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The California Cooperative Oceanic Fisheries
Investigations (CalCOFI) biological-oceano-
graphic survey pattern was designed to encom-
pass the broad spawning ranges of Pacific sar-
dine (Sardinops sagax) and northern anchovy
(Engraulis mordax). As a consequence, the
sampling grid overlays three coastal zoogeo-
graphic provinces, a coastal upwelling zone, and
three oceanic water masses. The taxonomic
complexity of the ichthyoplankton samples was
recognized by Dr. Elbert Ahlstrom who initiated
a vigorous research program to increase the
number of identifiable taxa. This has resulted in
the most extensive and faunally rich ichthyo-
plankton time series in the world. The time
series has been utilized routinely in biomass

estimations of the principal coastal pelagic fish
populations of the region, and continued re-
search effort has produced descriptions of distri-
bution and relative abundance of larvae of many
other fish species inhabiting the California Cur-
rent region (see list of previous CalCOFI Atlases
and Smith and Moser, 1988). Recent work on
the time series has begun to reveal the nature of
the larval fish assemblages of the California
Current region and their relation to oceano-
graphic features (Moser et al., 1987; Moser and
Smith, in press).

This atlas summarizes the spatial and temporal
distributions of the 110 fish taxa with =1000
total larvae (summed counts per 10 m?) collected
on CalCOFI cruises from 1951 through 1984.
Also, the atlas includes distributional summaries
for the eggs of three species (Northern anchovy,
Engraulis mordax; Pacific sardine, Sardinops
sagax; and Pacific saury, Cololabis saira) that
were routinely identified for the entire 33-year
period, and the distributions of total fish larvae
and total fish eggs. A second atlas will summa-
rize distributions for all larval taxa with fewer
than 1000 total larvae in CalCOFI surveys dur-
ing 1951-1984.

The overall CalCOFI survey pattern extends
from the California-Oregon border to the south-
ern tip of Baja California, Mexico and offshore
to a maximum of ca. 400 n. mi. (Figure 1);
however, most annual surveys covered a smaller
area from San Francisco, California to San
Juanico Bay, Baja California and seaward to a

'Southwest Fisheries Science Center, National Marine Fisheries Service, La Jolla, California.
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maximum of ca. 300 n. mi. (Tables 1 and 2).
Spatial and temporal coverage was most com-
plete during the early years of the surveys
(1951-1960) when multi-vessel cruises occupied
much of the > 1 million km® survey pattern at
monthly intervals. Subsequently, reduced ship
availability and funding limitations resulted in a
reduction of the number of cruises and in their
areal coverage. Annual surveys with quarterly
cruises were conducted from 1961 to 1965,
while surveys were triennial with monthly
coverage from 1966 to 1984.

At each survey station an oblique plankton tow
was taken using standard procedures (Kramer et
al., 1972). Speed of cable pay-out (50 m per
minute) and retrieval (20 m per minute) was
constant on all surveys; however, gear and
desired depth of tow changed during the 1951-
1984 period (Table 3).

The charts and graphs of CalCOFI ichthyo-
plankton presented in this atlas were derived
from a computer data base established during
1983-1988. Complete lists of these data and
corresponding station and tow data for all
CalCOFI surveys from 1951 to 1984 were pub-
lished in the following series of reports:

1951-- Ambrose et al. {1987a)
1952-- Sandknop et al. (1987a)
1953-- Stevens et al. (1987a)

1954-- Sumida et al. (1987a)
1955-- Ambrose et al. (1987b)
1956-- Stevens et al. (1987b)

1957-- Sumida et al. (1987b)
1958-- Sandknop et al. (1987b)
1959-- Stevens et al. (1987¢)

1960-- Ambrose et al. (1987¢c)
1961-- Sandknop et al. (1988a)
1962-- Sumida et al. (1988a)
1963-- Ambrose et al. (1988a)
1964-- Sandknop et al. (1988b)
1965-- Stevens et al. (1988a)

1966-- Sumida et al. (1988b)
1967-- Ambrose et al. (1988b)
1968-- Sandknop et al. (1988c¢)
1969-- Stevens et al. (1988b)

viii

1972-- Sumida et al. (1988c)
1975-- Ambrose et al. (1988¢)
1978-- Sandknop et al. (1988d)
1981-- Ambrose et al. (1988d)
1984-- Stevens et al. (1990)

These data reports provide detailed descriptions
of station patterns, sampling gear and methods,
laboratory procedures, methods used in identi-
fying larvae, and methods of computer entry and
editing.

CalCOFI surveys from 1951 through 1984 in
the California Current region produced 31,214
plankton tows yielding ca. 12.4 million fish
larvae distributed in 249 identified taxa. Larvae
were identified to species or were assigned to
the lowest taxon possible (genus, family, subor-
der, order). The number of identifiable taxa
increased during the 33-year period as knowl-
edge and competency improved. Data presented
in this atlas represent either original identifica-
tions or new identifications resulting from reex-
amination of archived samples during construc-
tion of the data base in 1983-1988. All taxa
included in the 1951-1984 time series are listed
in rank order of abundance (number per 10 m?
of sea surface) summed for all occurrences
(Table 4) and in rank order of occurrence (Table
5). Seven higher taxa (Citharichthys spp., Myc-
tophidae, Bathylagus spp., Diogenichthys spp.,
Hygophum spp., Pleuronectiformes, Pleuro-
nichthys spp.) had more than 1000 total larvae
for the time series but consisted primarily of
small damaged specimens, and were not ana-
lyzed. Their distributions are represented in
analyses of component taxa.

The distributions are summarized in a series of
charts and graphs arranged on two facing pages
per taxon. The upper panel on the left page is a
map of total abundance (log of summed abun-
dance for all occurrences) for the entire time
series. The lower panel is a series of four quar-
terly maps that show mean abundance in each of
22 CalCOFI regions. The regions used in this
atlas (Figure 2) were modified from those estab-
lished by Smith et al. (in prep.). Region 24 has



an indeterminate area and in this data base is
represented by the stations indicated in Figure 2.
On the quarterly charts, Region 24 is shown as
the area enclosed in the dashed line seaward of
Regions 6 and 10. Stations 40.180 and 140.120,
each occupied once in the time series (Sumida et
al., 1988c), are not shown in Figure 2. The
number of station occupancies in each region for
each quarter varied considerably, with marked
diminution of effort in peripheral regions (Table
6). Regions 3 and 23 were insufficiently sampled
to be included in the maps of quarterly mean
abundance. On these charts, regions within
which no larvae of a subject taxon were captured
during a quarter are indicated by a "0", and the
region with the highest quarterly mean abun-
dance is marked with a star.

Graphs summarizing interannual, seasonal and
onshore-offshore occurrence and abundance are
presented on the right-hand page of each taxon
description. Calculations of seasonal and interan-
nual mean occurrence and abundance were based
on a pool of CalCOFI regions that fell within the
principal distribution of the taxon of interest.
This was determined by examination of all
records in the time series for that taxon. The
top-left graph gives annual mean occurrence
(percent positive tows) for the selected regional
pool. The top-right graph presents mean annual
abundance as the number of larvae or eggs per
10m? of surface area for all (including zeros)
stations occupied in the regional pool for each
year. Mean occurrence and abundance for
CalCOFI surveys in 1967 and 1968 were not
included because of inadequate seasonal and
areal coverage during those years (Table 1).
Missing data points on the interannual plots
correspond to years when a taxon was not on the
list of identifiable taxa. Also, values were not
plotted for years when a taxon’s selected region-
al pool was not sampled on CalCOFI surveys;
this applies principally to 1984, when no sam-
pling occurred south of CalCOFI line 110 (Table
1). The middle-left graph gives monthly mean
occurrence (percent positive tows) for the re-
gional pool and the middie-right graph gives
monthly mean abundance (number per 10m? for

all stations occupied). Onshore-offshore occur-
rence and abundance are shown in the bottom-
left and bottom-right graphs, respectively. For
these calculations the data base was partitioned
into seven alongshore zones (Figure 3): North-
ern California (N CAL); Central California
(C CAL); Southern California (S CAL); North-
ern Baja California (N BAJA CAL); North
Central Baja California (NC BAJA CAL); South
Central Baja California (SC BAJA CAL);
Southern Baja California (S BAJA CAL). Sta-
tions in these zones were further segregated into
14 bins based on distance from the coast (Table
7). For each taxon one or more zones were
selected from the core of their north-south range
and mean occurrence (percent positive tows) and
mean abundance (number per 10 m? of surface
area for all stations) were calculated for each
bin. These values are plotted in the graphs. Note
that the labels on the x-axis refer to the offshore
limit of each bin; for example, "5 n. mi." refers
to the 0-5 n. mi. bin and "10 n. mi." refers to
the 5-10 n. mi. bin. Values were not plotted for
onshore-offshore bins represented by fewer than
nine tows.

Scientific names used in this atlas generally
conform to those used in identification guides of
the region (Miller and Lea, 1972; Eschmeyer et
al., 1983; Matarese et al., 1989) and ordinal and
family nomenclature follow Eschmeyer’s (1990)
classification. The taxa included in higher sys-
tematic categories (genera, families, and orders)
changed during the course of the survey period
because of refinements in our ability to identify
larvae. These changes are documented in the
series of CalCOFI ichthyoplankton data reports
and, with other interpretive notes, are listed
below:

Ichthyococcus spp.-- 1. irregularis is the com-
mon species in the CalCOFI region and all
specimens of the genus reexamined to date
have been this species

Sternoptychidae-- only larvae of Argyropelecus
and Sternoptyx are inciuded in this category



Scopelarchidae-- includes larvae of all constitu-
ent taxa prior to 1972 and, beginning in 1972,
only those specimens not identifiable to genus
or species

Scopelosaurus spp.-- all specimens reexamined
to date have been S. harryi

Paralepididae-- includes larvae of all constituent
taxa prior to 1961, dominated by Lestidiops
ringens; beginning in 1961, it includes only
those specimens not identifiable to genus or
species

Lampanyctus spp.-- includes larvae of all constit-
uent taxa prior to 1954 and, beginning in
1954, larvae of all taxa except those of L.
regalis and L. ritteri larger than ca. 5 mm; lar-
vae of these species > ca. 5 mm were identi-
fied to species beginning in 1954

Merluccius productus-- the extemely high mean
abundance in Region 20 in the first quarter of
the year resulted from a single tow (Cruise
5601, Sta. 143.30) containing an estimated
30,942 M. productus larvae per 10m>

Ophidiiformes-- includes larvae of all constituent
taxa except those of Ophidion scrippsae and
Chilara taylori which were separated during a
reexamination of all ophidiiform larvae in the
time series

Sebastes spp.-- beginning in 1972, five species
of Sebastes (S. aurora, S. jordani, §. levis, §.
macdonaldi, S. paucispinis) were identified;
data for these species were combined with
Sebastes spp. for calculating mean values for
the genus

Cottidae-- includes larvae of all constituent taxa
except those of Scorpaenichthys marmoratus,
which were separated for the entire time series

Carangidae-- larvae of Trachurus symmetricus
were separated for the entire time series; prior

to 1954, the family category includes larvae
of all other constituent taxa and, beginning in
1954, larvae of all other taxa except those of
Seriola spp. and S. lalandi

Sciaenidae-- includes larvae of all constituent
taxa prior to 1981; beginning in 1981, larvae
of this family were identified to species; the
numerically dominant species in CalCOFI
samples, Genyonemus lineatus, spawns in the
winter and has a comparatively northern distri-
bution from Central California to Central Baja
California; other sciaenid species are primarily
summer spawners, particularly those with more
tropical affinities; to contrast these characteris-
tics, interannual and seasonal values were
calculated from northern (Regions 4, 7, 11)
and southern (Regions 12, 16, 20) regional
pools for 1951-1978

Labridae-- includes all component taxa prior to
1961; beginning in 1961, larvae of Halichoeres
spp., Oxyjulis californica, and Semicossyphus
pulcher were separated and only small or dam-
aged unidentifiable specimens were included in
the family category

Clinidae-- larvae from the region between Pt.
Conception, California and Pt. Baja, Baja Cali-
fornia are primarily clinids; records from north
of Pt. Conception include some sticheioid
larvae and records from south of Pt. Baja are
mostly labrisomids

Trichiuridae-- includes larvae of all constituent
taxa prior to 1972 when larvae of Lepidopus
fitchi, the dominant trichiurid species in the
CalCOFI region, were separated

Citharichthys spp.-- this category was not chart-
ed and graphed; during the preparation of the
data base, all Citharichthys larvae from sur-
veys in 1954-1960 and 1984 were reexamined
and identified to species and charts and graphs
of C. fragilis, C. sordidus, C. stigmaeus, and
C. xanthostigma, based on this segment of the
time series, are included in this atlas; calcula-



tions for charts and graphs of C. stigmaeus
also include data from surveys in 1961-1981,
however, only C. stigmaeus larvae larger than
ca. 4.5 mm could be identified during this
period
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Table 2. Sampling effort in relation to distance from coast for north-south segments of the

CalCOFI sampling pattern and for the entire pattern ("All"). Within each zone the
percentage of total (31,214) station occupancies from stations 60, 70, 80, 90, 100,
110, and 120 to the coast is listed. See Figure 3 for map of the north-south segments.

CalCOFI Lines

Distance
from
CalCOFI1 coast
Station (n. mi.) 40-57 60-77 80-97 100-110 113-120 123-137 140-157 All
60 32-199 0.8 6.8 214 13.5 12.0 14.2 2.9 71.6
70 72-239 1.1 92 252 15.9 13.8 14.9 3.0 83.1
80 112-279 1.2 10.6  28.1 17.8 14.9 15.3 3.0 90.9
90 152-319 1.3 11.8 30.7 19.0 15.5 15.4 3.0 96.7
100 192-359 1.4 122 31.4 19.3 15.6 15.4 3.1 98.2
110 232-399 1.4 12.2 315 19.3 15.6 15.4 3.1 98.5
120 272-439 1.4 12.4 31.8 19.4 15.6 15.5 3.1 99.1

Table 3. Changes in plankton net type and standard maximum haul depth during CalCOFT surveys,

1951-1984.
Mesh Mean Volume
Net Net Size Desired Haul Filtered per m
Years Frame Material (mm) Depth (m) depth (m?)
1951-1968 1-m ring silk bolting 0.55 140 3.6
cloth (N=23551)
1969-1975 1-m ring nylon 0.505 210 33
(N=4520)
1978-1984 0.71-m bongo nylon 0.505 210 2.0

(N=

3137)

Xvi



Table 4. Ranked abundance of larval fish taxa identified from CalCOFI survey cruises in 1951 through
1984. The total for each taxon or category is the summed count (per 10m? of sea surface,
adjusted for percentage of sample sorted) for all occurrences.

Rank
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Taxon

Engraulis mordax
Merluccius productus
Vinciguerria lucetia
Sebastes spp.
Leuroglossus stilbius
Triphoturus mexicanus
Stenobrachius leucopsarus
Sardinops sagax
Trachurus symmetricus
Citharichthys spp.
Diogenichthys laternatus
Bathylagus wesethi
Bathylagus ochotensis
Sciaenidae

Cyclothone spp.
Proromyctophum crockeri
Tarletonbeania crenularis
Ceratoscopelus townsendi
Unidentified fish larvae
Lampanyctus spp.
Lampanyctus ritteri
Disintegrated fish larvae
Diaphus spp.

Scomber japonicus
Citharichthys fragilis
Myctophidae
Citharichthys stigmaeus
Synodus spp.
Symbolophorus californiensis
Diogenichthys atlanticus
Citharichthys xanthostigma
Melamphaes spp.
Sternoptychidae

“Serranidae

Prionotus spp.
Icichthys lockingtoni
Symphurus spp.
Stomias atriventer
Argentina sialis
Sebastes jordani
Etrumeus teres

Count

5772080
1043952

956790
710358
456743
404359
326318
219964
208085
195518
116308
95075
83812
74820
68413
61020
53379
45387
44647
44617
42035
41066
37571
33933
30952
28662
28584
26553
24897
22552
22316
21180
20739
17108
16539
16139
14843
14736
13313
12278
12092

Xvii

Rank

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
77
78
78
80
81
82

Taxon

Gobiidae

Parophrys vetulus
Lyopsetta exilis
Hygophum atratum
Paralichthys californicus
Bathylagus spp.
Sebastes paucispinis
Chauliodus macouni
Peprilus simillimus
Ophidiiformes
Genyonemus lineatus
Chromis punctipinnis
Tetragonurus cuvieri
Labridae
Diogenichthys spp.
Gonichthys tenuiculus
Hypsoblennius spp.
Lestidiops ringens
Scorpaena spp.
Paralepididae
Pleuronichthys verticalis
Ophidion scrippsae
Cottidae

Oxyjulis californica
Bathylagus pacificus
Haemulidae
Idiacanthus antrostomus
Clinidae

Lampadena urophaos
Carangidae
Notoscopelus resplendens
Hippoglossina stomata
Sebastolobus spp.
Scopelarchidae
Trichiuridae

Nansenia crassa
Myctophum nitidulum
Nansenia candida
Citharichthys sordidus
Sphyraena argentea
Microstoma sp.

Count

11914
11411
10127
9865
9527
9213
9057
9047
8700
8229
8013
7912
7722
7456
7057
6930
6849
6796
6398
6259
6024
5932
5831
5657
5309
5207
4906
4791
4784
4512
4228
3860
3837
3813
3561
3543
3463
3463
3419
3338
3089



Table 4. (Cont.)

Rank

83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
111
113
114
115
116
117
118
119
120
121
122
123
124
125

Taxon

Chiasmodontidae
Lampanyctus regalis
Halichoeres spp.
Microstomus pacificus
Cololabis saira
Trachipteridae

Sarda chiliensis
Hygophum reinhardtii
Hygophum spp.
Pleuronectiformes
Seriola lalandi
Anguilliformes
Glyptocephalus zachirus
Poromitra spp.
Seriphus politus
Scopelogadus bispinosus
Danaphos oculatus
Notolychnus valdiviae
Auxis spp.
Ichthyococcus spp.
Bregmaceros spp.
Gerreidae

Opisthonema spp.
Pomacentridae

Sebastes macdonaldi
Gonostomatidae
Chilara taylori
Xystreurys liolepis
Ceratioidei

Diplophos taenia
Gobiesocidae
Pleuronichthys spp.
Scopelosaurus spp.
Agonidae
Brosmophycis marginata
Sebastes aurora
Pleuronichthys ritteri
Scorpaenichthys marmoratus
Zaniolepis spp.
Scombridae
Cyclopteridae
Aristostomias scintillans
Hypsypops rubicundus

Count

3026
2985
2883
2842
2649
2583
2528
2356
2228
2161
2152
2111
2084
1964
1835
1733
1717
1707
1670
1668
1612
1601
1525
1493
1461
1398
1311
1306
1216
1216
1184
1147
1062
1053
1039
1019
1015
1007

973

965

861

836

810

XViii

Rank

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
142
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

Taxon

Tactostoma macropus
Loweina rara

Sebastes levis

Medialuna californiensis
Bathylagus milleri
Osmeridae

Stomiiformes
Atherinidae
Pleuronichthys coenosus
Myctophum aurolaternatum
Scopelarchus spp.
Norolepis risso
Lepidopus fitchi
Semicossyphus pulcher
Electrona risso
Caulolatilus princeps
Brama spp.

Psertichthys melanostictus
Macrouridae
Vinciguerria poweriae
Oxylebius pictus
Blennioidei

Syngnathus spp.
Bathophilus spp.

Etropus spp.
Rosenblattichthys volucris
Coryphaena hippurus
Gempylidae

Exocoetidae
Macroramphosus gracilis
Pleuronichthys decurrens
Platichthys stellatus
Scomberomorus spp.
Girella nigricans
Syacium ovale
Hypsopsetta guttulata
Hexagrammidae

Icosteus aenigmaticus
Howella brodiei
Protomyctophum thompsoni
Benthosema pterota
Nomeidae

Physiculus spp.

Count

809
799
765
737
722
706
668
638
633
630
615
610
608
607
591
588
579
579
576
571
521
509
506
501
486
463
457
426
422
396
389
314
305
300
289
288
280
263
244
217
210
208
198



Table 4. (Cont.)

Rank

168
170
171
172
173
174
175
176
177
178
179
180
181
182
183
183
185
186
187
188
189
190
191
192
193
194
195
196
197
198
198
198
201
202
203
204
205
206
207
207
209
209
209

Taxon

Benthalbella dentata
Photonectes spp.
Scorpaenidae

Moridae

Scopeloberyx robustus
Bothus spp.

Mugil spp.

Lepidopsetta bilineata
Scopelarchoides nicholsi
Stemonosudis macrura

Centrobranchus nigroocellatus

Valenciennellus tripunctulatus
Microgadus proximus
Evermannellidae
Cubiceps pauciradiatus
Bolinichthys spp.
Psenes pellucidus
Isopsetta isolepis

Sudis atrox

Carapidae

Apogonidae

Aulopus spp.

Thunnus albacares
Ophiodon elongatus
Mullidae
Eutaeniophoridae
Hemiramphidae
Albula sp.

Triphoturus nigrescens
Porichthys spp.
Uranoscopidae
Bathylagus longirostris
Engraulidae

Psenes sio

Eustomias spp.
Anoplopoma fimbria
Leuroglossus schmidti
Caristius macropus
Macropinna microstoma
Benthalbella spp.
Gonostoma spp.
Bathymasteridae
Hippoglossina spp.

Count

198
168
156
150
147
133
130
124
103
99
98
92
89
81
76
76
73
72
69
63
62
55
49
41
40
38
35
31
30
29
29
29
26
24
22
20
19
18
17
17
16
16
16

Rank

212
213
213
213
213
217
217
217
219
219
221
221
221
221
225
226
227
227
227
227
227
232
232
232
232
232
237
237
239
239
239
239
239
239
239
239
239
239
249
249

Taxon

Cheilotrema saturnum
Tetraodontidae
Parvilux ingens
Myctophiformes
Polynemidae
Euthynnus spp.
Lobianchia spp.
Astronesthidae
Microdesmidae
Anotopterus pharao
Atractoscion nobilis
Roncador stearnsii
Seriola spp.
Antennariidae
Eopsetta jordani
Paralichthys spp.
Gadidae
Alepocephalidae
Lophiidae
Oxyporhamphus micropterus
Chaetodipterus zonatus
Hygophum proximum
Cubiceps caeruleus
Taaningichthys minimus
Balistidae

Bothidae

Gadus macrocephalus
Merlucciidae
Cyclopsetta spp.
Dolichopteryx. spp.
Dolichopteryx-tongipes
Bathylychnops exilis
Fistulariidae
Citharichthys platophrys
Woodsia nonsuchae
Paralepis atlantica
Sparidae

Acanthuridae
Priacanthidae

Soleidae

Count
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Table 5. Ranked occurrence of larval ﬁshl taxa identified from CalCOFI survey cruises in 1951 through
1984. The total for each taxon'or category is the sum of all occurrences during the survey
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period. L

Taxon Occurrences
Engraulis mordax 14486
Sebastes spp. 12323
Triphoturus mexicanus 11968
Vinciguerria lucetia 105160
Leuroglossus stilbius 8509
Protomyctophum crockeri 8048
Merluccius productus 7370
Stenobrachius leucopsarus 7258
Citharichthys spp. 6322
Cyclothone spp. 5869
Disintegrated fish larvae 5660
Bathylagus wesethi 5593
Trachurus symmetricus 5586
Lampanyctus spp. 5481
Diogenichthys laternatus 5043
Unidentified fish larvae 4824
Lampanyctus ritteri 4707
Bathylagus ochotensis 4555
Melamphaes spp. 4065
Tarletonbeania crenularis 4041
Myctophidae 3806
Symbolophorus californiensis 3216
Ceratoscopelus townsendi 3058
Sardinops sagax 2999
Sternoptychidae 2934
Citharichthys stigmaeus 2716
Diogenichthys atlanticus 2706
Stomias arriventer 2548
Diaphus spp. 2118
Icichthys lockingtoni - 1992
Gobiidae 1091
Sciaenidae 1973
Chauliodus macouni 1701
Paralepididae 1334
Hygophum atratum 1308
Argentina sialis 1264
Gonichthys tenuiculus 1234
Scomber japonicus 1228
Lestidiops ringens 1218
Lyopserta exilis 1235

Paralichthys californicus 1105

KX

Rank

42
43
44
45
46
47
48
46
50
51
52
53
54
55
56
57
58
59
60
60
62
63
64
65
66
a7
68
69
75
71
72
73
T4
75
76
77
7%
86
g1

37
G4

Taxon Oceurrences
Symphurus spp. 1038
Tetragonurus cuvieri 1031
Synodus spp. 1008
Citharichthys xanthostigma 984
Parophrys vetulus 953
Scopelarchidae 944
Labridae 931
Hypsoblennius spp. 910
Diogenichthys spp. 909
Pleuronichthys verticalis 893
Ophidiiformes 847
Idiacanthus antrosiomus 843
Nansenia crassa 836
Citharichthys fragilis g21
Mycrophum nitidulum 795
Serranidae 759
Hippoglossina stomata 756
Chiasmodontidae 726
Cottidae 722
Lampadena urophaos 22
Pepriius simillimus 713
Microstoma sp. 681
Bathylogus spp. 674
Notoscopelus resplendens 574
Trachipteridae 658
Clinidae " 600
Trichiuridae 547
Chromis punctipinnis 537
Bathylagus pacificus 536
Cololabis saira 513
Ophidior:. scrippsae 502
Microstomus pacificus 47%
Ohoyjulis californica 347
Sebastolobus spp. 457
Lampanycius regalis 435
Poromiira spp. 57

P -

Citharichthys sordidus
Sirumeus teres
Scopelogadus bispinosis b
Nansenia candida 431
Ichihyococcus spp. 476



Tabie 5. {Cont)

Rank

B4
85
87
88
89
90
o1
92
93
94
95
96
97
98
99
101
102
102
103
104
105
106
107
108
109
10
111
112
113
114
115
116
117
118
119
120
121
122
123
124

125

Taxon

dygophum reinhardtii
Hygophum spp.
Anguilliformes

Sehasres paucispinis
Pricnotus spp.

Chilara taylori
Scorpaena spp.
Sphyraena argentea
Ceratioidei
Glyprocephalus zachirus
Gonostomatidae
Halichoeres spp.
Agonidae

Notolychnus valdiviae
Scopelosaurus spp.
Seriola lalandi

Loweina rara

Danaphos oculatus
Pleuronectiformes
Carangidae

Sebastes jordani
Brosmophycis marginata
Zaniolepis spp.
Scorpaenichthys marmoratus
Cyclopteridae
Xystreurys liolepis
Aristostomias scintillans
Diplophos taenia
Pleuronichthys spp.
Brama spp.
Pleuronichthys ritteri
Pleuronichthys coenosus
Syngnathus spp.
Medialuna californiensis
Oxylebius pictus
Stomiiformes
Macrouridae

Norolepis risso
Haemulidae
Semicossyphus puicher
Atherinidae

Sarda chiliensis
Tacrostoma macropus

Occurrences

414
408
386
372
363
306
305
301
297
276
271
266
247
238
236
233
224
218
217
211
209
208
207
206
203
202
196
192
181
166

165

157
154
152
147
143
137
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Taxon Occurrences
Coryphaena hippurus 120
Electrona risso 115
Bathylagus milleri 106
Gerreidae 106
Genyonemus lineatus 104
Pomacentridae 104
Bathophilus spp. 104
Scopelarchus spp. 102
Gempylidae 101
Bregmaceros spp. 101
Psettichthys melanostictus 96
Sebastes aurora 91
Caulolatilus princeps 89
Auxis spp. &9
Rosenblattichthys volucris 88
Pleuronichthys decurrens 85
Scombridae 84
Exocoetidae 73
Girella nigricans 73
Macroramphosus gracilis 71
Etropus spp. 70
Vinciguerria poweriae 63
Sebastes macdonaldi 63
Hypsopsetta guttulata 63
Blennioidei 62
Gobiesocidae 60
Myctophum aurolaternatum 57
Howella brodiei 53
Syacium ovale 48
Sebastes levis 44
Physiculus spp.. 42
Icosteus aenigmaticus 40
Lepidopus fitchi 39
Bothus spp. 38
Hexagrammidae 37
Phoronectes spp. 34
Scorpaenidae 34
Seriphus politus 31
Mugil spp. 29
Stemonosudis macrura 28
Scopeloberyx robustus 27
Benthalbella dentata 27
Centrobranchus nigroocellatus 26



Table 5. (Cont.)

Rank

169
169
171
172
172
174
174
174
174
174
179
180
180
180
183
184
184
186
186
186
186
190
190
190
193
193
195
196
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201
201
201
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209

Taxon

Opisthonema spp.
Nomeidae

Protomyctophum thompsoni

Lepidopsetta bilineata
Moridae
Scopelarchoides nicholsi
Carapidae
Scomberomorus spp.
Evermannellidae
Platichthys stellatus
Sudis atrox

Valenciennellus tripunctulatus

Apogonidae
Hypsypops rubicundus
Bolinichthys spp.
Osmeridae

Ophiodon elongatus
Porichthys spp.
Thunnus albacares
Cubiceps pauciradiatus
Benthosema pterota
Psenes pellucidus
Aulopus spp.
Hemiramphidae
Microgadus proximus
Eutaeniophoridae
Mullidae
Uranoscopidae
Triphoturus nigrescens
Eustomias spp.
Tetraodontidae
Bathylagus longirostris
Anoplopoma fimbria
Engraulidae

Isopsetta isolepis
Albula sp.

Psenes sio

Caristius macropus
Euthynnus spp.
Myctophiformes
Leuroglossus schmidti
Alepocephalidae
Anotopterus pharao

Occurrences

25
25
23
21
21
19
19
19
19
19
17
16
16
16
14
13
13
12
12
12
12
11
11
11
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Rank

209
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220
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220
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220
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228

Taxon

Seriola spp.
Hippoglossina spp.
Antennariidae
Parvilux ingens
Benthalbella spp.
Gonostoma spp.
Macropinna microstoma
Astronesthidae
Lophiidae

Balistidae
Paralichthys spp.
Bathymasteridae
Bothidae

Cheilotrema saturnum
Hygophum proximum
Polynemidae
Fistulariidae
Roncador stearnsii
Microdesmidae
Dolichopteryx spp.
Woodsia nonsuchae
Sparidae
Chaetodipterus zonatus
Dolichopteryx longipes
Priacanthidae

Eopsertta jordani
Bathylychnops exilis
Atractoscion nobilis
Gadus macrocephalus
Citharichthys platophrys
Paralepis atlantica
Acanthuridae
Lobianchia spp.
Cubiceps caeruleus
Soleidae

Oxyporhamphus micropterus

Cyclopsetta spp.
Merlucciidae

Taaningichthys minimus
Gadidae

Occurrences
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Table 6. Total number of stations occupied in 24 CalCOFI regions in each quarter during
1951-1984 and the area of each region.

Region Area Jan-Mar Apr-Jun Jul-Sep Oct-Dec
(km?)
1 5.61 x 10 58 92 80 21
2 11.80 x 10* 50 42 49 16
3 9.88 x 10* 15 3 4 4
4 6.10 x 10* 673 849 518 360
5 9.88 x 10 316 453 305 198
6 9.88 x 10* 57 53 39 20
7 6.90 x 10* 1534 1593 1101 1145
8 4,12 x 10* 444 581 357 293
9 9.88 x 10* 677 979 539 352
10 9.88 x 10* 107 116 67 43
11 3.17 x 10* 666 729 514 442
12 3.64 x 10 721 736 751 431
13 7.12 x 10¢ 762 1020 577 400
14 9.87 x 10* 530 842 396 257
15 9.88 x 10* 39 45 20 18
16 4.89 x 10* 815 752 709 542
17 7.68 x 10 679 770 479 363
18 9.88 x 10* 191 228 167 115
19 9.88 x 10* 30 18 10 12
20 4.98 x 10* 258 100 39 70
21 11.52 x 10 207 128 31 70
22 9.88 x 10* 13 19 6 8
23 9.88 x 10* 1 4 1 4
24 - 66 100 79 31

Total 186.9 x 10¢ 8909 10252 6838 5215
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Total Fish Eggs
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Engraulis mordax larvae Engraulidae
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Northern anchovy
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Engraulis mordax eggs Engraulidae
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Northern anchovy Engraulis mordax eggs
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Merluccius productus Merlucciidae
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Pacific hake
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Phosichthyidae

Vinciguerria lucetia
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Panama lightfish Vinciguerria lucetia

100 250
o |
200 |
[72]
z 60} o
= &
w
> | 150
E 70 &
8 a.
@
= 60| &
z > 100 |-
1] 2
O 4
& osof
a
50 -
4}
30 1 I3 1 1 1 1 L 1 1 1 1 1 1 1 I Ie ] 1 1 1 1 o 1 1 1 1 1 1 1 1 1 1 1 1l 1 i L 1 1 { 1 1 1
515253 54 555657 58 59 60 61 62 63 64 65 66 69 72 75 76 81 84 51525354 55 56 57 58 50 60 61 6263 64 65 6669 72 75 78 81 84
YEAR YEAR
100 350

&

¥
w
8
T

»w 90
5 o250k
w 8 5
[ 5 200
K 8o o
o o
a
[ g 150 ¥
S sF 2
Q Z
s 100 |
a 70 F

65 | S P

60 1 1 t 1 1 1 1 1 1 1 1 1 o 1 )i ] 1 1 1 1 1 1 ] 1

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MONTH MONTH

100 — 250
g C BAJAC
<] 80 1 N BAJA CAL 200 - S A CAL
w SC BAJA CAL
= o
£ £
8 60} 2150 |
o o
E &
w [« o8
& a0} & 100 |
B 2

Zz
20 | 50 |
NC BAJA CAL
N BAJA CAL
0 1 | | 1 L | | 1 | 1 | 1 1 o Il 3 1 [l 1 1 1
§ 10 20 30 40 50 100 150 200 250 300 350 400 >400 5 10 20 30 40 50 100 150 200 250 300 350 400 >400

DISTANCE FROM COAST (n. mi.) DISTANCE FROM COAST (n. mi.)



12

Sebastes spp.
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Rockfishes
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Leuroglossus stilbius

Bathylagidae
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California smoothtongue
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Triphoturus mexicanus

Myctophidae

Triphoturus mexicanus larvae
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Mexican lampfish
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Stenobrachius leucopsarus Myctophidae
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Northern lampfish
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Sardinops sagax larvae

Clupeidae

T T I T T 1 H ‘ T T T I H 1 T 1 ‘ T T T T ‘
40° Sardinops sagax larvae ]
8 Summed abundance (no. under 10m?) |
| CalCOFI: 1951-1984 |
- \ ' 10 -
35° | o | 100 ]
n . 1,000
8 ] 'l K
= ¢ i
L ', 1
30° ‘
25°
| L :
20° —]
i L 1 I 1 1 i ] I 1 1 1 1 l 1 1 1 1 l 1 1 1 i

125° 120° 115°

MEAN NUMBER PER 10m’ (all tows)

30°N

26°N

20°N

15°N

ofo] <[] 19 10-19 20-29 3052 [}
130°W  120°W  130°W  120°W  130°W 1200w 130°W 120'W
I4 7 /- 7 /‘ 7 /. 7
0 R o (o h o (o h 0 h
A \r \r \r J40°N
T T | 1
11olo I i1 lo tfol]o
| | | |
0 ot~ 0 0 -
| i 1 1 .
i ! / I | ‘
L | /) i L O\ £
4% \ AV y . ~
0 % 0 % olo0 0
) 44 ) / ) 3 30N
0 / 0 0 0
é
/ ~ ~ ~
Lo— 0 0 25°N
ya ya Vi / L Vi ya
5w 1I0°W 115°W 110w 115w 110°W 115°'W T10°W
JANUARY-MARCH APRIL-JUNE JULY-SEPTEMBER  OCTOBER-DECEMBER



Pacific sardine
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Sardinops sagax eggs
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Pacific sardine
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Trachurus symmetricus Carangidae
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Jack mackerel
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Diogenichthys laternatus
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Diogenes lanternfish

Diogenichthys laternatus
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Bathylagus wesethi
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Snubnose blacksmelt
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Sciaenidae Sciaenidae
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Gonostomatidae

Cyclothone spp.
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Bristlemouths Cyclothone spp.
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Protomyctophum crockeri Myctophidae
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California flashlightfish
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Tarletonbeania crenularis
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Blue lanternfish

80

H [0 f23 ~
o o o o
T T T T

PERCENT POSITIVE TOWS
8
T

20 -

I Ll Ld 1 L ] 1 1 Il ;I Il Il 1
10

L

1

YEAR

5152 53 54 55 56 57 58 59 60 61 6263 64 6566 69727578 81 84

65

o (4] D
(=] (7] o
t T 1

PERCENT POSITIVE TOWS

$
(4]
1

1 ] L 1 ] | Il 1 1

40
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH
100
o b N CAL
[42]
2
5
-
w
60 |
g CCAL
8
E s}
w
O
o
Lu
a
20F
1 tH L L H L L 1 H 1 I\ L & F

5 10 20 30 40 50 100 150 200 250 300 350 400 >400

DISTANCE FROM COAST (n. mi.)

NUMBER PER 10m 2

NUMBER PER 10m 2

NUMBER PER 10m 2

35

18

10

35

4
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Tarletonbeania crenularis

Ll 1 1 Ll 1 Ll 1 1 Il 1 1 Il L | 1l Lol

515253 54 55 56 57 58 5960 61 62 63 64 6566 6972 7578 81 84
YEAR

L 1 ] Il | H i | J A 'l 1

MONTH

| L I d 1 1 L 1 d ' L & b

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

3



Ceratoscopelus townsendi Myctophidae
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Dogtooth lampfish

Ceratoscopelus townsendi

60

(40
o

30

g
N
S0 £
w e
>
= &
30
g 3
8 20 F4
w
o
10
0 1 1 I3 1 1 L 1 1 1 1 ] 1 1 1 ] L 1 L 1 1 1 L o 1 i L 1 F 1 ] 1 1 I3 1 1 Fl 1 1 L i I3 1
515253 54 5556 57 58 59 60 61 62 63 64 6566 69 72 75 78 81 84 515253 54 55 56 57 58 59 60 61 6263 64 65 66 69 72 75 78 81 84
YEAR YEAR
60 25
50 20 |
w
3 ~
- £
Wao 215}
i [+ d
— w
[/ o
1% @
= ]
Z 30 s 10 F
S =
T 2
T
a
20 sk
0 1 i 1 1 1 ] 1 I3 1 1 1 1 0 1 1 F 1 1 1 1 I3 1 1 L L
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MONTH MONTH
100 50
8o | 40 }
g
O o
= £
Yoeo | 230}
= iy
Q a
< T
E a0} o 20 f
W 3
[S]
« z N BAJA CAL
a N BAJA CAL
20 10 NC
BAJA
CAL
1 1 1 1 1

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

o‘
5 10 20 30 40 50 100 150 200 250 300 350 400 >400

DISTANCE FROM COAST (n. mi.)

41



Lampanyctus spp. Myctophidae
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Lampfishes Lampanyctus spp.
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Lampanyctus ritteri
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Broadfin lampfish
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Diaphus spp. Myctophidae
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Headlightfishes
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Scomber japonicus Scombridae
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Chub mackerel Scomber japonicus
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Citharichthys fragilis
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Gulf sanddab
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Citharichthys stigmaeus

Paralichthyidae
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Speckled sanddab
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Synodus spp.
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Lizardfishes
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California lanternfish
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Diogenichthys atlanticus
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Longfin lanternfish Diogenichthys atlanticus
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Citharichthys xanthostigma Paralichthyidae
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Longfin sanddab
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Melamphaes spp. Melamphaidae
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Bigscales Melamphaes spp.
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Sternoptychidae Sternoptychidae
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Hatchetfishes Sternoptychidae
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Serranidae Serranidae
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Sea basses Serranidae
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Prionotus spp.
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Searobins
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Icichthys lockingtoni Centrolophidae

T T T l T T T T l 1 T L] T ] T T | T I T 1 T I I
B . B
L. . ! ! ' n
40° A Icichthys lockingtoni larvae
i . N : ,{ Summed abundance (no. under 10m? |
] 1
i o CalCOFI: 1951-1984 |
v ] I
L oy 4
ey e
. n
L | Loy o II t . 10 4
35° |- . ':';t"“,‘.r I 100 ]
B [ ;.,"l i 1,000
L B LAY
| ! l, gt ' 1 ! I| ' ! b
o ) P! N 1
~ , ] ‘|| l
30° — . ,
25° |
20° : |
1 1 ] l L i I L l 1 1 1 1 I 1 1 1 1 l 1 L 1 L l
130° 125° 120° 115° 110°
MEAN NUMBER PER 10m’ (all tows)
o[0] <01[ ] 0109[] 1019 7 2029 3045 I}
130°W  120°W  130°W  120°W  130°W 1200W  130°W  120°W
7 7 7 7 7 7 4 7
30°N 5 Y, 400
% 17773
| V7%
| |0 /Z]A
i i
NNV ) | /% ™
0
| {
N % ANZ/7%
ooNn] | © %/ 0 0 0N
olo 0 ojo
15°N |
0 o 26°N

ya
116°W 1o°wW 116°W 110°W 115°W now 116°W 110°W
JANUARY-MARCH APRIL-JUNE JULY-SEPTEMBER  OCTOBER-DECEMBER



Medusafish

35

— n n w
(3, o o (=1

PERCENT POSITIVE TOWS
o

30

25

n
o

PERCENT POSITIVE TOWS
s &

35

PERCENT POSITIVE TOWS
3 & 8 8

o

0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Icichthys lockingtoni

T

1

T

1 1 | | L Lol 1 ] 1 | Ll L ] | Lol .l 1 | Il

515253 54 55 56 57 58 59 60 61 62 63 64 6566 6972757881 84
YEAR

L i 1 | 1 1 1 1 L L i L

MONTH

] 1 1 L I | | i J L 1 Il

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

NUMBER PER 10m 2

NUMBER PER 10m 2

NUMBER PER 10m 2

) 5 TN TS T T T IO Y Y OO WA S T O T M TS Y S
515253 54 55 56 57 58 59 60 61 62 63 64 6566 69 7275 78 81 84
YEAR

3.0

0 il b | L 1 I ] I 1 | 1
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MONTH

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

n



Symphurus spp. Cynoglossidae
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Tonguefishes
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Stomias atriventer Stomiidae
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Blackbelly dragonfish
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Argentina sialis Argentinidae
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Pacific argentine Argentina sialis
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Sebastes jordani

Scorpaenidae
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Etrumeus teres Clupeidae
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Gobies
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Parophrys vetulus
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English sole Parophrys vetulus
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Lyopsetta exilis

Pleuronectidae
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Hygophum atratum
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Thickhead lanternfish
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Paralichthys californicus Paralichthyidae
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California halibut

Paralichthys californicus
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Sebastes paucispinis Scorpaenidae
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Chauliodus macouni Chauliodontidae
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Pacific viperfish
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Pacific Butterfish
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Ophidiiformes Ophidiiformes
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Genyonemus lineatus
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White croaker Genyonemus lineatus
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Chromis punctipinnis Pomacentridae
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Tetragonurus cuvieri
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Labridae

Labridae
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Gonichthys tenuiculus Myctophidae
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Hypsoblennius spp.

Blenniidae
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Lestidiops ringens Paralepididae
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Slender Barracudina
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Scorpaena spp. Scorpaenidae
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Pleuronichthys verticalis Pleuronectidae
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Hornyhead turbot

25

- - N
o (3] o

PERCENT POSITIVE TOWS

wn

12

-y
o

w

PERCENT POSITIVE TOWS
IS o

25

- —_ n
o wm o

PERCENT POSITIVE TOWS

(4]

B | Lol Il ] L I ) ll 1 1 I L ] Lod L

51525354 5556 5758596061 6263 646566697275788184
YEAR

-

L 1 ' 1 | | I L 1 1 | L

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MONTH

NC BAJA CAL

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

NUMBER PER 10m 2

NUMBER PER 10m 2

NUMBER PER 10m 2

12

1.0

08

0.6

04

02

12

1.0

08

0.8

04

02

25

20

1.5

1.0

05

0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Pleuronichthys verticalis

Lt 1 1 I | ] [l ol 1 Lol L ] Ll 1 |

515253545556 5756 5960 61626364 6566697275788184
YEAR

e Y 4 Il 1 1 1 L | d 1 |

MONTH

NC BAJA CAL

L 1

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.}

119



120

Ophidion scrippsae Ophidiidae
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Oxyjulis californica

Labridae
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Bathylagus pacificus Bathylagidae
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Haemulidae
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Idiacanthus antrostomus Idiacanthidae
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Pacific blackdragon
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Clinidae
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Lampadena urophaos Myctophidae
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Sunbeam lampfish
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Carangidae Carangidae
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Notoscopelus resplendens Myctophidae
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Patchwork lampfish
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Hippoglossina stomata
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Sebastolobus spp. Scorpaenidae
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Thornyheads Sebastolobus spp.
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Scopelarchidae Scopelarchidae
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Trichiuridae
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Cutlassfishes Trichiuridae
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Nansenia crassa Microstomatidae
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Myctophum nitidulum
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Pearly lanternfish
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Nansenia candida Microstomatidae
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Bluethroat argentine
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Citharichthys sordidus

Paralichthyidae
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Pacific sanddab
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Sphyraena argentea Sphyraenidae
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California barracuda

o~

PERCENT POSITIVE TOWS
n w

L L ] L 1 Lk L | ] L 1 1 | ! I ] 1 Lorh

10

PERCENT POSITIVE TOWS
o

12

PERCENT POSITIVE TOWS
o

51 5253 54 5556 57 58 59 60 61 6263 64 6566 697275788184
YEAR

Il 1 ] 1 1 l 1

0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH

SC BAJA CAL

N BAJA CAL

1 s |

5 10 20 30 40 50 100 150 200 250 300 350 400 >400

DISTANCE FROM COAST (n. mi.)

NUMBER PER 10m 2

NUMBER PER 10m 2

NUMBER PER 10m 2

1.0

08

0.6

04

02

1.0

08

06

04

02

0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Sphyraena argentea

Ll Lol Lol 1 | S T ] b L L 1 1 1 1

515253 54 5556 57 58 59 60 61 62 63 64 6566 697275788184
YEAR

& & e 1 L | I ] r'e &

MONTH

5 10 20 30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

187



Microstoma sp.
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Chiasmodontidae
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Swallowers
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Lampanyctus regalis Myctophidae

40° ' , Lampanyctus regalis larvae
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Pinpoint lampfish
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Halichoeres spp.
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Microstomus pacificus

40°

35°

30°

25°

20°

30°N

25°N

20°N

15°N

Pleuronectidae

1 I 1 1 1

1 | i

| Microstomus pacificus larvae

Summed abundance (no. under 10m?
CalCOFI: 1951-1984

1 Il 1 {

10 1
100 —
1,000

130°

125°

120°

115°

o[0] <0.01[ ] 0.010.09[/] 0.100.24 7} 0.250.49 7} 0.500.88 ||}

MEAN NUMBER PER 10m’ (all fows)

130°W  1200W  130°W  120°W  130°W  120°W 130°W  120°W
7 7 7 7 7 7 " 7
~J ~y 0 0 ~y
* ~
%
|
ol N7
A7 Z
\ //
| o % oo
i g ONA-. ]
0
ofo 0 olo oloto
olo 0o]o olo ol|o]o\o
0 0 0 0 o\"
ya ra ya ya ya ya ya
NsW  110°W 115W 110°W 115°W 110°W 115°W 110°W
JANUARY-MARCH APRIL-JUNE JULY-SEPTEMBER  OCTOBER-DECEMBER

40°N

35°N

30°N

25°N



Dover sole

PERCENT POSITIVE TOWS PERCENT POSITIVE TOWS

PERCENT POSITIVE TOWS

10

12

10

0

12

1 i 1 1 i 1 L 1 1 ] Il 1 L 1 1 Il Il 4 Lol

51525354 555657 585960 61626364 6566697275788184
YEAR

1 L L 1 L H 1 1 1

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MONTH

L 1 L i ry &

30 40 50 100 150 200 250 300 350 400 >400
DISTANCE FROM COAST (n. mi.)

5 10 20

NUMBER PER 10m 2

NUMBER PER 10m 2

NUMBER PER 10m 2

0.7

06

0.7

0.6

0.5

04

03

02

0.1

3.5

Microstomus pacificus

Ll Lol Il i Ll 1 1 1 ] 4 1 - 1 1 J

615253 5455565758 59 60 6162636465666972757881 84

YEAR
1 1 I | L 1 1 1 e i
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MONTH

& b b

50 400 >400

5 10 20 30 40 50 100 150 200 250 300
DISTANCE FROM COAST (n. mi.)

167



168

Cololabis saira larvae
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Pacific saury
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Cololabis saira eqggs
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Pacific saury eggs
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Trachipteridae Trachipteridae
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Sarda chiliensis
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Pacific bonito Sarda chiliensis
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Hygophum reinhardtii Myctophidae
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Slender lanternfish
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Seriola lalandi Carangidae
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Anguilliformes Anguilliformes
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Glyptocephalus zachirus Pleuronectidae
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Melamphaidae

Poromitra spp.
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Seriphus politus
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Scopelogadus bispinosus Melamphaidae
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Danaphos oculatus

Sternoptychidae
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Notolychnus valdiviae
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Topside lampfish
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Auxis spp. Scombridae
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Frigate mackerels
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Ichthyococcus spp.' Phosichthyidae

40° Ichthyococcus spp. larvae
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Bregmaceros spp.
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Gerreidae Gerreidae
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Opisthonema spp. Clupeidae
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Thread herrings

Opisthonema spp.
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Pomacentridae

Pomacentridae
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Sebastes macdonaldi Scorpaenidae
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Mexican rockfish
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Chilara taylori Ophidiidae
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Spotted cusk-eel
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Xystreurys liolepis

Paralichthyidae
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Fantail sole
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Deep-sea anglerfishes
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Diplophos taenia
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Ribbon bristlemouth
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Gobiesocidae

Gobiesocidae
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Clingfishes
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Scopelosaurus spp. Notosudidae
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Brosmophycis marginata Bythitidae
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Red brotula
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Sebastes aurora Scorpaenidae
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Aurora rockfish
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Pleuronichthys ritteri Pleuronectidae
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Scorpaenichthys marmoratus Cottidae
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ALPHABETICAL INDEX

Page
Agonidae . ................... 220
Anguilliformes . . ............... 180
Argentina sialis . . . . .... ... .. .... 76
AUXIS SPP. - o o e e 194
Bathylagus ochotensis . . ........... 30
Bathylagus pacificus . ............ 126
Bathylagus wesethi . . ............. 28
Bregmaceros spp. . . ... ... ... .. .. 198
Brosmophycis marginata . . . ........ 222
Carangidae ................... 136
Ceratioidei . .................. 212
Ceratoscopelus townsendi . . ... ...... 40
Chauliodus macouni . . ............ 94
Chiasmodontidae . .............. 160
Chilara taylori . . ............... 208
Chromis punctipinnis . . ... ........ 102
Citharichthys fragilis . . ... ......... 50
Citharichthys sordidus . . ... ....... 154
Citharichthys stigmaeus . ........... 52
Citharichthys xanthostigma . . . ....... 60
Clinidae . .................... 132
Cololabis sairaeggs . ............ 170
Cololabis sairalarvae . ........... 168
Cottidae . .................... 122
Cyclothone spp. . . . . . ... ... .. .... 34
Danaphos oculatus . . . .. ......... 190
Diaphus spp. . . ... . ... ... ... 46
Diogenichthys atlanticus . . . ......... 58
Diogenichthys laternatus . . . . ........ 26
Diplophos taenia . ... ........... 214
Engraulis mordaxeggs . ... ......... 6
Engraulis mordax larvae . . . ... ... ... 4
Etrrumeusteres . ... .............. 80
Genyonemus lineatus . ... ......... 100
Gerreidae . ................... 200
Glyprocephalus zachirus . . . ... ..... 182
Gobiesocidae . . ... ............. 216
Gobiidae . .................... 82
Gonichthys tenuiculus . . .......... 108
Haemulidae . . ................. 128
Halichoeres spp. . . . ............. 164
Hippoglossina stomata . . . . ... ... .. 140
Hygophum atratum . . .. ........... 88
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Hygophum reinhardtii
Hypsoblennius spp. . .. ........... 110

Ichthyococcus spp. . . . . .o c v v i oL 196
Icichthys lockingtoni . . ............ 70
Idiacanthus antrostomus . . . ........ 130
Labridae . .. .................. 106
Lampadena urophaos . . . ... ....... 134
Lampanyctus regalis .. ........... 162
Lampanyctus ritteri . . . ... ... ...... 44
Lampanyctus spp. . .. .. ... ... ... 42
Lestidiops ringens . . . ... .. ....... 112
Leuroglossus stilbius . . ... ......... 14
Lyopsetta exilis . . .. ............. 86
Melamphaes spp. . .. ............. 62
Merluccius productus . . . ... ........ 8
Microstomasp. ................ 158
Microstomus pacificus .. .......... 166
Myctophum nitidulum . . . .. ... ... .. 150
Nansenia candida . . . ............ 152
Nansenia crassa . ... ............ 148
Notolychnus valdiviae . . .......... 192
Notoscopelus resplendens . . ... ... .. 138
Ophidiiformes . . ................ 98
Ophidion scrippsae . . ... ......... 120
Opisthonema spp. . . . . .. ......... 202
Oxyjulis californica . . ... ......... 124
Paralepididae . . . ............... 116
Paralichthys californicus . . . ... ...... 90
Parophrys vetulus . . . ... .......... 84
Peprilus simillimus . . . .. ... ... ... 96
Pleuronichthys ritteri . . . ... ....... 226
Pleuronichthys verticalis . . . ... ..... 118
Pomacentridae . ................ 204
Poromitraspp. . . ... ...... ... ... 184
Prionotus spp. . . .. ....... ... ... . 68
Protomyctophum crockeri. . ... ....... 36
Sarda chiliensis . ............... 174
Sardinops sagaxeggs . . ... ... .. .... 22
Sardinops sagax larvae . . . ... ... .... 20
Sciaenidae . . .. .... ... .. ... . ..., 32
Scomber japonicus . .............. 48
Scopelarchidae . ... ... .......... 144
Scopelogadus bispinosus . . . ... ... .. 188
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Scopelosaurus spp. . ... ....... ... 218
Scorpaenaspp. . ..... ... ... 114
Scorpaenichthys marmoratus . . . . .. .. 228
Sebastes aurora . . .............. 224
Sebastes jordani . ................ 78
Sebastes macdonaldi . . . .......... 206
Sebastes paucispinis . . ... ... ...... 92
Sebastes spp. . . ... .. ... .. ..., 12
Sebastolobus spp. . . . ............ 142
Seriola lalandi . . ............... 178
Seriphus politus . . .............. 186
Serranidae .................... 66
Sphyraena argentea . . ............ 156
Stenobrachius leucopsarus . . . ........ 18
Sternoptychidae . ................ 64
Stomias atriventer . . .............. 74
Symbolophorus californiensis . ........ 56
Symphurus spp. . . .. ... ... ... ... 72
Synodus spp. . . ...... . ... .. ... 54
Tarletonbeania crenularis . .......... 38
Tetragonurus cuvieri . . .. ......... 104
Total fisheggs .................. 3
Total fish larvae . . ............... 2
Trachipteridae . ................ 172
Trachurus symmetricus . . ........... 24
Trichiuridae . ................. 146
Triphoturus mexicanus . ............ 16
Vinciguerria lucetia . . . ... ......... 10
Xystreurys liolepis . . . . ... ........ 210
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PHYLOGENETIC INDEX

(Taxa listed alphabetically within orders)

Page
Anguilliformes . . ............... 180
Clupeiformes
Clupeidae
Ertrumeus teres . . .. .. ... ... ... 80
Sardinops sagax eggs . . . ... ..... 22
Sardinops sagax larvae . . ..... ... 20
Opisthonema spp. . ........... 202
Engraulidae
Engraulis mordax eggs . . ........ 6
Engraulis mordax larvae . . ....... 4
Salmoniformes
Argentinidae
Argentina sialis . . .. ... ....... 76
Bathylagidae
Bathylagus ochotensis . ... ...... 30
Bathylagus pacificus . . ........ 126
Bathylagus wesethi . .. ......... 28
Leuroglossus stilbius . .. .. ...... 14
Microstomatidae
Microstomasp. ............. 158
Nansenia candida . . .......... 152
Nansenia crassa . . ........... 148
Stomiiformes
Gonostomatidae
Cyclothone spp. . . ............ 34
Diplophos taenia .. .......... 214
Phosichthyidae
Ichthyococcus spp. . . . ........ 196
Vinciguerria lucetia . . . ... ... ... 10
Sternoptychidae (Argyropelecus
and Sternoptyx) . . ... 64
Danaphos oculatus . . . .. ... ... 190
Chauliodontidae
Chauliodus macouni . . ......... 94
Idiacanthidae
Idiacanthus antrostomus . . . . . . .. 130
Stomiidae
Stomias atriventer . . . ... ....... 74
Aulopiformes
Notosudidae
Scopelosaurus spp. . ... .... ... 218
Paralepididae . .. ............. 116
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Page
Lestidiops ringens . . . . ... .. ... 112
Scopelarchidae . ... ........... 144
Synodontidae
Synodus spp. . ... ... ... ... .. 54
Myctophiformes
Myctophidae (Lampanyctinae)
Ceratoscopelus townsendi . . . ... .. 40
Diaphus spp. . ... ............ 46
Lampadena urophaos . . ... ..... 134
Lampanyctus regalis .. ........ 162
Lampanyctus ritteri . . . ... ...... 44
Lampanyctus spp. . ... ..... ... 42
Notolychnus valdiviae . .. ...... 192
Notoscopelus resplendens . . . . . .. 138
Stenobrachius leucopsarus . . . . . . .. 18
Triphoturus mexicanus . ... ...... 16
Myctophidae (Myctophinae)
Diogenichthys atlanticus . . . . . . . .. 58
Diogenichthys laternatus . . . . ... .. 26
Gonichthys tenuiculus . . .. ... .. 108
Hygophum atratum . .. ......... 88
Hygophum reinhardtii . . . ... ... 176
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Protomyctophum crockeri . ... .... 36
Symbolophorus californiensis . . . . . . 56
Tarletonbeania crenularis . . ... ... 38
Gadiformes
Bregmacerotidae
Bregmaceros spp. .. .......... 198
Merlucciidae
Merluccius productus . . . ... .. ... 8
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Bythitidae
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Ophidiidae
Chilara taylori . ... .......... 208
Ophidion scrippsae . ... ....... 120
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Seriphus politus . . ........... 186
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Sarda chiliensis . . ........... 174
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Sphyraenidae
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Pleuronectiformes
Pleuronectoidei
Paralichthyidae
Citharichthys fragilis . . ......... 50
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Xystreurys liolepis . . ... ....... 210
Pleuronectidae
Glyptocephalus zachirus . .. ... .. 182
Lyopsetta exilis . ... ... ....... 86
Microstomus pacificus .. ....... 166
Parophrys vetulus . . . .......... 84
Pleuronichthys ritteri . . . ... .... 226
Pleuronichthys verticalis . . . . .. .. 118
Soleiodei
Cynoglossidae
Symphurus spp. .. ............ 72

233



L. BRITISH
Vancouver |
d P Ao € s
by, 12002 / §
0
¢ e . 60 o /./O 160 % | : j
Sty . 70 Tomales B
C flme{r)y/ arn . . t‘ R",“ > _f).'_"a s 5
fre Faralion Is. s W
; San Francisco g '__'
! '
: / @ Santa Cruz
o Horbo v “Seattle -7 Mon’lmv B )
rays Harbor : FE M,
WASHINGTON P (. Vionterey
h ) \"
i o ' - Columba R C. 5. Martin §
\ 3
: - ] £
40 Tillamook Hd§ Astoria d 3
E x P bugr§ Avis 3
i o S. Luis Obispo y /
5 Portland . . Pt Arguetio /-
3 . i
|45 ) - Pt Conception '\ .
o S ;u‘uael, \Q Santa Barbara
o0 033y 9
> , | s Gl )
o\ OREGON . g Port Hueneme
e \ . “.50° . Stg Monica BY o Log Angeles
o . N San Pedro
R \ . b
° \
\_ C. Blanoo
N . .
. \ . &
\ &
® AU :
. Trimdad Hd . @ \
. & \ "
Humbold! B & ! W
: S "\ p8
. C Mendocno o | Guadalupe 7 | €S Quotnd. = @P v.t"’
. . X i .
o , \ S s § R el e
N { . § Pta Diggs a8 "\
\ / & D S ; A\'\
. % ':5,1%\5[ Luis {Gonz !
. . .Pta Blenca {- gel de
0 . S Benito Is. -2, L $ \ fa Guarda C. Tegoca
. - . / Cadros P %, 19 C. LobOS%py1arto Libertad|
. Tomales B* ‘. I Pt Eugematg ™ Pl s 5 os{Angeles
. Pt Reyes . Puerto S. Bartolome g\, f Ammas 7 Tiburdn ,, CC Tepoma
. San Francisco (Turtle Bay) e \\ Lw. .
1%0° 120° “ \ [ o f s
. ‘ - | B, Asuncion ) &y Gabre SONORA
* . X @
\. Pta Abreojos < )Senta £
Rocas Aljos™. . ©oqlengS 2 ofRosalia \
Bal ‘ F N
B- : § S ety ROuaymas
! (J fMueseS 7
| PLS. Juanco §G 5 §
. lag, . I § ~ X
. A ‘, .C S. Lazaro f ‘E(S ﬁclrmen g e Rosa
These maps are designed to show essential details of the area most / B Sta Marta* s %, Y_"""' ]
intensively studied by the California Cooperative Oceanic Fisheries B Magdaiena fras ""/“" L
Investigations. This is approximately the same area as is shown in / Sta Margarts JpSon ""‘,u /Pa Anome
color on the front cover. Geographical place names are those most ”5”'00 50/ 4y | Q g ,Topolobampo
commonly used in the various publications emerging from the re- P M . 0 5 s 0 w‘;':zs‘m \: SINALOA
search. The cardinal station lines extending southwestward from the N O A G ¥ .
coast are shown. They are 120 miles apart. Additional lines are uti- / - e P
lized as needed and can be as closely spaced as 12 miles apart and / N o
still have individual numbers. The stations along the lines are num- | ¢ Son Lucas e y
bered with respect to the station 60 line, the numbers increasing to j
the west and decreasing to the east. Most of them are 40 miles apart, 5. teg !
and are numbered in groups of 10. This permits adding stations as © Clarion . . © Mazatlan
close as 4 miles apart as needed. An example of the usual identifica- I . . :
tion is 120.65. This station is on line 120, 20 nautical miles south- "3’0,,6 Roca Partida .
west of station 60. c;% o~
The projection of the front cover is Lambert's Azimuthal Equal 6, ©Beneddo- }
Area Projection. The detail maps are a Mercator projection. 7, @ Sxem (o
! : ; Las Tres Marias O lsabeta NAYARIT
/ %’
c o % o San Blas
% ts
Oy R,
~OPuerto Vallarto™
45, :
i . JALISCO




CONTENTS

H.G. Moser, R.L. Charter, P.E. Smith, D.A. Ambrose, S.R. Charter, C.A. Meyer,
E.M. Sandknop and W. Watson

Distributional atlas of fish larvae and eggs in the California
Current Region: Taxa with 1000 or more total larvae, 1951-1984.




	A31.pdf
	CalCOFI_Atlas_31.pdf
	CalCOFI_Atlas_31.pdf
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	Total
	Hygophum reinhardtii
	Seriola lalandi
	Anguilliformes
	Glyptocephalus zachirus
	Poromitra spp
	Seriphus politus
	Scopelogadus bispinosus
	Danaphos oculatus
	Notolychnus valdiviae
	Auxisspp
	Ichthyococcus spp
	Bregmaceros spp
	Gerreidae
	Opisthonema spp
	Pomacentridae
	Sebastes macdonaldi
	Chilara taylori
	Xystreurys liolepis
	Ceratioidei
	Diplophos taenia
	Gobiesocidae
	Scopelosaurus spp
	Agonidae
	Brosmophycis marginata
	Sebastes aurora
	Pleuronichthys ritteri
	Scorpaenichthys marmoratus





