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ABSTRACT: Previous studies on clupeiform reproduction have suggested that in upwelling areas of
permanently high wind speed, winter spawning could be selected to promote the retention of offspring
close to the coast, where more benign conditions are supposed to exist. The role of winter environmental characteristics, other than those conducive to retention, that could represent trade-offs within
this strategy (i.e. larval food limitation, water temperature, intrusion of oceanic predators), however,
have traditionally not been assessed. In the present paper, we assess the role of environmental variability on the winter reproductive strategy of the anchovy Engraulis ringens in an area close to its
southern limit of distribution. A series of 8 cruises were conducted during the winter of 1995 in the
coastal zone off Talcahuano (37"s). Wind field, satellite sea surface temperature and hydrographic
characteristics of the water column revealed strong short-term variability of oceanographic conditions
in the nearshore area. During winter, upwelling events, a broad river plume and a cross shelf circulation were determined. Peak anchovy egg and larval densities occurred regularly at the nearshore
stations. Increases in larval densities at an offshore station (12 nautical miles offshore) coincided with
periods of coastal upwelling and the presence of a broad river plume, suggesting rapid transport of
larvae from the coast. Maximum densities of gelatinous predators, in turn, coincided with the periods
of minimum larval densities offshore, creating an apparent inverse relationship. Predators and larvae,
however, did not CO-occurin the same water masses, as revealed by the sea surface temperature and
hydrography. Despite winter conditions, overall microplankton density in the water column was high
during most of the season, with maximum anchovy egg and larval densities CO-occurringwith peak
periods in larval food abundance. The coupling between maximum egg and larval fish density and
specific meteorological and oceanographic conditions, the temporal and spatial decoupling between
potential gelatinous predators and larval anchovies, and the overall benign larval feeding conditions
close to the coast suggest that the timing of spawning and location of young anchovies nearshore may
be part of a larger reproductive strategy of this species in the area.
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INTRODUCTION

Several hypotheses have been proposed to explain
both recruitment variability in fish populations and
the potential reproductive strategies adopted by fish to
ensure their persistence. Particular attention has been
given to those models relating environmental variability and the fate of early life stages. Matching the
spawning periods with peak production seasons to
ensure larval food availability at the onset of feeding
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(Cushing 1975,Sherman et al. 1989,Castro & Cowen
1991) and/or spawning during periods of reduced
risk to predation (Johannes 1978,Foster 1987),are 2
alternatives which have been widely discussed. Timing spawning to ensure optimum environmental conditions at the onset of metamorphosis (Sinclair &
Tremblay 1984) has also been proposed for species in
coastal areas. In other, more remote environments,
such as around oceanic islands, the strategies proposed involve timing the reproductive period with
seasons in which oceanographic structures such as
eddies or local currents occur so as to promote larval
retention (Lobel & Robinson 1986, 1988, Lobel 1989,
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Boehlert et al. 1992, Cowen & Castro 1994, Castro
1995). Finally, for clupeiforms in coastal upwelling
areas, spawning during periods of moderate winds
should be favored to enhance larval survival (Cury &
Roy 1989, Roy et al. 1992).
For coastal populations in upwelling areas of permanently high wind speed, however, one of the major
constraints is the need for offspring retention close to
shore, where more benign conditions are supposed to
exist (Parrish et al. 1981, Bakun & Parrish 1982). In
most of these highly dynamic environments, therefore,
coastal fish populations should tend to synchronize
their reproduction with those periods when oceanographic features or characteristics of the local hydrodynamics would retain their offspring close to the coast
or in a nearby nursery habitat. In the California Current, where differences in wind speed and direction
occur along the coast, populations located at different
latitudes show differences in their reproductive strategies (Parrish et al. 1981). At the northern limit of the
California Current, for instance, where coastal upwelling occurs mainly during spring and summer, coastal
fish populations tend to reproduce during winter, when
surface transport is towards the coast. In the southern
area of the California Current, where upwelling is less
seasonal, coastal fish populations reproduce mainly in
areas where recirculation processes may be utilized for
larval retention. Other retention mechanisms in zones
of protracted upwelling seasons are the surface transport of larvae during relaxation events, location of the
spawn at depth (below the surface Ekman layer), and
the utilization of vertical migrations to counteract seaward transport during upwelling (Peterson et al. 1979,
Barnett et al. 1984, Brewer & Kleppel 1986, Jahn &
Lavenberg 1986, Castro et al. 1993).
Timing the reproduction to a particular season, however, usually involves a compromise between benefits
and costs that must be confronted by the different
populations. In coastal upwelling areas along eastern
boundary regions (i.e. California and Chile), for
instance, reproducing during the summer upwelling
season may benefit the young offspring by placing
them in a n environment of increased food abundance.
Summer spawning, however, may not be advantageous, as the oceanographic upwelling regime may
induce egg and larval transport offshore (i.e. in the
Ekman layer), where benign feeding conditions may
not exist (Parrish et al. 1981, Bakun & Parrish 1982).
Furthermore, if upwelling, driving winds are too strong,
the potential formation of microlayers rich in larval
food may be precluded (Lasker 1975, 1978). Finally,
because the abundance of potential predators also increases in spring and summer (i.e. jellyfish), eggs and
larval fish may be subjected to increased predation
during these seasons (Palma 1994, Palma & Rosales

1995). Early life stages of winter-spawning fish population~,alternatively, may benefit from the shoreward
circulation induced, in winter, by the winds favorable
to downwelling (Arcos & Navarro 1986) and from the
reduced predation by jellyfish; however, they may be
exposed to a more restricted abundance of larval food
during this less productive season.
The anchovy Engraulis ringens, with its wide distribution range (4"S through 42'S), has been found in 2
major spawning areas along the Chilean coast (Serra
1983, Loeb & Rojas 1988): a northern area (southern
Peru through 25"s) and the Talcahuano area (35"s
through 38" S). Although spawning may occur intermittently during most of the year, peak reproduction in
both areas is during the austral winter (July through
September, Mujica & Rojas 1980). Within each area,
anchovy spawning has usually been reported close to
the coast. In the Talcahuano area, near the southern
limit of the anchovy distribution, 2 seasons of different
oceanographic conditions occur during the year. A first
period (upwelling season), from spring through the
end of summer, is characterized by strong south, southwesterly winds that induce offshore movement of SubAntarctic Surface Water (SASW), and upwelling of
Equatorial Subsurface Waters (ESSW) at the coast. A
second period (downwelling season), from the fall to
the end of winter, is characterized by the return of the
SASW towards the coast and the deepening of the
ESSW towards the slope. (Bernal et al. 1983, Arcos &
Navarro 1986).
Because of the differences in oceanographic regimes
throughout the year, the early life stages of the Chilean
anchovy spawned in different seasons should experience contrasting environmental conditions. During the
winter spawning season of Engraulis ringens along the
Central Chilean coast, we should expect wind field
and oceanographic conditions conducive to egg and
larval retention close to the coast, and low abundance
of jellyfish predators. The low concentrations of larval
food due to the winter conditions and the sporadic
outbursts of jellyfish predators may represent two of
the major tradeoffs within this reproductive strategy. In
the present paper, we test these hypotheses utilizing
oceanographic data and the ichthyoplankton samples
collected during 8 cruises off Talcahuano during the
anchovy winter spawning season of 1995. We explore
the relationships between the general oceanographic
conditions (in terms of wind stress, sea surface temperature and hydrographic characteristics), the microplankton abundance and composition (as a potential
food source for the larvae), and the abundance of
invertebrate predators (jellyfish). This information
allows us to incorporate new insight into the current
hypotheses on reproductive strategies for coastal fish
populations of upwelling areas.
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Fig. 1. Station grid sampled during the winter season of 1995
off Talcahuano, Central Chile

and 15 m), water samples were collected at all stations,
for later microplankton identification and counting in
the laboratory. The microplankton was collected by
sieving the 1 1 of seawater sample through a 41 pm
mesh and preserving it in 4 % formalin.
In the laboratory, anchovy eggs and larvae from
the formalin/ichthyoplanktonsamples were identified,
sorted and counted. Anchovy larvae were also classified as pre- or postflexion (flexion and postflexion
pooled) based on the bending of the notochord. The
microplankton samples were resuspended in a standard volume, and a 60 m1 subsample per depth was
analyzed for major microplankton groups. Anchovy
eggs and larval concentrations are expressed throughout as number of individuals per 1000 m3, and microplankton groups are expressed as numbers per 1 1.
Statistical significance was fixed at 0.05, and all tests
and graphics were performed with the SYSTAT, Inc.,
software package, Surfer and Sigma Plot. Hourly wind
data (speed and direction) were obtained from the
PETROX Meteorological Station at Talcahuano and
are presented here as daily mean speed in the v (northsouth) and y (east-west) axis. Satellite Sea Surface
Temperature (SST) images for 4 dates around the
cruises in August were obtained from the NOAA-14
satellite, and the data and images were processed at
the Multidisciplinary Remote Sensing Program Lab,
at the Universidad de Concepcion.

METHODS
RESULTS
A series of 8 cruises was conducted in the coastal
zone off Talcahuano during the 1995 winter spawning
season of Engraulisringens (July 12, 18;August 1,8, 17,
30; September 4 and 11). The area surveyed consisted
of a 9 station grid (Fig. 1).The central transect of 3 stations perpendicular to the coast (located 2, 7 and 12
nautical miles offshore respectively) was sampled during the 8 cruises. On 2 of these cruises (at the beginning
and end of the sampling season), an extra transect was
also sampled (the southern transect at the beginning of
the season, and the northern at the end of the season).
At each station, ichthyoplankton samples were collected with a Bongo net (60 cm diameter, 500 pm mesh),
equipped with a flowmeter to quantify the volume of
water filtered, from surface to 40 m deep (mean depth
of the thermocline). One of the paired samples was preserved in 4 % formalin for egg and larval identification
and larval sizing, and the other sample was preserved
in ethanol (96%) for otolith work (not included here).
Hydrographic characteristics of the water column (temperature, salinity and dissolved oxygen concentrations)
were measured
water
with
Niskin bottles at different depths (Surface,5, 10, 15,20,
30, 40, 60 and 80 m). From the same depths (except 5

Egg and larval anchovy distribution
Anchovy eggs dominated the fish eggs collected
throughout the sampling season. Anchovy eggs were
more abundant at the beginning and at the middle of
the season, accounting for over 57 and 54 % of all fish
eggs combined in mid-July and early August 1995
respectively (Fig. 2). A total of 18 fish species (and 11

g,-,,,

Fig. 2, Engraulis ringens. Mean density of anchovy eggs on
each cruise date during the winter sampling season of 1995,
off Talcahuano. Dates given as mo/d
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Table 1. Ten most abundant fish taxa collected during the 1995 winter spawning season of the anchovy Engraulis ringens off
Talcahuano. Abundance is the total number of larvae collected; frequency is the number of stations of the 9 station grid at which
the larvae were collected; mean density is the average larval density at the positive stations; maximum density is the maximum
larval density collected at a single station
Taxon

Hygophum sp.
Engraulis ringens
Strangomera bentincki
Sebastes capensis
Paralichthys adpersus
Normanichthys crocken
Hypsoblennius sordidus
Merluccius gayi
Odontesthes regia
Etmidium macula turn
E. ringens eggs
Other fish eggs

Abundance
(ind.)

Proportion

(%l

Frequency
(no. of stations)

Mean density
(ind. per 1000 m3)

Max. density
(ind. per 1000 m3)

967
580
188
108
82
69
68
23
20

42.8
25.7
8.3
4.8
3.6
3.1
3.0
2.0
1 .O
0.9

9
7
6
7
9
6
8
8
1
2

367
232
120
47
33
39
25
28
123
33

932
247
251
44
32
50
30
71
120
23

2836
10683

20.9
79.1

16
29

881
1330

4392
14019

45

unidentified types) was identified in the larval collections. The myctophid Hygophum sp., the anchovy
Engraulis ringens and the common sardine Strangomera bentincki dominated the larval fish collection
during the winter of 1995, representing together over
75 % of all larvae combined (Table 1). Hygophum sp.
and Paraiichthys adpersus were the most frequent fish
taxa in the area (collected at all 9 stations),followed by
the blenniid Hypsoblennius sordidus and the hake
Merluccius gayi, which were collected at 8 out of the
9 stations in the grid.
The abundance of anchovies changed throughout
the sampling season. Unlike the anchovy eggs, larval
anchovies were more abundant only at the middle
of the sampling season (i.e. August 8 to 30; Fig. 3),
accounting for over 41 % of all larvae combined (all
taxa pooled). Maximum preflexion larval densities and

maximum postflexion larval densities occurred simultaneously in the middle of the sampling season
(August 8 through 30). Abundance decreased from the
egg stage, to the preflexion stage and finally to the
postflexion larval stage (Figs. 2 & 3).
The anchovy eggs and larvae tended to occur in
higher densities closer to the coast, although differences
in distributions were observed among dates (Fig. 4).
Anchovy eggs

m1

b

Preflexion larvae

Anchovy larvae - Winter spawning 1995

Date

Fig. 3. Engraulis ringens. Mean density of preflexion, postflexion and total anchovy larvae on each cruise date during
the winter sampling season of 1995,off Talcahuano

Fig. 4. Engraulis ringens. Distribution of anchovy (a) eggs,
(b) preflexion larvae and (c) posfflexion larvae during the
winter sampling season of 1995,at 3 stations (2,7and 12 nautical miles offshore) off Talcahuano. Sampling dates are shown
for reference (nm,nautical miles)
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Anchovy eggs were always more abundant nearshore;
the preflexion larval stages, in lower densities than the
eggs, were also more abundant nearshore, except on
August 8 under the river plume influence and upwelling conditions (see below), when they occurred in
higher densities at a mid-distance between shore and
offshore. Finally, the postflexion anchovy larvae were
also abundant close to the coast but occurred at a middistance between shore and offshore on the same date
that preflexion larvae were located offshore (August 8).

other hand, were abundant throughout the season.
with peak densities on August 8 (Fig. 5c).
In contrast to the anchovy egg and larval distributions, ctenophores and medusae were consistently more
abundant offshore than onshore (Fig. 6a). Siphonophores occurred in similar numbers inshore and offshore throughout most of the season. (Fig. 6b). Chaetognath densities, finally, were variable at all stations,
corresponding to the peak densities of samples collected at the inshore stations on August 8 (Fig. 6c).

Gelatinous predators and chaetognaths

Microplankton composition and abundance

Four groups of potential fish egg and larval predators (Hunter 1984, Bailey & Houde 1989) were quantified: medusae and ctenophores (here treated together),
siphonophores and chaetognaths. Medusae and ctenophores were more abundant at the beginning and at
the end of the sampling season (i.e.late July and early
September; Fig. 5a), in contrast to larval anchovy densities. Siphonophores were also abundant at the end of
the sampling period (Fig. 5b). Chaetognaths, on the

Microplankton abundance was variable throughout
the sampling season. Based on reports on the importance as larval anchovy food (Muck et al. 1989, Llanos
1990), the entire collection of rnicroplankton was
classified in 5 major groups: diatoms, dinoflagellates,
coccolithophorids, copepods and ciliates (Table 2). Diatom, dinoflagellate and coccolithophorid densities were
low during winter, reaching values at least 2 orders of
magnitude lower than those reported during the spring

MEDUSAE AND CTENOPHORES

MEWSAE AND CTENOPHORES

m

m

I I

07/12/95

SIPHONOPHORES
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07/18/95

2

W1145

nmfrom shore

OY8E

08117195

OS!-

09111195

SIPHONOPHORES

CHAETOGNATHS
CHAETOGNATHS

Fig. 5. Mean density of (a) medusae and ctenophores, (b) siphonophores and (c) chaetognaths on each cruise date during
the winter sampling season of 1995, off Talcahuano

Fig. 6. Density of fish egg and larval predators at the inshore
and offshore stations off Talcahuano, on each cruise date during the winter sampling season of 1995; (a) medusae and
ctenophores, (b) siphonophores and, (c) chaetognaths
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and summer upwelling season (Gonzalez et al. 1987).
Of the 14 diatom taxa identified, Coscinodiscus sp., a
large unicellular diatom, was the most frequent and
abundant, followed by Navicula, a pennate diatom, and
by Chaetoceros and Skeletonema, both chain-forming
diatoms. At some depths, however, phytoplankton density reached values as high as those reported during
summer (Table 2, last column). Dinoflagellates were
also present at all stations. The dinoflagellates most
commonly cited as larval food in the Talcahuano area
(Protopendiniumand Ceratium, Llanos 1990)occurred
in low numbers. Ciliates (tintinnids)and coccolithophorids were also present in most samples, but their densities were lower than other microplankters. Copepod
egg and nauplius densities, in turn, were high during
the entire season. Copepod eggs and nauplii occurred
at all stations throughout the winter. Average densities

of copepod eggs and nauplii together per station (mean
weighted average of column integrated from 0 to 40 m)
were over 35 ind. 1-', and reached values in excess of
100 during some cruises. Compared with other upwelling areas along the Chile-Peru Current, these
densities may be considered high for any anchovy
spawning zone (2 orders of magnitude higher than in
Callao, Peru; Walsh et al. 1980)and similar to low and
mid-latitude food-rich, shallow embayments (Houde &
Lodval 1984, Castro & Cowen 1991). Total potential
larval food (all particles >41 p diameter), therefore,
occurred in high abundance during the entire season,
with mean densities in excess of 759 particles 1-l. Interestingly, the anchovy egg densities throughout the season followed a pattern similar to that of total larval food
(mean from samples from 5 depths per station) (Fig. 7;
Spearman's rank correlation, Rho = 0.738,p < 0.05).

Table 2.Microplankton taxa collected during the 1995 winter spawning season of the anchovy Engraulis ringens, off Talcahuano.
Station frequency is the total number of stations at which the larvae were collected (out of the 28 stations sampled during the 8
cruises); mean weighted average is the average density of the taxa throughout the water column at each station (integral from
surface to 40 m, divided by 40 m); mean density at depth is the average density of all 5 depths sampled at each station; maximum
density is the maximum density of the taxa collected at any single station
Taxon

Diatoms
Astenonella sp.
Biddulfia sp.
Chaetoceros sp.
Coscinodicus sp.
Hyalodiscus sp.
Melosira sp.
Navicula sp.
Nitzchia sp.
Pinnularia sp.
Stephanopyxis sp.
Skeletonema sp.
Synedra sp.
Thalassiosira sp.
Thalasiothrix sp.
Total
Dinoflagellates
Ceratium sp.
Triceratium sp .
Protoperidinium sp.
Other dinoflagellates
Total
Coccolithophorids
Sp. 1
Copepods
Eggs
Naulplii
Remains of nauplii
Total
Ciliates
T~ntinids
Total

Station
frequency
(no.)

Proportion station
frequency

4
3
8
23
1
1
22
5
2
2
7
2
4
1

17.4
13.0
34.8
100.0
4.3
4.3
95.7
21.7
8.7
8.7
30.4
8.7
17.4
4.3

4
1

Mean weighted
average
(no. l-')

Mean density
at depth
(no. l-l)

Max. density
at depth
(no. l-l)

0.30
0.10
0.61
373.24
0.06
0.04
1.75
0.28
0.06
0.12
0.79
0.11
0.22
0.02
377.70

7
6
9
400
11
4
5
5
4
6
9
4
6
4
478.77

23
7
53
5972
12
4
13
5
4
9
57
4
12
4

4
23

17.4
4.3
13.0
100.0

0.74
0.01
0.28
202.37
203.40

8
3
7
205
222.60

14
3
10
780

7

30.4

0.33

23
23
l

100.0
100.0
4.3

9.87
25.68
0.33
35.88

22

95.7

2.36
619.67

4

11
29
9
48.89

5
759.45

8
103
105
19

61
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There was good correspondence among the total
abundance of dinoflagellates, copepod eggs and copepod nauplii throughout the season. After a small decrease in density from July to early August, the peak
density for these 3 items during the season occurred
on August 8; this was followed by another small peak
in early September. Total diatoms, on the other hand,
reached peak densities early in the season (mid-July)
followed by intermediate densities on August 8. Densities in excess of 100 particles 1-' were determined
throughout the sampling season when all potential
larval food particles (>4 pm) per station on each
cruise date were added together. Peak densities occurred early in the season (when the peak anchovy
egg density occurred) and also during the first week of
August (when a secondary peak of eggs was found and
when the maximum larval densities started to develop)
(Fig. 8).
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DATE

Fig. 8. Mean density of total potential larval food (microplankton >41 pm in diameter)and mean anchovy Engraulis ringens
egg density on each cruise date during the winter sampling

season of 1995, off Talcahuano

fall (Fig. 9). On a daily basis, however, alternating periods of northerly and southerly winds lasting for about
5 to 9 d each occurred during the winter sampling season of 1995 (Fig. 10).North wind periods lasting longer
than 4 d occurred on July 21 to 27, on August 10 to 14
Winds, hydrographic conditions and SST
and from August 20 through 28. It was also during this
last period that the highest north wind speeds were
The wind regime during 1995 followed the normal
recorded, reaching mean daily speeds of over 4 m P'
seasonal pattern at this latitude: winds blew from
for a period of at least 4 d. Southerly upwelling-favorthe northern quadrants during winter, and from the
able winds that lasted longer than 4 d were recorded
southern quadrants during mid-spring through midon July 12 to 20, from July 28 to August 9, from August
15 to 19 and finally at the end of winter from
September 7 through 11.
b Total dinoflagellates
Similar to the wind fluctuations, alternating
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Fig. 7. Mean density of microplankton major groups in each cruise
during the winter sampling season of 1995 off Talcahuano; (a) diatoms,
(b) dinoflagellates, (c) copepod eggs, (d) copepod nauplii and (e) total
microplankton >4 1 pm in diameter

oceanographic conditions (periods of normal
winter downwelling, upwelling, and expansion of the river plume) occurred. The vertical
sections of Sigma-t along the central transect
of the grid of stations revealed the short-term
changes in the oceanographic conditions. The
highly stratified water column, with the presence of a low salinity coastal plume and the
subsurface approach of the dense ESSW on
August 8, for instance, gave way to less stratified conditions on August 17, when the river
plume signal on the surface and the denser
ESSW at depth were no longer noticeable
(Fig. 11). The presence of the ESSW, which
usually approaches the coast in spring and
summer, was revealed on August 8 by the
presence below 30 m of low temperature
water (cl l.l°C), low oxygen concentrations
( c 2 ml 0 2 1-l) and high salinity (>34.533),
values within the ranges reported for ESSW
at this latitude (Bernal et al. 1983). On August
l ? , however, when the winter conditions resumed, salinity at the same depth (30 m)
decreased to 34.228, temperature increased
into 11.5°C, and the dissolved oxygen
creased again to values higher than 4 ml O2I-'.

~

~
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Fig. 9. Mean weekly wind intensity along a north-south axis,
from February through December 1995 in the Talcahuano
area. Continuous line shows the general tendency throughout
the year

Satellite image sequences of SST during August
1995 show some of the high variability of the oceanographic regime during the winter of 1995 (Fig. 12).Particularly evident are the fast changes in SST from
August 9 to August 15 resulting from the combined
effects of the switches in oceanographic conditions
from coastal upwelling and the cold river plume extending offshore (Fig. 12a) to the downwelling conditions induced by the warmer surface waters moving
shoreward the following week (August IS), due to
northerly winds from August 10 to 14 (Fig. 12b). Sirnilarly, on August 28, after 9 d of northerly winds, another period of warming of the coastal surface water
was detected by the SST satellite images. On this date,
the general surface warming over the entire area
CO-occurred with the shoreward
displacement of the thermal front
(i.e. at 36" 20' S, 73" 30' W) usually
located offshore (Fig. 12c).

12
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31
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Fig. 10.Daily north-southwind intensity components during the
1995 winter sampling season of 1995 in the Talcahuano area

duce larval transport towards benign nursery areas
(Engraulis capensis off southern Bengella; Huggett et
al. 1998, Hutchings et al. 1998).Despite this wide variety of environments, all these species seem to share the
same pattern of selecting areas where larval survival
is enhanced by the presence of extremely high larval
food levels or conditions of turbulence that promote
larval food and larval anchovy encounter rates (Cury &
Roy 1989, Bakun 1996). In the present study we have
documented the environmental conditions of the anchovy spawning area off Talcahuano during the winter
of 1995; in this area the larval feeding conditions had
been assumed to be harsh during winter, due to the
strong wind-induced turbulent mixing (Bakun & Parrish 1982) and the potentially decreased larval food
abundance compared to the more productive summer
season.

DISCUSSION

Anchovy species around the
world utilize a wide variety of environments for spawning and as
nursery areas. While some species
spawn in coastal upwelling areas
of moderate wind speeds (i.e. Enqraulis ringens off Peru; Bakun
1996) or even inside calm shallow
bays and sounds (Anchoa mitchilli
along the Northeast Atlantic; Leak
& Houde 1987, Castro & Cowen
1991),other species spawn in more
advective environments that in-
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Distance from shore (nm)
Fig. 11. Vertical sections of density (Sigma-t) along the central transect of the
sampled grid during (a) upwelling (August 8) and (b) downwelling (August 15)
conditions in 1995
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Larvae of the anchovy Engraulis ringens were more
abundant during August, at the end of the austral winter season. This period was characterized by strong
changes in wind speed and direction. Based on a
detailed wind data analysis and the study of an
upwelling index for Talcahuano reported by Arcos
& Navarro (1986),August is usually the first month
in which the wind pattern of the area changes from
the quasi-permanent northerly winds during winter,
to intermittent south wind periods. Short intermittent
periods of intense southerly winds occurred during our
study and were responsible for inducing, for instance,
the subsurface approach to the coast of waters with
higher salinity and lower oxygen content (ESSW) during the beginning of the second week of August in
1995. Upwelling events, although not as frequent as
during the rest of the year (i.e. spring and summer),
might occur during winter in the Talcahuano area and,
therefore, might bring nutrients to the surface layer
inducing higher levels of productivity during the major
spawning season of E. nngens.
The high environmental variability at the Talcahuano
area does not support the hypothesis that anchovies
spawn preferentially during periods of greater water
column stability, in order to increase larval survival in
food-rich layers (Lasker 1975, 1978).By analyzing individual events throughout the sampling season, however, periods of relative stability of the water column
may have occurred, for instance, during periods of
moderate southerly winds and on days of weak changes
in wind direction. Similarly, the strong thermohaline
differences between layers and among water masses
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Fig. 12. Satellite images of sea surface temperature ('C),
showing the variability of mesoscale features and across-shelf
displacement of surface waters in the Talcahuano area on
(a)August 9; (b)August 15 and (c)August 28
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Total Food (Part I I)

Fig. 13. Relationship of mean anchovy Engraulis ringens egg
density and total larval food (microplankton >41 pm in diameter particles l-') in the Talcahuano area during the winter
spawning season of 1995

over the entire area may have enhanced the formation
of larval food patches, both vertically and horizontally.
The water masses influencing the area in winter are
of various origins and characteristics: the ESSW is
characterized by a low dissolved oxygen content (0.8to
1.3 ml I-'), high salinity (34.5 to 34.6) and low temperature (8.5"C); the SASW is from a low salinity (34.1 to
34.2) and highly oxygenated (>4 ml I-') coastal branch
of the Chile-Peru Current, and both the waters from
the Bio-Bio River plume as well as runoff enter the
narrow coastal band (Bernal et al. 1983, Strub et al.
1996). Our analysis of the microplankton samples
showed high larval food densities during the sampling
season that, interestingly, matched the distribution and
timing of the anchovy eggs and larvae (R2 = 0.8213,
n = 8, p 0.01; Fig. 13).In this way, although the overall stability of the water column may have been low
throughout the season, patches of larval food resulted
anyway from the widespread distribution of multiple
frontal structures (haline and thermal) over the entire
area.
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The onshore displacement of the warm surface water
mass induced the increase in density of gelatinous
predators nearshore. Just a few days before the nearshore peak in jellyfish density (July 12 and September 4), the local wind field showed a strong northerly
component that may have driven surface waters and
jellyfish onshore. On these 2 dates, minimal concentrations of anchovy larvae were collected, especially offshore, where the gelatinous predators were more
abundant. In this way, the spatial distributions of fish
larvae and gelatinous predators temporarily did not
overlap, at least as detected by our catches, creating an
apparent inverse relationship between predators and
larval fish (Spearman's rank correlation, Rho = -0.563,
n = 23, p < 0.05; Fig. 14). This apparent decoupling
of larval fish and jellyfish abundance was also evident
in times of upwelling events and of the river plume
expansion (August 7 to 9). During those events, egg
and anchovy larvae were transported offshore in the
surface layer. This seaward displacement of cold
coastal surface water induced the movement of the offshore warmer waters to an even more offshore location. Egg and larval anchovies and jellyfish predators,
therefore, occurred in water masses of different characteristics, as has previously been reported for the
California Current (Hunter 1984) and other temperate
areas (Frank & Legget 1985).
The coupling between peak larval fish density and
the seasonal wind pattern and winter oceanographic
conditions, the temporal and spatial decoupling between gelatinous predators and larval anchovies, and
the overall benign larval feeding conditions close to
shore suggests that the timing of spawning and nearshore location of larval anchovy may be part of an
adaptive reproductive strategy. Selection of spawning
areas based on arrays of environmental factors have
been reported for other temperate coastal fishes for
which their spawning areas have been called 'safe
sites' (Frank & Legget 1982) or 'favorable reproductive
habitats' (Bakun 1996). The timing and location of
Engraulis ringens spawning, therefore, seems not to be
tied to a single environmental characteristic but to a set
of environmental factors that may increase the chances
of their egg and larval survival. Future studies on factors affecting young anchovy recruitment in Central
Chile, therefore, will need to include a multiple-factor
approach (larval food, transport and predators) in conjunction with mesoscale hydrodynamics to assess the
potential causes for the success andlor failure of particular anchovy year classes.

Predators (Ind. 1 1000 m')

Fig. 14. Relationship of total anchovy Engraulis ringens larval
density (preflexion and postflexion pooled) and gelatinous
predators in the Talcahuano area during the winter sampling
season of 1995
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