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INTRODUCTION 
From the beginning of our investigations in August 

1961, until June 1964, we have covered three anchovy 
spawning cycles. During this period we have col- 
lected quantitative samples with the Hensen net at 
1,422 localities in northern Peruvian maters. A de- 
scription of eggs and larvae of the Peruvian anchovy 
was published in 1963 (Einarsson and Rojas de Men- 
diola) , and a preliminary description of the frequency 
and distribution of eggs and larvae was presented at  
the ‘‘Primer Seminario Latinoamericano sobre e l  
OcEano Pacific0 Oriental’’ (Einarsson, Rojas de Men- 
diola. and Santander, in press). The present paper 
carries this analysis a step further and describes the 
yearly areal variations in spawning intensity, as well 
as the variations within the whole northern region 
from Callao to Punta Aguja, the main fishing area 
now under exploitation. 

F o r  the purpose of this analysis we use only samples 
taken during the spawning season from August of one 
year to March of the next. The total number of sta- 
tions occupied during the three spawning cycles was 
847. Of these, 185 were occupied during 1961-62, 317 
during 1962-63, and 34.5 during 1963-64. 

The number of eggs and larvae are calculated as 
number per square meter of surface in a column 50 
meters deep. As in our previous study the average 
values are given in two ways; firstly, as average Val- 
ues per station, which reflect the spawning intensity 
within the area as a whole, and secondly, as average 
values per positive station which reflect the spawning 
intensity within the boundaries of the spawning area. 
The material is in many ways faulty, due to uneven 
timing of cruises and also because all areas have not 
been investigated on every cruise. I n  spite of this 
we find this analysis worthwhile, and the results seem 
to tally with other kinds of evidence, derived from 
a n  entirely different approach. 

ANNUAL AREAL VARIATIONS IN SPAWNING 
INTENSITY 

We have divided the Perurian coastal waters lati- 
tudinally into 2” areas from north to south as seen 
in Figure 1. I n  this evaluation only areas B-E come 
under consideration, since anchovy spawning does not 
occur in area A and our material is insufficient as 
regards the more southern areas. The material is 
graphically presented in Figure 2. 

The areas fall clearly into two groups, B and C 
constituting one, D and E the other (Figure 3) .  In  
the first group the spawning intensity has been on a 
high level during the three spawning cycles, the pe- 
riod 1962-63 yielding the highest values, especially 
in the average per positive station. This means that 
the spawning was intensive but confined to  restricted 
zones. Only area B shows this maximum also in the 
average values per station, during the said period, 
while area C shows declining values from the first 
to the third spawning cycle. 

Areas D and E show a rather marked decline in 
the values during the two latter spawning cycles, 
especially in the numbers per station, and we must 
conclude that during the latter two cycles the spawn- 
ing was both of lesser intensity and geographically 
less extensive. 

While the values were fairly similar in all areas 
during the first spawning cycle, the last two cycles 
show values which sharply decrease from north to 
south 

H - -  XI 
79” 7 6 O  730 70° 

FIGURE 1. 



REPORTS VOLUME XI, 1 JULY 1963 TO 30 JUNE 1966 97 

n 
Z 
4 

Y 

0 

n 
Z a 

c3 

0 

Ly 

LL 

Z 

FIGURE 2. 

4-95757 



98 

Larvae per 
Positive Station 

B & C  - 
- 
- 
- 
- 
- 
- 

CALIFORNIA COOPERATIVE OCEANIC F I S H E R I E S  INVESTIGATIONS 

Spawning Cycle 

~~~ ~~~~ 

Larvae/  Station 

Total Number 
of Eggs 

Average 
per Positive 

Station 

634 
1,173 

57 
2,182 

708 

691 

Number of 
Positive Number of 
Stations Stations 

59 93 
4 4 
6 10 
3 13 

49 65 

121 185 

1961-62 
August 1961 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
October 1961 .................. 
December 1961.. 
January 1962 .................. 
February 1962 .................. 

................. 

37,407 
4,692 

345 
6,546 

34,695 

83,685 

1962-63 
October 1962 
November 1962-.- ............... 
January 1963 .................. 
February 1963-- ................ 

.................. 3,045 
56,745 

549 
26,001 

1963-64 
August 1963 .................. 
October 1963.- ................ 
November 1963.. ................ 
February 1964 .................. 
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16,431 
16,767 
8,340 
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TABLE 1 

AVERAGE NUMBERS OF EGGS PER STATION AND PER POSITIVE STATION IN AREAS L E ,  DURING THREE SPAWNING CYCLES 
(1 961-1 964) 

Average 

Stations 
per 

Percent of 
Positive 
Stations 

402 
1,173 

34 
504 
534 

63 
100 
60 
23 
75 

65 452 

46 
417 
29 

271 

35 
37 
21 
19 

23 66 1 136 
19 

1,:;; I 51 
137 4 

1.444 18 96 

899 I 96 1 317 - 272 30 I 86,340 

37 
24 
38 
26 

212 
181 
305 
96 

580 41 112 
747 91 
798 
363 87 

189 31 
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Spawning Cycle 

TABLE 2 

AVERAGE NUMBERS Of LARVAE PER STATION AND PER POSITIVE STATION IN AREAS B-E, DURING THREE SPAWNING CYCLES 

Total Number 
of Larvae 

1961-62 
August 1961 .................. 
October 1961 .................. 
December 1961 .................. 
January 1962 .................. 
February 1962 .................. 

13,101 
1,338 

327 
1,674 
8,583 

I 25,023 

1962-63 
October 1962 .................. 
November 1962-. 
January 1963 .................. 
February 1963-. ................ 

................ 
417 

3,150 
129 

10,089 

1 13,785 

1963-64 
August 1963 .................. 
October 1963---. 
November 1963 .................. 
February 1964 .................. 

.............. 
6,285 
5,154 
2,727 
1,484 

15,630 

(1 961-1 964) 

Average Number of Average 

Station Stations Stations Stations 
per Positive 1 Positive 1 Number of I per 

I 

- 

- 

- 

- 

- 

- 

- 
I 

232 1 108 I 185 1 135 

I I I I I I I I I I I 
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ANNUAL REGIONAL VARIATIONS IN 
SPAWNING INTENSITY 

The material has been summed up for the whole 
region in Tables 1 and 2, and graphically presented 
in the lower part of Figure 2. 

The evidence shows that the spawning intensity in 
the region as a whole, measured by number of eggs 
per station, has been declining during the three 
spawning cycles and during 1963-64 was less than 
half of that observed during 1961-62. The average 
numbers per positive station indicate that there was 
a concentrated spawning effort during the 1962-63 
cycle. We have demonstrated that this happened 
only in areas B and C. 

A COMPARISON BETWEEN SPAWNING 
INTENSITY AND ABUNDANCE OF ADULTS 

In their recent contribution on the present status 
of the Peruvian stock of anchovy, Saetersdal, Val- 
divia, Tsukayama and Alegre (this volume) draw 
attention to the reduced abundance of big adult fish 
from 1962 to 1964. In their Figure 7 they show the 

months of November through May each year, the 
abundance being measured in numbers of adult fish 
per trip. In Figure 4 we have compared these data 
with the spawning intensity during the correspond- 
ing period, as measured by the average number of 
eggs per station for  the whole northern region. The 
abundance of adults refers to data from Chimbote 
and Callao combined, and should thus be compa- 
rable. There is a striking similarity in the rate of 
decline. 

A COMPARISON BETWEEN SPAWNING 
INTENSITY AND RECRUITMENT 

The relation between spawning intensity and re- 
cruitment is much more complex than the relation 
discussed in the preceding paragraph. So far we 
know nothing about egg mortalities and their causes, 
larval mortalities, larval drift and the subsequent 
fate of the young individual until it enters the fishery 
at a size of about 8 cm. This phase in the life history 
of the anchovy is still shrouded in mystery and the 
need t o  fill this gap in our knowledge, is impera- 

abundance of the adult fish as &e mean value of the tive. 

EGGS : AREAS B-E RECRUITS CALLAO-CHIMBOTE 
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In their paper, Saetersdal, Valdivia, Tsukayama 
and Alegre (this volume) have measured the abun- 
dance of the recruitment groups 1961 through 1964 
in two different ways: first the modal abundance, 
expressed as average values for the highest modal 
abundance during the recruitment period, and second 
the estimated total number caught per unit of effort, 
as measured by number of recruits per trip. They 
found the decline in the abundance of adult fish 
parallel to that occurring in the abundance of re- 

cruits up till the season November 1963 to May 1964. 
However, in 1964, they found a very strong recruit 
group appearing in the fishery. 

In Figure 5 we have compared the recruit abun- 
dance with the spawning intensity, as measured by 
egg numbers per station and per positive station for 
the region as a whole. The new strong recruit 
group did not at  any rate originate through a wide- 
spread spawning, as shown by the low number of 
eggs per station. But it is quite possible that a strong 
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Winter--- ............... 
 spring_^.........^_^^^^^ 
Summer-- ._ -. - - - - - - - -. -. 
Autumn ................. 

Average percent- - - - - 

recruit group originates through intensive and con- 
centrated spawning and subsequent favorable condi- 
tions for survival. Ahlstrom (1959, p. 203) thought 
first that a widespread spawning of the California 
sardine favored greater survival and bigger recruit- 
ment, but a closer analysis of later data led him to  
doubt this conclusion. 

It was stated that a strong recruit group could 
originate from an intense but geographically re- 
stricted spawning. This, however, did not occur as a 
result of the intensive spawning observed in areas 
B and C during 1962-63. The resulting group was 
poor according to  the abundance estimates shown in 
Figure 6. On the other hand the low egg numbers in 
1963-64 gave rise to an estimated rich recruit group. 
Evidently more effort is needed to tie up biological 
facts and oceanographic evidence. 

The best conformity between egg numbers and 
recruitment strength was found in areas D and E as 
shown in Figure 7. Here the trend follows the same 
pattern both as regards eggs and recruits. 

FREQUENCY OF LARVAE 
It must be borne in mind that the Hensen net 

is very selective as to larval sizes caught. Only the 

Percent of larvae 
per positive 

Station 
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youngest stages (less than 10 mm in length) are 
effectively retained by the net. We still lack experi- 
mental evidence as to incubation time and the rate 
of larval growth, but presumably the incubation time 
is shorter than the growth time of larval stages 
effectively retained. Until this time factor has been 
ptudied the numbers of eggs and larvae are not 
directly comparable, but if larval growth represents 
a longer time the numbers of larvae are maximal 
numbers in comparison, and we can conclude that 

TABLE 3 

PERCENTAGES OF ANCHOVY LARVAE VERSUS EGGS IN THE 
HENSEN NET HAULS 

.I*. POSITIVE STATlOk 

Percent of larvae 

Station 
per 
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mortality during the initial growth phase is not 
lower than that indicated by direct comparison be- 
tween egg and larval number. 

Adding up the whole material we find the per- 
centage values of larvae versus eggs as shown in 
.Table 3, the material being divided according to 
seasons. 

The higher percentages of larvae per station re- 
flects the effect of dispersal. The larval frequencies 
.are much lower during the spring months. In fact 
the difference is so great that it must reflect higher 
egg mortalities during these months. 

In  Figure 8 we have shown graphically the larval 
percentages according to spawning cycles for the 

different areas. It will be seen that areas B and C 
follow the same trend with the lowest values during 
the 1962-63 cycle. It was shown above that a con- 
centrated spawning effort occurred in these areas 
during this spawning cycle and it seems that this 
resulted in increased egg mortalities. It will be noted 
that the recruitment estimates and the percentage 
frequencies of larvae in these two areas follow the 
same pattern. 

During the two latter spawning cycles area E 
shows a quite different trend with very high larval 
percentages and this is also true for area D during 
the 1962-63 cycle. We ascribe these phenomena to 
a low spawning intensity within the area, coupled 
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with larval drift into the area from a spawning 
center lying to the south, the coastal current dis- 
placing the larval stock northwards from the spawn- 
ing center. This could be verified as regards area D 
during 1962-63, but observational data are not sufYi- 
cient from area F to establish this conclusion. 

A COMPARISON BETWEEN LARVAL 
ABUNDANCE AND RECRUITMENT 

We can presume that a closer relationship exists 
between larval abundance and recruitment strength 
than between spawning intensity and recruitment 
strength. However, our conclusions are limited by 
the fact that we have only been able to  examine the 
abundance of the earliest stages in the growth of 

In  Figure 9 the number of larvae and recruit abun- 
dance are compared fo r  the region as a whole. The 
highest numbers of larvae were found during the 
1961-62 spawning cycle, but the resulting recruit 

group was not outstanding. The big recruit group 
appearing in 1964 seems not to have been derived 
from a rich larval stock in the region as a whole. 

The evidence suggests that during the three spawn- 
ing cycles larval abundance was highest during 1961- 
62, there was a big decline during 1962-63 and then a 
substantial increase during 1963-64, but not up to the 
1961-62 level. Roughly this sequence reflects what 
has happened in recruitment, but the series of ob- 
servation is too short to afford firm conclusions. 
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