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PREPARATION OF THIS SYNOPSIS

In view of the increasing importance of anchovies in world fisheries and of the
abundant data available concerning the species, this Synopsis has been prepared to
disseminate the information obtained.

The details set out in this paper are based on data oollected by the author in
the course of personal researoh work on the species and also on information received
from varied sources, most of which are listed in the Bibliography.

The author and the editor are particularly grateful to Mr. P. Whitehead and to
Dr. A. Wheeler of the Department of Zoology, the British Museum (Natural Eistory), for
their valuable assistance in clarifying the taxonomio status of the species.

Distribution "Current Bibliography" entry

Author Bayliff, W.H. (1969) 16-6M184
FAO Department of Fisheries FAO Fish.Synops., (43):pag.var.

FAO Regional Fisheries Officers Synopsis of biological data on the
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1 IDENTITY
1.1 Nomenclature

1.11 Valid name

Cotengraulis mysticetus = Engraulis mysticetus
Gunther, 1066.

1.12 Objective synonymy

Engraulis mysticetus Gunther, 18663 604.

Cetengraulis mysticetus Gunther, 1868: 383;
Gunther, 1869: 489: Jordan and Evermann,
18963 450; Gilbert and Starks, 1904: 47;
Meek and Hildebrand, 1923: 2123 Jordan
and Seale, 19263 416; Jordan, Evermann,
and Clark, 1930: 513 Seale, 1940: 4;
Hildebrand, 1943: 157; Hildebrand, 19463
104; Berdegue A., 1956: 144.

Cetengraulis muysticetus Berdegue A., 1956: 78
(lapsus calami).

Centensraulis mystioetus Anonymous, 1959:85;
Anonymous, 1960at3 (lapsus ocalami).

1.2 Taxonomy

1.21 Affinities

— Suprageneric

Vertebrata, Craniata, Gnathostomata, Pisces,

Teleostomi, Actinopterygii, Clupeiformes,
Engraulidae.

- Generio

Cetengraulis Gunther, 1868: 383; Jordan and
Seale, 1925: 31; Jordan and Seale, 1926:
4143 Hildebrand, 1943: 154 (genotype,
Engraulis edentulus Cuvier).

This genus is distinguished by the breadth
of the branchiostegal membrane and the long
branchiostegal rays, the longest being about one
half the length of the head. There are no gill
rakers on the posterior face of the third epi-
branchial, and the posterior frontal fontanelles
are occluded in adults (Whitehead, 1967 and
personal communication).

- Specific

Holotype ~ British Museum (Natural History)
1864.1.26.346., standard length 124.5 mm,
Pacific coast of Panama.

Paratypes (2) — British Museum (Natural History)
1863.12.16.20~-1., standard lengths 111.5
and 112.0 mm, Pacific coast of Panama.

Cetengraulis mysticetus is distinguished
from all other engraulids of the Pacific Ocean
by the breadth of its branchiostegal membrane.
It is distinguished from C. edentulus, the
Atlantic species, by its larger head, lesser
depth, smaller eye, and longer cheek.

Subjective synonymy

Stolephorus opercularis Jordan and Gilbert,
1882: 275; Jordan and Evermann, 1896:

4453 placed in synonymy in Meek and
Hildebrand (1923%? reasons discussed.

Anchovia opercularis Gilbert, 1891: 449;
Gilbert and Starks, 1904: 42; Kendall
and Radcliffe, 1912: 81; placed in
synonymy in Meek and Hildebrand (1923),
reasons discussed.

Cetengraulis engymen Gilbert and Pierson,
1595: 2815; Gilbert and Starks, 1904:
483 Jordan, Evermann, and Clark, 1930:
515 placed in synonymy in Meek and

Hildebrand (1923), reasons not given.

The following artificial key to the species
of Cetenﬁ¥aulis is taken from Hildebrand (1343),
but meristic and morphometric data from Howard
(1954) and Berdegue A. (1958) are substituted
for those given by Hildebrand for C. mysticetus.

Head moderately large, 3.0 to 3.4; postorbi-
tal part of head moderately long, 4.6
to 533 body deep, greatest depth 2.9
to 3.4 (all proportions in standard
length); eye large, 3.7 to 4.6 in head;
cheek equal to or shorter than snout
and eye; anal fin with 23 to 26 rays,
most frequently 24 or 25.

ae

C. edentulus

aa. Head notably larger, 2.47 to 3.17; postorbi-
tal part of head very long, 3.75 to 4.0;
body more slender, greatest depth 3,04
to 4.14 (all proportions in standard
length); eye smaller, 4.1 to 7.4 in
head; cheek notably longer than snout

and eye; anal fin with 19 to 26 rays.
C. mysticetus
1.22 Taxonomio status

The taxonomic status of Cetengraulis mysti-
cetus is clearcut, as it is the only member of
its genus in the Pacific Ocean, and it is con-
siderably different morphologically from the
Atlantio Ocean species.

1.23 Subspecies

No subspecies of Cetengraulis mysticetus
have been described.
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Figure 1, Cetengraulis mysticetus {Gunther), The drawing was made
from a specimen 144 mm in standard length, U.S. National

Museum, Catalogue No. 79609 (Hildebrand, 1943).
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1.24 8Standard common name and
vernacular names

In scientific literature "anchoveta" is
invariably used as the common name for Ceten-
graulis mysticetus. The following vernacular
names are used by fishermen:

U,S.A. (i.e. U.S. fishermen who catch it
off the coasts of the Latin American
countries): anchoveta

Mexico

northern: sardina, anchoveta, bocona
southern: sardina

Costa Rica: anchoveta

Panamat sardina, oardume, anchoveta
Colombia: cardume, anchoveta
Eouador

Esmeraldas: ojito, chuhueco, anchoveta
Manta and Qulf of Quayaquils ojito,
anchoveta.

1¢3 Morphology

1.31 External (Fig.1) and internal
morphology

Howard (1954), Harder (1958), and Berdegue
A. (1958) have made studies of the meristic and
morphometric characters of the anchoveta from
12 of its most important areas of occurrence.
Their data are summarized in Table I. The ver-
tebral counts include the atlas and urostyle.
The anal fin ray counts include the first ray,
visible only by dissection. The gill raker
counts include only the gill rakers on the lower
portion of the first gill arch. The number of
gill rakers increases with the length of the
fish, but the relationship is not linear, and
cannot be made so by any simple transformation.

Therefore only the gill raker counts of Berdegue’
4. (1958), who studied only fish from 100 to
130 mm in standard length, are included in the
table. The scale counts include the number of
scales in a longitudinal series from the upper
angle of the opercle to the end of the caudal
peduncle. The measurements of the alimentary
tract extend from the anterior end of the mouth
to the anus. Measurements of fish of 100 to
130 mm were employed for the calculation of the
regressions of the head length on standard
length, body depth on standard length, and eye
diameter on head length.

Significant differences for at leaat one
meristic or morphometric character were found
for each of the pairs of areas for which com-
parisons were made {Table II). These differ-
ences indicate that the population of anchovetas
in the eastern Pacific Ocean is not a homogenecus
mixture, but it is not possible to determine
from meristic or morphometric studies whether
the segregation of fish by areas is complete.
The fish of all the areas could originate from
one or a few subpopulations of spawners, and
the differences between fish of different areas
could be caused by the environment. From what
is known of the life history (Section 3), how-
ever, it appears far more likely that the fish
of the different areas belong to distinct sub-
populations,

Hildebrand (1943) states that the anchoveta
"acquires an excessively large head with age."
Howard (1954) demonstrated that the gill raker
counts increase with increasing size. Bayliff
(1963a) examined the structures associated with
feeding and digestion and found that: "the gill
rakers are about the same length relative to the
length of the gill arch in all sizes of fish.ss}
the gill rakers are more olosely spaced on the
gill arch in the smaller fishe...j the processes
on the gill rakers are longer in relation to the
rakers on the smaller fish...j; the processes
are more closely spaced on the gill rakers in
the smaller fish...j the length of the intestine
increases at a much greater rate than the stand-
ard length in juvenile fish."
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2  DISTRIBUTION

241 Total area

The areas where the anchoveta has been re-
corded are shown in Fig. 2 and listed in Table
III. It is obviously a tropical and subtropioal
species. Adult anohovetas nearly always oocur
over shallow mud flats, and thus the distribu-
tion is not continucus. Most of the areas
where it is found are near the mouths of rivers.

Data on the sea-surface temperatures at or
near the areas where anohovetas oocour are given
by Anon., (1962)c The lowest and highest
mean monthly temperatures for areas where an-
ohovetas oocur regularly in oommeroial quanti-
ties are 17.5°C for Quaymas Bay in January aud
30.8°C for La Union, Bl Salvador (Gulf of
Fonseca) in August, Peterson (1956) states
that prior to their virtual disappearanoce from
the Qulf of Niooya anchovetas were oaught there
in oommeroial quantities as far inland as Chira
Islands Petarson {1960) records salinities at
that looation at the surface and at 5 and 10 m
as low as 20 parts per thousand., In most of
the areas where the anohoveta oocurs, however,
the salinity is greater than 30 parts per
thousand.

2,2 Differential distribution

2.21 Spawn, larvae, and juveniles

In the (Qulf of Panama spawning of the an-
choveta occurs over shallow mud flats, and the
oggs and larvae are found there (Simpson, 1959).
The juveniles are found at the surface, often
near rocky islands, in water to about 60 m deep.

2422 Adults
The adults occur over shallow mud flats.
The ssasonal variation in the Qulf of Panama
assooiated with Bpawning is discussed in Section
3.16.

243 Determinants of distribution changes

In 1947 the anchoveta population in the
Gulf of Nicoya suffered a severe decline, and
since then the abundance has been low there.
Peterson (1956) states that the decline could
have been the result of a reported heavy bloom
of red tide, presumably Oymnodinium sp., which
ocourred there at about the same time,

Hybridization

Hybridization of the anchoveta with other
apeoies has not been reported.

2.4
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Figure 2. Areas where the anchoveta has been recorded,
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TABLE III

Areas where the anohoveta has been reoorded.

The designations of the regions follow the system of Rosa (1965)

Region

Area

Geographioal
ooordinates

Referenoe

4.6.3 California
waters

446.4 West Mexioan
waters

San Pedro, U.S.A.

San Diego Bay, U.S.A.

Santa Maria Bay, Mexioo

Magdalena Bay, Mexioo

Alme jas Bay, Mexioo
San Felipe Bay, Mexioo

Kino Point, Mexioo

Guaymas Bay, Mexioo
Ahome Point, Mexioo
Banderas Bay, Mexioo

Qulf of Tehuantepeo,
Mexioo

Gulf of Fonseoa, El
Salvador, Honduras,
and Nioaragua

Oulf of Niooya, Costa
Rioa

Bahia de Coronado,
Costa Rioa

Chiriqui Provinoe,Panama

Montijo Bay, Panama

33940'N=-118°15'W

32%430'N-117°15'w
24945'N-112°15'W

24°40'N-112°%00'wW

24930'N-111%40'W
319007 N=114°50"W

28945'N-112°00' W

27950 N-110°50" W
25955'N~-109°30' W
20°40'N=105°30"W
16°00'N- 94°45'W

13905'N- 87°40'W

10°00'N- 85°00'W
8950 N~ 8395w

89001 N- 83°00'W

7°45'N= 81°10'W

MoHugh and Fitoh,
1951

Ibid.

Alverson and Shimada,

1957

Barrett and Howard,
1961

Ibid.
Berdegue A., 1958

Alverson and Shimada,
1957

Howard, 1954
Ibid.

Berdegue A., 1958

Ibid.

Howard, 1954

Peterson, 1956

Bayliff, 1963b

Ibid.

Berdegue, A., 1958
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TABLE III (continued)

Region Area Geographical Reference
coordinates
448 Pacific Equa=- Qulf of Panama, Panama BOSO'NL 79020'W Howard, 1954

torial Counter-
current region

Buenaventura, Colombia 3%45'N- 77°15'W Barrett and Howard,
1961
Tumaco, Colombia 1955'N= 78°40'W Ibid.
Esmeraldas, Ecuador 19007 N- 79°40'W Ansaldo Garces,
1964
4.9+4 Peru-Gala- Manta, Eouador 0°50'S— 80°%40'W Barrett and Howard,
pagos waters 1961
Gulf of Ouayaquil, 3°900'38- 80°00°'W Howard, 1954
Ecuador
Paita, Peru 5°0578- 81°10'wW Barrett and Howard,
1961

Sechura Bay, Peru 5940'8= 80°55'W . Hildebrand, 1943
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3 BIONOMICS AND LIFE HISTORY

3.1 Reproduction
3.11 Sexuality

The sexes of the anchoveta are separate.
The males and females cannot be distinguished
by external oharacters. Howard (1954) found
no significant differences in the counts of the
vertebrae, dorsal or anal fin rays, or gill
rakers of male and female anchovetas from the
same area. Berdegue A. (1958) encountered the
same results for the ratios of the head length
to standard length, body depth to standard
length, and eye diameter to head length.

3.12 Maturity

As far as is known, the anohoveta invar-
iably reaches sexual maturity at 1 year of age
(Howard and landa, 1958; Barrett and Howard,
19613 Bayliff, 1963b; Ansaldo Garces, 1964 ).
Howard and landa (1958) and Barrett and Howard
(1961) give the following data on the mean
standard length at first maturity: Almejas Bay,
127 wm; Guaymas Bay, 128 mm; Ahome Point,

132 mm; Banderas Bay, 115 mmj; Gulf of Fonseoa,
128 mm; Gulf of Panama, 126 mmj Colombia,

126 mmj Gulf of Guayaquil, 118 mm. Bayliff
(1966) gives the average weight of 1-year-old
fish in the Gulf of Panama as 31.71 g.

3.13 Mating

The mating of the anohoveta has not been
observed, but it is probably promiscuous.

3.14 PFertilization

The fertilization of the eggs of the an-
choveta takes place externally.

3.15 Gonads

Peterson (1961) calculated the following
fecundity relationships for mature anchovetas
from the Gulf of Panana:

Y = -101,200 + 1,006X (standard error of
estimate = 9,147) where Y = number of mature
ova and X = standard length of fish in milli-
meters, and

Y =-3,304 + 927X (standard error of
estimate = 9,313) where Y = number of mature
ova and X = weight of fish in grams.

Howard and Landa (1958) calculated gonad
indices by

gonad index = Width of gonad in mm x 100

standard length of fish in om

Barrett and Howard (1961) classified the fish by

this gonad index as follows: <3, "maturing;"
3-6, "approaching the advanced sexual stagej"
> 6, "most advanced sexually".

Howard and Landa (1958) have shown that
the anohoveta produces only one batch of eggs
each spawning season in the Gulf of Panama, and
Barrett and Howard (1961) reached the same con-
olusion for the fish of the Gulf of Fonseoa.
The maximum age recorded for the anohoveta is
about 38 or 39 months (Section 3.31), so a fish
attaining this age would spawn three times dur-
ing its lifetime. From Bayliff's (1966) weight
data and Peterson's (1961) weight-fecundity re-
lationship it is estimated that a female ancho-
veta in the Gulf of Panama would produce about
26,000, 48,000, and 60,000 eggs at 1, 2, and 3
years of age, respectively.

3.16 Spawning

The spawning periods of the anohoveta in
various areas are shown in Table IV. The spawn-
ing period is prolonged in most areas, and re-
latively few oolleotions of fish are available
from most of these, so it is diffiocult to deter-
mine if there is one or more than one peak of
spawning aotivity during the spawning period.
Barrett and Howard (1961) found evidence that in
Almejas Bay there are two peaks of spawning aotiv-
ity, one in August-September and one in Deocember-
January. For the Gulf of Panama, however; where
the most detailed studies have been made (Howard
and Landa, 19583 Simpson, 1959; Klima, Barrett,
and Kinnear, 1962), there appears to be only a
single peak of spawning activity. There is no
evidenoe of more than one peak of spawning activ—
ity in any of the other areas (Barrett and Howard,
19613 Bayliff, 1963b; Ansaldo Caroes, 1964).

Spawning ocours from 01,30 to 04.30 in the
Gulf of Panama (Simpson, 19593 Klima, Barrett,
and Kinnear, 1962).

Simpson (1959) hypothesized that the ulti-
mate cause of spawning in November and December
in the Gulf of Panama is the fact that upwelling
occurs there from December to March, which in-
creases the supply of plankton for food for the
larvae, postlarvae, and juveniles. Variation
in the time of the spawning period in different
years in that area has been discussed by Simpson
(1959) and by Bayliff (1964). Simpson discus-
sed temperature, salinity, and light as possible
proximate causes of this variation, but his find-
ings were inconclusive.

Spawning ocours over shallow mud flats.
Simpson (1959) has shown that in the Gulf of
Panama in the 1956-1957 and 1957-1958 spawning
seasons spawning occurred chiefly from the en-
trance of the Panama Canal to Punta de Brujas
(Fig. 3), though anchovetas reside beyond this
area during most of the year. It is not known
if this is the principal spawning area in other
years also, or why it was preferred in those
years.

The sex ratio on the spawning grounds is
discussed in Section 4.11.
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Figure 3. Map of the Qulf of Panama, showing the areas mentioned
in the text.
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TABLE IV

Spawning periods of the anchoveta in different areas

Chiriqui Province
Montijo Bay

Gulf of Panama -

Colombia
Esmeraldas
Gulf of CQuayaquil

Qulf of CQuayaquil

activity taking place prior
to 3eptember

Chiefly in November and Descember

Throughout the year, with
peak in November=December

October=January, with peak in
November-Dacember

Qctober-February

March-August

March-September

Dacember-March, with peak in
December-January

Area Spawning period Reference

Alme jas Bay August-February, with poseible Barrett and Howard, 1961
peaks in August-September and
Decamber~January

Quaymas Bay July~-December, with peak in Tbid.
September~October

Ahome Point June~3eptember, and possibly to Ibid.
December

Banderas Bay Sometime from June to Dacember; Ivid.
probably closer to December

Gulf of Fonseca September~December, with some Tbid,

Bayliff, 1963b

Toid.

Howard and Landa, 1958;
Simpaon, 1959; Klima,
Barrett, and Kianear, 1962

Barrett and Howard, 1961

Ansaldo Qarces, 1964

Ibid.

Barrett and Howard, 1961
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3.17 Spawn In the early stages the eggs floated at the
. surface of containers in the laboratory, but
The egg of the anchoveta is pelagic and non— near the time of hatching they sank to the
adhesive. It is oval, the mean dimensions of bottome Hatching is effected by rupture of

its major and minor axes being 1.166 (range 0.986
to 1.360) and 0,558 (range 0.493 to 0.663) mm,
respectively (Simpson, 1959). Forsbergh (1969)
estimated its weight to be 0,193 mg. It is un-
pigmented and translucent, it has no oil globule,
and the yolk is segmented. The egg membrane is
unsculptured (Simpson, 1959).

3.2 Pre-adult phase

3,21 Embryonic phase

Simpson (1959) distinguished the planktonio
egg of the anchoveta from those of 19 other spe-
cies of anchovies in the Gulf of Panama by its
dimensions and by its abundance relative to other
anchovy eggs during the spawning season of the
anchoveta and at other times. His identifica=-
tion was corroborated by Kliima, Barrett, and
Kinnear (1962), who mixed the eggs and milt from
sexually mature anchovetas and obtained fertile
eggs identical to those described by Simpsone.

The timetable for the development of an egg
fertilized at 03.0Q, as interpreted from Simpson
(1959), is approximately as follows:

04.00 -
06,30 -

16-cell stage;

blastopore lip begins to become
defined;

overgrowth of yolk mass by em-
bryonic tissue Vé completed;

blastopore closes, 3 to 5 myotomes
apparent at center of embryo;

tail becoming prominent, optic cup
developing;

tail extends to posterior margin
of yolk, 12 to 17 myotomes;

tail not yet lifted away from yolk,
16 to 21 myotomes, eyes plainly
visible, heart begins to beat;

extremity of tail lifted away from
yolk, 22 to 25 myotomes;

26 to 29 myotomes;

tail extends anteriorally about

the embryo's length, 30 to

34 myotomes, development of
dorsal and ventral fin folds
begins;

tail extends anteriorally about
Y3 the embryo's length, 34 to 38
myotomes, cross striations begin
to develop in myotomes at centre
of embryo ;

ta%l extends anteriorally about
/5 the embryo's length, adult
number of myotomes (39 to 42);

auditory capsule clearly defined;

hatching.

09.00 -
11.30 =
12,00 -
13,00 -

14,00 -

15,00 =~

16,00 =
17.00 =

18.00 -

19,00 -

20,00 =
22.30 -

the egg case due to movements of the embryo's
taile Immediately after breaking the egg
cagse the embryo lies motionless for a short
time before freeing itself from the egg case.

3«22 Larval phase

The following description of the develop-
ment of the anchoveta larvae obtained from eggs
hatched and reared in the laboratory is taken
from Simpson (1959):

hatching - no mouth, eyes unpigmented,
chorionic fissure, nerve cord, and
notochord plainly visible, pectoral
fin buds forming, total length 2.0 mm;

12 hr after hatching - yolk sac %2 absorbad,
cranial flexure almost disappeared,
no pigmentation yet developed, jaw
rudiments developing, actinotrichia
developing in caudal fin region, total
length 2,7 mm;

18 hr after hatching - yolk sao 2/3 ab—
sorbed, jaws further developed, pec-
toral fin buds and otic cup well
developed,

24 hr after hatching - yolk sao 4/5 ab—
sorbed, pigmentation appears on eyes
and, in a few specimens, along ventro~
lateral margins of intestine, total
length 2,8 mm (after which no further
growth in length was evident in the
larvae reared by Simpson);

36 hr after hatching = yolk sac 9/10 ab-
sorbed, pigmentation on eyes, ventro-
lateral margin of intestine, and
caudal myotomes, pectoral fin consists
of a fleshy base with a wide membrane
which does not yet contain fin rays;

39 hr after hatching - yolk sac completely
abgorbed;

48 hr after hatching - functional mouth
developed, intestine wider, pigmenta-
tion further developed, ossification
of cleithrum begins.

The larvae reared in the laboratory all died
within 154 hr after hatching, probably due to
lack of suitable food (Xlima, Barrett, and
Kinnear, 1962). Their development was prob-
ably abnormal after absorption of the yolk sac,
so descriptions were not prepared from these
larvae, Characters for distinguishing an=-
choveta larvae collected in plankton from the
larvae of other species of anchovies have not
been found, so descriptions of the larvae cannot
be prepared from these either.
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3+23 Adolescent phase

When it reaches about 25 mm in standard
length the anchoveta is first distinguishable
from other anchovies by the membrane conneoting
the gill covers to the isthmus and by the ooiled
intestine (Klima, Barrett, and Kinnear, 1962).
At this time it resembles the adult except for
the gill raker counts, which increase with in-
creasing length, and the length of the intestine
relative to the standard length, which increases
until the fish reach about 110 mm (Section 1.31).

Anchovetas of 20 to 30 mm were sampled by
Simpson (1959) with a fine-meshed otter trawl
dragged on the bottom between the mouths of Rio
Chico and Rio Junan Diaz, Gulf of Panama, at
depths of about 2 to 4 me Bayliff (1964) re-
corded the capture of anchovetas of 22 to 59 mm
in Balboa Harbor, at the mouth of the Panama Canal,
at a depth of about 4 m. The fish apparently
move offshore at lengths between about 20 and
60 mm and remain there for about 1 to 3 months.
Simpson (1959) and Bayliff (1964) record their
presence in deeper (to about 60 m), clearer waten
partioularly near islands, in the Gulf of Panama.
At this time they are preyed upon by laughing
gulls, Larus atricilla, and larger fish (Simpson,
1959), including Lutjanus sp. (Kendall and
Radcliffe, 1912?.

In March, April, and May, when the fish in
the (Gulf of Panama reach about 90 to 120 mm,
they migrate inshore to shallow mud flats, where
they spend the rest of their lives. These fish
are about 4 to 5 months old, and are considered
to become adults at this time, as their mode of
life is henceforth the same as that of the fish
1 or 2 years older,

3.3 Adult phase

3.31 Longevity

It is clear from age composition data
(section 4.12) that the average life expectancy
of the anchoveta is less than 1 year. The max-—
imum age recorded for this species in the Gulf
of Panama is about 38 or 39 months, this being
determined from length-frequency and tag return
data (Bayliff, 1964, 1966, 1967). The maximum
age recorded in other areas is 28 months for
fish from Ecuador-Peru (Bayliff, 1967). It is
believed that older fish exist in these areas,
but the ages were determined only from length—
frequency data, and because of inadequate sam-
ples and overlapping of the lengths not more
than two age groups could be distinguished.

3,32 Hardinees

The anchoveta is esteemed as a bait fish
for tunas because of its ability to live in cap-
tivity aboard fishing vessels (Codsil, 1938;
Alverson and Shimada, 1957). No data concerning
its hardiness when oarried aboard these vessels
are available, however. Bayliff and Klima (1962)

carolinensis.

have presented some data on the survival of an-
chovetas in live boxes. These fish were cap-
tured with cast nets and transported about 15km
in the live well of a log canoe to live boxes
anchored in a sheltered harbor in the Gulf of
Panama, where they were retained. The mortali~
ties of the fish in their first year of life
during the first few days (2 to 8) after capture
were highly variable, ranging from 3 to 684, but
in most cases were less than 35%. After the
first few days few fish died. In one case 300
fish in their second year of life were placed

in a live box, and all but 6 of these died the
first 3 days after capture. Larger fish are
avoided by tuna fishermen, as they are known to
survive poorly in captivity. On May 18 and 19,
1959, two experiments were initiated with 400
fish captured about 1 week previously, and on
December 22, 7 months later, 34 of these still
survived. They were fed finely-ground corn
meal, as is sometimes done on tuna boats, and
at times appeared to attempt to ingest this,

but when the experiments ended they were highly
emaciated. On May 27, 28, and 29, 1960, 660
newly-captured fish were placed into the live
boxes, and on September 1, 3 months later, 63
still survived. These were not fed at all,

but they appeared to be no more emaciated than
those of the previous year.

3.33 Competitors

No specific information is available on
the competitors of the anchoveta. It feeds
chiefly on diatoms and detritus on the bottom
(Section 3.4), so it is likely that its com-
petitors for food are chiefly invertebrates.

3.34 Predators

The most conspicuous predator of the an-
choveta is the pelican, Pelecanus occidentalis
These can be seen frequently in
large numbers diving for anchovetas. The frig-
ate bird, Fregata magnificens, has also been
observed to prey on the anchoveta. It is con-
sumed by various larger fishes, including
Cynoscion othonopterus (Jordan and Gilbert
1882) and C. macdonaldi (Berdegue A., 19565.
Flight is probably its only defense mechanism.

3.35 Parasites, diseases, injuries,
and abnormalities

There are no data on parasites or diseases
of the anchoveta.

Anochovetas are frequently observed with
reddened areas at the tip of the snout and on the
lovwer jaw. This may be the result of feeding by
stirring up the mud on the bottom. Partially-
healed wounds and scars, presumably inflicted by
predators, are seen frequently on anohovetas.

The live-box experiments of Bayliff and Klima
(1962) demonstrated the rapid healing ability

of the anchoveta. External tags of various types
were applied to the dorsal musoulature near the
dorsal fin, to the dorsal and ventral musoulature
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posterior to the anus, and to the operole. The
tage were shed rapidly, and in about 2 weeks
the wounds were oompletely healed, without
soars. Suoh foreign substanoces as latex, in-
organio ohemioals, and insoluble fluoresoin
dyes were also shed rapidly, and the point of
injeotion healed oompletely in less than 1 week.
Internal tags were inserted into the body
oavity through a slit near the anus. In most
oagses the slit healed in about 1 week, but
sometimes it beoame infeoted and enlarged, in
whioh oase it took longer to heal.

In the course of tagging about 50,000 an-
ohovetas with internal tags the writer observed
about 20 individuals with both ventral fins mis-
sing. It appeared that the entire pelvio
girdle was absent, but none of the fish was dis-
seoted or x-rayed to oonfirm this.

3.4 Nutrition and growth

341

The feeding of the anchoveta in the Gulf of
Panama has been investigated by Bayliff (1963a).
The Jjuveniles are plankton feeders. From the
fineness of the gill rakers (Seotion 1.31) and
the minute sizes of the foods found in the stom-
aohs (Seotion 3.42) it is believed that filter
feeding is more important than particulate feed-
ing, if the latter exists at all. The adults
also have fine gill rakers, plus a gizzard and a
very long intestine (Seotion 1.31).  This type
of digestive traot has been found in several
other speoies of fish, most of whioh have been
observed to feed by stirring up mud from the
bottom and ingesting it to obtain the detritus
and minute organiesms that it oontains. The
feeding of adult anchovetas has not been ob-
served, but the stomaohs nearly always oontain
mud and benthio diatoms, so it is believed that
they also feed in this manner.

Feeding

3.42 Food

Bayliff (1963a) studied the food of the an-
ohoveta in the Gulf of Panama. Diatoms, partio-
ularly Cosoinodiscus, Cyclotella, Aotinoptyohus,
Biddulphia, Navioula, and Nitzsohia, were the
most important food of juvenile anohovetas, whils
siliooflagellates, dinoflagellates, and orusta~
ceans were oonsumed in lesser amounts. No sig-
nifioant ohanges in the foods consumed with in-
orease in size of the fish were deteoted. The
most important identifiable organisms in the
stomaohs of the adults were also diatoms, espe-
oially Melosira, Cosoinodisous, Soeletonema,
Aotinoptyohus, Biddulphia, Cyolotella, Thalas-
sionema, Navioula, and Nitzsohia. Melosira was
the most important diatom in the stomaohs of the
fish taken east of the entranoce of the Panama
Canal, but ooourred infrequently in those of the
fish from the west of the entranoe of the Canal.
This diatom was abundant in mud samples from the
former area, but muoh less common in those from
the latter area. No other signifioant differ-
enoes by area or time of year were found in the

stomaoh oontents. Schaefer (1954) reported
Melosira in the stomaohs of adult anohovetas
from Almejas Bay and Cosoinodiscus in the sto-
maohs of those from the Gulf of Niooya. The
volumes of material in the stomaohs of the

adult fish studied by Bayliff ranged from almost
none to nearly 1.0 ml, with an average of a
little more than 0.2 ml.

3.43 Growth rate

The growth of the anohoveta has been de—
termined from length-frequenoy data. In Table V
are shown data on its growth in 9 loocalities, as
given by Bayliff (1967?? He gave the oonstants
1o and K of the von Bertalanffy growth equation,
but omitted tg beoause he believed that the
sketohy knowledge of when the spawning ooours in
most areas and the pauoity of length-frequenoy
data for the smaller fish render the validity of
these estimates doubtful.

The growth of the anohoveta in the Gulf of
Panama, as given by Bayliff (1967), is shown in
Fig. 4. The growth is most rapid from Jan-
uary to June of the first year of life and Jan-
uary to April of the seoond and third years of
life. This oorresponds to the period of up-
welling in that area, when the produotion of
organio material is greatest (Forsbergh, 1963).
The aococelerated growth is apparently not the
direot result of upwelling, however, for Bayliff
(1964) pointed out that the period of aococelerat-
ed growth sometimes takes plaoce earlier or later
than usual when the upwelling takes place at the
usual time. The period of aoocelerated growth
of the older fish ooours shortly after spawning,
but Bayliff (1964) showed that it is apparently
not related to the time of spawning either.

Bayliff (1964) found signifioant and near-
signifioant negative relationships between the
mean lengths of the young of the year in the
Gulf of Panama during July through November and
the sea~-surfaoe temperatures and sea levels dur-
ing the previous periods of upwelling, indioat-
ing that greater-than-average upwelling produoes
larger-than-average fish. He also found a near-
signifioant positive relationship between the
Bize of the fish and the size of the population
of anohovetas in the Gulf of Panama, as measured
by the oatoh per unit of effort (Seotion 4.21)
during February, Maroh, and April. He believed
that some environmental faotor was the oommon
ocause of the greater size of the population and
of the individual fish, rather than that the
greater size of the population oaused the fiesh
to grow larger, or vioe versa.

In 1961 and 1962 the anohovetas in the Gulf
of Panama were muoh larger than usual (Bayliff,
1964). In 1961 the prinoipal oomponents of the
population were the young of the year of the
1960 year olass and the 1-year-olds of the 1959
year olass. The latter had been of normal size
in 1960, but were larger than average in 1961,
In 1962 the 1-year-olds of the 1960 year olass
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were no larger than had been the 1-year-olds
of the 1959 year class in 1961, even though

the 1960-year class fish had been exposed to
two years of what are presumed to have been

good growing conditions, while the 1959-year
class fish had been exposed to only one.

3.44 Metabolism

Von Bertalanffy (1934) has shown that X
in his growth equation is very close to the
rate of nitrogen excretion of starving animals.
Therefore the estimates of K in Table V are
indices of the rate of catabolism of the an-
choveta. These are exceptionally high values
of X for fish,

3.5 Behaviour

3.51 Migrations and local movements

Adult anchovetas have been found only over
mud flats, and it is unlikely that they make
long migrations along sandy or rocky shores
from one suitable area to another. It is also
unlikely that the juveniles make such migra-~
tions, as they have not been observed far from
areas with mud flats.

The tagging experiments of Bayliff (1966)
provide some information on the migrations of
the anchoveta in the Gulf of Panama. These
data are summarized in Table VI. The only
areas whare there was fishing were Isla Verde
(Punta Chame to the entrance of the Panama
Canal) and Panama Viejo, so no returns of tags
were made from the other areas. In general,
there was not much interchange of fish among
areas within the Gulf of Panama.

Fish tagged at Bahia Parita appeared at
Isla Verde as soon as 31 days after tagging,
and a relatively large number of these appeared
in that area. These fish had to migrate about
60 km over sandy bottom to get from Bahia
Parita to Isla Verde.

Very few fish from the areas to the east
of the entrance of the Panama Canal migrated to
Isla Verde. There is a jetty just east of the
entrance of the Canal which extends southward
to a depth of about 10 m, and this possibly
prevents most of the fish from migrating to
Isla Verde. The majority of the tags from the
fish which made this migration were returned in
the season after tagging. From the temporal
patterns of return of these tags it appears
that there were migrations of older fish from
these areas to Isla Verde in late May or early
June of 1961 and late June or early July of
1962,

Little information is available on the
migration of fish from Isla Verde to the other
areas, as there was little or no fishing in
those areas. Few Isla Verde tags were returnsd
from Panama Vie jo, even considering the low

fishing effort there, so apparently few fish
from Isla Verde migrate to Panama Viejo, except
possibly temporarily during the spawning season
(see below).

Simpson (1959) found the spawning in the
Gulf of Panama in 1956-1957 and 1957-1958 to
occur chiefly from the entrance of the Panama
Canal to Punta de Brujas. Since anchovetas
reside beyond this area during most of the year,
these presumably migrated to the Panama Canal-
Punta de Brujas area to spawn, and these or
other fish presumably left the Panama Canal-
Punta de Brujas area to repopulate the other
areas after the spawning season, Since the
tags returned from Isla Verde the season after
tagging were mostly from fish tagged in that
area it appears that either (1) the Isla Verde
fish spawned in that area, rather than the
Panama Canal-Punta de Brujas area, in 1960-1961
and 1961-1962, or (2) after the spawning season
the Isla Verde area was repopulated chiefly by
fish which had resided there before spawning.

3,52 8chooling

The schooling behaviour of the anchoveta has
been discussed by Bayliff (1966). On the mud
flats where it lives there are locations of
greater and lesser concentrations of fish, which
shift from day to day. The fishermen detect
the presence of greater concentrations by the
actions of predatory birds, "flipping" of the
fish, and the slightly greater turbidity of the
water, Distinct schools are not observed.

When tagged fish were released together a dis-
crete school was sometimes in evidence for a few
minutes, but was never observed to remain in the
immediate vicinity of the tagging vessel for a
significant amount of time.

The schools are believed to break up and re-
form rather rapidly, for when tagged fish were
released in schools on some occasions a few of
the tagged fish were caught the same day by purse-
seine vessels, while others of the same schools
continued to be caught one or a few at a time
for the next 2 years.

The anchoveta tends to school by sizee. In
the Gulf of Panama young of the year and older
fish are not usually caught in the same schools
in April, May, or June (Bayliff, 1964), but as
the season progresses they tend to mix more,

The anchoveta has not been observed to school
with other species, though a few small fish,
mostly engraulids and clupeids, are usually
caught with anchovetas in purse seines.
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4  POPULATION

4.1

Structure

4+11 Sex ratio

The numbers of anchovetas of eaoh sex
sampled in various areas are shown in Table VII.
The females outnumbered the males in eight of
the nine areas, but the sex ratios varied con-
siderably from month to month within the areas,
with males sometimes predominating. There were
no apparent seasonal patterns in the sex ratios.
Bayliff (1963b) reported that there were 39
males and 106 females among 144 fish sampled at
Panama Vie jo, an important spawning area of the
Gulf of Panama, during the peak of the 1958-1959
spawning season.

4+12 Age composition

Anchovetas are first captured by the tuna-~
bait fishery in the Gulf of Panama in January of
their first year of life (Bayliff, 1964), when
they are about 2 months old. The age of entry
to the tuna-bait fishery in other areas is about
the same. Anchovetas first enter the Gulf of
Panama purse-seine fishery in March, April, or
May of their first year of life, at about 4 or
5 months of age.

Data on the age composition of the anchove-
ta in different areas, as given by Bayliff
(1967), are shown in Table VIII. Only data for
the months for which the samples included no
juvenile fish are shown, as the Juvenile fish
have a different mode of life (Section 2.2), and
the adults and juveniles cannot be sampled in
representative proportions by the same gear.

The groups in the table include more than one
age group, because in some cases the anniversa-
ries of the fishes' hatching occurred during the
periods indicated in the table. In the Qulf of
Panama, for instance, spawning occurs principally
in November and December, so the fish in the
youngest group are considered to be 0+ years old
from May through November and 1+ years old in
December and January. It is believed that a
few fish of the 2+ and 3+ age group occurred in
the areas other than the Gulf of Panama, but
that their presence could not be detected because
of the small samples (Bayliff, 1967). Except
for this, these data are believed to be reason-
ably indicative of the actual age composition of
the adults of the population.

In Table IX are shown data on the age com-
position of the anchovetas from the Gulf of
Panama sampled from June 1961 to March 1963
(Bayliff, 1964). The majority of these were
caught by the purse~seine fishery, and the age
composition of those caught by other methods did
not appear to be different. Apparently in some
months (i.e. June 1962) the sampling was biased
but, as indicated above, the combined samples
for May through January probably give a reason—
able indication of the actual age composition of
the adults of the population.

413 Size composition

Anchovetas are about 50 mm and 115 mm in
standard length when they enter the tuna-bait
fishery and the Qulf of Panama purse-—-seine
fishery, respectively (Bayliff, 1967).

Figure 5 shows the length compositions of
the fish sampled by Howard and Landa (1958) and
Bayliff (1964) in the Gulf of Panama. The fish
are roughly the same size in the other areas
(Table V), but not necessarily in the same
months because of differences in the times of
spawninge. Additional length-~frequency histo-
grams are given by Howard and Landa (1958),
Barrett and Howard (1961), Bayliff (1963bv, 1964,
1967), and Ansaldo Garces (1964).

The maximum lengths of individual figh re~
oorded in various areas are listed in Table V.

Data on the length-weight relationships of
the anchoveta in the Gulf of Panama are given
by Bayliff (1965). He showed that significant
differences in the length-weight relationships
existed among fish collected in different months
and areas and among fish of different ages.

For this reason he did not combine the data for
the different strata. When the weighted aver-
ages of the constants of the equations for the
different months are calculated for the fish
from Isla Verde the equations are?

1953 and 1954 year classes

younger (February through November)
logg¥ = =5¢2679 + 3425671ogy ol

older (December through December)
logyo¥ = -3+6881 + 24512610840

1960 and 1961 year classes

younger (April through November)
log10¥ = =5.9440 + 34550410g101

older (December through March)
logio¥ = =4.4641 + 2.876710g1°l

where w = weight in grams and ] = standard length
in millimeters.

4.2 Abundanoe and density

421 Average abundance

Alverson and Shimada (1957) used catch per
unit of effort as an index of abundance of the
anchoveta. They recorded the catohes of bait~
fish, including anchovetas, and the numbers of
days devoted to fishing for them, by tuna
vessels of six size classes, Any day which was
devoted wholly or partly to fishing for baitfish
was defined as 1 day's fishing, except when dur-
ing a single day time was spent fishing for both
baitfish and tunas, in whioh case V2 day was re—
corded as being devoted to each type of fishing.
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TABLE VII

Sex ratios of the anchoveta in different areas

Number Percent
Area Reference
Males Females Males Females

Alme jas Bay 265 391 40 60 Barrett and Howard, 1961

Quaymas Bay 256 414 38 62 Ibid.

Ahome Point 120 194 38 62 Ibid.

Gulf of Fonseoa 113 116 49 51 Ibid.

Chiriqui Province 42 47 47 53 Bayliff, 1963b

Montijo Bay 908 1257 42 58 Ibid.

Gulf of Panama 738 688 52 48 Howard and Landa, 1958

Colombia 140 160 47 53 Barrett and Howard, 1961

Culf of Guayaquil 411 549 43 57 Barrett and Howard, 1961;
Ansaldo Garoes, 1964
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TABLE VIII

Age composition and coefficients of annual total mortality
(2) of the anchoveta in different areas

Months Age group
Area included 2
O+ and 1+ 1+ and 2+ 2+ and 3+

Alme jas Bay November— 10,199 1,299 - 2.18
May

Guaymas Bay April- 4,096 1,271 - 1.44
October

Ahome Point March- 3,250 655 - 1.79
August

Banderas Bay March— 1,853 126 - 2.75
May

Gulf of Fonseca, 1952 May-— 115 16 - 2.42
December

Qulf of Fonseca, 1951, May- 1,500 101 - 2.76

1954, 1955 December

Montijo Bay June- 1,860 81 - 311
February

Gulf of Panama, 1951=1960 May- 19,830 1,094 23 2.96
January

Gulf of Panama, 1961=-1963 May- 24,019 2,346 62 2.45
January

Colombia June- 1,041 140 - 2,13
January

Ecuador-Peru June— 2,287 148 - 2.80
January

Mean 244
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From these data they calculated the catch per
day's fishing, standardized to Class-4 vessels
(181-272 metrio tons capacity) (Table X). It
is believed that the best index of abundance

of the fish is the time spent actually looking
for schools of fish, and not including the time
spent setting the net or transferring the fish
from the net or receiver to the vessel, For
example, when the fish are very abundant very
little time would be spent locating a school,
but it would take about the same amount of time
t0 load the same amount of fish aboard the ves-.
sal as when the fish vere scarce. Thus the
differences in abundance from year to year are
probably greater than indicated by Alverson and
Shimada's method.

The purse-seine vessels fishing for ancho-
vetas and thread herring in the Qulf of Panama
make one, or sometimes two, fishing trips per
day. Thus a trip could be considered as 1 unit
of effort, and the oatch per unit of effort
would be the catch per trip. Bayliff (1966),
however, believed that the catch per trip (which
he referred to as the "catch per landing") was
not a valid index of the abundanoe of the fish
during the period of his investigations (1956~
1963). The fish were relatively easy to catch
during a considerable portion of the year, so
the vessels tended to land amounts of fish oor-
responding to their capaoities, rather than to
the abundance of the fish. The time spent away
from port also would not be a valid measure of
the effort, as the more important of the two re-
duction plants was accessible to the vessels
only near the time of high tide, so the fully-
loaded vessels often had to wait several hours
for the tide to rise, and when fish were soaroe
vessels sometimes had to return to port before
they were fully loaded in order to unload when
the tide was high. In addition, during that
period the fleet was oomposed of a small number
of vessels of considerable variety (Section
5¢12), and their turnover rate was high. Many
of these broke down frequently, and all of them
were inadequately equipped. The captains and
crews were inexperienced, at least with ancho-
vetas, and their turnover rate was high too.

It is apparent that under these circumstances a
valid measure of effort cannot be devised.

It is believed that a valid measure of
effort will not be obtained until there has de-
veloped a fleet of vessels of one or a few types
with experienced captains and crews. If the
vessels and/or the ancillary fishing equipment
are improved this must take place over a period
of peveral years, and the changes must be dcc-
umented, go that the effort can be standardized.
It and when this situation comes into being the
best measure of the effort will probably be the
time spent searching for fish, as distinguished
from the time spent travelling to and from the
fishing grounds and the time spent setting the
net and transferring the fish from the net to
the hold of the vessel (Bayliff, 1966).

Bayliff (1966) estimated the size of the
population of anchovetas of the 1959 year class
at Isla Verde in the Gulf of Panama during the
1960 season (Fig. 6). Forsbergh (1969) used
these data, plus data on the area of suitable
habitat (mud bottom within the 5-fathom or
9.144~-m curve) available in the Gulf of Panama,
to estimate the populations of fish of all year
classes at Isla Verde and in the entire Qulf of
Panama in 1960 (Table XI). No estimates of
the populations of anchovetas in the areas other
than the Gulf of Panama have been made. Because
of the larger area of the Gulf of Panama, and
because larger catches have been made there by
the tuna-bait fleet (Table XIII). It is believed
that the population of anchovetas is greater
there than in any other area.

4.22 Changes in abundance

Forsbergh (1963) found no relationship
between the abundance of anchovetas in the Gulf
of Panama, as measured by the catch per unit of
effort by the tuna-bait fleet, and the amount
of upwelling in that area.

Alverson and Shimada (1957) found no rela-
tionship between the oatch per unit of effort
and the fishing effort by the tuna-bait fleet
for the anohoveta (Table X ), and oonoluded that
its abundance was not markedly affected by fish-
ing. Bayliff {1966) showed that in 1960 the
removals from the population of anohovetas at
Isla Verde in the Qulf of Panama by fishing were
oonsiderably less than those due to natural
mortalitye.

4.23 Average density

Table XI gives estimates of the population
of anchovetas at Isla Verde in the Gulf of
Panama in each month (Forsbergh, 1969). Howard
and Landa (1958) state that adult anchovetas are
found in water of 5 fathoms (9.144 m) or less.
The volume of wates in that area is estimated
to be 1.51 x 107 m3. From these data the den—
sities in numbers and in grams of adult fish per
oubio meter were estimated (Table XI).

4.3 Natality and recruitment

4.31

Forsbergh (1969) estimated the annual egg
produotion by anchovetas from Igla Verde in the
Qulf of Panama to be 2.33 x 1012 eggs.  Since
he estimated the population of anchovetas of the
entire Gulf of Panama to be 8.2 times that of
the Isla Verde area, the annual production for
the entire OQulf of Panama would be about 1.91 x
101 eggs. The 2,33 x 1012 egges produced by
thg fish from Isla Verde yielded about 1416 x
107 2-month—o0ld fish in January 1960 (Table XI1),
go the survival from November to January is
roughly 0.0005. Forsbergh (1969) pointed out,
however, that his estimate of the population of

Reproduotion rates
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TABLE X

Catch per unit of effort, in metrio tons per standard day's
fishing, and oalculated effort, in standard day's fishing,
for anchovetas in five areas. The 1946-1954 data are from
Alverson and Shimada (1957), while those for 1955-1960 are

from unpublished data of the Inter-American Tropical Tuna Commission

Alme jas Bay Guaymas Bay Ahome Point Gulf of Fonseca Gulf of Panama
Catch Catch Catoh Catch Catch

per Effort per Effort per Effort per Effort per Effort
unit of unit of ~unit of unit of unit of
effort effort effort effort effort

1946 1,028 102,0 1,887 354.0 1.469 110.5 1.215 119.0 1.088 20,0

1947  1.050 347.5 1.542 1766.0 1,139 475.5 - 0.800 163.5 1.290  403.5
1948  1.491 532.5 - 0.0 1.822 660.5 0.109  32.5 1.657 866.0
1949  1.057 811.0 0.277 12.5 2,727 370.0 0.429 28,0 2,464  157.0
1950  2.118 854.3 2,975 587.0 2.456 121.0 1.288  52.5 1.291  515.5
1951 1,909 467.5 2.245 700.0 2,582 589.0 1.737 35945 2,169 352.0
1952  1.638 828.5 2,278 931.5 1.309 201.0 1.909  544.0 2,238 1501.0
1953  2.175 57849 2,718  475.0 2,734 219.5 0.540  36.5 1.530 1478.5
1954  2.227 16640 3.008 530.5 3.237 128.0 1.912  90.5 1.926 1433.0
1955 24735 380.1 3.120 262.3 3.149 182.5 1,736 137.7 1,475  999.2
1956 2,255 328.3 3.360 403.1 3.035 191.4 0,101 79.1 1.964  720.9
1957  2.170 43.8 3.800 204.2 2,750 638.5 0,000 4.5 2,123 1224.7
1958  2.363 605.1 1.052 22,6 0,030 5.5 0,000 4.7 2,244  644.7
1959 2,047 499.8 0.000 2,2 2.494 55.4 0.000 1.0 2,148 366.8

1960 1.829 248.9 - 0.0 - 0.0 0.000 1.0 2.157 36641
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TABLE XI

Estimated populations of anchovetas at Isla Verde and in the entire

Oulf of Panama during each month of 1960, as estimated from data on the
population of 1959-year class fish at Isla Verde in 1960.
parentheses represent juvenile fish, and these are not included in the totals,

The data in

Culf of
Panama All
v year
1959 1958 1957 1956 All All classes
year year year year year Year
class class oclass c¢class olasses classes
Numbers of fish in thousands Numbers of fish
per cubic meter
January (1 158,700; 99,110 8,510 730 108,350 888,470 0.07
February Z946, 820) 80,960 6,980 600 88,540 726,028 0.06
March 774,150 66,580 5,730 846,460 6,940,972 0.56
April 630,720 54,230 4,660 689,610 5,654,802 0.46
May 514,410 43,980 3,800 562,190 4,609,958 0437
June 418,570 35,990 3,100 457,660 3,752,812 0.30
July 341,380 29,320 2,520 373,220 3,060,404 0.25
August 277,160 23,800 2,050 303,110 2,485,502 0.20
September 225,530 19,390 1,670 246,590 2,022,038 0,16
October 183,930 15,800 1,350 201,080 - 1,648,856 0.13
November 149,670 12,870 1,100 163,640 1,341,848 0.11
December 122,070 10,480 900 133,450 1,094,290 0.09
Weights of fish in metric tons Grams of fish
per cubic meter
January 21,193; 3,515  4M 54 4,040 33,128 2,68
February 3,958) 4,390 415 44 4,849 39,762 3.21
March 12,947 4,176 311 17,500 143,500 11.58
April 16,670 3,512 369 20,551 168,518 13.61
May 13,704 2,635 297 16,636 136,415 11.02
June 11,506 2,005 240 13,751 112,758 9.1
July 9,934 1,568 192 11,694 95,891 T«74
August 8,722 1,319 155 10,196 83,607 6.75
September 7,075 1,129 124 8,328 68,290 5452
October 5,641 841 97 6,579 53,948 4.36
November 4,746 713 76 5,535 45,387 3.67
December 4,116 602 66 4,184 38,259 3e17
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young of the year for January was probably min-
imal, in whioh oase the survival would be highsr.

4.32 Faotors affeoting reproduotion

Exocept for the amount of upwelling in the
Gulf of Panama, disoussed in Seotions 3.16 and
4.22, there are no data oonoerning the faotors
affeoting the suooess of reproduotion of the
anohoveta.

4.33 Reoruitment

The reoruitment of anohovetas to the tuna~
bait and purse-seine fisheries takes plaoe when
the young of the year reach standard lengths of
about 50 and 115 mm, respeotively (Seotion
4.13). The first dates that the young of the
year were oaught by the purse-seine fishery
during the period of Bayliff’s (1966) study
were Maroh 8, 1960, April 26, 1961, March 12,
1962, and April 18, 1963.

Bayéiff (1966) estimated that there were
8.2 x 10° reoruits to the purse-seine fishery
at Isla Verde in the Gulf of Panama in 1960.
Sinoe Forsbergh (1969) estimated that the popu-
lation for the entire Gulf of Panama is about
8.2 times that of Isla Verde, the reoruitment
for the gntire Gulf of Panama would be about
6.7 x 107 fish.

Most of the fish in the population are in
their first year of life (Seotion 4.12), and
fishing is not considered to have had an impor-
tant effeot on the population size during the
period of the tuna~bait fishery (Seotion 4.22).
Therefore the abundanoe of anohovetas is a good
indioation of the amount of recruitment. The
oatoh per unit of effort (Seotion 4.21) provides
a somewhat biased estimate of the abundanoe.

Aooording to the data in Table X there is
no apparent relationship between the reoruit-
ment (oatoh per unit of effort in a given year)
and the stock size (oatoh per unit of effort in
the preoeding year).

4.4 Mortality and morbidity

4.41 Mortality rates

Estimates of the ooeffioients of annual
total mortality of the anohoveta in various
areas, as given by Bayliff (1967), are shown in
Table VIII. Bayliff (1966) obtained the follow-
ing estimates for the ooeffioient of annual total
mortality of the fish at Isla Verde in the Gulf
of Panama: Chapman-Robson method (pooled data
for the 1961 and 1962 seasons), 2.45; year-olass
method §1959 year olass), 2.28; Jackson positive
method (1959 year olass), 2.43. He believed
the first estimate to be the best. His esti-
mates of the ooeffioients of annual total mortal-
ity obtained from data for other years and for
other year olasses varied somewhat, and these
differenoces are believed to be due ohiefly to

differenoes in reoruitment and to sampling
biases. He estimated the ooeffioient of
annual natural mortality at Isla Verde to be
2.11, and the ooeffioient of annual fishing
mortality to have ranged from 0.00 to 0.93 in
different months of the 1960 season. ''he oatoh
in the Gulf of Panama, and espeoially at Isla
Verde, has increased oonsiderably sinoe 1960
(Table XII), so presumably the cveffioient of
annual fishing mortality has inoreased oorre-
spondingly. Bayliff (1967) assumed that the
ooeffioients of annual fishing mortality in

the areas other than the Gulf of Panama were
negligible, and if this is the oase the ooeffi-
oients of annual natural mortality would be

the same as the ooeffioients of annual total
mortality shown in Table VIII.

4.42 Faotors oausing or affeoting
mortality

Predation (Seotions 3.23 and 3.34) is be-
lieved to be the ohief oause of mortality of
Jjuvenile and adult anohovetas. Fighing mortal-
ity is negligible exoept in the Gulf of Panama,
and there it is less important than natural
mortality.

4.5 Dynamios of the population

Alverson and Shimada (1957) examined oatoh,
effort, and oatoh~per-unit-of-effort data for
the tuna-bait fishery for anohovetas at Almejas
Bay, Cuaymas Bay, Ahome Point, the Gulf of
Fonseoa, and the Gulf of Panama (Table X).

The oatches per unit of effort did not deoline
in any of these areas during 1946 through 1954,
a period during whioh the fishing effort in-
oreased oonsiderably. They oonoluded that at
suoh levels of effort there was no danger of
these subpopulations being reduoced to sizes be-
low those whioh would produoe the maximum sus-
tainable yield.

Bayliff (1966) studied the population dy-
namios of the anohoveta in the Gulf of Panama.
He used length-frequenoy and length-weight data
to define an empirioal growth-in-weight rela-
tionship. The fishing and natural mortality
rates were estimated from length-frequenoy,
tagging, and oatch data. The ooeffioient of
fishing mortality differed oonsiderably in dif-
ferent months of the 1960 season, the one with
whioh he was most oonoerned. Aooordingly, he
wrote a veotor consisting of estimates of the
ooeffioient of annual fishing mortality during
each month of the 1960 season and multiplied
this by a series of soalars or "multipliers"
to indioate the effeots of different amounts
of fishing effort. For example, a multiplier
of 1 indioated the same fishing effort and co-
effioients of fishing mortality as were en-
oountered in the 1960 season, while a multiplier
of 2 indioated fishing effort and ocoeffioients
of fishing mortality twioe those of the 1960
season. Figure 7 shows the estimated yield
per reoruit at various oombinations of fishing
effort and times of entry into the fishery.
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TABLE XII

Catohes of anohovetas and thread herring in metrio tons by the
purse-seine fleet of Panama. The mumbers at the heads of the
columns oorrespond to the numbers of the areas shown in Fig. 3.
Anchovetas and thread herring were not distinguished from one
anvther for the statistios of 1964 or 1965, so the guantities
listed as anchovetas for those years aotually represent both
gencrae The 1956-1962 data were oolleoted by the Inter~Amerioan
Tropinel Tuna Commission, and those of 1963-1967 by the Depart-
mento de Pesoa of Panama -

1956 1957 1958 1959 1960
- Total Total Total 1 2 3 4 Total 1 2 Total
Anohovetas
January 0 0 51 0 0 0 0 0 3 0 3
February 0 0 0 10 0 0 0 10 14 225 239
Maroh 0 0 142 38 0 0 0 38 16 88 104
April 8 0 138 1738 0 2 0 1740 595 6 601
May 9 91 91 1286 0 0 0 1286 126 5 131
June 81 91 26 1199 6 0 0 1205 18 99 117
July 213 -0 30 1284 0 0 0 1284 445 162 607
August 165 95 0 723 0 0 23 146 654 38 692
Septeamber 0 214 0 940 0 0 0 940 574 3 577
October 0 189 0 174 0 0 0 174 192 0 192
November 0 27 0 0 0 0 0 0 27 0 27
Decembexr 0 33 7 13 ) 2 0 15 148 ) 148
Total 476 T40 485 7405 6 4 23 7438 2811 625 3436
Thread herring

January 0 0 0 0 3 4 0 6 0 0 0
February 0 0 0 0 0 0 0 0 0 0 0
March 0 0 0 0 0 0 0 0 0 0 0
April 0 0 0 4 0 0 0 4 0 0 0
May 0 0 0 0 0 0 0 0 5 0 5
June 0 0 0 0 0 0 0 0 0 0 0
July 0 136 70 0 0 0 0 0 0 0 0
August 23 1 127 133 0 0 0 133 149 0 149
September 161 26 33 217 0 0 0 217 153 0 153
October 161 308 337 399 ) 0 0 399 245 0 245
November 23 430 458 512 0 0 0 512 469 O 469
December 5 93 197 35 0 64 0 98 34 0 34
Total 374 995 1221 1299 3 67 ) 1369 1057 0 1057
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TABLE XII (continued)
1961 1962 1963 1964 1965
1 2 Total 1 2 Total 1 2 Total Total Total
iAnchove tas
January 191 42 233 159 247 406 598 8 605 146 1522
February 57 10 67 T4 47 122 429 0 429 633 1928
March 0 9 9 306 0 306 564 0 564 875 23717
April 120 0 120 460 0 460 341 0 341 1276 1611
May 610 61 671 837 0 837 0 0 0 1904 2980
June 842 0 842 805 0 805 826 0 826 2682 2306
July 893 0 893 1103 0 1103 584 0 584 2861 3902
August 1275 0 1275 1338 0 1338 642 0 642 2028 4529
September 142 0 142 1240 0 1240 410 0 410 1752 4372
October 539 0 539 289 1 290 276 30 307 1328 2282
November 171 0 171 615 0 615 42 0 42 948 1876
December 388 0 388 673 0 673 62 378 440 1257 3275
Total 5829 122 5950 7899 295 8194 4775 416 5191 18290 32960
Thread herring
January 0 0 0 0 0 0 0 0 0
February 0 0 0 0 0 0 0 0 0
March 0 0 0 0 0 0 0 0 0
April 0 0 0 0 0 0 0 0 0
May 0 0 0 ) 0. 0 0 0 )
June 11 0 11 2 0 2 22 0 22
July 18 0 18 0 0 0 130 0 130
August 160 0 160 0 0 0 214 0 214
September 133 0 193 26 0 26 432 0 432
October 226 ) 226 290 1 291 400 0 400
November 570° 0 570 99 0 99 831 0 831
December 66 0 66 0 0 0 256 0 256
Total 1244 0 1244 417 1 419 2285 0 2285
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TABLE XII (continued)

1966 1967
Total 1 2 3 3a 4 5 Total
Anchovetas
January 3899 33 115 838 843 2 o 2491
February 2963 27 16 21 816 53 o} 933
Maroh 2507 145 Q.5 0 2462 0 11 2618
April 4430 2697 113 2958 600 0 0 1393
May 69217 2891 3969 2987 620 0 0 10467
June 8304 4535 616 1414 291 2 0 6858
July 9850 1178 1060 156 1072 0 0 4066
August 6616 286 217 11 28 23 35 699
September 2357 103 153 15 (o] 0 (o] 21
Ootober 840 67 17 517 0 1 0 603
November 1474 20 0 309 6 0 0 335
December 2917 4 15 240 528 o] o] 71817
Total 53143 11987 1976 10167 7265 81 45 37521
Thread herring

Jamuary o] 80 118 150 55 30 o] 432
February 0 367 31 55 47 £0.5 0 500
March 0 22 9 326 142 0 11 509
April 0 221 60 135 28 0 0 444
May 0 5 0 0 0 0 0 5
June 0 759 8 76 0 8 0 851
July 416 1520 12 7 0 54 0 1593
August 1236 1750 41 «0.5 18 5070 0 6880
September 3282 1702 137 55 £0.5 2751 36 5183
October 4436 3427 26 813 11 1734 0 6011
November 2278 2031 96 716 22 186 0 3051
December 1224 625 3 900 172 13 0 1713
Total 12873 12508 541 3736 495 9846 47 271173




FRm/S43 Anchoveta

4114

*uosees 096l ©Y3 Jutanp

Lxeysty oYy Jo Bnje38 oYl sjuesexdes ®ESTOBQR 6Y3 U0 OTOITO
1T8wWE OYJ] °uUoBees 38ITJ oYl Jo pue oY3 03 dnox? eFe jeelunok
oy3 Jo Axeysty 8y3} o3 UT LIjue Jo ewry fue JoJ pu®w uosees (96l
o3 Juranp 30eJJe UT 3BY} sewyy 0§ o3 dn Jutysyy jo L3rsuUejur
Lug woxy elqeutreiqo A{1eorjesooy) swead uy 3ynIoas Jod PIeTX

H3INdILnNw
0s ob

oz
T

*L eandty

1
'IIION\:L

-
[~ o

=

O

YW 8

‘ddv i

AUN |

NAC )

ane

onv |

d3as i

120t

‘NON |

D30t

NVF |

834 |

YN 8

AHIN3 40 3WIL

AY3IHSI3 OLNI



FRm/S43 Anchoveta

4315

This diagram indioates that beginning the fish-
ery for the youngest age group later than Maroh 8
(the date it began in 1960) would reduoe the
yield per reoruit, while inoreasing the fishing
effort would greatly inorease it,.

The yield-per-reoruit approaoh does not
take into aooount the possibilities that reduo-
tion in the number of spawners due to inoreased
fishing effort may reduoe the numbers of re-
oruits in subsequent years, that the growth and/
or mortality may be affeoted by the population
size, or that reduotion of the size of the
population may subjeot it to displaocement by
oompetitors. Therefore it should not be assumed
that the yields would be proportional to the
yields per reoruit shown in the isopleth diagram,
espeoially at oonditions of effort and time of
entry oonsiderably different from those in
effeot at the time Bayliff's study was made.

4.6 The population in the oommunity and
the eocosystem

. The anohoveta feeds ohiefly on diatoms
and detritus (Seotion 3.42), and yet is large
enough to be preyed upon by large predatory
fish and birds (Seotion 3.34) and by man.
Beoause this shortening of the food ohain results
in high produotion of food for these predators,
it is an espeoially valuable fish to them.

Smayda (1966) presented some data on phyto-
plankton-anohoveta relationships for the upwell-
ing season in the Gulf of Panama, when juvenile
anohovetas are phytoplankton feeders. He es- -
timated that the average standing orops of
juvenile anohovetas and of phytoplankton were
26,400 and 5,434 mg of oarbon per square meter,
respeotively. Eaoh day the fish oonsumed a
total of 955 mg of oarbon per square meter, 619
mg of this being used for respiration and 336
for growth. The anohovetas oonsumed 17.6%
of the standing orop of phytoplankton daily,
and inoreased their own weight by 1.3% daily.
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5 EXPLOITATION

5.1 Fishing equipment

5.11 Gears

Cast nets are employed for oatohing ancho-
vetas for bait for the small looal fisheries of
Bome areas.

Anohovetas are ocaught for bait for the
large tuna vessels with lampara nets, whioh
range from about 150 to 270 m in length (Godsil,
19383 Soofield, 19513 Alverson and Shimada,
1957; Sundstrom, 1957).

The purse seines whioh are used for the re-
duotion fishery in the Gulf of Panama are about
350 to 475 m long, 28 to 45 m deep, and oon-
struoted of 5/8- to 1-inch (1.59- to 2.54-om)
stretoh synthetio netting, with narrow strips
of 2-inoh (5.08-om) stretoh netting adjaocent to
the oorkline and leadline.

5.12 Boats

Cast netting is oonduoted ohiefly from log
oanoces about 3 to 8 m in length. These are
powered by outboard motors of about 5 to 50 hp,
or sometimes only by paddles. The fish are
kept alive in a live well at the ocentre of the
oanoce. Live-bait fishing may be oonduoted from
the ocanoe or from a larger vessel.

A speedboat and two skiffs are employed for
lampara~net fishing. The speedboat is about
6 m long, and is powered by a small inboard gas-
oline engine. The larger skiff, used for
oarrying the net, is about 6 m long, while the
smaller skiff, to whioh the end of the net is
attaohed when it is being set around a sohool of
fish, is about 4 m long. Neither skiff is
powered, exocept by oars. After oapture the
fish are kept alive in wells aboard the tuna
vessel, whioh ranges in length from about 12 to
40 m (Godsil, 1938; Soofield, 19513 Alverson
and Shimada, 19573 Sundstrom, 1957).

During the 1963-1967 period purse-seine
vessels of the following gross metrio tonnages
were used to fish for anochovetas in the Gulf of
" Panamat 1-9 tons, 1 vessel; 10-36 tons, 3 ves-
sels; 37-63 tons, 15 vessels; 64-82 tons,

7 vessels; 83~109 tons, 2 vessels. Omitting
the one very small vessel, whioh fished for only
a few months in 1964, some of the other proper-

ties of the vessels were as follows: length,
15 to 22 m§ beam, 4.0 to 6.2 mj; draft, 1.2 to
3.3 mj horsepower, 110 to 225. Most of the

vessels are oonstruoted of wood, and the remain=-
der of steel. The skiffs are about 5 to 8 m
in length, oonstruoted of wood, and powered by
28— to 40-hp outboard motors.

During the earlier years of the purse-
seine fishery the vessels tended to be smaller,
and in some oases the skiffs were not powered
exoept by oars. Power blocks were first used
on a few of the vessels in 1966. An eoho
sounder was installed on one vessel in 1967.

5.2 Fishing areas

521 General geographioal distribution
The areas where the anohoveta has been
oaught for use as tuna bait are listed in Table

XIII. The looations of these areas are shown
in Fig. 2 and Table III. It is probably used
in small amounts for looal bait fisheries in a
few areas not listed in Table XIII. It is
oaught for reduotion only in the Gulf of Panama,
in Magdalena Bay and possibly a few other areas
in Mexioo, and near Tumaoo, Colombia, It is
oaught for oanning only in the aforementioned
areas of Mexioo and near Tumaoo.

5.22 Geographio ranges

Anohovetas are usually ocaught within about
8 km of shore. The area of greatest abundanoe
of this speoies is the Gulf of Panama, and other
important areas are Alemjas Bay, Guaymas Bay,
Ahome Point, and the Gulf of Guayaquil. The
tuna fishery of the eastern Paoifio Oocean is
based ohiefly in Southern California. It began
in the early 1900's off Southern California and
northern Mexioo, 80 the anochovetas at Almejas
Bay, Guaymas Bay, and Ahome Point were fished
for bait first. As the tuna fishery gradually
extended southward during the 1930's and 1940's
the anchovetas in the more southern areas were
exploited.

The fishery for anochovetas for bait is oon-
duoted in all parts of the Gulf of Panama in
vhioh fishing is permitted (Seotion 6.12), exocept
along a stretoh of sandy beaoh about 50 km in
length between Bahia Parita and Punta Chame.
Considerable fishing is oconduoted just south of
Punta Chame, however. The purse—seine fishery
for anohovetas for reduotion in the Gulf of
Panama was oarried out almost entirely at Isla
Verde and Panama Viejo, partioularly the former,
until 1964. This was primarily beocause the re-
duotion plants were looated in the Isla Verde
area, and it was seldom neocessary to travel far
from there to oatoh fish. During the 1964-1967
period the range of the fishery was gradually
extended to all parts of the Gulf of Panama, but
the vessels do not go southeast of Puna Nangle
exoept when fish oannot be oaught elsewhere.
Considerable fishing takes place to the southwest
of Punta Chame, but the oatch there oonsists al-
most entirely of thread herring.
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5423 Depth ranges

Juvenile anchovetas ooour at the surfaoe in
water of depths to about 60 m. The adults are
found from the bottom to the surfaoce in water to
about 5 fathoms {(9.144 m).

5024 Conditions of the grounds
Juvenile anohovetas usually live in rela~
tively olear water, while the water of the mud

flats where the adults live is turbid.

5¢3 Fishing seasons

The anohoveta oan be fished during the en-
tire year. Little or no signifioanoce should
be attaohed to the seasonal variations in the
oatoh by tuna vessels, as no attempts are made
tc oatoh anohovetas for bait when tunas are not
nearby. Also, the taking of anohcvetas has
been prohibited by law in some months in at
least one area (Seotion 6.12).

Table XII shows the oatohes by months of
anohovetas and thread herring by the purse-
seine fishery of the Gulf of Panama. The fish-
ing season was oonsidered by Bayliff (1966) to
begin when the young of the year beocame large
enough (about 115 mm standard length) to be
ocoaught without beooming gilled in the meshes of
the nets. This ooours in Maroh or April.

Good oatches are made from then until about
September or Ootober, at whioh time the oatoh
deoreases. In November the oatohes are lowest,
but they inorease again in Deocember and January.
In September, Ootober, November, and December
of some years, beocause of the soaroity of an-
ohovetas, the effort has been oonocentrated on
thread herring, Opisthonema spp., whioh ooour

in somewhat deeper water. The period of
soaroity of anohovetas oorresponds to the period
of their spawning, and it is believed that the
fish beoome less available or less wvulnerable
beoause of some ohange in their behaviour or
distribution assooiated with spawning. In Feb-
ruary and Maroh anohovetas again beoome soaroe,
and fishing may oease a% that time in order to
repair the plants and vessels for the next sea-~
BONe

5.4 Fishing operations and results

5¢41 Effort and intensity

This subjeot is disoussed in Seotion 4.21.
The deoline of effort by tuna vessels after
1958 (Table X) is the result of the oonversion
of most of the tuna vessels to purse-seiners.

542 Seleotivity

The average standard lengths of anohovetas
at entry into the tuna~bait and purse-seine
figsheries are about 50 and 115 mm, respeotively
(Seotion 4.13)e Smaller fish tend to get
gilled in the meshes of the nets. Larger fish
are avoided by tuna fishermen, as they are known
to survive poorly in oaptivity.

5.43 Catohes

Tables XII and XIII show the estimated
annual oatohes of anochovetas by the purse-seine
fishery of the Gulf of Panama and the tuna~bait
fishery. In Table XIII the 1946-1956 data in-
olude only California~based vessels, those for
1957-1958 inolude also Puerto Rioo-based vessels,
and those for 1959-1966 inolude also Mexioo-,
Costa Rioa~, Panama~, and Peru-based vessels.
The great majority of the baitboat fleet has al-
ways been based in California, however, so it
makes little difference whether data for vessels
based in other areas are used or not. The de-
oline in the oatoh of anochovetas by the tuna
fleet after 1958 was the result of the oonver-
sion of most of these vessels to purse seiners.
No data are available for the anchovetas oaught
for reduotion in Magdalena Bay and possibly
other areas, for those used for the live-bait
fisheries other than that for tuna, for those
vwhioh are oanned in Mexioo, Colombia, and pos-
8ibly other oountries, or for those whioh are
oaught aooidentally in shrimp trawls and dis-
oarded at sea. These amounts are all relatively
small, however.

Sinoe the tuna~bait fishery has deolined in
importanoe the anohoveta is exrloited hardly at
all exoept in the Gulf of Panama and Magdalena
Bay. Suoh areas as Guaymas Bay, Ahome Point,
and the Gulf of Guayaquil oould probably support
substantial fisheries. In the Gulf of Panama
the oatohes from Isla Verde and Panama Viejo ex-
oeed those of the very large area to the south-
east of Panama Viejo. Sinoe the exohange of
fish among areas within the Gulf of Panama is
limited, the oatoh oould almost oertainly be
substantially inoreased by heavier fishing to
the southeast of Panama Viejo. It is oonoeiv-
able that this oould reduoce the reoruitment in
subsequent years, however.
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Estimated catches of anchovetas in metric tons b
The 1946~1954 data are from Alverson and Shimada
1955=-1966 are from unpublished data of the Inter-American Tropical Tuna Commission

TABLE XIII

the tuna~bait fleet.
1957), while those for

Santa Ma-

ria Bay, Gulf of

Magdalena  Kino Quaymas  Ahome Banderas  Tehuan~ Gulf of Gulf of

Bay, and Point Bay Point Bay tepec Fonseca Nicoya

Alme jas

Bay

1946 107 0 668 173 0 0 145 327
1947 369 0 1181 541 0 0 131 209
1948 197 0 0 1203 0 0 4 26
1949 904 0 3 1009 5 0 12 4
1950 1816 A 1747 2917 1441 0 68 0
1951 904 0 1572 1521 1 3 624 0
1952 1358 0 2122 263 255 3 1038 0
1953 1259 0 1290 601 89 0 20 o
1954 416 0 1596 414 1193 5 173 0
1955 1106 0 818 515 290 0 239 0
1956 1024 0 1354 581 764 4 8 o
19571 2177 0 116 1756 0 55 0 0
1958 3119 0 24 €0.5 0 0 0 0
1959 1066 0 0 138 0 0 0 0
1960 455 ) 0 0 32 0 0 0
1961 87 0 0 7 o 0 0 o
1962 5 0 o 70 6 0 0 o
1963 145 0 0 4 21 0 0 o
1964 18 0 o 0 68 o o 0
1965 106 0 0 2 0 0 0 0
1966 65 0 0 11 0 0 0 o
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TABLE XIII (continued)

Monti jo Gulf of Colombia  Northern Gulf of Peru Other
Bay Panama Ecuador Guayaquil

1946 0 22 0 0 0 0 0
1947 76 521 0 0 0 0 7
1948 8 1435 29 0 0 0 0
1949 7 1865 42 0 0 0 0
1950 29 665 65 7 0 0 2
1951 9 142 160 1 653 0 0
1952 16 3359 192 0 620 0 0
1953 1 2262 336 0 3 0 0
1954 0 2760 45 0 0 3 0
1955 15 1474 273 0 0 0 3
1956 0 1995 27 1 6 0 282
1957 7 2600 10 0 9 0 122
1958 0 14417 1 3 634 256 14
1959 23 777 5 0 232 56 0
1960 24 778 2 0 189 16 2
1961 0 505 9 0 144 16 0
1962 0 257 0 0 46 0 62
1963 0 0 0 0 0 32
1964 0 0 0 0 0 0 48
1965 0 7 0 0 0 0 8
1966 0 179 4045 0 1 0 0




FRm/S43 Anchoveta

631

6  PROTECTION AND MANAGEMENT

6.1 Regulatory (legislative) measures

Limitation or reduotion of
the total oatoh

6.11

For regulation of the purse-seine fishery
the Paoifio waters of Panama have been divided
into the following zoness - 1, Chiriqui provinoe;
2, Montijo Bays 3, Bahia Parita; 4, Punta
Chame to Isla Chepilloj 5, Isla Chepillo to
Bahia San Miguel, inoluding the Las Perlas
Islands. There are only two plants for reduc-
tion of fish to meal and oil in Panama, both
looated in Zone 4. No additional plants may
be oonstruoted in that zone, and the two exist-
ing plants are limited to a total of 32 fishing
vessels. If it is desired to establish a
plant in another zone the prospeotive management
must demonstrate to the government's satisfao~-
tion, by exploratory fishing, that the supply of
fish is adequate for that purpose.

6.12 Proteotion of portions of
the population

Fishing by purse-seine vessels is pro-
hibited in the Gulf of Panama between the en-
tranoe of the Panama Canal and the mouth of Rio
Tapia (3 km east of Rio Juan Diaz) and in two
areas southwest of Punta Chame. This regula~
tion is not enforoed, however.

The regulations for the ocatohing of an-
ohovetas by foreign vessels for bait in the
territorial waters of Panama have been ohanged
frequently. The regulations have usually pro-
vided for a olosed season beginning in Ootober,
November, Deocember, or January and ending in
Jamary, February, March, or April. Parts of
the northern portion of the Gulf of Panama have
been olosed to bait fishing. The most reoent
regulation (Anon., 1959) permits fishing during
the entire year, but the area between the en-
tranoce of the Panama Canal and Punta Chame is
olosed to fishing by foreign vessels.

Foreign vessels were not permitted to fish
for anohovetas or other speoies for bait in the
Eouadorian portion of the Gulf of Guayaquil
from 1952 to 1957.

6.2 Control or alteration of physioal
features of the environment

The possible effeot of the jetty near the
entranoce of the Panama Canal on the migration
of the anohoveta has been mentioned in Seotion

3.51.

6.3 and 6.4 Control or alteration of
ohemioal and/or biologioal
features of the environment

It has been proposed that a sea-~level oanal
oonneoting the Atlantio and Paocifio Oceans be
built in Panama with atomio explosives. In-
vestigations are being oonduoted to determine
if the use of suoh explosives would adversely
affeot any of the aquatio organisms, inoluding
the anochoveta.

6.5 Artifioial stocking

6.52 MTransplantationy introduotion

Prior to 1948 there existed a substantial
fishery for anohovetas for bait in the Gulf of
Niooyae The population is reported to have
deolined abruptly in 1947, ocoinoident with a
heavy bloom of red tide, presumably Gymnodinium
sp. (Peterson, 1956). The oatohes were greatly
reduced in 1948 and 1949, and no anohovetas were
oaught there for bait thereafter (Table XIII).
Extensive oolleotions of fish were made in the
Gulf of Niooya for more than a year in 1952 and
1953, but no anohovetas were found.

In Ootober 1953 about 500,000 anohovetas
oaught in Bahia San Miguel in the Gulf of Panama
were transported aboard a tuna olipper to the
Gulf of Niooya and released there in the vioinity
of Chira Island (Sohaefer, 1954). Sinoce then
anochovetas have been oaught frequently in the
Gulf of Niooya, but only in amounts so small as
to be of negligible oommeroial value.






FRm/S43 Anohoveta 811

8 BIBLIOGRAPHY

Alverson, F.G. and B.M. Shimada, A study of the eastern Paoifio fishery for tuna baitfishes,
1957 with partioular referenoe to the anohoveta (Cetengraulis mystioetus). Bull.inter-Am.
trop.Tuna Commn, 2(2)321-79

Ansaldo Garoes, A.L., Reouento taxondémico y estudio de la edad, oreoimiento, madurez sexual y
1964 desove de la anohoveta, Cetengraulis mistiocetus /sio./, en aguas ecuatorianas, oon
especial referenoia al Golfo de Guayaquil. Tesls previa al grado de dootor en
medioina y veterinaria, Universidad de Guayaquil, 109 p.

Arosemena Laoayo, C.A., Fisheries trends, 1963. Comml Fish.Rev., 26(4):168-70
1964

Barrett, I. and G.V. Howard, Studies of the age, growth, sexual maturity and spawning of popula~
1961 tions of anohoveta (Cetengraulis mystioetus) of the ocoast of the eastern tropioal
Paoifio Ocean. Bull,inter-im.trop.Tuna Commn, 5(2)3113-216

Bayliff, W.H., The food and feeding habits of the anohoveta, Cetengraulis mystioetus, in the
1963a  Gulf of Panama. Bull.inter-Anm.trop.Tuna Commn, 7(€):397-459

sy Obeervations on the life history and identity of intraspeoifio groups of the an-

1963b ohoveta, Cetengraulis mystioetus, in Montijo Bay and Chiriqui provinoe, Panama.

Bull.inter-Am. trop.Tuna Commn, 8(3):167=97

y Some aspeots of the age and growth of the anohoveta, Cetengraulis mystioetus, in
1964 the Gulf of Panama. Bull.inter—Am.trop.Tuna Commn, 9(1)11=51

y length-weight relationships of the anohoveta, Cetengraulis stioetus, in the Gulf
1985 of Panama. Bull.inter-iAm.trop.Tuna Commn, 10(3):239-64

» Population dynamios of the anchoveta, Cetengraulis mystioetus, in the Gulf of
1966 Panama, as determined by tagging experiments. Bull.inter-Am.trop.Tuna Commn, 11(4):
173=352

y Orowth, mortality, and exploitation of the Engraulidae, with speoial referenoce to
1937 the anohoveta, Cetengraulis mystioetus, and the colorado, Anohoa naso, in the eastern

Paoifio Ocean. Bull.inter-Am.trop.Tuna Commn, 12(5)8365-432

Bayliff, W.H. and E.F. Klima, Live-box experiments with anohovetas, Cetengraulis mystiocetus,
1962 in the Gulf of Panama. Bull.inter—-Am.trop.Tuna Commn, 6(8):333-445

Berdegué A., J., Peoes de importanoia oomeroial en la oosta noroooidental de Méxioo. Seoretarfa

1956 de Marina, Direooién General de Pesoa e Industrias Conexas, 345 p.
y Biometrio oomparison of the anohoveta, Cetengraulis mystioetus (Ginther), from ten
1958 looalities of the eastern tropiocal Paoifio Ocean. Bull.inter-Am.trop.Tuna Commn,
3(1)s1-76

Forsbergh, E.D., Some relationships of meteorologioal, hydrographio, and biologioal variables
1963 in the Gulf of Panama. Bull.inter-Am.trop.Tuna Commn, 7(1):1-109

sy On the olimatology, ooeanography and fisheries of the Panama Bight. Bull.inter-Am.
1969 trop.Tuna Commn, 14 (in pressg

Gilvert, C.H., Soientifio results of explorations by the U.S. Fish Commission steamer Albatross.
1891 No.XIX. A supplementary list of fishes oolleoted at the Galapagos Islands and Panama,
with desoriptions of one new genus and three new speoies. Proo.U.S.natn.Mus., 13t

443-55

Gilbert, C.H. and C.J. Pierson, /Cetengraulis engymen/s 2815-2816. In Jordan, D.S., and B.W.
1898 Evermann, The fishes of North and Middle Amerioa, Part 3. Bull.U.S.natn.Mus., 47t

2183a-~3136




812 _ FRm/S43 Anohoveta

Gilbert, C.H. and E.C. Starks, The fishes of Panama Bay. Mem.Calif.Aocad.Soi., 4:304 p.
1904

Godsil, H.C., The high seas tuna fishery of California. Fish Bull.Calif.,(51):41p.
1938

Gonzalez lopez, J.L., Informe sobre la enouesta pesquera preliminar en el istmo oentroamerioano.
1967 Boln téo.Proyto reg.Des.pesg.Cent.—Am., 1(2)199 p.

y Puertos y meroados terminales pesqueros en los paises del istmo oentroamerioano.
1968 Boln téo.Proyto reg.Des.pesq.Cent.-Am., 2(1)163 p.

Qunther, A., On the fishes of the states of Central Amerioa, founded upon speoimens ocolleoted in
1866 the fresh and marine waters of various parts of that oountry by Messrs. Salvin,
Godman and Capt. J.M. Dow. Proo.zo0l.Soo0.lond., 600-4

y Catalogue of the fishes in the British Museum, Volume 7. London, 512 p.
1888 .

y An aooount of the fishes of the states of Central Amerioa, based on oolleotions
1869 made by Capt. J.M. Dow, F. Godman, Esq., and O. Salvin, Esq. Trans.zool.Soo.lond.,
61377-494

Harder, W., The intestine as a diagnostio oharaoter in identifying certain olupeoids (Engraulidae,
1958 Clupeidae, Dussumieriidae) and as a morphometrio oharaoter for oomparing anchoveta
(Cetengraulis mystioetus) populations. Bull.inter-Am.trop.Tuna Commn, 2(8):365-88

Hildebrand, S.F., A review of the Amerioan anohovies (Family Engraulidae). Bull.Bingham ooeanogr.
1943 Coll., 8(2)3s165 p.

, A desoriptive oatalogue of the shore fishes of Peru. Bull.U.S.natn.Mus., 189:530 p.

1946
Howard, G.V., Tuna Commission studies the bait fishes. Pan—Am.Fisherm., 7(5):9,22
1952 —_—

, Muna Commission and the bait fishes. Pan-Am.Fisherm., 7(6):111=3
1953

y A study of populations of the anohoveta, Cetengraulis mystiocetus, based on meristio
1954 oharaoters. Bull.inter—Am,trop.Tuna Commn, 1(1):1-24

Howard, G.V, and A. Landa, A study of the age, growth, sexual maturity, and spawning of the
1958 anohoveta (Cetengraulis mystioetuss in the Gulf of Panama. Bull.inter-=Am.trop.Tuna
Commn, 2(9)1389-467

Institute of Marine Resouroes in oollaboration with the Inter-Amerioan Tropioal Tuna Commission,
1965 Review of the ooastal fisheries of the west ooast of Latin Amerioca. Refs Inst.mar.
Resour. , (65-4) 3152 p.

Jorden, D.S. and B.W. Evermann, The fishes of North and Middle Amerioa, Part 1. Bull.U.S.natn.
1896  Mus., 47:1-1240 -

Jordan, D.S. and C.H. Gilbert, List of fishes oolleoted by Lieut. Henry E. Niohols, U.S.N., in
1882 the Gulf of California and on the west ooast of Lower California with desoriptions of
four new speoies, Proo.U,S.natn.Mus., 41273-9

Jordan, D.S. and A. Seale, Analysis of the genera of anohovies or Engraulidae. Copeia, 1413
1925 27-32

, Review of the Engraulidae, with desoriptions of new and rare speoies. Bull.Mus.
1926 oomp.Zool.Harv., 67(11)1353-418 —_—

Jordan, D.S., B.W. Evermann, and H.W. Clark, Cheok list of the fishes and fishlike vertebrates
1930 of North and Middle Amerioa north of the northern boundary of Venezuela and Colombia.
Rep.U.S.Commnr Fish., 1928,(2)1670 p.



FRm/S43 Anchoveta 8:3

Kendall, W.C. and L. Radcliffe, Report on the soientifio results of the expedition of the
1912 eagtern tropioal Paoific, in oharge of Alexander Agassiz, by the U.S.Fish Commission
#teamer "Albatroes™ from Ootober, 1904, to Maroh, 1905, lLieut. Commander L.M. Garrett,
U.5.No, commanding. 25. The shore fishes. Mem.Mus.oomp.Zool.Harv., 35(3):75-171

Klima, E.F., I Barrett, and J.E. Kinnear, Artifioial fertilization of the eggs, and rearing and
1962 identification of the larvae of the anchoveta, Cetengraulis mysticetus. Bull.inter-
Am. trop.Tuna Commn, 6(4)3153=78

Klima, E.F. and W.HE. Bayliff, Tagging of anchovetas (Cetengraulis mysticetus) in the Gulf of
1961 Panama. Proo.Culf Caribb.Fish.Inst., 133151-6

McHugh, J.lL. and J.E. Fitch, An annotated list of the clupeoid fishes of the Pacific coast, from
1951 Alaska to Cape San lucas, Baja California. Calif.Fish Game, 37(4)3491-5

Meek, S.E. and S.F. Hildebrand, The marine fishes of Panama, Part I. Publs Field Mus.nat.Hist.
1923 (Zool.), 15(215)31=330

Peterson, C.L., Observations on the taxonomy, biology, and ecology of the engraulid and clupeid
1956 fishes in the Gulf of Nicoya, Costa Rica. Bull.inter—Am.trop.Tuna Commn, 1(5)s137-280

s The physical oceanography of the Qulf of Nicoya, a tropical estuary. Bull.inter-
1960 Am. trop.Tuna Commn, 4(4):137-215

, FPecundity of the anchoveta (Cetensraulis mysticetus) in the Gulf of Panama. Bull.
1961 inter—Am, trop. Tuna Commn, 6(2)153-68

Rosa, H., Jr., Preparation of synopses on the biology of speoies of living aquatic organisms.
1965 FAO Fish.Synops.,{1),RRev.1375 p.

Schaefer, M.B., Report on the investigations of the Inter-American Tropioal Tuna Commission
1953 during the year 1952. Rep.inter—Am,trop.Tuna Commn, 1352:114-61

sy Report on the investigations of the Inter-Amerioan Tropical Tuna Commission for
1954 the year 1953. Rep.inter=Am.trop.Tuna Commn, 19533118-87

s Report on the investigations of the Inter-American Tropical Tuna Commission for
1955a the year 1954. Rep.inter-~Am.trop.Tuna Commn, 1954124-100

sy Aspects of 1955 inter-American tuna researches, what they indicate. Pacif.Fishern.,
~ 19556 53(2)1133-7 -

s Report on the investigations of the Inter-American Tropical Tuna Commission for
1956a  the year 1955. Rep.inter—Am.trop.Tuna Commn, 1955126-95

Tuna and tuna~bait resouroes in the eastern tropical Pacifio Ocean. Pan-Am.Fishem.,

19561 "10(10);10—1, 14-5, 20-1

sy Report on the investigations of the Inter-Ameriocan Tropical Tuna Commission for
1957 the year 1356. Rep.inter-Am,trop.Tuna Commn, 1956133=-112

s Report on the investigations of the Inter-American Tropical Tuna Commission for
1358 the year 1957. Rep.inter-Am,trop.Tuna Commn, 1957131-134

s, Report on the investigations of the Inter-American Trobical Tuna Commission for
1959 the year 1958. Rep.inter-Am.trop.Tuna Commn, 1958134=-121

s Report on the investigations of the Inter—~American Tropical Tuna Commission for
1960 the year 1959. Rep.inter-Am.trop.Tuna Coman, 1959139-156

s Report on the investigations of the Inter-Amerioan Tropical Tuna Commission for
1981 the year 1960. Rep.inter—Am.trop.Tuna Commn, 1960:40-183

» Report on the investigations of the Inter-Amerioan Tropioal Tuna Commission for
1962 the year 1961. Rep.inter-Am.trop.Tuna Commn, 1961:144-171




814 FRm/543 Anchoveta

Sohaefer, M.B., Report on the investigations of the Inter-American Tropical Tuna Commission for
1963 the year 1962. Rep.inter-Am.trop.Tuna Commn, 1962335-149

Scofield, W.L., Purse seines and other roundhaul nets in California. Fish Bull.Calif.,(81):83p.
1951

Seale, A., Report on the fishes from Allan Hancock expeditions in the California Academy of
1940 Sciences. Allan Hancock Pacif.Exped., 9(1)s1-46 :

Simpson, J.G., Identifiocation of the egg, early life history and spawning areas of the anchoveta,
1959 Cetengraulis mysticetus (Giinther), in the Gulf of Panama. Bull.inter-Am.trop.Tuna
Comans 3(10) i437=580

Smayda, T.J., A quantitative analysis of the phytoplankton of the Gulf of Panama. III. General
1966 eoologioal conditions, and the phytoplankton dynamics at 8945'N, 79°23'W from November
1954 to May 1957. Bull.inter-Am.trop.Tuna Commn, 11(5):353-612

Sundstrom, G.T., Commeroial fishing vessels and gear. Circ.Fish Wildl;Serv.,Wash., (48):48 p.
1957

von Bertalanffy, L., Untersuchungen uber die Gesetzlichkeit des Wachstums. I. Teils Allgemeine
1934 Grundlagen der Theoriej; mathematische und physiologische Gesetzliohkeiten des
Wachstums bei Wassertieren. Arch.EntwMech., 131:613=-52

Whitehead, P.J.P., The clupeoid fishes described by lacepede, Cuvier & Valenoiennes. Bull.Br.
1967 Mus.nat.Eist.(&ool.),;il Suppl. 2:206 p.

Anon., Review of the fisheries, 1957. Comml Fish.Rev., 20(11):195=102
1958 -

, Bait fishing permitted in 1958/59 closed season. Comml Fish.Rev., 21(3):85-6
1959

s Fish meal and o0il industry. Comml Fish.Rev., 22(10):81
19303

» Fisheries of Panama. Mkt News leafl,Fish Wildl.Serv.U.S., (18):12 p.

1960b

sy Surface water temperature and salinity, Pacific coast, North and South America
1962 and Pacific Ocean islands, First edition. Publs U.S.Cst geod.Surv., (31-3):71p.

y Fishery trends, 1364 and early 1965. Comml Fish.Rev., 27(10):91~4

1965a

s, Pesca estuvo en Panama. Pesca, Lima, 11(5)!17~22
19650

s Vine, vi, venois Sakata. Pesca, lima, 11(5)128~9
19350

sy Técnica peruana se exporta. Pesca, lima, 11(5):30-1
1965d

» Panama. Barco pesq., 7(5)112
19856

, Ademas de camarones, Panama entra el mercado de harina de pescado. Barco pesq.,

19658 7(6)140-41

s Panama's fisheries, 1965. Foreign Fish.leafl.Fish Wildl.Serv.U.S.,(18):70p.
19333

, FPighery developments, 1965. Comml Fish.Rev., 28(5)162-5
19680




FRm/S43 Anchoveta 815
Anon;§66Interest in developing the fish meal industry increases. Comml Figh Rev., 28(6):181=2
°
53T New decree regulates fish meal industry. Comml Fish Rev., 28(11):53
- Inaugaran planta de harina en Panamd. Pesca, Lima, 12(6)175
G6e
55T Panamd reglamenta pesca harinera. Pesca, Lima, 13(5)138-40
5 La industria pesquera panamena. Pesca Mar.,los Ang., 18(1)14-6
66g
e y Panama's fisheries, 1966. Foreign Fish,leafl,Figh Wildl.Serv.U.S., (18):18p.
67a
—_— » Report on shrimp and fish meal in 1966, Comml Fish.Rev., 29(6)129-30
o La pesca panamena. Pesca Mar.,los_Ang., 19(6)3124-5
GEa
T la pesca de la anchoveta en Mexico. Pesca Mar.,los Ang., 20(2)16-=7
Panamanian fisheries - 1967. Foreirn Fish,leafl,Fish Wildl.Serv,U.S., (18)111 p.






SYNOPSIS OF FISHERIES BIOLOGICAL DATA

This is one of a series of documents issued by FAO, CSIRO and USFWS concerning species
and stocks of aquatic organisms of present or potential economic interest. The primary purpose
of the series is to make existing information readily available to fishery scientists according
to a standard pattern, and by so doing also to draw attention to gaps in knowledge. It is hoped
that synopses in the series will be useful to other scientists initiating investigations of the
species concerned or of related ones, as a means of exchange of knowledge among those
already working on the species, and as the basis for comparative study of fisheries resources.
They will be brought up to date from time to time as further information becomes available
either as ‘revisions of the entire document or their specific chapters.

The relevant series of documents are:

FAO Fisherles Synopsis No. FR/S
replacing, as from 1.1.63 FAO Fisheries
Biology Synopsis No. FB/S
CSIRO Fisheries Synopsis No. DFO/S
and
USFWS FAO Fisheries Synopsis No. BCF/S

Synopses in these series are compiled according to a standard outline described in FIb/S1
Rev. 1 (1965).

FAO, CSIRO and USFWS are working to secure the cooperation of other organizations and
of individual scientists in drafting synopses on species about which they have knowledge, and
welcome offers of help in this task. Additions and corrections to synopses already issued will
also be most welcome. Comments including suggestions for the expansion of the outline and
requests for information should be addressed to the coordinators and editors of the issuing
organizations.

FAO:
W. Fischer
Fishery Resources and Exploitation Division
Marine Biology and Environment Branch
Food and Agriculture Organization
of the United Nations
Via delle Terme di Caracalla
00100 Rome, Italy

USFWS: CSIRO:

L.W. Scattergood, Chief, Branch of Reports Maureen A. Wright, Scientific Editor

U.S. Department of the Interior CSIRO Division of Fisheries and ‘Oceanography
Fish and Wildlife Service Box 21

Bureau of Commercial Fisheries Cronulla, N.S.W.

Washington, D.C. 20240, U.S.A. 2230 Australia

Consolidated lists of species or groups covered by synopses issued to date or in preparation
will be issued from time to time. Requests for copies of synopses should be addressed to the
issuing organization.

The following synopses in this series have been issued since January 1968:

FRmM/S33 Synopsis of biological data on the Norway pout Trisopterus

Rev. 1 esmarkii (Nilsson, 1855) January 1968
FRi/S36 Synopsis of biological data on the bream Abramis brama (Lin-

naeus, 1758) February 1968
FRm/S37 Synopsis of biological data on the Malayan anchovy Stolephorus

pseudoheterolobus Hardenberg,1933 April 1968
FRm/S34 Synopsis of biological data on the blue whiting Micromesistius
Rev. 1 poutassou (Risso, 1810) July 1968
FRm/S38 Synopsis of biological data on >\scophy//um nodosum (Linnaeus)

Le Jolis. Provisional version : August 1968
FRm/S39 Synopsis of biological data on Monostroma latissimum Wittrock

in Japanese cultivation. Provisional version August 1968
FR/S32 Synopsis of biological data on catla Cat/a cat/a (Hamilton, 1822) November 1968
Rev. 1
FRmIi/S22  Synopsis of biological data on Hucho hucho (Linnaeus, 1758) December 1968
Suppl. 1
BCF/S40 Synopsis of biological data on the Pacific mackerel Scomber

japonicus Houttuyn (Northeast Pacific) February 1969
FRi/S30 Synopsis of biological data on the Pike Esox /ucius (Linnaeus,
Rev. 1 1758) May 1969

FRm/S43 Synopsis of biological data on the anchoveta Cetengraulis mysti-
cetus Gunther, 1866 October 1969



MI/93507/11.69/E/1/750





