
ca tch  l i m i t s  were a r b i t r a r i l y  imposed upon the  ha rves t  p o l i c y ,  and f o r  each 
l i m i t  t he  s t o c h a s t i c  model was used t o  eva lua te  the  ha rves t  p o l i c y  w i t h  the  
f o l  l ow ing  r e s u l t s :  

Catch l i m i t  
imposed 

T o t a l  U.S. value n e t  I n d u s t r y  
o f  ope ra t i ng  c o s t  earnings 

(1000 d o l l a r s )  (1000 d o l l a r s )  

100,000 tons 
200,000 tons 

2,024 
3 , 566 

1,943 

3,271 

300,000 tons 4,684 4,095 

400,000 tons 
600,000 tons 

800,000 tons 
1,000,000 tons 

5,468 
6 , 360 

6,737 
6,862 

4,545 
4 , 766 

4 , 529 
4,148 

The term "To ta l  U.S. Value Net o f  Opera t ing  Cost" represents  the  es t imate  
o f  sa les  value p l u s  consumer's su rp lus  minus f i s h i n g  and process ing  cos ts ,  
as c a l c u l a t e d  from equat ion  (19 ) .  The term " I n d u s t r y  Earnings" represents  
t h e  es t imated  sa les  revenue minus f i s h i n g  and process ing  costs.  

The curves p l o t t e d  i n  F igu re  6 w i l l  a s s i s t  t he  reader i n  understanding 
t h e  use o f  t he  computations l i s t e d  above. The T o t a l  Values l i e  on the  curve  
l a b e l l e d  "To ta l  U.S. Value." The I n d u s t r y  Earnings value l i e  on t h e  curve 
l a b e l l e d  "U.S. I n d u s t r y  Earnings."  Each o f  these curves represents  a s imple 
e m p i r i c a l  " f i t "  t o  the  computed p o i n t s .  
assumed maximum catch  l i m i t  increases t o  t h e  r i g h t .  Thus the  r i s i n g  p o r t i o n  
of  t h e  T o t a l  Value curve i n d i c a t e s  t h a t  t he  economic value o f  t he  f i s h e r y  
increases w i t h  i n c r e a s i n g  capac i t y .  
s u b j e c t  t o  d i m i n i s h i n g  r e t u r n s .  

Along t h e  h o r i z o n t a l  ax i s ,  t h e  

As would be expected, t he  capac i t y  i s  

A s o c i a l  optimum l e v e l  o f  c a p a c i t y  i s  de f i ned  as t h a t  l e v e l  which 
equates marginal  va lue  w i t h  marginal  cos t .  The p l o t t i n g  o f  a " c a p i t a l  cos t "  
curve f a c i l i t a t e s  t h e  i l l u s t r a t i o n  o f  t h i s  p o i n t .  The c a p i t a l  c o s t  i s  r e l a t e d  
t o  c a p a c i t y  o f  t h e  f i s h e r y  as i n d i c a t e d  i n  equat ion  (20 ) ;  t h a t  i s ,  each ton  

II 

li 

6 
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o f  a d d i t i o n a l  capac i ty  cos ts  $8.46. 
i n  t h i s  example, t o  g e t  70 percent  o f  t he  catch, and because the  economic 
values o f  concern a r e  those f o r  t he  U n i t e d  States,  t he  c a p i t a l  c o s t  curve 
has a s lope  equal t o  70 percent  o f  t he  c o s t  p e r  t o n  o f  capac i t y .  
on t h e  T o t a l  Value curve a t  which t h e  s lope i s  equal t o  the  s lope  o f  t h e  
c a p i t a l  c o s t  l i n e  ( i n d i c a t e d  by the  tangent  dashed l i n e )  represents  the  
economic optimum. As noted i n  Table 10, t h e  optimum occurs a t  a maximum 
ca tch  o f  420 thousand tons.  

Because the  Un i ted  S ta tes  i s  assumed, 

The p o i n t  

A second c a p i t a l  c o s t  l i n e ,  l a b e l l e d  "one-ha l f  c a p i t a l  cost ,"  i s  i n -  
c luded because t h e  t o t a l  annual ized c o s t  represented by  the  o r i g i n a l  l i n e  
accounts f o r  t h e  c o s t  of  new vessels  and new process ing p l a n t s  and assumes 
t h a t  t h e  e n t i r e  c o n s t r u c t i o n  c o s t  must be charged t o  the  anchovy r e d u c t i o n  
f i s h e r y .  Th is  c o s t  represents  a maximum o f  l i k e l y  c a p i t a l  costs ;  however, 
t he  a c t u a l  cos ts  may be lower  because e x i s t i n g  p l a n t s  and vessels i n v o l v e  
lower  c a p i t a l  cos ts  than prospec t ive  new ones, and because some o f  t h e  c a p i t a l  
c o s t  may be charged a g a i n s t  f i s h e r i e s  f o r  o t h e r  species.  I t  seems reasonable 
t h a t  a t  l e a s t  h a l f  o f  t h e  new c o s t  o f  c a p i t a l  equipment should be charged t o  
the  anchovy f i s h e r y .  Thus, t h e  a c t u a l  cos ts  probably  l i e  between t h e  two 
curves. Based on t h e  lower  c a p i t a l  c o s t  l i n e ,  t h e  optimum economic c a p a c i t y  
would be 580 thousand tons p e r  yea r .  
420-580 thousand tons, corresponds t o  a range o f  p o t e n t i a l  n e t  economic 
y i e l d ,  measured as T o t a l  U.S.  Economic Value n e t  o f  o p e r a t i n g  cos ts  and 
c a p i t a l  cos ts .  For  Opt ion  2, w i t h  a 70 percent  U.S. f i s h e r y ,  t he  range of  
values i s  3.1 t o  4.5 m i l l i o n  d o l l a r s .  

The r e s u l t i n g  range o f  opt imal  capac i ty ,  

Another concept i l l u s t r a t e d  i n  F i g u r e  6 i s  t h a t  o f  c o m p e t i t i v e  i n d u s t r y  
e q u i l i b r i u m .  
i n v e s t  i n  new c a p i t a l  equipment u n t i l  t h e  prospec t ive  r e t u r n  f a l l s  below t h e  
c o s t  o f  t h e  equipment. 
b r i u m  occurs a t  t h e  i n t e r s e c t i o n  o f  t h e  i n d u s t r y  earn ings curve and t h e  
c a p i t a l  c o s t  l i n e .  Again, w i t h  two c a p i t a l  c o s t  l i n e s  t h e r e  w i l l  be two 
equi  1 i b r i  um capaci t i e s .  
t h e  f u l l  c a p i t a l  c o s t  l i n e  i s  equal t o  the  assumed ca tch  l i m i t  used i n  Tables 
8.3-2 and 8.3-3 o f  t he  main t e x t  of  t he  Plan. These assumed ca tch  l i m i t s  
a r e  used i n  making t h e  est imates o f  catch,  biomass, average gross market 
value, and U . S .  T o t a l  Value n e t  o f  o p e r a t i n g  cos ts  i n  Tables 9a and 9b. 

I t  i s  g e n e r a l l y  h e l d  t h a t  compet i t i ve  f i r m s  w i l l  con t inue t o  

As i l l u s t r a t e d  i n  F igu re  6, t he  c o m p e t i t i v e  e q u i l i -  

The "competi t i  ve equi  1 i b r i  um" c a p a c i t y  based upon 
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The economic c o n t r i b u t i o n s  o f  t h e  anchovy reduc t i on  f i s h e r y  est imated 
here must be used w i t h  caut ion,  bo th  because t h e  assumed economic cond i t i ons  
and t h e  assumed environmental  cond i t i ons  cou ld  change d r a s t i c a l l y .  A sudden 
increase o r  decrease i n  the  demand f o r  f i s h  meal, f o r  instance,  would s u b s t a n t i a l l y  
a l t e r  t he  outcome o f  t he  optimum economic y i e l d  c a l c u l a t i o n s .  
i n  f i s h i n g  o r  ha rves t i ng  cos ts  would have an impact on the  economic values. 
b i o l o g i c a l  system upon which t h e  est imated popu la t ion  growth depends i s  assumed 
t o  remain as i t  was d u r i n g  the  p e r i o d  1951-1975. 
upwe l l i ng  and low rec ru i tmen t  were t o  occur (such as appeared t o  occur du r ing  
1946-1949) t h e  popu la t i on  model would n o t  p r e d i c t  w e l l .  

L ikewise,  a chanqe 
The 

I f  an episode o f  minimal 

I n  concl.usion, a1 
v a r i a t i o n  and u n c e r t a i  
t h e  f i s h  s tock  and har 
i n fo rma t ion  about t h e  

though t h e r e  i s  a g r e a t  deal  o f  economic and b i o l o g  
n i t y  i n  t h e  r e a l  wor ld,  t h e  mathematical model o f  
ves t i ng /p rocess ing  i n d u s t r y  prov ides reasonable 
p o t e n t i a l  va lue o f  t he  a l t e r n a t i v e  harves t  p o l i c i e s  

ca 1 

E 

(1 

.r, 
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Table 1 .  World product ion o f  oilcake meals, 1960-1975; 

and FA0 price ind ices ,  1967-75. 

Production: FA0 Price Indices:  

F i  shl/  Soybean vegetable  pro te in  Fish Vegetable 
meal meal iY meal 2/ equi val en& meal o i  1 cakes 

Other T o t a l ,  

Year (1 ,000’s  short tons )  (1 964-66 = 100) 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

2,221 
2,771 
3,118 
3,223 
3,989 
3,940 
4,471 
5,030 
5,501 
5,236 
6,041 
5,897 
4,707 
4,332 
4,872 
4,850 

19,014 
18,207 
20;166 
20,973 
21,779 
23,162 
25,236 
26,504 
27,541 
29,155 
32,067 
33,069 
36,150 
38,756 
48,527 
42,163 

16,729 
17,399 
18,082 
18,990 
19,093 
21,165 
20,911 
20,643 
20,992 
20,784 
22 , 548 
23,800 
25,127 
23,975 
25,377 
25,127 

17,231 
17.529 
181907 
19,661 
20,635 
22,084 
23,242 
23,040 
25,197 
25,395 
27,999 
29,784 
29,652 
30,093 
35,737 
32,650 

- 
77 
76 

104 
117 
104 
141 
31 5 
21 6 
143 

- 
99 
97 
95 

104 
103 
125 
269 
186 
156 

Sources: FAO,  Commodity Review and Outlook, var ious issues. 

L’Product weight. 

Z’Converted t o  44% protein equi Val ent.  

2’100% pro te in .  
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Table 2.  Quantity of high-protein feed a v a i l a b l e  in  the United S ta t e s  
( i n  terms of 44% pro te in  e q u i v a l e n t ) .  

O i  1 seed Animal Grain 
U.S. f i s h  meal meall/  p r o t e i &  p r o t e i n /  Total  

Year (1,000 tons )  t o t a l  s u p p l y /  
- 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

8,471 
9,350 

10,116 
11,143 
10,655 
11,259 
11,687 
11,976 
11,656 
11,804 
12,689 
12,561 
12,240 
13,520 
15,310 
15,227 
15,093 
14,131 
15,799 
14,250 
17,004 
16,350 

3,233 
3,005 
2,838 
3,056 
3,103 
3,281 
3,421 
3,543 
3,743 
3,557 
3,557 
3,950 
4,240 
3,868 
3,444 
3,539 
3,616 
3,059 
3,012 
3,050 
3,179 
3,400 

89 7 
85 7 
859 
903 
972 
947 

1,052 
1,069 
1,136 
1,181 
1,238 
1,250 
1,283 
1,298 
1,321 
1,319 
1,008 
1,134 
1,202 
1,125 
1,238 
1,250 

12,601 
13,212 
13,813 
15,102 
14,730 
15,487 
16,160 
16,588 
16,545 
16,542 
17,504 
17,761 
17,831 
18,686 
20,075 
19,861 
19,717 
18,234 
20,013 
18,425 
21,421 
21,000 

49 3 
523 
467 
474 
601 
578 
7 32 
783 
89 4 
955 
730 
951 

1,238 
1,573 

864 
723 
80 5 
9 40 
434 
424 
543 
572 

Sources: U.S. Dept. Agr icu l ture ,  Economic Research Serv ice ,  
1972. Feed S i t u a t i o n .  FdS-244 (May). 

. 1977. Feed S i t u a t i o n ,  FdS-265 (May). 
National Marine Fisheries Serv ice .  1977. Indus t r i a l  
Fishery Products ,  Annual Summary. Current Economic 
Analysi s ~ 6 7 0 2 a r - T  

l'0i l seed  meal includes soybean, cot tonseed,  1 inseed,  peanut and 
copra meal. D u r i n g  1970-76 soybean meal accounted f o r  73 percent  
of the o i l s e e d  meal used i n  high-protein animal feeds .  

/Animal p r o t e i n s  include tankage and meat meals, f i s h  meal and 
s o l u b l e s ,  commercial d r i e d  milk products and noncommercial milk 
produced. D u r i n g  1970-76, tankage and meat meal accounted f o r  
65 percent  and f i s h  meal 19 percent  of t he  t o t a l .  

g r a i n s ,  and d i s t i l l e r ' s  dried g ra ins .  
' G r a i n  p r o t e i n  inc ludes  gluten feed and meal, brewer's dried 

/Equals c o l .  ( 7 )  of  Table 3 d i v i d e d  by .44. 



A.90 

Table 3. United S t a t e s  f i sh  meal s u p p l i e s ,  1955-1976 
(thousands of s h o r t  t o n s ) .  

( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  
Total  supply, 

Year Menhaden Tuna Anchovy Otherl’ Imports Exports p r o t e i n  basis /  

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

190.6 
210.6 
172.4 
158.1 
223.9 
218.4 
247.6 
239.7 
184.2 
160.3 
176.0 
135.0 
119.1 
143.2 
159.5 
188.6 
220.9 
193.6 
188.8 
203.9 
191.4 
212.6 

23.4 - 
26.3 - 
25.7 - 
25.3 - 
25.4 - 
26.5 - 
21.2 - 
26.6 - 
27.0 - 
21.1 - 
25.4 - 
25.3 4 .5  
25.5 5.6 
28.8 2 .8  
26.9 11.4 
26.7 16.2 
29.3 7.7 
43.2 11.1 
43.6 22.0 
48.2 14.1 
37.2 27.7 
40.1 21.9 

41.5 
48.6 
56.5 
55.3 
47.5 
36.5 
31.7 
34.7 
36.8 
43.6 
41.1 
47.3 
51.3 
52.2 
46.4 
25.6 
25.0 
26.2 
24.7 
25.4 
23.0 
24.3 

98.0 
90.4 
81.2 

100.0 
132.9 
131.6 
217.8 
252.3 
376.3 
439.1 
270.6 
447.8 
651.5 
855.3 
358.4 
251.1 
283.2 
392.0 

68.5 
68.3 

118.4 
140.4 

n . a .  
n.a.  
n . a .  
n . a .  
n .a .  
n . a .  
n . a .  
n . a .  
n .a .  
n.a.  
n.a.  
n .a .  
n . a .  
n . a .  
n . a .  
4.7 

10.1 
10.5 
55.5 
36.7 
11.8 
33.1 

215.8 
228.7 
204.3 
207.2 
263.2 
253.1 
320.8 
343.3 
392.0 
419.4 
320.1 
417.3 
543.4 
690.8 
378.7 
317.0 
352.7 
411.4 
188.9 
184.4 
236.9 
249.8 

Sources:  National Marine Fisheries Se rv ice .  1977. I n d u s t r i a l  
Fishery Products ,  Market Review 
Economi c Anal y s  i s -June).- 
National Marine Fisheries Se rv ice .  1977. I n d u s t r i a l  
Fishery Products ,  Annual Summary. Current Economic 
Analys i s-arch). 

Outlook. Current 

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

l’Prirnarily from o f f a l  , waste and s c r a p  from groundfish,  and he r r ing .  
2/ - Converted t o  pro te in  a s  fol lows:  menhaden, e x p o r t s ,  and o t h e r  meal 

assumed t o  be 60 percent  p r o t e i n ;  anchovy and imports assumed t o  be 
65 percent p r o t e i n ;  tuna meal assumed t o  be 55 percent  p r o t e i n .  
Total  supply i s  production p lus  imports minus expor t s .  
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Table 4. Annual average p r i c e s  f o r  va r ious  f i s h  meals, soybean meal, 
and average p r i c e  p e r  u n i t  o f  p r o t e i n  i n  f i s h  meal 

i n  t h e  U n i t e d  States.  

Domes t i c- 5/ Average p r i c e  
p e r  u n i t  p r o t e i n  

mea 1 i n  f i s h  meal 
Domestic- 31 Peruvian?’ soybean 

Menhaden- 1/ Tuna ’  anchovy anchovy 

Year ( d o l l a r s  p e r  t o n  o f  meal) Actuald/Deflatedz‘ 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968- 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

136.0 144.1 - 
134.2 134.2 - 
129.7 126.6 - 
137.8 137.6 - 
128.1 129.1 - 
93.0 94.8 - 

117.3 109.9 - 
124.1 120.7 - 
125.8 117.1 - 
131.5 127.7 - 
168.5 157.8 - 
161.0 148.1 151.3 
136.5 129.6 129.5 
145.3 125.9 122.0 
174.3 146.2 152.0 
184.5 171.3 172.0 
158.0 141.1 154.8 
185.5 155.9 169.9 
478.2 396.4 402.9 
276.1 270.6 297.9 
239.1 227.4 236.8 
346.4 273.2 272.8 

- 
- 

134.0 
141.3 
145.4 
94.9 

110.3 
122.6 
120.9 
132.0 
154.6 
156.4 
130.2 
131 .O 
157.0 
194.5 
166.1 
179.2 
451.7 
287.3 
249.7 
341.6 

56.9 
51.3 
47.1 
56.0 
56.5 
53.1 
63.2 
66.5 
72.5 
69.2 
71.5 
83.8 
76.5 
77.5 
74.5 
79.2 
77.9 

104.9 
238.4 
140.9 
124.1 
162.6 

2.19 4.79 
2.17 4.58 
2.15 4.42 
2.22 4.62 
2.15 4.36 
1.53 3.99 
1.86 3.75 
1.99 4.01 
1.94 3.95 
2.07 4.20 
2.54 5.10 
2.46 4.77 
2.05 3.94 
2.07 3.89 
2.55 4.67 
3.00 5.20 
2.57 4.32 
2.85 4.58 
7.44 10.69 
4.57 5.49 
3.90 4.28 
5.42 5.67 

Sources: N a t i o n a l  Marine F i s h e r i e s  Serv ice.  1977. I n d u s t r i a l  
F i s h e r y  Products, Market Review and Out look.  Cur ren t  
Economi cs Ana lys is  , 1-29 -(June).- 
C a l i f o r n i a  Department o f  F i s h  and Game. C a l i f o r n i a  
Marine F i s h  Landings, Var ious issues.  

1/60 percent  p r o t e i n .  Average p r i c e  quoted by b roke rs  a t  New York Ci ty,  

2/60 percent  p r o t e i n .  Average p r i c e  quoted by brokers a t  Los Angeles, 

3/65 percent  p r o t e i n .  Annual va lue d i v i d e d  by annual product ion.  
4/65 percent  p r o t e i n .  Average f .0.b.  East Coast p o r t s  p r i c e ,  weighted 

?/44 percent  p r o t e i n .  Simple average p r i c e  a t  Decatur, I l l i n o i s .  
/For each meal , p r i c e  p e r  u n i t  p r o t e i n  equals p r i c e  p e r  t o n  d i v i d e d  

by  percent  p r o t e i n .  Average p r i c e  computed by w e i g h t i n g  the  p r i c e  
p e r  u n i t  p r o t e i n  f o r  each meal by t h e  p r o p o r t i o n  o f  U.S. f i s h  meal 
p r o t e i n  s u p p l i e d  by t h a t  meal. 

L’Deflated by  Wholesale P r i c e  Index, a l l  commodities (Jan. 1977 = 100). 

weighted by monthly p roduc t ion  o f  menhaden meal. 

weighted by monthly p roduc t i on .  

by  monthly impor ts .  
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Table 5. World production of fish o i l ,  world expor t s  and expor t  prices 
of  f i s h  o i l  and vegetab le  o i l ,  1958-1975. 

Production : World expor t s  : 
( m i l l i o n  lbs . )  (mi l l i on  l b s . )  

Export prices : 
(cents / lb . )  

3/ Year Fish o i l -  1 /  Fish Oil Vegetable Oil- Fish Oil Vegetable Oil- 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

6 39 
800 
86 2 

1,190 
1,351 
1,219 
1,563 
1,598 
1,823 
2,315 
2,271 
1,900 
2,138 
2,414 
1,911 
1,689 
2,116 
2,131 

304 
452 
553 
664 
80 7 
9 30 
844 
983 

1,008 
1,360 
1,429 
1,179 
1,089 
1,254 
1,444 

968 
990 

1,151 

3,797 
4,598 
4,779 
4,082 
4,840 
4,984 
5,490 
5,611 
5,870 
4 , 889 
5,196 
5,640 
6,973 
7,966 
8,343 
8 , 531 
9,672 
9,954 

8.2 
10.8 
6 .8  
6.1 
4.7 
5.1 
7.5 
8 . 4  
7.9 
5.5 
4.5 
4.5 
8 .7  
9 .0  
6 .8  

12.0 
21.3 
14.5 

5 .7  
5 .5  
5.5 
6.1 
5.2 
5.2 
5.5 
5.9 
5.8 
5.4 
4.9 
5.1 
6 .5  
6 . 5  
6.0 

10.9 
18.2 
13.7 

l 'Fish body o i l s  and s i m i l a r  products ,  not  inc luding  fish l iver  o i l s .  

2/Incl udes soybean o i  1 , c a s t o r  oi  1 , cot tonseed o i  1 , groundnut o i  1 , 

/Average weighted expor t  p r i c e s  of  soybean o i  1 , c a s t o r  oi  1 , cot tonseed 

Sources:  FA0 Yearbook o f  Fishery S t a t i s t i c s ,  var ious issues. 
FA0 Trade Yearbook, var ious issues. 
FA0 Production Yearbook, var ious  issues. 

l i n seed  o i l  and palm o i l .  

o i l  , groundnut o i l  and palm o i l .  
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Table 6. U.S. production and p r i c e s  o f  f i s h  o i l -  1 /  and 
vegetab le  o i l -  2/ , 1958-1976. 

Product i on : 
( m i l l i o n  l b s . )  ( c e n t s / l  b .  ) 

Total  Anchovy Vegetable Menhaden’ Anchovy?’ V e g e t a b l a  

P r i ces  : 

Year Fish Cil  Fish Oil O i  1 F i s h  Oil Fish Oil Oi 1 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

161.6 
183.2 
205.6 
254.6 
247.5 
183.7 
177.0 
192.8 
162.7 
119.9 
171.7 
168.0 
206.1 
265.0 
188.4 
224.6 
238.0 
245.6 
204.4 

- 
- 
- 
- 
- 
- 
- 
- 

0 .7  
1 .o 
0.9  
4.9 
6.2 
3.2 
4.4 

10.5 
5.6 

12.9 
5 .2  

6,217 
6,664 
6,616 
7,060 
7,443 
7,195 
7 , 572 
8,145 
7 , 752 
7,411 
8 , 257 
9,476 
9,841 
9,595 
9,429 

10,890 
8,985 

10,846 
10,190 

8 .0  
7.6 
6.2 
6.1 
4.2 
6.7 
8.8 
9 . 3  
9 . 4  
6 .4  
4.7 
5 .8  

10.2 
8.8 
7 .2  

11.6 
25.4 
16.0 
17.0 

- 
- 
- 
- 
- 
- 
- 
- 

7.3 
3.9 
3.6 
4 .3  
7.1 
5 .5  
5.4 

11.2 
14.9 
12.0 
13.1 

l’Excludes whale and sperm o i l  

l / Includes U.S. soybean o i l ,  cot tonseed o i l  and linseed o i l .  

/Crude o i l  i n  tank c a r s ,  average weighted price,  New York Ci ty .  

/Averaqe weighted p r i c e .  Anchovy u t i l i z a t i o n  p r i o r  t o  1966 was 

?’Average we igh ted  price o f  U.S. soybean o i l  , cot tonseed o i l  and 

negl i g i  b l e .  

linseed o i l .  

Sources:  National Marine Fisheries Se rv ice .  1977. I n d u s t r i a l  
Fishery Products ,  Market Review and Outlook. Current 
Economic Analysis  1-29, June. 
U.S. Dept. of  Agriculture, Economic Research Se rv ice ,  
Fa ts  and O i l s  S i t u a t i o n ,  var ious issues. 
National Marine Fisheries Se rv ice ,  S t a t i s t i c a l  Digests, 
Fishery S t a t i s t i c s  o f  the United S t a t e s ,  var ious 
p u b l i s h e d  and unpublished issues. 

10.3 
9.1 

11.5 
10.6 
9 . 5  
9.1 

11.4 
12.1 
10.7 
9 .3  
9.1 

11.3 
12.9 
11.4 
15 .8  
31.3 
31.6 
19.1 
21.4 
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Table 7 .  U.S .  F i s h  s o l u b l e  production 
and pr ices ,  1958-1 976. 

Product i on : Prices: 
(1  000 s h o r t  tons ) 

.-_.___ 

($/short t o n )  

To t a l  - 1/  ” Deflated- 3/ Year Total Men had en Anchovy- 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

130.2 
165.4 

98.9 
112.2 
124.6 
107.4 

93.3 
94.8 
83.4 
74.7 
71.8 
81.7 
95.0 

111.2 
134.4 
137.4 
137.3 
127.8 
132.9 

72.5 
108.1 
65.8 
73.3 
85.2 
74.8 
68.7 
73.2 
60.8 
51 .8 
53.2 
63.3 
71.9 
91.5 

104.1 
104.4 
102.9 
83.6 
95.3 

- 
3.1 
3.6 
1 . 5  
7 .0  

10.4 
4.9 
7 . 5  

14.6 
9.1 

1 7 . 3  
12.1 

97.5 
67.6 
37.7 
47.2 
55.1 
63.1 
62.0 
58.3 
70.7 
63.2 
52.9 
49.6 
51.9 
47.3 
43.4 

134.9 
89.7 
66.4 

123.8 

195.8 
135.5 

75.6 
95.0 

110.4 
127.0 
124.5 
114.8 
134.7 
120.2 
98.1 
88.6 
89 .3  
79.0 
69.2 

190.3 
106.4 
72.2 

128.6 

l’Fish s o l u b l e s  a r e  no t  repor ted  f o r  anchovies s p e c i f i c a l l y .  These 
f i g u r e s  a r e  based upon the rule-of-thumb t h a t  the y i e l d  o f  s o l u b l e s  
equals  11.2 percent  of raw anchovy i n p u t .  

2/Total average weighted f i sh  s o l u b l e  price.  
anchovy f i sh  s o l u b l e s  a r e  no t  repor ted .  

Separa te  prices f o r  

’ D e f l a t e d  according t o  who1 e s a l  e price i ndex f o r  a1 1 commodi t i e s  , 
January 1977 = 100. 

Source: National Marine Fisheries Se rv ice .  1977. I n d u s t r i a l  
Fishery Products ,  Market Review and Outlook, Current 
Economic Analysis 1-29. 
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Equ i  1 i bri urn 
Characterist ics 

Table 8. Results o f  the Four Dynamic Programming 
Models for  Anchovy Fishery Harvests 

Case 11' Case 1 1 9  Case I I I -  31 Case IVY 

U.S. Annual Catch 

Average Biomass a t  
S t a r t  o f  Fishing 

Year 

I (thousand tons) 

484 458 327 237 

1,819 2,253 2,167 2,084 

Maxi m u m  Economi c 
Yield with Limited 
Access 
U.S. Total Value 
Net o f  Operating 
costs 

L/Biological c r i t e r i a  equivalent t o  MSY. 

g/Net economic value c r i t e r i a  with 100% domestic fishery.  
I I  I 1  w i t h  70% domestic fishery.  

with 50% domestic fishery.  

- 31 ii I f  

4J I I  I I  I I  I I  

/Sales value plus consumer's surplus minus operating costs associated 

61 -Sales value plus consumer's surplus minus operating costs minus 

with harvesting and processing (Equation 1 9 ) .  

capital  costs associated with U.S. annual catch. 
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Table 9a.  U.S. economic values for various harves t  p o l i c i e s ,  es t imated from 
Markov model and assuming a 70% U.S. s h a r e  o f  the harvest. 

Harvest  Pol i cy  Eva1 uated 
Opt ion '  Option' op t ion3  opt ion4  opt ion5 Option 6 

#1 #2 #3 #4 #5 #6 
(thousand tons)  

Average Annual Catch 290 371 355 284 384 378 
Average Biomass 2,870 2,550 2,570 3,000 2,170 2,160 

Average Gross Market 
Value o f  Reduction $16.1 $20.1 $19.1 $15.8 $20.7 $20.4 
Products,  U.S.7 

$ 5.8 $ 6.7 $ 6.5 $ 5.8 $ 6.4 $ 6.2 U.S. Total Value Net 
of Operating Costs8 

U.S. P o t e n t i a l  Net 
Economic Yield w i t h  $ 3.1 $ 3.1 - $ 3.0- $ 2.8- $ 3 . 0 -  $ 3.0 - 
Limi ted Access 4.5 4.4 4.0 4.3 4.3 
program9 

Footnotes: see Table 9b. 
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Table 9b. U.S. economic values f o r  var ious  ha rves t  p o l i c i e s ,  es t imated  from 
Markov model and assuming a 50% U.S. share o f  t he  ha rves t .  - 

Harvest P o l i c y  Evaluated 

Option' Option' o p t i o n 3  o p t i o n 4  o p t i o n 5  Opt ion  6 13 

#1 #2 #3 #4 #5 #6 
(thousand tons )  111 

2,870 2,450 2,530 2,990 2,090 2,040 .I 

Products, U.S.7 .rr 

Average Annual Catch 29 1 39 6 370 287 40 3 40 1 
Average Biomass 
Average Gross Market 

Value o f  Reduction $11.8 $15.7 $14.8 $11.7 $16.0 $15.9 

$ 4.34 $ 5.4 $ 5.2 $ 4.4 $ 5.1 $ 5.0 U.S. T o t a l  Value Net 
o f  Opera t ing  Costs8 

W.S. P o t e n t i a l  Net 
Economic Y i e l d  w i t h  $ 2.5 $ 2 .4 -  $ 2 .4 -  $ 2 .1 -  $ 2 .4 -  $ 2 . 3 -  
L i m i t e d  Access 3.7 3.5 3.0 3.5 3.4 
P r o  g r a m9 

Footnotes: 

Catch equals 33 pe rcen t  o f  biomass i n  excess o f  1 m i l l i o n  tons w i t h  a maximum catch  

Same as Opt ion  #1 , b u t  w i t h  an assumed maximum annual ca tch  o f  970 thousand tons. 
Catch equals 20 pe rcen t  o f  biomass i n  excess o f  .5 m i l l i o n  tons, w i t h  an assumed 

Catch equals 10 percent  o f  biomass i f  biomass i s  g r e a t e r  than 1.0 m i l l i o n  tons and 

Catch equals 25 percent  o f  biomass i f  biomass i s  above 1.0 m i l l i o n  tons, and 

Catch i s  33.3 percent  o f  t h e  biomass i n  excess o f  0.5 m i l l i o n  tons w i t h  an 

Est imated market va lue  based upon market demand equat ion  (15) and assuming $21.64 

Market value p l u s  consumer's su rp lus  minus o p e r a t i n g  cos ts  by  equat ion  ( 1 9 ) .  
Equals annual average t o t a l  va lue  minus o p e r a t i n g  cos ts  and minus es t imated  i n v e s t -  

o f  450 thousand tons. 

maximum annual ca tch  o f  970 thousand tons. 

assuming t h e  maximum annual ca tch  i s  960 thousand tons. 

assuming t h a t  t h e  maximum annual ca tch  i s  910 thousand tons.  

assumed maximum annual ca tch  o f  900 thousand tons. 

wor th  o f  o i l  and so lub les  r e s u l t  f rom each t o n  landed. 

ment c o s t  f o r  op t ima l  capac i t y .  
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Tab le  10. Maximum Annual Catch and Maximum Economic Value Assuming 
an E f f e c t i v e  L i m i t e d  Access Program1 . 

Opt ion  

1 2 3 4 5 6 

Maximum Annual Catches 
from F ishe ry :  

w i t h  50% U.S. share 450 470-690 440-630 360-510 440-570 430-620 

w i t h  70% U.S. share 420-450 420-580 400-560 345-475 380-550 390-540 

U.S. P o t e n t i a l  Net 
Economic Y ie ld :  

w i t h  50% U.S. share 2.5 2.4-3.7 2.4-3.5 2.1-3.0 2.4-3.5 2.3-3.4 

w i t h  70% U.S. share 3.1 3.1-4.5 3.0-4.4 2.8-4.0 3.0-4.3 4.2-4.3 

See F i g u r e  6. 
f i  gures . 

Range of values depends on range o f  c a p i t a l  c o s t  
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TOTAL U.S. VALUE’ r 8,000 
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F igu re  6.  Expected economic r e t u r n s  and cos ts  r e l a t e d  t o  ca tch  capac i t y  
w i t h  Opt ion  2 h a r v e s t  p o l i c y  and 70 pe rcen t  U.S. share of 
t h e  ca tch .  
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APPENDIX VI1 

THE PROPORTION OF THE SPAWNING BIOMASS OF THE ANCHOVY 
CENTRAL SUBPOPULATION I N  MEXICO AND U.S. 
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t h e  Spawning Biomass o f  t h e  Anchovy Cent ra l  
n Mexico and U.S. 200-V l e  F i she ry  Zones 

The c e n t r a l  subpopu la t ion  o f  n o r t h e r n  anchovy, Engrau l i s  _- mordax, 
i s  a f i s h e r y  resource shared by t h e  U n i t e d  Sta tes  and Vexico. An annual 
ha rves t  quota based on t h e  es t imated  c u r r e n t  spawning biomass would have 
t o  be d i v i d e d  between U.S.  and Plexican f ishermen under coonera t ive  U . S . -  
Mexico management. One p o s s i b l e  c r i t e r i o n  f o r  such a d i v i s i o n  i s  t h e  
f r a c t i o n  o f  t h e  es t imated  spawning biomass t h a t  i s  i n  Mexico o r  U . S .  
ZOO-mile j u r i s i d c t i o n .  Since t h e  es t imated  biomass i s  F r o p o r t i o n a l  t o  t h e  
number o f  anchovy l a r v a e  es t imated by t h e  CalCOFI surveys, t h i s  f r a c t i o n  
can be d e r i v e d  from reg iona l  l a r v a  census data. 

n o r t h  t o  about Punta Baja (30 N )  i n  t he  south. Th is  range i s  conta ined 
i n  @ CalCOFI reg ions  t o t a l i n g  approx imate ly  166,300 square n a u t i c a l  m i l es  
( nmL) ( F i  yure  1 ) . 
p o r t i o n  of reg ions  SCI-07, SCO-08 and SCS-09 as shown i n  F igu re  1. The 
boundary i s  descr ibed by t h e  l i v e  connect ing  t h e  f o l l o w i n g  coord ina tes .  

Th is  s t o c k  extends from 8pprox imate ly  San Franc isco  (38'N) i n  t h e  

The ZOO-mi  1 e Plexi co-U. S.  boundary cu ts  through t h e  1 ower 

3'2:35' 2'2.11"N. 1 a t . ,  11 7~27'49.42"W. long.  
3Z0 3 7 ' 37.00" N . 1 a t  . , 1 1 7049 ' 31 . 00" W . 1 on g . 
31007' 58.00"N. 1 a t .  , 1 18036' 18.0O"W. long.  
30 32 '31  .20"tJ .  i a t . ,  122 51 '58.37"W.long. 

AFproximately 2,400 nm2 o r  11.94% of t h e  20,100 nm2 i n  r e g i o n  SCI-07: 
1,000 nm2 o r  8.33% o f  t he  12,000 nmz i n  reg ion  SCO-08; and 4,800 nm2 o r  
16.67% o f  t h e  28,800 nm2 i n  Region SCS-09 a re  south o f  t h e  i n t e r n a t i o n a l  
boundary. For  purposes o f  t h i s  r e p o r t ,  100% o f  t h e  anchovy l a r v a e  f o r  t he  
of fshore reg ions  BCO-13 and BCS-14 were assumed t o  be i n  t h e  c e n t r a l  sub- 
popu la t i on .  The d i v i s i o n  between t h e  cen&ra l  and southern subpopulat ions 
i s  considered t o  be near  Punta Baja a t  30 N f o r  t h e  i nsho re  area. The 
of fshore d i v i s i o n  between t h e  two subpopulat ions has n o t  been descr ibed.  

The annual anchovy l a r v a e  census f o r  t h e  8 reg ions  encompassing t h e  
c e n t r a l  subpopu la t ion  are  g i ven  i n  Table 1 f o r  t h e  19 CaICOFI years from 
1951 t o  p resent .  The :>ort ion o f  l a r v a e  i n  Yex ico ' s  j u r i s d i c t i o n  were 
p r o r a t e d  based on t h e  percent  o f  su r face  area i n  t h e  th ree  reg ions  SCI-97, 
SCO-08 and SCS-09 south o f  t h e  boundary. Th is  assumes t h a t  t h e  l a r v a e  i n  
t h e  reg iona l  censuS a re  u n i f o r m l y  d i s t r i b u t e d  over  t h e  reg ion ,  a1 though l a r v a  
d e n s i t y  i s  p robab ly  lower  i n  the  southern end o f  these reg ions .  For  
purposes o f  t h i s  r e ? o r t ,  t h i s  assumption should be adequate f o r  a f i r s t  
approximat ion.  For  the  f i r s t  s i x  years, 1951-1956, when t h e  biomass 
es t imates  were below 1 m i l l i o n  tons,  t he  nercentages were 40% f o r  Yexico 
and 602 f o r  U . S .  (Table 2 ) .  For  t h e  p e r i o d  1957-1961 when t h e  es t imated  
biomass ranged between 1 and 2 m i l l i o n  tons,  t h e  percentage o f f  Mexico 
decreased t o  28':. 

For  the  n e r i o d  1962-1975, t h e  average Dercentage changed o n l y  s l igh t l ; /  
t o  29% o f f  Mexico and 71% o f f  t h e  U . S .  
and 1975 were 31" and 46% o f f  ' Iexico,  r e s p e c t i v e l y .  The o v e r a l l  mean 
f o r  t h e  19 years  i s  32R o f f  Mexico and 68% o f f  t h e  U . S .  I f  t h e  annual 
percentages a r e  weighted by es t imated  annual biomass,the weighted mean 
percentage i s  30% o f f  Mexico and 70% o f f  t h e  U . S .  

The nercentages thouqh f o r  1972 
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Since spawning biomass i s  p r o p o r t i o n a l  t o  l a r v a  census, i t  can be 
i n f e r r e d  t h a t ,  on t h e  average, 30% o f  t h e  spawning biomass o f  t he  anchovy 
c e n t r a l  subpopu la t ion  i s  w i t h i n  Mexico's 200 nm f i s h e r y  j u r i s d i c t i o n  a t  the  
t ime  o f  spawning. Mais (1974) made a general observa t ion  t h a t  d u r i n g  the  
spawning season i n  l a t e  w i n t e r  and e a r l y  s p r i n g  anchovy schools tended t o  
be f u r t h e r  t o  t h e  southwest. I f  t h i s  i s  t h e  case, then the  30% o f f  Flexico 
as determined by t h e  l a r v a  surveys migh t  be an overes t imate  f o r  o t h e r  t imes 
of t h e  year,  p a r t i c u l a r l y  d u r i n g  t h e  f a l l  when f i s h  a re  most a v a i l a b l e  i n  
t h e  San Pedro Channel o f f  Los Angeles. 
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Table 1.  Number o f  anchovy larvae i n  b i l l i o n s  i n  U.S. and Mexico waters 
from CalCOFI surveys, 1951-1975 

- 
ccr cco SCI sco scs B C I  BCO BCS Total 
04 05 07 08 09. 11 13 14 

1951 Total 
U.S. 
Mexico 

U.S .  
Mexico 

U.S. 
Mexico 

U.S. 
Mexico 

U.S.  
Mexico 

U.S.  
Mexico 

U.S. 
Mexi co 

U.S. 
bkxi co 

U.S. 
Mexico 

U.S. 
Mexi co 

U.S.  
Mexico 

U.S. 
Me xi co 

U.S. 
Mexico 

1952 Total 

1953 Total 

1954 Total 

1955 Total  

1956 Total 

1957 Total  

1958 Tota l  

1959 Total 

1960 Total 

1961 Total 

1962 Total 

1963 Total 

33 
33 

8 
8 

1 
1 

9 44 
944 

10 
10 

221 
221 

80 
80 

1903 
1903 

3242 
3242 

382 
382 

662 
662 

81 5 
81 5 

1944 
1944 

53 1212 
53 1067 

145 
69 942 
69 830 

112 
0 3779 
0 3328 

451 
0 4696 
0 4135 

561 
0 4075 
0 3588 

487 
0 2252 
0 1983 

269 
21 9067 
21 7984 

1083 
1272 6901 
1272 6077 

824 
999 6931 
999 6103 

828 
490 4096 
490 3607 

489 
313 2559 
313 2253 

306 
10 10540 
10 9282 

1258 
107 11353 
107 9997 

1356 

30 
28 

2 
10 
9 
1 

98 
90 
8 

377 
346 

31 
294 
270 
24 

433 
39 7 

36 
581 
533 

48 
1434 
1315 

119 
1894 
1736 

158 
3454 
3166 
288 

1947 
1785 

162 
6426 
589 1 

535 

0 215 
0 
0 215 
4 367 
3 
1 367 
6 1017 
5 
1 1017 

445 1151 
37 1 
74 1151 
32 3240 
27 
5 3240 

75 656 
62 
13 656 

1071 984 
892 
179 984 
722 1898 
602 
120 1898 

1255 675 
1046 
209 675 

1369 3444 
1141 

228 3444 
3333 2084 
2777 

556 2084 
5955 3951 
4962 
993 3951 

6896 13025 4513 
6322 10854 

574 2171 4513 

82 216 

82 216 
196 4 

196 4 
30 5 2 

30 5 2 
21 9 3 

219 3 
715 262 

715 262 
950 357 

950 357 
137 19 

137 19 
937 20 

937 20 
442 2 

442 2 
1695 783 

1695 783 
710 219 

710 219 
2423 262 

2423 262 

1,841 
1,181 

660 
1,600 

919 
681 

5,208 
3,424 
1,784 
7,835 
5,796 
2,039 
8 , 628 
3,895 
4,733 
4,944 
2,663 
2,281 

11,960 
9,510 
2,450 

15,087 
11,169 
3,918 

15,440 
13,126 
2,314 

15,713 
8 , 786 
6,927 

11,827 
7,790 
4,037 

30 , 478 
20,960 
9,422 

64% 
36% 

5 7% 
4 3% 

66% 
34% 

74% 
26% 

45% 
55% 

54% 
46% 

80% 
20% 

74% 
26% 

85% 
15% 

56% 
44% 

64% 
34% 

69% 
31 % 

4811 758 43,407 
29,224 67% 

4811 758 14,183 33% 
(con t i nued) 
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Tab le  1. ( c o n t i n u e d )  

1964 T o t a l  
U.S. 
Mexico 

U.S. 
Mexi co 

U.S. 
Mexico 

U.S. 
Mexico 

U.S. 
Mexico 

U.S. 
Mexico 

1965 T o t a l  

1966 T o t a l  

1969 T o t a l  

1972 T o t a l  

1975 T o t a l  

C C I  cco S C I  sco 
04 05 07 08 

3221 1488 10513 4951 
3221 1488 9258 4539 

1255 412 
775 0 21986 7818 
775 0 19361 7167 

2625 651 

2874 496 24481 4343 
2874 496 21582 3981 

2899 362 
998 72 28422 9202 
998 72 25028 8435 

3394 767 

504 250 18429 6980 
504 250 16229 6399 

2200 581 

21 8 3 18074 13694 
218 3 15916 12553 

2158 1141 

S C S  B C I  BCO 
09 11 13 

8359 660 326 
6966 
1393 660 326 

8712 3693 2675 
7260 
1452 3693 2675 

1742 2213 287 
1452 

290 2213 287 
1364 3993 1495 
1137 
227 3993 1495 

2016 7662 4255 
1680 

336 7662 4255 
1004 12081 9927 

837 
167 12081 9927 

B C S  T o t a l  
14 

81 

81 

1881 

1881 

16 

16 
350 

350 

251 6 

251 6 

151 

151 

29,599 
25,472 

4,127 
47,540 
34,563 
12,977 

36,452 
30,385 

6,067 
45,896 
35,670 
10,226 

42,612 
25,062 
17,550 
55,152 
29,527 
25,625 

86% 
14% 

7 3% 
2 7% 

83% 
17% 

78% 
22% 

59% 
41% 

54% 
46% 
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Table 2.  Percent o f  anchovy larvae in  U.S. and Mexico waters 
from CalCOFI surveys, 1951-1975. 

Biomass U.S. Mexi co 
Year estimate % % 

( i n  thousand shor t  tons) 

1951 180 
7 952 156 
1953 51 0 
1954 768 
15'55 846 
1956 485 

1957 1172 
1958 1479 
1959 1514 
1960 1540 
1961 1159 

1962 2986 
1963 4254 
1964 2901 
1965 4659 
1966 3572 
1969 2999 
1972 2784 
1975 3603 

Ari thmeti c mean 
Weighted mean 

74 1 60% 

45 
54 

80 

72% 
56 
64 

83 
78 
59 
54 

68% 
70% 

36 
43 
34 
26 
55 
46 

20 
26 
15 
44 
34 

31 
33 
14 
27 
17 
22 
41 
46 

32% 
30% 

40% 

28% 

i 
i 
i 29% 




