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Introduction 

This atlas illustrates the distribution and abun'dance of larvae of two of the 
more abundant fishes in the region of the California Current off California and 
Baja California during the years 1951 through 1966. They are  the jack mackerel, 
Trachurus symmetricus, a member of the jack family, Carangidae, and the Pacific 
hake, Merluccius productus, a member of the cod family, Gadidae. 

The basic CalCOFI station plan is included as the first chart in this atlas 
(Chart 1). Only selected portions of this comprehensive station pattern were oc- 
cupied on any given cruise. CalCOFI cruises were spaced at monthly intervals 
during the decade 1951 through 1960 and again in 1966. The cruises were made 
quarterly in the years 1961 through 1965. During the period of monthly cruises a 
sizable par t  of the CalCOFI area was monitored on cruises made during the first 
seven months of each year and also usually in October. In the remaining four 
months, August, September, November and December, sampling usually was re- 
stricted to a limited portion of the CalCOFI region such as off southern California 
or  off central Baja California. 
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Fish eggs and larvae were obtained from plankton collections made with a am% 

standard CalCOFI net one me.ter in diameter at the mouth. Details of the net and of 
its deployment during a haul a re  given by Fleminger (1964) and Ahlstrom (1966). 
Each tow was made by lowering the net at a rate of 50 meters of wire per minute 
until 200 meters had been payed out, and then by retrieving i t  at 20 meters per 
minute while maintaining a wire angle of 45 degrees. The tow was taken at  a vessel 
speed of about two knots. The usual depth reached by the net was about 140 meters.  
A flow-meter in the mouth of the net permitted calculation of the amount of water 
strained. 

Standardized values for fish eggs and larvae a re  not directly comparable with 
the standardized values used by authors of other CalCOFI atlases. Our estimates of 
abundance of fish larvae and eggs were made comparable between samples by stand- 
ardizing the values to a unit of ten square meters of sea surface. Details concerning 
the method of deriving the standardization factors appear in  Kramer and Ahlstrom 
(1968). 

We include data on larvae of jack mackerel and hake for all but one CalCOFI 
cruise made between 1951-1966; information is  not available as  yet for the cruise of 
July 1963 (6307). Charts are  presented for all cruises in  which five o r  more collec- 
tions contained larvae of either jack mackerel or  hake. The mean abundance is 
shown for stations sampled more than once during a given cruise. These stations 
a re  listed in  the Appendix. a 

Larvae of jack mackerel 

The early developmental stages of jack mackerel were described by Ahlstrom 
and Ball (1954); this paper contained charts showing the distribution and abundance 
of jack mackerel larvae for seven cruises of 1950 (5002-5008) and seven cruises of 
1951 (5102-5108). Farris (1958) supplied information on numbers of jack mackerel 
eggs by station for the years 1951-1954. Far r i s  (1961) also discussed the abundance 
and distribution of eggs and larvae of jack mackerel and survival of larvae for the 
years 1952-1954. Information on numbers of jack mackeref larvae, by station, were 
contained in  a ser ies  of yearly reports that covered all CalCOFI cruises made be- 
tween 1950-1957 (see Ahlstrom, 1959a for pertinent references). Data subsequent 
to 1957 have not been published previously except in summary form (Ahlstrom, 1968, 
Table 4) .  

The pagination of jack mackerel charts is given in  Table 2 .  During the 16- 
year span, 93 cruises yielded five or  more samples containing jack mackerel lar- 
vae. On 26 additional cruises, one to four samples per cruise contained jack mack- 
erel  larvae (Table 1). N o  jack mackerel larvae were taken on 28 cruises made dur- 
ing 1951-1966. 
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TABLE 1 .  List of samples containing jack mackerel from CalCOFI cruises 
yielding fewer than five positive records and omitted from the 
charted distributions. 

Number Number 
Year Cruise Station of larvae Year Cruise Station of larvae 

1951 5101 107.60 2 1957 5708 110.35 3 
5109 100.70 3 133.35 5 
5110 90. 30 2 5710 103.60 3 

I, 107.40 3 117.60 2 
5111 93.50 4 120.35 3 

97.40 5 1958 5809 90.28 1 
100.40 3 110.33 6 

1952 5201 100.70 2 5810 103.45 2 
5202 90. 60 2 120.55 3 

11  90.80 9 1959 5902 83.80 3 
90.90 3 100.60 4 

5210 85.38 2 5909 90.90 3 
f 97.32 3 I, 93.50 3 

107.35 3 93.75 3 
1953 5309 87.50 2 ,I 115.30 2 
1954 5401 130.60 4 5910 67.50 3 

, f  137.30 27 I t  93.30 3 
5410 93.55 23 93.70 7 

123.50 10 5911 87.55 42 
1955 5508 50.90 5 I, 93.40 3 

100.35 27 93.55 3 
5510 100.80 2 1960 6010 117.35 3 

1956 5608 118.35 27 1961 6101 120.55 3 
1 120.25 21 6110 87.40 3 

1957 5701 103.30 2 1964 6410 87.34 2 

TABLE 2 .  Pagination of charts showing the distribution of larvae of jack 
mackerel. (T) Occurred in one to four samples; details appear 
in TABLE 1. (0) No occurrences. (-) No cruise. (*) Distribu- 
tions for early and late March cruises are presented on the same 
chart. (NA) Information not yet available. 

Y e a r  
Month 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 

J a n u a r y  

F e b r u a r y  

March  

Apri l  

May 

June  

Ju ly  

August  

September 

October 

November 

December 

T T O T O O T Z O O T 3 4 5 6 7  

8 T 9 10 11 12 13 14 T 15 - - - - - 16 

1 7  18* 191 20 21 22 23 24 25 26 - - - - - - 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 

43 44 45 46 47 48 49 50 51 52 - - - - - 53 

54 55 56 57 58 59 60 61 62 63 - - - - - 64 

65 66 67 68 69 70 71 72 73 74 75 76 NA 77 78 79 

8 0 8 1 8 2 8 3  T T T 0 8 4  0 - - - - - 85 

T 8 6  T - 0 0 0 T T 0 - - - - 8 7 8 8  

T T 89 T T 0 T T T T T 90 91 T - 92 

T O O - O O O O T - - - - - - O  

0 - 0 0 0 0 0 0 0 - - - - - -  0 



TABLE 3. List of samples containing Pacific hake from CalCOFI cruises 
yielding fewer than five positive records and omitted from the 
charted distributions. 

Number 
Year Cruise Station of larvae 

1951 

1952 

1953 

1955 

1956 

1957 

1958 

5108 
5109 

5110 
I 1  

I t  

1 1  

5111 

5207 
5208 

5210 
5308 

I 1  

I !  

I 1  

I 1  

I t  

5506 
If 

1 1  

I !  

5507 
5509 
5511 
5608 

11 

1 1  

5610 
5707 

I 1  

I f  

1 1  

5708 
5711 
5807 

5808 
5810 

f I  

I f  

115.30 
115.30 
115.35 

90.60 
97.30 

110.35 
80.55 

110.33 
97.50 

117.30 
117.40 
117.30 
117.30 
117.35 
120.35 
127.34 

93.80 
110.50 
133.40 
137.30 
137.30 

83 a 90 
87,35 

110.33 
115.27 
117.26 
82.47 

117.30 
120.30 
120.35 
130.55 
117.35 

87.60 
67.50 
90.28 

127.40 
143.50 
150.50 

2 
6 
8 
4 
3 
3 
3 

14 
3 
2 
3 
9 
6 
2 
3 
6 
6 
3 
3 
7 
3 
3 
5 

16 
24 

7 
6 
4 
6 
3 
3 
3 
4 
3 
2 
3 

14 
3 

Number 
Year Cruise Station of larvae 

1958 

1959 

1960 

1961 

1962 

1963 

1965 

1966 

5812 
1 1  

1 1  

5907 

6007 

6008 

6009 
6010 

6107 

6110 

6207 

I t  

I 1  

I t  

I t  

I t  

I t  

11 

I 1  

6210 
1 1  

II 

If 

6310 

6509 
If 

11 

11 

6608 
1 1  

If 

6610 
! I  

I t  

11 

6611 
f I  

80.51 
80.55 
87.40 

103.35 
123.60 
70.55 

120.30 
93.80 

120.30 
119,33 
118,39 
119.33 
80,55 
80.65 

110,33 
117.40 
118.39 
120.35 
123.42 
87.50 

110.35 
113.30 
115.35 
80.55 

137.23 
80.52 
83.51 

120.25 
80.51 

117.35 
117.40 
67.50 
80.51 
80.52 
87.45 

140.30 
147.20 

5 
7 
3 
3 
3 
3 
3 
3 
2 
3 
3 
8 
2 
4 
6 
3 
3 
4 
3 
3 
3 
2 
6 
3 
5 
3 
2 
2 
2 
3 
6 
3 
4 
4 
4 

11 
6 
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TABLE 4 .  Pagination of charts showing the distribution of larvae of the 
Pacific hake. (T) Occurred in one to four samples; details ap- 
pear in T A B L E  1. (0) No occurrences. (-) No cruise. (*) Dis- 
tributions for early and late March cruises are presented on the 
same chart. (NA) lnformation not yet available. 

Year 
Month 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 

January 

February 

March 

April 

May 

June 

July 

August 

~ 

93 94 95 96 97 98 99 

109 110 111 112 113 114 115 

120 121* 122* 123 124 125 126 

130 131 132 133 134 135 136 

146 147 148 149 150 151  152 

157 158 159 160 T 161  162 

167 T 168 169 T 170 T 

T T T 1 7 4 O  T T 

September 

October 

November 

December 

T 0 1 7 5 -  T 0 0 

T T 176 177 178 T 0 

T 0 1 8 0 -  T 0 T 

182 - 183 184 185 186 0 

100 101 102 

116 117 118 

127 128 129 

137 138 139 

153 154 155 

163 164 165 

T T T  

T O T  

O O T  

T O T  

0 181 - 

T O -  

103 104 

- -  
105 106 

- - 
107 108 

- 119 

144 145 

- 156 

- 166 

172 173 

- T  

T O  

- T  

- T  

- 187 

Larvae of Pacific hake 

The early developmental stages of Pacific hake eggs and larvae were described 
by Ahlstrom and Counts (1955); also included in this paper were distribution and 
abundance charts of Pacific hake larvae for the first six cruises, January through 
June of 1951 and 1952. Ahlstrom (1959b) discussed the vertical distribution of hake 
eggs and larvae as well as of other pelagic fishes from stations off California and 
Baja California. The eggs and larvae of the majority of pelagic fishes, including 
jack mackerel, Pacific sardine and northern anchovy were limited in their distribu- 
tion to the upper mixed layer and the upper portion of the thermocline. In contrast, 
the eggs and larvae of the Pacific hake occurred mostly in and below the thermo- 
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cline. The largest collections of eggs and larvae were made at a depth of about 75 
meters, but larvae were obtained in moderate abundance at  the 138-meter level and 
a few were taken as deep as 215 meters .  Standard CalCOFI hauls which typically 
reach a depth of 140 meters evidently do not encompass the complete vertical dis- 
tribution of hake eggs and larvae at some stations. CalCOFI records of hake larvae 
and eggs up to 1957 have been issued as a series of annual reports (see Ahlstrom 
1959a for references). Data subsequent to 1957 have not been published previously, 
except in summary form (Ahlstrom, 1968, Table 5) .  

The pagination of Pacific hake charts is given in  Table 4 .  During the 16 years, 
1951-1966, five or more samples containing hake larvae were obtained on 97 Cal- 
COFI cruises and one to four occurrences of hake larvae on 35 cruises (Table 3 ) .  
No hake larvae were obtained on 15 cruises. 
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APPENDIX. Stations sampled more than once on CalCOFI cruises, 1951- 
1966, that contained larvae of jack mackerel and hake (regular 
occupancy listed first). (X) Present. (0) Absent. 

Cruise Station J. mackerel Hake Cruise Station J. mackerel Hake 

5204 120.45 
123.40 

.45 

x o  0 0  
0 0  x o  
x o  x o  

5504 120.70 
123.50 

.60 
127,50 

.60 
130.60 

x x  0 0  
x o  0 0  
x o  0 0  
x o  0 0  
o x  0 0  
0 0  x o  

x o o  0 0 0  
o x x  0 0 0  
x x  0 0  
x x  x x  
x x  0 0  
x x  0 0  
x x  x o  
o x  o x  
x x  0 0  
x o  x o  
x x  x x  
x x  o x  
o x  0 0  
x x  o x  
x x  0 0  
o x  o x  
o x  0 0  

5206 90.30 
.37 
.45 
.53 
.60 

93.30 
.40 
,50 
.60 

97.40 
.50 
.60 

100.35 
.40 
.50 
.60 

103 a 35 

5603 100.90 
103.50 

.60 

.70 

.80 

.90 

x x  x x  
x x  x x  
x x  x x  
x x  x x  
x x  x x  
x x  x x  

5606 SO. 75 
.80 

x x  x o  
x x  x o  

5801 73.55 0 0  o x  

5902 83.70 
123.42 

0 0  x x  
0 0  x o  

5208 117.30 0 0  x x  
.40 0 0  o x  

6004 103.35 x o  x x  

6101 80.52 0 0  x o  

6104 120.40 0 0  o x  
5304 85.39 0 0  x o  

87.35 0 0  o x  

5305 85.50 0 0  x o  
87.60 o x  o x  

6304 123.42 0 0  o x  
127.40 0 0  x o  

5306 85.50 x o  0 0  6401 83.51 
.55 
.60 

0 0  x x  
0 0  o x  
0 0  o x  5504 103.30 

.35 

.40 

.50 

.60 

.70 
-80  

107.80 
110.60 

.80 
113.60 
117.60 
120.35 

.45 

.50 

.55 

.60 

0 0  o x  
x x  x x  
x x  x x  
x x  o x  
x x  x x  
x x  x x  
x x  x x  
x x  x x  
x x  x x  
x x  0 0  
x x  x x  
x x  x o  
0 0  x x  
0 0  x x  
o x  o x  
x o  x x  
x x x  o x x  

6407 83.55 
.60 
.65 

x o  o x  
x o  x o  
x o  0 0  

6501 123.42 
127.40 

0 0  x x  
0 0  x o  

6604 93.28 
.30 
.40 
.50 
.60 
.70 
.80 
.90 

o x  x x  
0 0  x x  
0 0  x o  
o x  x x  
o x  x x  
x x  x o  
x x  x x  
x o  x o  
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The numbers to the right of the shoreline represent abundance at  special inshore 
stations occupied during Cruise 6410. These stations are  too closely spaced to 
be shown by station circles .  A number index appears to the right of the esti- 
mated-abundance key. The values for these special inshore stations were not 
used in formulating the contours of abundance shown on this chart. 
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The numbers to the right of the shoreline represent abundance at special inshore 
stations occupied during Cruise 6612. These stations a r e  too closely spaced to 
be shown by station circles.  A number index appears to the right of the esti- 
mated-abundance key. The values for  these special inshore stations were not 
used in formulating the contours of abundance shown on this chart .  
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These maps are designed to show essential details of the area most 
intensively studied by the California Cooperative Oceanic Fisheries 
Investigations. This is approximately the same area as is shown in 
color on the front cover. Geographical place names a re  those most 
commonly used in the various publications emerging from the re- 
search. The cardinal station lines extending southwestward from the 
coast a r e  shown. They are 120 miles apart. Additional lines a re  uti- 
lized as needed and can be as closely spaced as 12 miles apart and 
still have individual numbers. The stations along the lines are num- 
bered with respect to the station 60 line, the numbers increasing to 
the west and decreasing to the east. Most of them a re  40 miles apart, 
and a re  numbered in groups of 10. This permits adding stations as 
close as 4 miles apart as needed. An example of the usual identifica- 
tion is 120.65. This station is on line 120, 20 nautical miles south- 
west of station 60. 

The projection of the front cover is Lambert's Azimuthal Equal 
Area Projection. The detail maps a re  a Mercator projection. 
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