INTERANNUAL VARIATION OF ICHTHYOPLANKTON COMPOSITION
AND ABUNDANCE RELATIONS OFF NORTHERN CHILE, 1964-83
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ABSTRACT

Larval fishes were collected off of northern Chile during winter .July—-September) ichthyoplankton
surveys undertaken in 196470, 1972-73, and 1983. The 19-year timespan included a wide variety
of hydrographic conditions in the Humboldt Current area (cold years, El Nifio events, and intervening
transition years); it also included the decline and collapse of the anchoveta fisheries and increases of
sardine, mackerel, and jack mackerel stocks off northern Chile and Peru. The ichthyoplankton data
are examined in relation to ambient hydrographic conditions as well as to possible chronological
changes in environmental conditions which led to the increased Chilean sardine stocks and anchoveta
fishery collapse.

More coherent patterns come from considerations of larval fish species composition in 1964-69 and
1970-73 data sets than from years of “similar” hydrographic conditions. A marked shift in relative
abundances of nonfished mesopelagic species in 1969-70 is associated with changes within long-term
physical data bases from Chile and Peru suggesting a large-scale environmental change. Sardine
stock growth began with successful larval survival of 1968—69 and later year classes. Anchoveta stock
decline began in 1972 probably due to poor larval survival. Affiliation of anchoveta and coastal
species larval abundance implies that they are similarly influenced by coastal processes. An atmos-
pherically driven oceanic circulation change beginning in the late 1960's and possibly involving
onshore presence of subtropical and/or oceanic waters and altered coastal processes may have been

responsible for the changes in the northern Chilean fish assemblages.

The Humboldt Current region, like the other
major eastern boundary current systems (Califor-
nia, Benguela, and Canary Currents) is domi-
nated by pelagic schooling fish stocks including
anchoveta (Engraulis), sardine (Sardinops).
hake (Merluccius), mackerel (Scomber), jack
mackerel (Trachurus), and bonita (Sarda} (Par-
rish et al. 1983). These fish stocks, like those in
the other eastern boundary current areas, exhibit
extreme population fluctuations. Most notable in
the past 30 years are the collapses of Peruvian
and Chilean anchoveta stocks in the mid-1970’
and their succession by sardine and, to a lesser
extent, mackerel and jack mackerel stocks (San-
tander and Flores 1983; Serra 1983).
Hydrographic complexity and variability are
characteristic of eastern boundary current sys-
tems. Included in the Humboldt Current region
are equatorial, subequatorial, subantarctic, and
antarctic oceanic water masses; northward flow-
ing currents and opposing countercurrents; and
wind driven, seasonally variable coastal up-
welling (Wyrtki 1967). Additionally, the region is
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subject to 1) large seasonal and longer period
fluctuations in advection of water masses of
markedly different properties and 2) large in-
terannual differences in the timing and intensity
of seasonal upwelling processes (Bakun 1987;
Bernal et al. 1983; Parrish et al. 1983; Robles et
al. 1976). The clearest and generally considered
most important of the nonseasonal processes in-
fluencing the biology of the current system is the
El Nirio phenomenon (Bernal et al. 1983; Guillén
1983). El Nino events off Peru and Chile are
marked by large-scale atmospherically driven
southward and coastward advection of warm,
high-salinity equatorial and subequatorial sur-
face waters, weakening of coastal upwelling (or
upwelling of warm nutrient-poor waters), and
weakening of subsequent phytoplankton blooms.
These El Nifio or warm-water periods are vari-
able in their intensity and duration (Guillén
1983: Santander and Flores 1983}. In contrast to
these periods are more “normal” cold-water
events resulting from atmospherically driven in-
tensification of northward flowing cold, low-
salinity subantarctic waters and seasonal up-
welling of cold, nutrient-rich water. Major El
Nifio events occurred in 1891, 1925-26, 1940-41,
1957-58, 1965, 1972-73, 1976, and 1982-83;
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major cold events over the past 20 years occurred
in 1964, 1967—68, 1970-71, and 1974-75 (Guillén
19831,

The decline and ultimate collapse of the an-
choveta fisheries of Peru began in 1970 and was
finalized by the intense 1972-73 El Nino; the
northern Chilean stock decline started in 1972
and was finalized by 1977. Factors facilitating
these declines are generally believed to include
overfishing and the devastating effects of the El
Nifio on anchoveta spawning behavior and in-
tensity as well as on subsequent recruitment.
Competition and/or predation pressure result-
ing from increasing abundances and distributions
of sardine and mackerel have also been hy-
pothesized (Santander and Flores 1983: Serra
1983).

Because of the great socioeconomic value of the
dominant pelagic fish species of the Peru-Chile
ecosystem, their population fluctuations have re-
ceived a great deal of attention over the past 20
years. However, coincidental changes in the com-
position, abundance, or spawning intensities of
other commercially less important and non-
harvested species have not been examined. Infor-
mation on the changes of these unfished species
in relation to hydrographic conditions and fluctu-
ations of the dominant pelagic fish stocks provide
additional insight into the ecology of the Hum-
boldt Current and may elucidate possible causes
for the dramatic changes which occurred during
the 1970’s.

In the present work we examine the abundance
and composition of total ichthyoplankton assem-
blages collected off of northern Chile (lat. 18°-
24°S) during 1964—73 and 1983 in relation to am-
bient hydrographic conditions. “Normal” cold
water as well as warm-water and El Nifo events
occurred during the 19-yr sampling span. We also
examine our results with respect to possible
chronological change in environmental condi-
tions which led to the 1977 anchoveta fishery col-
lapse off northern Chile. Our results may be ap-
plicable for interpreting coincidental changes
in the Peruvian ecosystem and may also be
broadly applicable for studies of similar changes
in the other eastern houndary current ecosys-
tems.

METHODS

Samples were collected during 1964-73 and
1983 ichthyoplankton surveys conducted by the
Instituto de Fomento Pesquero. The area most
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intensively surveyed was a narrow coastal strip
extending between Arica and Antofagasta (lat.
18°-24°S, long. 70°-72°W; Fig. 1). This area in-
cludes one of two major anchoveta (Engraulis rin-
gens) spawning grounds off Chile and the pri-
mary sardine (Sardinops sagax) spawning area
off Chile prior to 1973 (Fig. 2A, B). All samples
used for interannual comparisons were collected
during late July—September following peak win-
ter anchoveta and sardine spawning periods. Be-
tween 21 and 87 samples from the 18°-24°S area
were analyzed for each of 11 cruises (Table 1). In
one case data from two cruises (August and Sep-
tember 1968) were pooled to provide adequate
coverage. Sampling was done annually from 1964
to 1970 and in 1972 and 1973. There was a 10-yr
hiatus before regular sampling was resumed in
1983.

The 1964-73 samples were collected with
Hensen nets (0.28 m® mouth opening: 300 pum
mesh). Prior to 1973 the vertical net hauls were
50—0 m; in 1973 haul depth was increased to 100
m. The 1983 100-0 m vertical hauls were made
with WP2 nets (0.25 m? mouth opening;
UNESCO 1968) of 300 um mesh. Samples were
preserved using buffered 5% formalin solution.
Sea surface temperature and salinity data were
collected at most sampling stations for all but two
winter cruises: these data are lacking for 1970
and salinity data are minimal for 1967.

All fish eggs and larvae were removed from
samples, and invertebrate zooplankton biomass
was measured. Wet weight displacement volume
was measured for 1964—73 samples; in 1983 the
Yashnov (1959) technique modified by Robertson
(1970} was used. A calculated correction factor
of 1.44 (£3.34) was applied to the 1983 biomass
values to permit comparison with the earlier
data.

All fish larvae were identified to lowest taxon
possible and counted. We herein treat the larvae
of six commercially important species tanchoveta
[Engraulis ringens], Pacific sardine [Sardinops
sagax], jack mackerel [Trachurus murphyi; also
known as T. symmetricus in U.S.A.], chub mack-
erel [Scomber japonicus]. South Pacific men-
haden [Ethmidium maculatum], and hake [Mer-
luccius gayil) separately from the other 35
identified taxa. These six species are referred to
as the “PL” (larvae of pelagic schooling species).
The other larval taxa considered together are the
“OL". The PL and OL categories are treated sepa-
rately because abundances of the PL (especially of
anchoveta and sardine) mask abundance rela-
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FIGURE 1.—Ichthyoplankton study area between Arica and Antefagasta, Chile (18°-24°S), 1964-83.

tions of the OL. The OL are further separated into
myctophid. “other mesopelagic” and “coastal”
fractions.

Ichthyoplankton abundances are expressed as
numbers per 10 m? sea surface. Flow meters were
not used with the vertical Hensen net hauls;
numbers of larvae caught in each tow are multi-

plied by 30 to provide numbers per 10 m? esti-
mates. A flow meter used with WP2 nets provided
water volume measurements and more accurate
abundance estimates. Based on these measure-
ments the conversion factor applied to Hensen net
catches appears to be reasonable: water volumes
filtered by 100-0 m vertical WP2 net hauls aver-
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FIGuKE 2.—Spawning areas of tA) anchoveta (Engraulis ringens) and (B) sardine (Sardinops sagax) off Chile based on cgg
abundances during July-September ichthyoplankton surveys, 196473,
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TaBLE 1.—Cruises yielding samples used for examination of ichthyoplankton abundance and composition variations
off northern Chile. Only samples from 18°—24°S are used for interannual comparisons. Data from two 1968 cruises are
combined; data from cruise 71(4)69CD are used for analysis of sampling depth-related catch differ-

ences. N = number of samples used in ichthyoplankton analyses. Tow types: H = Hensen net; WP2 = WP2 net:
V = vertical.
Depth
Year Cruise Dates Location N Tow Type {m)
1964 06(3)64GE 16/08-23/09 18°20°, 23°38'S 70°11", 71°50'W 68 H \) 0-50
1965 13(3)65CD 15/08-09/09 18°20', 23°50'S 70°00', 72°08'W 76 H v 0-50
1966 25(3)66CD 21/08-31/09 18°28', 23°52'S 70°16', 72°16'W 72 H \" 0-50
1967 37(3)67CD 17/08-10/09 18°25', 23°45'S 70°05', 71°38'W 59 H v 0-50
1968 47(3)68NO 25/08 18°28', 23°00'S 70°05°, 70°58'W 37 H v 0-50
49(3)68NO 29/09 18°26', 23°01'S 70"11°, 70°59'W 41 H \' 0-50
1969 70(3)69NO 23/08-25/08 18°29', 23°01'S 70°09’, 7110'W 35 H v 0-50
71(4)69CD 03/12-17/12 28°29', 38°00'S 71°22', 73°65'W 43 H v 0-100
71(4)69CD 03/12-17/12 28°29', 38°00'S 71°22', 73°565'W 39 H v 0-50
1970 86(3)70NO 25/09-26/09 19°27'. 21°58'S 70°14°. 71°03'W 21 H \ 0-50
1972 109(3)72NO 04/09-15/09 18729, 22°58'S 70°10', 71°25'W 87 H \ 0-50
1973 130(3)73CP 28/07-08/08 18°17’, 23°08'S 70°05°', 72°20'W 42 H v 0-100
1983 277(3)83CP 07/08-15/09 18°33’, 23°48'S 70°09', 71°38'W 38 WP2 v 0-100

aged 28.3 m? yielding a raw count to numbers per
10 m2 conversion factor of 35; this 17% increase in
conversion factor is associated with a 12% de-
crease in mouth opening of WP2 vs. Hensen nets.
Larval fish diversity is expressed as total num-
bers of taxa per sampling period and mean num-
bers of taxa per tow.

Various parametric and nonparametric tests
were used for statistical analyses. Differences in
mean abundances are tested with 2-tailed Z tests
and Mann Whitney U tests (Dixon and Massey
1969; Conover 1971). Similarity of abundance
ranks within data sets are tested with Kendall’s
concordance (W) test (Tate and Clelland 1969)
and Spearman’s rho (p) correlation test (Conover
1971). Significant values resulting from these
tests are indicated, but due to multiple testing
these values should be used only as indicators of
the relative strengths of relationships. Percent
similarity indices (PSI; Whittaker 1975) are used
for comparisons of species percentage composi-
tion. Because PSIs are strongly influenced by
abundant species, we apply these tests to the OL
fraction as well as to total larvae. We define as
“high™ all PSI values =80, as “moderate™ PSI's
=65 and <80, and as “low” values <65.

SAMPLING CONSIDERATIONS

Sampling Depth Differences

The 100 m sampling depths in 1973 and 1983
potentially effect direct comparisons of abun-
dance estimates and species composition in these
vs. earlier data sets owing to individual species’
depth distributions. Evaluation of depth-related
sampling differences is possible through a com-
parison of data obtained from coincidental 50—0
m and 100—-0 m Hensen net samples taken during
December 1969 at 28°-38°S (Table 1). These data
indicate that abundance estimates and percent-
age contribution of the PL to total larvae were
higher in 50 m tows while those of the OL were
higher in 100 m tows (Table 2). Four of five PL
species caught were more abundant and frequent
in the 50 m samples. The greatest differences
were for Trachurus murphyi, which was 5 < more
abundant and 3.6x more frequent, and Merluc-
cius gayi, which was present only in 50 m sam-
ples. Abundance estimates were higher for 11 of
16 OL taxa in 100 m tows although. with a few
exceptions, catch frequencies were similar. The
greatest difference was for Triphoturus mexi-
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TaBLE 2.—Catch comparisons of 50-0 m and 100-0 m Hensen net tows taken at lat. 28°-38°S, long. 71°-74°W during
3-17 December 1969. Abundances expressed as mean and standard deviations of numbers per 10 m2, F = percent
frequency of occurrence in samples. Depth-related catch differences are shown as ratios of 50:100 m abundance
estimates, species percentage contribution to total identified larvae, PL and OL percentage contribution to total larvae, and
taxonomic diversity (mean numbers per tow and total numbers of taxa). N = number of samples. PL = larvae of pelagic

species; OL = other larval taxa.

50-0 m 100-0 m
(N = 43) (N = 39)

Taxon X (S) F % x () F % Ratio
Engraulis ringens 34.2 (122.8) 23.2 13.42 22.3 ( 69.4) 15.4 7.23 1.53
Ciupea bentincki 6.3 ( 28.2) 9.3 2.47 1.5 ( 6.7) 5.1 0.49 4.20
Ethmidiurn maculatum 0.7 ( 4.6) 2.3 0.27 0.8 ( 4.8) 2.6 0.26 0.88
Merluccius gayi 1.4 ( 64) 4.6 0.55
Trachurus murphyi 4.2 ( 14.0) 9.3 1.65 0.8 ( 4.8) 2.6 0.26 5.25

Total PL 46.8 (131.1) 34.9 18.36 25.4 ( 71.0) 23.1 8.24 1.84
Bathylagus nigrigenys 07 { 4.6) 23 0.27 0.8 ( 4.8) 2.6 0.26 0.88
Vinciguerria lucetia 10.5 { 33.9) 14.0 412 16.9 ( 75.6) 7.7 5.48 0.62
Diogenichthys spp. 31.4 (107.0) 20.9 12.32 37.7 ( 79.9) 28.2 12.22 0.83
Hygophum bruuni 1214 {238.2} 536.1 47.64 166.2 (291.0) 53.8 53.86 0.73
Protomyctophum sp. 3.1 ( 9.2 10.3 1.00
Diaphus sp. 7.7 ( 18.6) 18.6 3.02 9.2 ( 24.0) 17.9 2.98 0.84
Lampanyclus parvicauda 1.7 ( 18.6) 16.3 3.02 6.9 ( 21.2) 15.4 2.24 1.12
Lampanyclus sp. 14 ( 6.4) 4.6 0.55 15 ( 6.7) 5.1 0.49 0.93
Triphoturus mexicanus 7.7 ( 21.8) 14.0 3.02 185 ( 57.4) 20.5 5.99 0.42
Scopelosaurus sp. 08 ( 48) 26 0.26
Normanichthys crockeri 15.3 ( 38.9) 18.6 6.00 20.0 ( 66.5) 103 6.48 0.76
Sebastes sp. 1.4 ( 9.1) 23 0.55 0.8 ( 4.8) 26 0.26 1.75
Blenniid A 0.7 ( 4.6) 2.3 0.27
Blenniid D 0.7 ( 4.6) 23 0.27 0.8 ( 4.8) 26 0.26 0.88
Bothid 0.7 ( 4.6) 23 0.27
Unid. 2 0.7 ( 4.6) 23 0.27
Small damaged myctophids 4.8 9.2
Other unidentified 13.2 7.0

Total OL 226.0 (316.0) 86.0 81.59 299.4 (405.9) 82.0 91.78 0.84
Total larvae 272.8 (340.7) 324.8 (400.0) 0.84
No. taxa/tow 25 ( 20) 22 ( 20) 1.13
Total no. taxa 18 17 0.94

canus which was 2.4 < more abundant and 1.5«
more frequent in 100 m tows. Because of the large
catch variability, none of the species abundance
differences nor the abundance differences of the
PL, OL, and total larvae are significant (Z tests,
P’s all >0.10). Additionally, species abundances
within all positive tows from the two sampling
depths are not significantly different (Mann
Whitney U tests, P > 0.10 in all cases).

The overall species composition of 50 and 100 m
tows was similar. Despite greater proportions of
PL in 50 m tows, the PSI value from comparisons
of total species lists was high (87.7). Species per-
centage contribution within the OL fraction of the
two tow types was also quite similar (94.5). Spe-
cies abundance rankings within the two total lar-
val data sets are significantly correlated
(p = +0.80; P < 0.01). Species diversity estimates
(total numbers of taxa and mean numbers of taxa
per tow) are also similar.

From these comparisons it is apparent that the
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PL predominantly occur within the upper 50 m.
Similar shallow (e.g., =50 m ) distributions have
been described for dominant PL species off of Peru
(anchoveta, sardine, and hake; Sameoto 1982).
The generally lower 100 m abundance estimates
of these species is puzzling, but suggests possi-
bly shorter sampling time and/or less efficient
sampling within the upper 50 m of these tows.
Higher catch frequency and abundance of T.
mexicanus in 100 m tows suggest that large pro-
portions (e.g., 30-60%) of these larvae are at 50—
100 m.

As a result of these catch differences we suggest
caution in making direct numerical comparisons
between the 1973 and 1983 vs. earlier data sets.
Although the overall compositions and abun-
dance relations should not be markedly altered,
some accommodation should be allowed for the
percentage contributions and across-year abun-
dance ranks of PL species (especially Trachurus)
and Triphoturus mexicanus.
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Net Type Differences

There are no data available for a direct evalua-
tion of catch differences between the vertical
Hensen and WP2 net tows. However, comparisons
of data from the 1983 WP2 net hauls (Table 3) do
not indicate that this net is more or less efficient
than the Hensen net. Mean abundances and spe-
cies diversity (total numbers of taxa and mean
numbers of taxa per tow) are within the ranges of
values from Hensen net tows.

Day-Night Catch Considerations

Day and night sample data have been combined
for each cruise. Day samples (0600 —1800 hours)
outnumbered (generally 55—64%) night samples
during all cruises. In nine cases there were non-
significant day-night larval catch differences (Z
tests, P > 0.05) and overall similarity in night:
day catch ratios (0.74—1.8:1; mode = 1.2:1). One
cruise had a significantly higher night vs. day
catch (2.5X%; P < 0.01); this cruise and one with

TaBLE 3.—Abundance estimates and diversity of larval fishes and abundance estimates of zooplankton collected in July-September
samples off northern Chile (18°-24°S), 1964-83. Larval fish abundances as mean numbers per 10 m2. PL = larvae of commercially
important pelagic species: OL = other larval taxa (myctophid, other mesopelagic, and other categories). Number of larvae is total raw count
of identified larvae for each sampling period. Larval fish diversity expressed as total number of identified taxa and mean number of taxa
per tow. Zooplankton abundance is mean displacement volume (cc/10 m2). N.A. = data not available.

Mean abundance for

Taxon 1964 1965 1966 1967 1968 1969 1970 1972 1973 1983
Engraulis ringens 302.0 36.7 3,478.3 2247 723 181.7 620.0 1.634.1 1,816.4 -
Sardinops sagax 5.3 5.1 125 4.6 21.1 249 14 327.2 52.1 594.9
Ethmidium maculatum - — — — — 2.6 — 07 - —
Trachurus murphyi 26 71 10.8 3.1 0.4 6.8 5.7 100.3 21 —
Scomber japonicus — 04 - - - - - 25.9 - —
Merluccius gayi —_ —_— —_ — — —_ —_ — 07 2.6
Total PL 309.9 493 3,501.6 2324 93.8 216.0 627.1 2,088.2 1,871.3 597.5
Bathylagus nigrigenys 4.0 5.1 6.7 9.7 6.2 0.9 7.2 56.6 35.0 31.5
Vinciguerria lucetia 3.1 04 29 6.1 3.1 2.6 214 54.8 18.6 37
Sternoptyx diaphana — — — — - — — 0.7 0.7 1.0
Chauliodus sp. — — — — — — —_ 03 —_ —
Stomias spp. — — — — — — — - — 1.9
Lestidiops pacificum — — — - — — —_ 0.3 0.7 -
Melamphaes sp. —_ - - 05 04 —_ — 03 21 —
Beryciform - — — — — 14 — - —
Other mesopelagics 7.1 5.5 9.6 16.3 9.7 35 30.0 113.0 571 38.1
Diogenichthys spp. 6.2 18.9 14.6 30.5 73 14.6 21.4 59.3 393 114.2
Hygophum bruuni — 2.8 1.2 3.6 —_ —_ —_ —_ — 0.9
Hygophum atratum — — — — — — — — — 6.7
Metelectrona ventralis — - - — — — _ — _ 0.9
Myctophum nitidulum 0.4 — 04 — 0.4 09 — 4.8 43 46
Diaphus sp. - 0.4 04 — — — 14 03 — 4.5
Lampanyctus parvicauda 41.0 320 65.8 63.0 10.8 38.6 5.7 29.7 121 155
Lampanyctus spp. — -_ 0.8 —_ 1.1 — —_ — 07 -_
Triphoturus mexicanus 31.8 158 20.8 29.0 46 31.7 114 19.7 23.6 33.6
Myctophids 794 69.9 104.0 126.1 24.2 85.8 39.9 113.8 80.0 180.9
Normanichtys crockeri 17.2 1.5 281.2 5.6 23 26.6 10.0 24 314 —_
Sebastes sp. 04 — 25 1.0 0.8 — — — 07 -
Gadiform D — - 08 — — — - — - —
Macrourid A — — — 0.5 — — — —_ 0.7 —_
Macrourid C —_ - — 0.5 —_ — — —
Blenniid A 04 - 0.8 — 1.2 — — — 14 —
Blenniid B —_ —_ 0.4 — — — — - —
Blenniid C —_ — — 1.5 — — — 0.3 —
Blenniid D 5.3 0.4 16.7 71 4.2 26 —_ 28 8.6 1.0
Gobiesocid A 04 — 0.8 _ —_ —_ — 1.0 0.7
Gobiesocid B — - — — 0.4 — — — —
Unid. 1 — — — — 0.8 _ — — 5.7 8.6
Unid. 2 — — 04 — — — 03 121
Unid. 3 — — — —_ 0.4 1.7 — 0.3 0.7 —
Unid. 4 — — — — — 0.3 0.7 —
Ophidiid — — — 1.0 0.8 — - — —_ —_
Hippoglossina sp. — — — — —_ — 0.3 — —_
Other larvae 23.7 1.9 303.6 17.2 10.9 30.9 10.0 7.7 62.7 9.6
Total OL 110.2 773 417.2 159.6 448 120.2 79.9 2345 199.8 228.4
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Mean abundance for

Taxon 1964 1965 1966 1967 1968 1969 1970 1972 1973 1983
Larval fish abundance and diversity
Total ID PL 309.9 49.3 3.,501.6 232.4 93.8 216.0 627.1 2,088.2 1.871.3 597.5
Total ID OL 110.2 77.3 417.2 159.6 448 120.2 79.9 2345 199.8 228.6
Total ID larvae 420.1 126.6 3.918.8 3920 1386 336.2 707.0 2,322.7 2,071.1 826.1
Unid/missing OL 10.2 4.4 17.0 22.0 3.4 119 7.2 104.5 57.2 76.6
Total larvae 4303 131.0 3,935.8 4140 1420 348.1 714.2 2,427.2 2,128.3 902.7
Number of larvae 953 321 9,406 771 360 650 495 6,738 2,900 893
Number of taxa 15 14 20 19 20 13 12 26 25 19
Number of taxaitow 2.2 1.6 3.2 25 1.4 1.9 23 53 41 3.7
Number of samples 68 76 72 59 78 35 21 87 42 38
Zooplankton abundance 3339 2422 406.5 3708 279.2 141.0 N.A. 301.7 100.6 168.7
Number of samples 85 124 72 59 78 35 110 42 30

a 1.8:1 night:day catch ratio were represented
by fairly equal day (55-57%) and night sam-
ples.

TAXONOMIC PROBLEMS

The 576 samples used for interannual compari-
sons yielded a total of 41 taxa including 19 spe-
cies, 7 genera, and 11 higher taxa (Table 4). The
PL and most mesopelagic forms were identified to
species. During several cruises there were large
proportions of small Diogenichthys spp. (Myc-
tophidae) larvae which could not be identified to
species. As a consequence, data on the two spe-
cies, D. atlanticus and D. laternatus, were lumped
to permit reasonable between-year taxonomic
composition comparisons. In all but one cruise, D.
laternatus dominated (77-100%) the identifiable
Diogenichthys larvae. Total within-year Dio-
genichthvs spp. abundances were multiplied by
proportions of identified D. laternatus and D. at-
lanticus larvae to provide between-year abun-
dance rankings for each species.

Species identifications of coastal forms are lim-
ited by inadequate taxonomic information and by
the presence of generally early larval develop-
mental stages in samples. These larvae are pri-
marily classified at familial and ordinal levels.
Because the classifications include few multispe-
cies groupings and those were numerically rare
the taxonomie limitations offer no severe analyti-
cal problems.

Largest taxonomic problems occurred in
cruises when large numbers of small unidentifi-
able larvae were caught (e.g., 1972 and 1983;
Table 3). Additionally, most cruises had “miss-
ing” larvae le.g., “other larvae” enumerated when
the samples were first processed but not ac-
counted for during later species identification
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work). With the exception of 1983 the uniden-
tified and missing larvae made up =5% of the
total larval abundance for each sampling pe-
riod.

RESULTS

Overall Ichthyoplankton Composition

The 576 July—September samples used for in-
terannual comparisons yielded a total of 23,487
identified larvae. These larvae were dominated
(85.1%) by PL species (Table 4). Overall domi-
nants were anchoveta (Engraulis ringens: 74.3%)
and sardine (Sardinops sagax; 9.3%). The other
PL species were relatively rare: Trachurus mur-
phyi contributed 1.2% and Scomber japonicus,
Merluccius gayi, and Ethmidium maculatum to-
gether formed 0.3% of the total. The larval abun-
dances of these species off of Chile are strongly
influenced by sampling time and location. Mer-
luccius gayi occurs primarily to the south of the
study area (24°-43°S) and Scomber japonicus and
Trachurus murphyi have later summer (Novem-
ber—February) spawning peaks.

The OL were dominated by mesopelagic fishes
(18 taxa, 10.6% of total larvae). Myctophids were
most abundant (8.0%) primarily because of the
large numbers of Diogenichthys spp., Lampanyc-
tus parvicauda, and Triphoturus mexicanus,
which together made up 7.7% of the total. One
bathylagid (Bathylagus nigrigenys) and one
gonostomatid (Vinciguerria lucetia ) were also rel-
atively abundant (together 2.5%). Coastal fish
larvae (14 taxa) made up 4.2% of the total; a
scorpaeniform (Normanichthys crockeri, 3.4%)
and blenniid (Blenniid D; 0.4%) dominated this
group.

Eighteen taxa were relatively frequent (e.g., in
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=50% of cruises) and/or abundant across the 10
sampling periods (Table 4). Thesc taxa (four PL
species, seven myctophid taxa, two other meso-
pelagic species, and five coastal forms) made up
99.6% of the identified larvae: they also con-
tributed 97-100% of the identified larvae (91.2—
99.6% of total larvae) and included the top 9-12
ranked taxa within each sampling period (Table
5,

TABLE 4.—Ichthyoplankton species collected in July-September
samples off northern Chile (18°-24°S. 70°-72°W). 1964-83. Rela-
tive abundance (ROA) and percentage composition based on
summed cruise mean abundances (no./10 m2) of all identified
forms. Frequency is number of total 10 sampling periods when
taxon was caught. Categories are PL (commercially important
pelagic species) and other taxonomic components (M = myc-
tophids: OM = other mesopelagic taxa: C = coastal forms).

Fre- Cate-
Taxon ROA %o quency  gory
Engraulis ringens 1 74.29 9 PL
Sardinops sagax 2 9.33 10 PL
Normanichthys crochen 3 3.36 9 C
Diogenichthys laterna-
tus + D. allanficus 4 2.90 10 M
Lampanyctus parvicauda 5 2.79 10 M
Triphoturus mexicanus 6 1.97 10 M
Bathylagus nigrigenys 7 1.44 10 OM
Trachurus murphyi 8 1.23 9 PL
Vinciguerria lucetia 9 1.04 10 oM
Blenniid D 10 0.43 9 C
Scomber japoriicus 11 0.23 2 PL
Myctophum nitidulum 12 0.14 7 M
Unid. 1 13 0.13 3 C
Unid. 2 14 0.1 3 (o}
Hygophum bruum 15 0.075 4 M
Diaphus sp. 16 0.062 5 M
Hygophum atratum 17 0.060 1 M
Sebastes sp. 18 0.050 5 (o]
Blenniid A 19 0.034 4 C
Ethmidium maculatum 205  0.030 1 PL
Merluccius gay! 205 0.030 2 PL
Unid. 3 22 0.028 4 o}
Melamphaes sp. 23.5 0.026 3 oM
Gobiesocid A 235 0.026 4 (o]
Lampanyclus spp. 25 0.024 3 M
Sternoptyx diaphana 26 0.020 3 OM
Stomias spp. 27 0.017 1 OM
Blenniid C 285 0016 2 C
Ophidiid 28,5 0.016 2 C
Beryciform 30 0.012 1 oM
Macrourid A 31 0.011 2
Lestidiops paciicum 325  0.009 2 OM
Unid. 4 325 0.009 2 (o}
Metelectrona ventrahs 34 0.008 1 M
Gadiform D 35 0.007 1
Macrourid C 36 0.004 1
Blenniid B 375 0.0036 1 C
Gobiesocid B 37.5 0.0036 1 C
Chauliodus sp. 39.5 00030 1 oM
Hippoglossina sp. 39.5 0.0030 1 C
Total number of identified larvae: 23,487
Total number of samples: 576
Total number of taxa: 4

INTERANNUAL VARIATIONS IN
ABUNDANCE AND COMPOSITION

The ichthyoplankton demonstrated extreme in-
terannual variations in abundance and composi-
tion (Tables 3, 5; Fig. 3A, B). Most obvious are the
1) total larval and PL abundance peaks of 1966,
1972, and 1973 and 2) shift from anchoveta to
sardine dominance between 1973 and 1983. The
maximum total larval abundance values in 1966.
1972, and 1973 were 2.4-30 - higher than those
of other years; the PL had 3-71 - higher abun-
dances during these vs. other years. Interannual
abundance variations during the seven years of
lower abundance were also large for total larvae
(to 6.9 - 1 and the PL (to 12.7 <). Anchoveta domi-
nated the ichthyvoplankton through 1973 (29.0—
88.589) and was directly responsible for the ex-
treme abundance variations; anchoveta were
absent from the 1983 samples. and sardine larvae
(72.0%) contributed to the moderately high total
larval and PL abundances (Table 5.

The OL fraction had less extreme abundance
variations than the PL: maximum 1966, 1972,
1973, and 1983 mean abundance values ranged
from 1.4 to 9« those of the other years; mean
values within the six years of lower abundance
varied to 3.8=. Unlike the PL, OL abundance
fluctuations were not attributed to any one taxo-
nomic component (Fig. 3B): the 1966 peak was
largely due to coastal taxa (73% of OL); myc-
tophids and other mesopelagic taxa equally domi-
nated the 1972 peak (48%); myctophids domi-
nated (79%) in 1983; and all three components
were relatively abundant (29-40%) in 1973. Myec-
tophids were generally the dominant component
(50-90%) during the six years of lower OL abun-
dance. Abundance fluctuations (as range of mean
abundance values) across the 10 years were less
extreme for myctophids (8.1 <) than for the other
mesopelagic taxa (32.3) and coastal forms
(160 ).

In contrast to the ichthvoplankton. July—Sep-
tember zooplankton biomass values were rela-
tively constant between years and exhibited only
a 4- range in values (Table 3).

Despite large between-year variability in rela-
tive proportions of the PL and OL, there is a sig-
nificant agreement of their ranked mean abun-
dances across the 10 years (p = +0.81, P < 0.01).
There is also a general agreement of the ranked
mean abundances of PL and the three OL compo-
nents across the 10 years (W = 0.44: P = 0.05).
These categories were generally more abundant

9
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TABLE 5.—Comparisons of relative abundances of dominant larval fish taxa collected off of northern Chile (18°—
24°S, 70°-72°W} durning July-September sampling periods, 1964-83. Relative abundances within each year are
presented as (A) percentage contribution to total identified larvae and (B) ranked abundance. Taxa are listed in

order of total summed 10-yr mean abundances.

Taxon 1964 1965 1966 1967 1968 1969 1970 1972 1973 1983
A. Percentage contribution to total identified larvae
Engraulis nngens 71.89 2899 8876 5732 5220 5405 8769 7035 87.70 —_
Sardinops sagax 1.26 4.03 0.32 1.17 15.23 7.41 0.20 14.09 2.62 72.01
Normanichthys crockeri 4.09 1.18 7.18 1.43 1.66 791 1.4 0.10 1.52 —_
Diogenichthys spp. 1.48 14.93 0.37 7.78 5.27 4.34 3.03 2.55 1.90 13.82
Lampanyctus parvicauda 976 2528 168 1607 780 1148 0.81 128 0.58 1.88
Triphoturus mexicanus 757 1248 053 740 332 943 1.61 0.85 1.14  4.07
Bathylagus nigrigenys 095 403 017 247 448 027 102 244 169 381
Trachurus murphyi 0.62 5.61 0.28 0.79 0.29 2.02 0.81 4.32 0.10 —
Vinciguerria lucetia 0.74 0.32 0.07 1.56 2.24 0.77 3.03 2.36 0.90 0.45
Blenniid D 126 032 043 181 303 077 — 012 042 0.12
Scomber japonicus — 0.32 — —_ — —_ — 1.12 — —
Myctophum nitidulum 0.10 - 0.01 — 0.29 0.27 — 0.21 0.21 0.56
Unid. 1 — —_ —_ —_— 0.56 -_ — -— 0.27 0.96
Unid. 2 — — 0.01 —_ — — — 0.01 0.57 —_
Hygophum bruuni - 2.21 .0 0.52 —_ —_ —_ — — 0.11
Diaphus sp. — 032 0.01 — — — 020 0.01 — 0.54
Hygophum atratum — — — — — — — — — 0.81
Sebastes sp. 0.10 — 006 026 058 — — — 0.03 —
Other taxa 0.19 — 009 102 303 128 020 019 043 0.78
B. Ranked within-year abundance

Engraulis ringens 1 1 1 1 1 1 1 1 1 —
Sardinops sagax 6.5 6.5 7 9 2 5 10 2 2 1
Normanichthys crockeri 4 9 2 8 9 4 5 12 5 —_
Diogenichthys spp. 5 3 6 3 4 6 25 4 3 2
Lampanyctus parvicauda 2 2 3 2 3 2 7.5 7 8.5 5
Triphoturus mexicanus 3 4 4 4 6 3 4 9 6 3
Bathylagus nigrigenys 8 6.5 9 5 5 12.5 6 5 4 4
Trachurus murphyi 10 5 8 11 17 7 75 3 135 —
Vinciguerria lucetia 9 115 10 7 8 9 25 6 7 10
Blenniid D 6.5 11.5 5 6 7 9 _ 11 10 135
Scomber japonicus — 115 — — — — — 8 — -
Myctophum nitidulum 12.5 — 18.5 — 17 12.5 — 10 12 8
Unid. 1 — — — —_ 12.5 —_ — - 11 6
Unid. 2 — — 18.5 — — — —_ 20.5 8.5 —
Hygophum bruuni — 12 0 —_ —_ — —_ 15.5
Diaphus sp. — 115 185 — — — 10 20.5 — 9
Hygophum atratum — — — - — — - — 7
Sebastes sp. 12.5 — 11 135 14 — —_ —_ 21 —_

in 1966, 1972, and 1973 and relatively rare in
1965 and 1968. The ranked abundance patterns of
each of the components differ from one another
(e.g., all pairwise correlation coefficients
{[p=—0.21 to +0.61] are nonsignificant). Larval
diversity is strongly correlated with total larval
abundance (p = +0.88, P < 0.01).

There are no significant correlations between
abundance ranks of invertebrate zooplankton
biomass and total larvae (p = +0.27) or any of the
larval categories (p = —0.03 to +0.22; P > 0.05 in
all cases).

Species Abundance Variations
and Relations

The top 10 ranking larval fish taxa were caught
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during at least 9 of the 10 sampling periods {Table
4). All of these taxa exhibited large interannual
abundance fluctuations (Table 3). Most marked
were the abundance changes of anchoveta, sar-
dine, and coastal species Normanichthys crockeri.
This latter species (rank 3 in overall abundance)
was frequently abundant prior to 1983; like an-
choveta it was absent from 1983 samples. Among
the 10 taxa only Triphoturus mexicanus had
<10x changes in mean abundance values; <20x
changes occurred for Lampanyctus parvicauda
(11.5x) and Diogenichthys spp. (18.4 x); all other
taxa had >20~ mean abundance changes over
the 10 years. The abundance fluctuations of these
10 taxa are primarily responsible for the interan-
nual abundance and composition variations
(Table 5; Fig. 3A, B).
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FIGURE 3.—Mean abundance (numbers per 10 m2) of (A) total ichthyoplankton and major PL components and
(B) total OL and major OL components collected off northern Chile (18°-24°S) during July—September sampling

periods. 1964-83.

Between-year comparisons of the species per-
centage compositions of total larvae give a wide
range of PSI values (3.3-95.0; Table 6A) which
primarily reflect similarity in percentages of an-
choveta; 51% of these values are moderate to high
(e.g., =65). Highest values (91.5-95.0) come from
comparisons between 1966, 1970, and 1973 when
anchoveta contributed >87% of the larvae. High

values (80.7-82.5) also result from comparisons
between 1964, 1967, and 1969 and result from
moderate anchoveta abundance (54.0—71.9%) and
relatively similar proportions of other taxa. Low-
est values (3.3-31.0) result from comparisons of
1983 vs. all other years and reflect the absence of
anchoveta larvae in 1983 samples. The 1973 and
1983 PSI values are little affected (e.g., =2.3) by

11
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TABLE 6.—Between-year percent similarity index (PSI) values from compari-
sons of (A) total larvae and (B) the OL (other larval taxa) fraction collected
during July—September sampling periods off northern Chile (18°-24°S), 1964—

83.
PSI values for
1965 1966 1967 1968 1969 1970 1972 1973 1983
A. Total larvae
1964 52.44 79.94 8222 71.25 80.70 79.70 77.89 80.30 10.30
1965 X 3395 6741 5554 6238 38.16 45.32 38.74 28.47
1966 X 62.69 57.83 65.08 9155 73.65 9188 3.32
1967 X 77.96 8247 67.75 68.21 66.82 18.05
1968 X 79.39 6281 76.39 63.68 30.95
1969 X 6295 69.67 63.50 18.80
1970 X 79.06 9495 7.31
1972 X 79.42 22.02
1973 X 8.95
B. OL fraction
1964 69.88 47.01 7576 57.56 85.16 4599 36.08 51.29 33.15
1965 X 29.22 88.07 60.36 68.42 5543 54.30 47.13 54.39
1966 X 3496 3878 50.0% 30.53 256.i5 37.50 18.48
1967 X 7021 71.01 53.92 52.55 55.68 49.12
1968 X 58.46 54.85 61.57 67.92 51.92
1969 X 48.98 39.22 5192 37.18
1970 X 7435 68.40 60.21
1972 X 66.23 58.74
1973 X 58.61

accommodations for possible sampling depth-
catch differences of Trachurus gayi and Triphotu-
rus mexicanus.

When the PL are excluded, comparisons be-
tween the OL taxa yield generally lower PSI val-
ues than those of the total larvae: only 24% of the
18.5-88.1 values are moderate to high (Table 6B).
Moderate to high values (69.9-88.1) come from
comparisons between 1964, 1965, 1967, and 1969,
and in part result from similar proportions of
Lampanyctus parvicauda 132.1-41.4%) and Tri-
photurus mexicanus (18.2-28.9%) during those
yvears. Moderate values (66.2-74.4) also come
from comparisons of 1967 vs. 1968 and 1969 (sim-
ilar proportions of L. parvicauda, T. mexicanus,
and Diogenichthyvs 112.2-39.5% ] 1970 vs. 1972
tsimilar proportions of Vinciguerria lucetia and
Diogenichthys 123.4-26.8%1); and 1972 vs. 1973
tsimilar proportions of Bathvlagus nigrigenys, V.
lucetia, and Dingenichthys 19.3—-25.3%]). Lowest
PSI values (<30) result from comparisons of 1966
vs, 1965, 1970, 1972, and 1983, and are due
largely to extreme dominance by Normanichthys
crockeri (67.4%. of OL) in 1966. Recalculations to
accommodate for possible depth-related increased
catches of T. mexicanus in most cases decrease
1973 and 1983 PSI values te.g., by 2.6-7.2)and in
two cases (1968 and 1970 vs. 1973) change the
value characterization from moderate (67.9 and
68.4) to low (63.8 and 64.5). With one exception
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(1972 vs. 1973, PSI = 67.0) all of the other ad-
justed values are low.

Species Across-Year Ranked
Abundance Patterns

Individual species across-year abundance rank-
ings demonstrate a variety of patterns. Three pat-
terns are shared by nine of the more frequently
occurring taxa (Table 7). These involve 1) a
group formed by anchoveta and three coastal
forms; 2) a group formed by one myctophid and
two other mesopelagic species: and 3) a species
pair consisting of sardine and a myctophid. An-
other species pair (two myctophids) can be formed
if the 1973 and 1983 abundances of T'. mexicanus
are adjusted.

Group I includes anchoveta. Normanichthys
crockeri, Blenniid D, and Sebastes sp. (‘Table 7).
There is a significant concordance among these
species as to vears of highest (1966 and 1973) and
lowest (1965 and 1983) abundance (W = 0.69,
P < 0.01). The abundance rankings of anchoveta
and N. crackeri (p = +0.79) and of Blenniid D and
Sebastes (p = +0.88) are significantly correlated
(P = 0.01). None of the correlations between spe-
cies of the two pairs are significant due to differ-
ences in 1967-68 vs. 1970-72 relative abun-
dances.

The three Group Il species, Diogenichthys later-
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natus, Bathvlagus nigrigenvs, and Vinciguerria
lucetia, have a concordance of higher abundances
in 1972, 1973. and 1983 vs. other years (W = 0.81,
P < 0.01). The abundance rankings of B. ni-
grigenvs are strongly correlated with those of D.
laternatus and V. lucetia ip = +0.82, P < 0.01 in
both cases): the correlation between D. laternatus
and V. lucetia is not significant.

The abundance rankings of sardine and Mycfo-
phum nitidulum (Pair 1 species) are significantly
correlated (p= +0.96. P < 0.01). both species
were rare or absent in 1970 and most abundant in
1972, 1973. and 1983.

With adjustment to 1973 and 1983 abundances
of T. mexicanus, its abundance rankings are
strongly correlated with those of Lampanyctus
parvicauda (Pair 11 species; p = +0.84, P < 0.01).
Highest relative abundances of both species were
in 1964, 1966, 1967, and 1969.

Three relatively frequent species (Trachurus
murphyi, Diogenichthys atlanticus, and Diaphus

sp.) do not conform to any of the above patterns.
If the 1973 Trachurus abundance is adjusted to
accommodate for possible undersampling, its
abundance pattern is similar to that of anchoveta
(p=+0.68, P = 0.05) but not to any of the other
Group I species (p = +0.03 to +0.46).

VARIATIONS IN ABUNDANCE AND
COMPOSITION RELATIVE TO
HYDROGRAPHIC CONDITIONS

Ichthyoplankton abundances in the 10 years
sampled show no consistent patterns relative to
warm water-cold water events (Table 8). High PL
and OL abundances occurred during strong El
Nino events (1972 and 1983) and during cold or
transition vears immediately following El Ninos
(1966 and 19731. Lowest abundances of both frac-
tions were associated with the 1965 El Nino and
warm 1968. Neither the PL nor OL have signifi-
cant correlations with ranked thigh to low) July—

TasLE 7.—Larval fish taxa grouped according to similar across-year (1964—83) ranked abundance patterns.
Significant agreement of group rankings indicated by Kendali's concordance (W) values. Correlations between
species pair rankings indicated by Spearman’s rho {p) values. Significant values at P = 0.05 are indicated, but
note use of multiple testing. ** = abundance ranks adjusted to accommodate for possible sampling depth

related catch differences (Table 2).

Abundance rank for

Species 1964 1965 1966 1967 1968 1969 1970 1972 1973 1983
Group |
Engraulis ringens 5 9 1 6 8 7 4 3 2 10
Normanichthys crockeri 4 9 1 6 8 3 5 7 2 10
Blenniid D 4 9 1 3 5 7 10 6 2 8
Sebastes sp. 5 8 1 2 3 8 8 8 4 8
W= 069 (P <00t)
E. ringens-N. crockeri p=+0.79 (P =0.01)
Blenniid D-Sebastes sp. p = +0.88 (P <0.01)
E. ringens-Blenniid D p=+0.59
E. nngens-Sebasles sp. p=+044
N. crockeri-Blenniid D p=+0.61
N. crockeri-Sebastes sp. p=+048
Group !
Diogenichthys laternatus 10 5 7.5 4 9 75 6 2 3 1
Bathylagus nigngenys 9 8 6 4 7 10 5 1 2 3
Vinciguerria lucetia 6.5 10 8 4 6.5 9 2 1 3 5
w= 081 (P <0.01)
B. nigrigenys-D. laternatus p=+0.82 (P <0.01)
B. nigrigenys-V. lucetia p=+0.82 (P < 0.01)
D. laternatus-V. lucetia p=+0.52
Pair |
Sardinops sagax 7 8 6 9 5 4 10 2 3 1
Myctophum nitidulum 6 9 6 9 6 4 9 1 3 2
S. sagax-M. nitidulum p=+0.96 (P < 0.01)
Pair Il
Lanpanyctus parvicauda 3 5 1 2 9 4 10 6 8 7
Triphoturus mexicanus** 1 6 4 3 10 2 8 5 9 7

L. parvicauda-T. mexicanus”**

= +0.84 (P < 0.01)
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TAaBLE 8.—Range. mean, standard deviation and ranked (high to low) values of sea
ichthyoplankton sampling periods, 1964-83. N = number of observations. N.A. = data not

(1976), Bernal et al. (1982), and Kelly and Blanco (1983).

1964 1965 1966 1967 1968

Temperature (°C)

N 128 72 55 81

Range 13.5-17.9 13.6-18.1 13.7-17.1 13.3-16.0 14.3-18.6

X 15.7 16.5 15.3 14.8 16.5

(S) (1.0) (1.0) (0.8) (0.8) (0.9)

Rank 35 8 9 3.5
Salinity (%)

N 124 72 4 81

Range 34.51-34.99 34.80-35.40 34.53-35.03 34.74-34.82 34.69-35.23

x 34.74 35.06 34.83 34.78 34.92

(S) (0.12) (0.12) (0.11) (0.04) (0.12)

Rank 2 6 8 4
Hydrographic

condition: Cold El Nifo Transition Cold Warm

September mean temperature and salinity val-
ues; larval diversity (mean number of taxa/tow)
also shows no correlation with these values
{Table 9). Within the PL, anchoveta werc most
abundant during years immediately following El
Ninos (cold 1966, transition 1973), the 1972 El
Nino, and cold 1970; lowest abundances were dur-
ing the 1965 and 1983 El Ninos (Table 8). There
are no significant correlations hetween ranked
anchoveta abundances and ranked values of tem-
perature or salinity (Table 10). Sardine larvae
were most abundant during and after the 1972 El
Nino; prior to this moderate abundances and rela-
tively large percentage contributions to the
ichthyoplankton occurred only during the warm
1968-69 period (Tables 5, 7). Lowest sardine
abundances were during cold years 1964, 1967,
and 1970 and the 1965 El Nifio. Despite low abun-
dances during the 1965 El Niro, there is a signif-
icant positive correlation between ranked sardine
abundance and temperature (p= +0.69, P
< 0.05). Ranked larval anchoveta and sardine
abundances are not correlated (p = —0.07).

The only apparent warm-cold year abundance
pattern among the OL categories is that of the
coastal taxa; this group had lowest abundances
during the 1965, 1972, and 1983 El Nifos and
highest abundances in subsequent 1966 and 1973
transition years. The ranked abundance pattern
of this category has negative correlations
(P = 0.05) with ranked temperature (p = —0.69)
and salinity (p = —0.68) values (Table 9). Both
the myctophid and other mesopelagic categories
appear to have abundance patterns unrelated to
warm-cold hydrographic conditions (Table 9).
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TaBLE 9.—Correlations of across-year abundance ranks of
zooplankton and ichthyoplankton categories with ranked (high to
low) mean temperature and salinity values from nine July—Septem-
ber sampling periods off northern Chile, 1964—83. Correlations
based on Spearman’s rho tests. Significant values at P < 0.05 are
indicated, but note use of multiple testing. PL = larvae of pelagic
species; OL = other larval taxa.

Temperature Salinity
(°C) (7o)
Zooplankton -0.48 -0.37
PL -0.10 -0.17
OL —-0.02 +0.05
Larval diversity:

{mean no. taxa/tow) +0.12 0.00
Myctophids +0.02 +0.12
Other mesopelagic

taxa +0.28 +0.12

Coastal taxa -069 P<005 -068 P =005

Zooplankton biomass values show negative but
nonsignificant correlations with temperature and
salinity (Table 9). This is in agreement with the
time-series analysis results of Bernal et al. (1983)
which demonstrated no consistent relations of
zooplankton biomass with cold- or warm-water
events.

Species Groups and
Hydrographic Conditions

The species groups formed by similarity of
between-year abundance ranks demonstrate both
positive and negative correlations with cold- and
warm-year conditions (Table 10). Group I and
Pair II and their member species have negative
correlations with ranked temperature and
salinity values indicating a tendency for higher
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surface temperature (°C) and salinity (%) values

during

July—September

available. Hydrographic “condition” descriptions for these periods are from Robles et al.

1969 1970 1972 1973 1983

Temperature (°C)

N 35 N.A. 110 43 24

Range 14.6-17.5 15.5-18.5 14.3-17.4 15.1-19.0

X 16.0 17.2 15.8 17.2

(S) (1.0 0.7) (0.9) (0.9)

Rank 5 1.5 6 1.5
Salinity (%)

N 35 N.A. 108 43 20

Range 34.60-35.19 34.75-35.96 34.60-35.13 34.81-35.39

X 34.87 35.05 34.82 35.09

(S) (0.16) (0.18) (0.13) (0.19)

Rank 5 3 7 1
Hydrographic

condition: Warm Cold El Nifo Transition El Nifo

TasLE 10.-—Correlations of across-year abundance ranks of larval
fish species groups and member species with ranked (high to low)
mean temperature and salinity values from nine July—September
sampling periods. 1964-83. Correlations based on Spearman’s
rho tests. Group correlations based on ranks of summed within-
year ranks of member species. Significant values at P < 0.05 are
indicated but note use of multiple testing. ** = abundance ranks
adjusted to accommodate for apparent large sampling depth-
related catch differences.

Temperature Salinity
Species °C) (%)

Group | -0.78 P<005 -0.78 P<0.05
Engraulis ringens -0.52 -0.62
Normanichthys crockeri -0.69 P <005 -0.72 P<0.05
Blenniid D -0.74 P <005 -0.77 P<0.05
Sebastes sp. -0.67 -0.55

Group Il +0.27 +0.20
Diogemchthys laternatus  110.45 1-0.50
Bathylagus nigrigenys +0.27 +0.20
Vinciguerria lucetia +0.12 -0.14

Pair | +0.70 P <005 +0.49
Sardinops sagax +0.69 P<0.05 +0.50
Myctophum nitidulum +0.61 +0.35

Pair Il -0.62 -0.57
Lampanyctus parvicauda -0.68 P =005 -0.48
Triphoturus mexicanus®* —0.50 -0.53

abundances during colder, lower salinity periods.
The rankings of Group I (based on ranks of
summed within-year member species ranks) are
significantly correlated (P < 0.05) with both
temperature and salinity (p= —0.78 in both
cases). Within this group the rankings of
Normanichthys crockeri and Blenniid D are cor-
related (P < 0.05) with temperature and salinity
{(p=—0.69 to —0.77); the correlation of Sebastes
with temperature is also relatively strong
{(p = —0.67). Within Species Pair II, Lampanyctus
parvicauda abundance has a relatively strong

negative correlation with temperature (p =
—-0.68).

Group II and Pair I and their member species
have positive correlations of ranked abundance
with temperature and (with one exception) salin-
ity values (Table 10) suggesting a tendency for
higher abundances during warmer, higher salin-
ity conditions. These correlations are all non-
significant and generally weak for Group Il and
its member species (Bathylagus nigrigenys, Vin-
ciguerria lucetia, and Diogenichthys laternatus).
Pair I has a positive correlation (P < 0.05) with
temperature (p = +0.70) primarily due to sardine
abundance ranks.

Species Percentage Composition
Relative to Hydrographic Conditions

Ichthyoplankton percentage composition shows
no striking warm year vs. cold year related
patterns. Total ichthyoplankton composition
comparisons between years of “similar” hydro-
graphic conditions do not give overall higher PSI
values than do comparisons between years of dif-
ferent conditions (Table 11A). PSI values (ranges,
means, and proportions of high and moderate val-
ues) from comparisons of cold, transition, and
warm years are similar. However, highest values
(91.6-94.9) come from cold vs. transition year
(1970 vs. 1966 and 1973) and between-transition
year (1966 vs. 1973) comparisons. Additionally,
intercomparisons of the transition, warm, and
El Nino years give relatively lower values than
do cold-year comparisons. Comparisons between
El Nino years give generally PSI low values.
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TaBLE 11.—Within- and between-hydrographic period ichthyoplankion composition
comparisons presented as range. mean, and standard errors of percent similarity index
(PS1) values and numbers (N) out of total comparisons having moderate to high (e.g..
=65) values. A. Total larvae. B. OL (other larval taxa) fraction.

PSlI values for

Cold Transition Warm El Nifo
A. Total larvae
Cold years Range 67.8-822 62.7-949 62.8-825 7.3-79.1
(1964, 1967, 1970) X 76.6 79.4 73.0 46.5
(SE) ( 4.5) (5.2) ( 3.6) ( 9.6)
N 313 5/6 4/6 4/9
Transition years Range 57.8-65.1 3.3-79.4
(1966, 1973) X 91.9 62.5 39.7
(SE) ( 1.6) (12.9)
N ”n 1/4 2/6
Warm years Range 18.8-76.4
(1968, 1969) X 79.4 52.3
(SE) (9.2
N 11 2/6
Ei Niflu years Range 22.0-45.3
(1965, 1972, 1983) X 31.9
(sE) (7.0)
N 0/3
B. OL
Cold years Range 46.0-75.8 30.5-68.3 47.0-85.2 33.2-88.1
(1964. 1967. 1970) X 58.6 48.0 64.6 57.6
(SE) ( 8.9) (57) ( 54) (59
N 1/3 1/6 3/6 3/9
Transition years Range 36.8-67.9 18.5-66.2
(1966, 1973) X 375 51.7 41.0
(SE) ( 6.4) (7.8)
N 041 1/4 1/6
Warm years Range 37.2-68.4
(1968, 1969) X 58.5 53.1
(SE) ( 52
N 01 116
El Nifo years Range 54.3-58.7
(1965. 1972, 1983) X 558
(SE) (1.5)
N 0/3

The OL percentage composition similarly does
not demonstrate clear hydrographically related
patterns (Table 11B). As with the total larvae,

comparisons of cold vs. other years vield most of

the moderate to high PSI values. Highest values
(88.1 and 85.2) come from comparisons of cold vs.
El Nino (1965 vs. 1967) and cold vs. warm (1964
vs. 1969) years. Comparisons within and between
transition, warm and El Nino years give primar-
ily low values. Recalculation of PSIs to accommo-
date for Triphoturus mexicanus lowers mean val-
ues for comparisons with 1973 and 1983 by only
0.4-2.3 and does not affect the overall results.

Chronological Considerations of
Species Composition

When the total larval and OL PSI data are con-
sidered in terms of chronological rather than hy-
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drographic periods., various patterns become ap-
parent (Table 12). For the total ichthyoplankton,
comparisons within the 1964-69 data set and be-
tween this and the 1970-73 data set give similar
means, ranges, and proportions of moderate to
high values. In contrast, comparisons within the
1970-73 data set provide more similar values and
a significantly higher mean value than results
from comparisons within the 1964-69 set (Z test,
P < 0.01). This suggests that, despite the varied
hydrographic conditions represented during the
1970-73 period. conditions were favorable for a
repeated fairly similar anchoveta-dominated
ichthyoplankton assemblage during July—
September months.

Chronologically grouped comparisons of the OL
fraction provide somewhat different patterns
from those of the total ichthvoplankton (Table
12B) and indicate a marked change in species
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proportions between 1964-69 and later years.
Comparisons within the 1964-69 OL data set
yield all of the high and most of the moderate PSI
values. The mean PSI value from these compari-
sons is significantly higher (P < 0.05) than that
from 1964-69 vs. 1970-73 comparisons. As with
the total larvae, the 1970-73 PSI values are sim-
ilar and moderately high and the 1983 compari-
son values are relatively low compared with other

TaBLE 12.—Within- and between-time period ichthyoplank-
ton composition comparisons presented as ranges,
means, and standard errors of percent similarity index
(PSI) values and numbers (N) out of total comparisons
having moderate to high (e.g., 65) values. A. Total larvae.
B. OL (other larval taxa) fraction.

PSI values for

1964-69  1970-73 1983
A. Total larvae
1964-69 Range 33.9-825 38.2-919 3.3-31.0
X 67.4 67.7 18.2
(=E) ( 3.6) ( 3.6) { 4.3)
N 915 11/18 0/6
1970-73 Range 79.1-950 7.3-220
X 84.4 12.8
(SE) { 5.2) (4.7)
N 313 0/3
B. OL
1964-69 Range 29.2-88.1 26.2-67.9 18.5-54.4
X 60.2 48.4 40.7
(SE) ( 4.6) ( 2.5) ( 5.6)
7115 1/18 0/6
1970-73 Range 66.2-74.4 58.6-602
X 69.7 59.2
(SE) ( 2.4) { 0.5)
N 373 013

years. Accommodation for T. mexicanus abun-
dance reduces slightly (1.1-3.1) the mean values
from comparisons with 1970-73 and 1983 data
sets and strengthens the significance of difference
(P <0.01) between 1964-69 and 1964-69 vs.
1970-73 mean values.

The difference in OL PSI values between 1964—
69 and 1970-83 is, to a great extent, due to abun-
dance shifts of Group Il and Pair II species. The
abundance ranks of all three Group II species
{Table 7) indicate significantly higher abun-
dances during 1970-83 than in earlier years
(Man Whitney U tests. all P’s = 0.05). Addition-
ally, the averaged abundance estimates from
these four years are significantly higher than
from earlier years (Z tests; P < 0.01 for Bathvla-
gus nigrigenys and Vinciguerria lucetia, P < 0.05
for Diogenichthys spp.). Together B. nigrigenys,
V. lucetia, and Diogenichthys spp. (primarily D.
laternatus) contributed 46.5-72.8% of the OL col-
lected during 1970-83 compared with 5.8-37.1%
during 1964—69 (Table 13).

In contrast. Pair II species Lampanyctus paruvi-
cauda and Triphoturus mexicanus were rela-
tively less abundant during 1970-83 than in pre-
vious years. These two species contributed
21-66% of the OL during 1964—69 compared with
<22% during 1970-83 (Table 13). With adjust-
ments to T. mexicanus abundance these species
proportions in 1973 and 1983 decrease to 11.8%
and 13.2%, and those of the Group II species in-
crease to 49.9% and 71.4%, respectively. The rela-
tive abundance decrease of Pair Il was primarily

TasLE 13.—Percentage contribution by dominant OL (other larval taxa) species collected during July-September
sampling periods, 1964--83. Species arranged accarding to group affiliations based on across-year ranked abundance

patterns.
Percentage contribution for
1964 1965 1966 1967 1968 1969 1970 1972 1973 1983
Group |
Normanichthys crockeri 15.61 194 67.40 3.51 515 2213 1252 1.02 1572 —
Sebastes sp. 0.36 — 0.60 0.63 1.79 — — — 0.35 —
Blenniid D 4.81 0.52 4.00 4.45 9.40 2.16 — 1.19 4.31 0.44
Group total 20.78 246 72.00 859 1634 2429 1252 2.21 20.38 0.44
Group |l
Bathylagus nigrigenys 3.63 6.60 1.61 6.08 13.87 0.75 9.01 2414 1753 13.78
Vinciguerna luceta 281 0.52 0.70 3.82 6.94 2.16 26.78 23.37 9.31 1.62
Diogenichthys spp. 5.63 24.45 3.50 19.11 1633 1215 2678 2529 19.68 49.96
Group total 12.07 31.57 5.81 29.01 3714 1506 6257 7280 4652 65.36
Pair |
Myctophum nitidutum 0.36 — 0.10 — 0.89 0.75 — 2.05 2.15 2.01
Pair It
Lampanyctus parvicauda 37.21 4140 1577 39.47 24.16 32.11 713 1267 6.06 6.78
Triphoturus mexicanus 28.86 20.44 499 18.17 1029 26.37 14.27 8.40 11.82 14.70
Parr total 66.07 61.84 20.76 5764 3445 5848 2140 21.07 17.88 21.48
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due to the increased numbers of Group II species
and decreased numbers of L. parvicauda. The
1970-83 averaged abundance of L. parvicauda is
significantly lower (Z test; P < 0.01) than that of
1964-69. Triphoturus mexicanus averaged abun-
dance (both adjusted and unadjusted values)
is similar (P > 0.05) between the two time peri-
ods.

DISCUSSION

The northern Chilean ichthyoplankton data set
is obviously weakened by lack of information
from the 1974-82 period; this missing informa-
tion is critical for an appreciation of the temporal
extent and relative constancy of the apparent
ichthyoplankton composition change in 1870-73
vs. earlier years. This data set also suffers from
limited seasonal coverage which prohibits exami-
nation of between-year variations in spawning
time and intensity as a cause of interannual
abundance fluctuations and apparent composi-
tion change. However. the existing data set does
provide coherent coverage over varied hydro-
graphic conditions between 1964 and 1973 and is
sufficient to test for correlations with short-term
(e.g.. year to year) fluctuations in hydrographic
conditions.

The large interannual changes in abundance
and composition of the northern Chilean ichthy-
oplankton can to a certain extent be related to
interannual changes of hydrographic conditions
in the Humboldt Current. This has been demon-
strated through correlations of ranked tempera-
ture and salinity values and abundances of
coastal species, sardine, and Lampanyctus parvi-
cauda (Tables 9, 10). The temperature and salin-
ity values used in these correlation tests
represent ambient conditions during the July—
September spawning period and therefore
possibly reflect only conditions affecting egg and
early larval (e.g.. to stages capable of substantial
net avoidance) survival. These values do not nec-
essarily reflect longer term conditions affecting
abundance, distributions, and fecundities of adult
populations or later larval survival and recruit-
ment. However, there is a generally good corre-
spondence between these values and reported
longer term hydrographic conditions in the Hum-
holdt Current over the 19-yr timespan ie.g.,
Table 8; Robles et al. 1976; Bernal et al. 1983;
Guillen 1983; Bakun 1987).

Despite significant correlations between abun-
dances of some ichthyoplankton components and

18

FISHERY BULLETIN: VOL. 85, NO. |

temperature and salinity values, there is no ap-
parent consistency of total larval or OL species
percentage compositions during years of
“similar” hydrographic conditions (Table 11).
More coherent patterns emerge from consider-
ations of the 1964-69 and 1970-73 data sets
(Table 12). This chronological separation is also
supported by the ranked abundance patterns of
the various species groups and pairs (Table 7).

Among the least confusing across-year abun-
dance patterns demonstrated by the ichthy-
oplankton are 1) generally greater abundance
of Group II species after 1969, 2) greatest abun-
dance of Pair I species after 1970, and 3) pre-
dominantly higher abundances of one of the Pair
II species prior to 1970 (Table 7). Associated with
the Group II and Pair II abundance patterns are
large shifts in their relative proportions
(Table 131,

The shift from relatively large percentage con-
tributions by Lampanyctus parvicauda and
Triphoturus mexicanus to larger proportions of
Diogenichthys spp., Bathylagus nigrigenys, and
Vinciguerria lucetia after 1969 is notable. The
abundances of these mesopelagic species, unlike
those of anchoveta and sardine, are not directly
influenced by man’s fishing activities and so may
be interpreted as indicators of environmental
change. Furthermore, the timing of these species
absolute and relative abundance changes pre-
ceded by several years the dramatic changes in
anchoveta and sardine stocks off of northern
Chile (Fig. 4) and so cannot be directly related to
biological consequences of change in the domi-
nant pelagic schooling fish stocks.

Although fragmentary, there is evidence for a
change in zooplankton biomass values off north-
ern Chile (18°-24°S) occurring in 1969 (Fig. 5)
which. like OL percentage composition, suggests
a possible environmental change. Time series
analysis of quarterly zooplankton biomass values
during 1964-73 indicate generally lower biomass
during 1969-73 relative to the 1964—68 period.
As with total larval abundance (Table 9). these
zooplankton biomass variations do not appear to
be related to warm year-cold year events (Bernal
et al. 1983).

The changes in OL composition and zooplank-
ton biomass suggest that there was subtle but
large-scale (low-frequency) environmental tran-
sition occurring in the 1969-70 period. Various
indications of environmental change occurring
about this time are present in long-term physical
data bases from Chile and Peru. Predominantly
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negative sea surface atmospheric pressure
anomalies occurred off of Arica from 1960 to 1972
with a strong negative anomaly occurring in
1969; predominantly positive anomalies occurred
there after 1972 (Fig. 6A). A similar but less ex-
treme change from negative or neutral anomalies
to predominantly positive anomalies occurred off
Iquigue (20°51in 1970 (Fig. 6B: Kelly and Blanco
1983,

Off Peru (5°-15°S) the wind driven turbulent
mixing index of surface waters shows a general
increase during and after the 1972 El Nino event
(Fig. 7A; Bakun 1987). A probable result of this
increased turbulence is an increase in standard
deviations associated with monthly temperature
values: standard deviations above the 30-yr mean
generally persisted throughout the year from
1972 to 1984 (Fig. 7B) and suggest increased
physical variability and heterogeneity in this
later period. Comparable data sets from northern
Chile are not available to determine it these lat-

ter two features were also characteristic of the
Chilean area.

How these observed atmospherically related
changes could be related to changes in the marine
environment off northern Chile is uncertain. It is
possible that the observed changes in atmos-
pheric pressure off Arica and Iquique have associ-
ated changes in advection of water mass and fau-
nal sources. Bernal et al. (1983) discussed El Nino
related changes in water mass distribution off
Chile in 1972 and 1973 relative to cold-year 1967.
These changes involved southerly extensions of
oceanic subtropical and equatorial subsurface
waters, strengthening of the spring-summer ther-
mocline. and cessation of coastal upwelling.
These authors did not examine water mass distri-
butions in the 1968-70 period. However. lowered
zooplankton biomass starting in 1969 and the OL
composition change starting around 1970 suggest
that the hydrographic conditions attributed to the
1972 El Ninio may have been an intensification of
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FIGURE 5.—Time series estimates of quarterly zooplankton biomass values from northern Chile

118°-24°8), 1964-73, standardized according to the long term standard deviation. W = warm
years: C = cold years. From Bernal et al. 1983.

SEA SURFACE
ATMOSPHERIC PRESSURE ANOMALIES

T T

A A A /\“\/j\ \, W AL

vaT w\/\/\ = uy // v

2
1960 6F 62 63 64 65 66 67 €8 69 70 T 72 73 74 75 76 77 78 79 80 81 82

Yeor

FIGURE 6.—Sea surface atmospheric pressure anomalies off of (A) Arica (18°S) and (B) Iquique (20°S), 1960-82. From

Keily and Blanco 1983.



/ sec

LOEB and ROJAS: ICTHTHYOPLANKTON COMPOSITION AND ABUNDANCE

TURBULENT MIXING INDEX

350 -

300

200 -

150 1

1 | 1 1

70 80 8s

Year

STANDARD DEVIATIONS

v o s
o L (=]
T T T

~
L]
T

Degrees Celsius

!\
i”‘ !", ﬂ \1 '“ "‘ "

_ |V‘ n

i

ol L

———— Std. dev.

mo. running mean of std. dev.
Long - term meon of stid. dev.

l '( M “”‘hhhm ‘H
”l‘ ﬂ it

60 65

70
Year

FIGURE 7.—tA) Surface layer turbulent mixing index values and (B) standard deviations and 12-mo running mean of standard
deviations associated with mean monthly sea surface temperature values off of Peru (5°-15°8), 1953—384. Dotted lines represent

long-term mean values of each index. From Bakun 1987,

conditions initiated during the warm 1968—69 pe-
riod: these could possibly have persisted and in-
tensified again during the 1976 and 1983 El Nino
events.

It is also likely that the 1970 change in OL
composition is related to onshore advection of
northern or oceanic water masses and associated
faunal assemblages, but this cannot be confirmed.
All involved species are relatively abundant in
coastal Peruvian and south eastern tropical
Pacific waters (Ahlstrom 1971, 1972; de Castillo
1979; Santander and de Castillo 1979) and in
more southern coastal Chilean waters (Table 2),
but their wintertime relative abundances in these
areas have not been documented. It is also possi-
ble that the changes in species composition are
related to locally lowered zooplankton abundance
te.g.. that the Group II species are relatively more
successful than Lampanyctus parvicauda and
Triphoturus mexicanus during periods of lowered
secondary productivity levels). Alternatively, the

observed change could be due to altered seasonal
spawning activity which is not treated in the
present study. However, whatever the cause,
there is evidence for an environmental change
in the study area, and this may be also implicated
in changes occurring within the PL ichthyoplank-
ton fraction.

Increased abundances of sardine and Mycto-
phum nitidulum (Pair 1 species) during and after
1972 may be further evidence for a changed
marine environment off of northern Chile. Addi-
tionally, the significant correlation between lar-
val sardine abundance and temperature
(Table 10) suggests that elevated temperatures
may have been important for increased spawning
activity and/or increased success of hatching and
early larval survival. Given this observation one
may speculate that the increased sardine catches
after 1973 (Fig. 4) are related to increased fre-
quency of warm-water events in the 196484 pe-
riod relative to earlier years. Increased sardine
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catches in 1973 resulted from apparently ex-
tremely good survival and recruitment of individ-
uals spawned during the warm 1968-69 period
{Serra®). Similarly, good survival of the large
1972 El Nino spawn could explain the huge catch
increases in 1976 and later years (Fig. 4). How-
ever. mean biomass estimates of age groups con-
tributing to the Chilean fisheries catch from 1974
to 1981 (Serra 1983) indicate increasing contribu-
tions after the 1967 year class with marked in-
creases beginning with the 1970 vear class; this
suggests that factors other than temperature
{e.g., environmental change starting in 1969-70)
may also be responsible for increased larval sur-
vival and recruitment. A possible cause is in-

creased nearshore influence of equatorial and
subtronical waters (Santander and Flores 1983).

Swouiopilal SIS Loalilallebl Qi II0ITs 2002

Because the sardine abundance increase was ini-
tiated prior to the 1972 anchoveta decline off
northern Chile (Fig. 4), it is difficult to implicate
reduced anchoveta competition as the cause of the
early sardine population growth in this area.

The grouping of anchoveta with three coastal
species (Group I). and significant correlation of
anchoveta and Normanichthys crockeri larval
abundances are extremely interesting and imply
that the spawning intensity and/or early stage
survival of these four species are influenced in
similar ways by interannual changes off northern
Chile. Unfortunately, little is known about the
natural histories or population abundances of the
coastal species. Because of the group composition,
it is logical to suspect that coastal processes are
important factors influencing their larval abun-
dance. The significant negative correlation of the
group as a whole, and of two of the coastal species,
with ranked temperature and salinity values
(Table 101, suggests that coastal upwelling and/or
increased coastal influence by subantarctic
waters. and theoretically enhanced food supplies,
are important factors.

Given the present data set and information
from recent publications, a case can be made for a
low-frequency environmental change influencing
the abundances of anchoveta and sardine larvae
as well as the larvae of coastal and mesopelagic
species during the 1964—84 period. The Chilean
OL composition suggests an environmental
change (e.g., an atmospherically related oceanic
circulation change) starting with the 1968—69
warm-water event. This coincided with apparent

3Serra, R. Unpubl. manuser. Subsecretaria de Pesca,
Teatinos 120, Piso 11, Of. 44, Santiage, Chile.
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successful survival of sardine larvae and
markedly increased recruitment by 1968 and
later year classes despite varied warm water-cold
water events between 1968 and 1973. Physiologi-
cal anomalies of Peruvian anchoveta stocks in
1971 suggest that these fishes may have experi-
enced environmental change at that time. Unusu-
ally low proportions (e.g., 40% vs. typically 90%)
of potential spawning-sized fish were sexually
mature during the 1971 spawning season and fat
content of the 1971-72 catch was anomolously
high, indicating unusually low transfer of body
fat to gonadal products (Sharp 1980). Starting
with the 1972 El Nifio was 1) an obvious in-
creased incidence of penetration of subtropical
surface waters toward the Peruvian coast, 2) co-
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sardine spawning activity off both Peru and
Chile, 3) southward expansion of Peruvian an-
choveta spawning activity into new spawning
areas between 14°S and 18°S (e.g.. to northern
Chile), and 4) a succession of years of poor an-
choveta larval survival off Peru and Chile (San-
tander and Flores 1983; Serra 1983). Environ-
mental conditions favorable for growth of sardine
populations, as well as of mackerel and jack
mackerel populations, off both Chile and Peru
have persisted since the early to mid-1970’s (San-
tander and Flores 1983; Serra 1983).

The lack of Chilean ichthyoplankton data from
the 197482 period precludes evaluation of the
constancy of altered species composition during
that time. However, there are indications that
change is once more occurring off northern Chile.
Preliminary analysis of ichthyoplankton samples
collected between Arica and Antofagasta during
4-14 August 1985 indicates a clear dominance by
anchoveta larvae at a markedly higher mean
abundance level than encountered in the 1964—
83 samples; sardine and Trachurus larval abun-
dances are comparable to those in the 1973 sam-
ples (Table 14). The other species have not yet
been analyzed, but Normanichthys crockeri is

TaBLE 14.—Mean abundance estimates and standard errors (num-
bers per 10 m?} and percent frequency of occurrence (F) of PL
taxa, OL and total larvae collected in 81 100—0 m WP, net samples
off northern Chile (18°-24°S) during 4—24 August 1985.

Species X (SE) (F
Engraulis ringens 5,535.3 (1.844.1) (90.4)
Sardinops sagax 63.8 ( 24.9) (26.6)
Trachurus murphyi 1.2 ( 0.9) ( 21)
Other species 233.7 ( 28.4) (92.5)

Total 5.834.0 (1,838.2)
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once again noted to be among the abundant OL
taxa. It will be of great interest to see the recruit-
ment resulting from this 1985 anchoveta spawn.
If the 1985 anchoveta year class is relatively suc-
cessful during this period of continued large sar-
dine stocks, it will lend support to the idea that
the anchoveta-sardine population fluctuations
have been primarily regulated by low-frequency
hydrographic events. In a long-term context such
events may not be unusual to the Humboldt Cur-
rent area. Fish scales present in sediment records
from coastal Peruvian waters indicate that sar-
dine replacements of typically dominant an-
choveta stocks have occurred at infrequent inter-
vals over the past 11,000 years (De Vries and
Pearcy 1982). In light of this, the ecological
events of the past 20 years may be naturally oc-
curring, physically mediated, but probably fish-
eries enhanced, fluctuations in this hydrographi-
cally complex region. Because of our limited time
reference, we have not previously acknowledged
such fluctuations as being “normal”.
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