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INTRODUCTION

Advection during the larval phases of benthic organ-
isms, which results from the interaction of physical
oceanographic processes and larval behaviour, has
been suggested as a key factor determining site spe-
cific settlement strength. Therefore they influence
benthic population and community dynamics (Con-
nolly & Roughgarden 1998, Wing et al. 1998a). In east-
ern boundary current (EBC) systems, the temporal and
spatial dynamics of wind-driven coastal upwelling is
thought to influence larval retention, concentration,
survival, transport and hence recruitment in both ver-
tebrates and invertebrate populations (Lundquist et al.
2000, Botsford 2001, Guisande et al. 2001, Flores et al.

2002). Temporal upwelling dynamics involve intra
annual cycles of upwelling intensity that affect off-
shore/onshore advection of plankton and surface
nutrient enrichment. Inter-annually, varying upwelling
intensities correlate with both the expansion and con-
traction of the latitudinal range of species (Sorte et al.
2001), and their recruitment strengths (Connolly et al.
2001). Spatially, the local topography and coastline
geometry enhance the development of mesoscale circ-
ulation features such as jets, filaments, eddies and
upwelling shadows. Upwelling shadows for example,
might lead to the retention of organisms in coastal sites
down current from capes and points during upwelling
events (Wing et al. 1998b). Upwelling fronts influence
meroplankton coastal distribution (Bjorkstedt et al.
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1997). Eddies can retain organisms and/or maintain
production sufficiently high for larvae to feed (Kasai et
al. 2002, Nishimoto & Washburn 2002), and filaments
might transport larvae offshore (Rodriguez et al. 2001,
Hernández-León et al. 2002). 

The coupling of timing and location of larval release
with favourable spatio-temporal environmental condi-
tions enhance larval survival and recruitment (Cury &
Roy 1989, Hinkley et al. 2001, Stenevik et al. 2003). If
advection is a relevant determinant for the success of
larvae, then species-specific life history traits such as
spawning timing and location can be in tune with
advective environmental cycles (e.g. seasonal
upwelling cycle). However, the release, occurs within
a species specific depth range, and an overall oceano-
graphic condition (e.g. upwelling circulation) might
affect larvae released from different depths during the
same season in opposite ways (e.g. shallow release off-
shore advection, sub-surface release onshore advec-
tion).

In addition to the adult control of spawning timing
and location, larval behaviour plays a role in its own
advection. Behaviour regarding vertical distribution
control interacts with prevailing hydrodynamics to
shape distribution patterns, transport dynamics and

settlement patterns (Sponaugle et al. 2002). While sur-
face dwelling organisms might be advected offshore
during upwelling events and they might later be trans-
ported shoreward during relaxation, the opposite is
true for deep dwelling zooplankton (Shanks 2000,
2002, 2003, Sundby et al. 2001, Garland et al. 2002).
Those organisms that vertically migrate between
water layers flowing in opposite directions might be
more concentrated nearshore (Peterson et al. 1979,
Castro et al. 1993) reducing offshore loss and remain-
ing in a food rich media. Crustacean larvae in particu-
lar might show complex vertical swimming behav-
iours. Semi-diurnal, diurnal or ontogenetic depth
regulation has been described in a large set of crus-
tacean species, and might arise from endogenous bio-
logical rhythms or environmentally induced behav-
iours (Forward & Tankersley 2001, Naylor 2005).
Mechanisms favoring adequate larval advection could
appear during either the adult or larval phase. A rela-
tionship between larval vertical distribution and time
of spawning has been suggested for larval fish, those
that are spawned during the main upwelling season
are widespread in the water column (Olivar 1990).
Those organisms that release eggs (larvae) in surface
waters might show a peak of spawning off phase with
the main upwelling season (Castro et al. 2000).

In this paper, we analyze the spatial distribution and
abundance of the stages of 4 species and 1 genus of
decapod crustacean larvae in the upwelling area of
south central Chile (Fig. 1). Species were chosen
according to contrasting depth ranges of adult habitat.
We aimed to identify the relationship between larval
depth distribution, offshore distribution and the timing
and depth range of larval release. We expected to find
strategies either in the adult or larval phase that
tended to minimize offshore advection. For example,
larger numbers of early stages of non-migrating sur-
face larvae should be found offphase with the main
upwelling season, or extended spawning periods in
species with migrating larvae. The ontogenetic distrib-
ution (across-shore spreading and clumping) as a con-
sequence of vertical distribution, hatching period and
depth, should evidence contrasting mechanisms of
shelf retention. For example, surface stages that show
limited depth control should appear more widespread,
less clumpy and farther offshore during upwelling than
species that show depth control. In addition, deeper
larvae should approach the coast during prevalence of
upwelling winds.

We present data from 2 surveys conducted in spring
and late summer along central Chile. Hydrographic
data and zooplankton stratified samples allowed the
identification of major oceanographic features in the
area, and vertical and horizontal distribution patterns
of crustacean larval stages. Our data suggested a rela-
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tionship between larval across-shore and vertical dis-
tribution, and adult spawning timing and depth range.
However, offshore distribution was strongly influenced
by coastal geography.

MATERIALS AND METHODS

Area studied. The study area (35 to 37°S) is located
at the coastal (shelf) edge of the Humboldt Current
system, a major EBC with a surface flow towards the
equator. Prevailing winds during austral spring and
summer are southwesterly, and hence favor coastal
upwelling conditions. Winds reverse to northerly and
northwesterly directions during austral autumn and
winter with some transitional periods in April and
August (Arcos & Navarro 1986). The coastline of Chile
within our study area (35 to 37°S) has an approximate
alignment of 25° east of north. However both coastal
orientation and bottom topography change markedly
within a small latitudinal range (Fig. 1). The contin-
ental shelf between 35 and 35.6°S is relatively narrow
(15 nautical miles offshore). Around 36°S the wide
Itata Canyon interrupts the continental shelf. South of
this canyon the shelf widens to 50 nautical miles (Itata
terrace) and it is interrupted again by the narrow but
deep Bio-bio Canyon at 36.9°S. Coastline orientation
changes sharply at 37.1°S, forming the Gulf of Arauco,
and causing a 90° local divergence of the coast and iso-
bath at the flanking eastern point (Punta Lavapie;
Fig. 1). During the spring-summer period, high salinity
(34.5), low oxygen (<1 ml l–1) and high nutrient
Equatorial Sub-Surface Waters (ESSW), shoal over the
continental shelf in this area (Djurfeldt 1989). These
waters are considered responsible for the coastal fertil-
ization that sustains one of the most productive coastal
areas in the world’s oceans (Daneri et al. 2000). A
strong influence of topographical and geographical
features on the upwelling process in this area has been
described (Sobarzo & Djurfeldt 2004) and modelled
(Mesias et al. 2003). 

Target species. We chose for our analysis 5 species
(groups) of crustacean larvae because of their contrast-
ing characteristics regarding adult habitat depth
range. Additionally, they were well represented in the
plankton samples. They differ in number of larval
stages but details of their reproductive and larval ecol-
ogy are not well known. Adult Emerita analoga and
Blepharipoda spinimana reside in intertidal sandy bot-
toms. E. analoga has a long larval development (sev-
eral months depending on water temperature) and,
although ovigerous females are found year round,
2 main hatching periods occur during austral spring
and late summer (Contreras et al. 1999). There is no
information on the timing of B. spinimana larval devel-

opment, and we identified 4 larval stages. The majid
Libidoclaea granaria, with 2 zoeal stages (Faguetti
1969), was selected from below 100 m depth. Its larval
development is shorter than that of E. analoga (about a
month at 15°C). Neotrypaea uncinata and pagurids
inhabit subtidal bottoms, have 5 and 4 stages respec-
tively, and longer larval development than L. granaria.
At ambient temperature they developed through their
last zoea stage in between 40 to 50 d (Aste 1982, Lava-
dos 1982).

Sampling. During 7 to 13 November 2001 and 7 to
12 March 2002 we conducted hydrographic and zoo-
plankton sampling over the continental shelf of Cen-
tral Chile between 35 and 37°S. The hydrographic
survey consisted of a total of 69 profiles, in 11 equally
spaced transects (I through XI; Fig. 1). Along each
transect the stations were numbered 1 to 6 (or 7) from
the coast to the ocean. Exceptionally bad weather
conditions hindered the completion of some of the
planned casts (e.g. Transect VIII: Stns 1, 2 and 3).
Distance between stations was approximately 5 nauti-
cal miles, and began at approximately 2 to 3 nautical
miles from shore. Hydrographic casts were under-
taken with a Neill Brown Mark III CTDO (November
cruise) and a SeaBird SBE-25 (March cruise). Sam-
pling was conducted throughout the 24 hour day.
Stratified zooplankton samples (oblique tows) were
taken with a tucker trawl sampling gear. The net
had a 1 m2 frame, a 300 μm mesh size and it was
equipped with a calibrated General Oceanic flow
meter. The vessel navigated at approximately 2 knots
during tucker trawl deployment. Cable length was
adjusted according to the desired depth and the
angle between the cable and the vertical. In the
northern zone of our sampling area (from 36 to 35°S),
strata were 0 to 50, 50 to 100, 100 to 150, 150 to
250 m depending on the station depth. In the south-
ern area, vertical resolution was higher, and we took
samples every 25 m down to 100 m, and every 50 m
in the deeper layer depending on station depth. The
definition of strata to be sampled resulted from a
compromise between cruise time and information to
be gathered. Based on previous cruises in the area it
was known that water properties usually show
stronger vertical gradients in the southern sampled
area, and therefore a more intensive sampling
regarding vertical resolution should be conducted
there. Samples were fixed in buffered formalin (10%)
and brought to the laboratory for identification and
counting. Winds for the period were obtained from
Carriel Sur Airport of Concepción (36° 46’ 22’’ S,
73° 03’ 47’’ W).

The selected crustacean larvae from Transects III
and V through XI were sorted and identified from the
November 2001 cruise, and from Transects III, V, VII, X
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and XI from the March 2002 cruise. Using stereo-
microscopy, Neotrypaea uncinata stages were identi-
fied following Aste (1982), pagurids following Lavados
(1982), and Libidoclaea granaria following Faguetti
(1969). The species Blepharipoda spinimana was iden-
tified following Concha (1978) and the stages were
classified based on our own inventory. Emerita
analoga was sorted into stages following Johnson &
Lewis (1942). 

Data analysis. In order to reveal oceanographic fea-
tures taking place during the sampling period, we con-
structed horizontal maps of temperature and salinity.
Wind data for the period were used to estimate the
Ekman transport (UE in m2 s–1) following Gill (1982):

where Ys = along-shore wind stress, ρw = water density
(1025 kg m–3), and ƒ = Coriolis parameter = –8.69 E–5

s–1). 
Larval numbers were first standardized according to

the volume filtered by each net and then the number of
individuals per 100 m3 was multiplied by the depth of
the corresponding stratum to obtain the number of
individuals per 100 m2 within each stratum. They were
also integrated down to the maximum sampled depth

at each station to construct horizontal distribution
maps. Due to the patchy distribution of plankton, sur-
veys are characterized by a large proportion of 0
counts and few high values, therefore, means of each
stage density, variance of the mean estimate and vari-
ance over the sampled area were calculated based on
a delta distribution (Pennington 1983). Stage abun-
dance within each species should provide a gross esti-
mate of their main hatching period.

Three analyses of spatial distribution were performed
in order to summarize and compare stages/ species spa-
tial information: (1) The spreading of larvae in the sam-
pled area was analysed through the percentage of posi-
tive stations out of the total analysed in each cruise.
(2) In spite of the availability in the literature of several
patchiness indexes developed by terrestrial ecologists
and/or data counts, their applicability in plankton den-
sity data is not straightforward (Bez 2000). Therefore, in
order to reveal the degree of clumping in the stages/spe-
cies variable in this study, and to be able to compare
among stages and species, we calculated the coefficient
of variation (CV: SD/mean) based on the delta distribu-
tion. This index was calculated for the March cruise
when most species and stages were in large enough
quantities to allow comparisons. (3) Across-shore dis-
tribution in each transect was analyzed with the
weighted mean offshore distance (OD) in each transect:

where di is the distance offshore of Stn i,
ni is the integrated number of organisms
at Stn i, and N is the total number of
organisms in the transect (∑ni). 

In order to characterize the vertical
distribution of larvae, we calculated the
mean weighted depth (MD) distribution
(also called ‘centroid’) for each group of
organisms at each station as: 

where pk is the number of organisms at
stratum k, and zk is mean depth of stra-
tum k. Additionally, the across-shore
modal position was registered for each
group. Plots of mean weighted depth
(MD) for each stage for day and night
were calculated. Day and night differ-
ences were analysed in the following
way: when MD was significantly corre-
lated with station depth we carried out
analysis of covariance on MD for the
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factor day and night, with maximum sta-
tion depth as a covariate (separate or
homogeneous slopes depending on
parallelism). When such a correlation
was not found, a t-test for independent
samples was applied. Whenever vari-
ance was heterogeneous (Levene test),
t-test with independent variances was
applied. We also compared overall spe-
cies depth distribution (MD) with
Kruskal-Wallis analysis of variance and
Mann-Whitney U-test to compare paired
samples. Both temperature and oxygen
concentration at MD for each species (all
stages pooled) were obtained. The fre-
quency of centroids occurring within
certain temperature and oxygen ranges
was calculated and the cumulative per-
centage frequency as a function of tem-
perature and oxygen was used to char-
acterize the environment for each
species. 

RESULTS

Meteorological forcing and general
along-shore hydrographic conditions

Just before the November cruise and
during the first 2 d (sampling Transects I
through III), southerly winds were mod-
erately favourable for upwelling. Later,
while sampling Transects V, VI and VII
over the Itata Canyon: Transects V, VI
and VII, winds changed to northerly
(favouring downwelling), and they were
later only interrupted by 1 d of southerly
winds (sampling of Transects X and XI).
During March 2002 wind was again mildly favourable
for upwelling during the week before and during the
cruise, with only 2 reversals of 1 d (sampling Transects
IV and V, and the end of Transect XI; Fig. 2).

During November 2001, temperature at 10 m depth
was colder than in March 2002 with an upwelling
event in the northern region (Transects I, II and III) and
a coastward intrusion of warmer oceanic water over
the Itata canyon (Transects V, VI and VII; Fig. 3a).
Coastal upwelling at the north of the Itata Canyon was
evidenced by a colder (11 to 12°C) and saltier (34.4 to
34.5) coastal band of water typical of Equatorial Sub-
Surface Waters (ESSW). Higher surface temperatures
(around 13°C) associated with lower salinities (34)
dominated the Itata terrace at the south of the Itata
Canyon. On this shelf the base of the thermocline was

located between 40 and 60 m depth (not shown). The
base of the thermocline within the Itata canyon (10.5°C
isotherm) was found at around 100 m depth (Transects
VI and V). Larger horizontal gradients of temperatures
appeared at the head of the Itata canyon and north-
ward of this canyon. The Itata terrace was more
homogenous and across-shore temperature gradients
almost vanished. The freshest surface water was found
in the south related to fresh water runoff from the Bio-
bio river. In the deeper layer the contours of salinity
and oxygen closely followed the bottom topography
showing the intrusion of ESSW into the Bio-bio and the
Itata Canyons (not shown). 

During March 2002, all coastal regions showed cold
waters (11 to 12°C) and salinities around 34.4 to 34.5.
In the north, the strongest onshore-offshore surface
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temperature gradients occurred. Warm waters were
found offshore and surface salinity showed the influ-
ence of Rio Maule. The base of the thermocline was

located at about 60 m (11.5°C isotherm) in the north,
shallower over the Itata terrace at Transect VII (20 to
25 m depth), and deeper in the Itata Canyon (Transects
VI and V, 50 m). Again, a coastward intrusion of
warmer surface waters (15 to 16°C) with salinities near
to 34.2 appeared related with the Itata canyon.

Abundance and stage composition

Overall species abundance was larger in March than
in November, except for Libidoclaea granaria. L. gra-
naria showed a marked peak in Stage I abundance
during November, while it was <10-fold lower in
March (Table 1, Fig. 4). In March, Stage II larvae com-
prised 2/3 of the total L. granaria collected, indicating
that major spawning occurred during spring (Table 1).
Overall abundance of Emerita analoga was 100-fold
larger in March than in November. Stages I and V
were dominant during November while intermediate
stages were scarce. During March, zoea I by itself far
outnumbered all other present stages/species, indicat-
ing a peak larval release during late austral summer
(Table 1, Fig. 5).

Intermediate stages of Neotripaea uncinata and
pagurids were more abundant than early and late
stages during both seasons. Larger quantities of larvae
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Species       Stage November 2001 March 2002 CV
PS Mean Var mean Var PS Mean Var mean Var

N. uncinata I 0.69 556 41600 3837988 0.53 236 10841 393270.2 2.66
II 0.53 922 150300 13665233 0.60 4620 9219800 6.36E+08 5.46
III 0.49 450 38000 3382600 0.60 2156 1964635 1.32E+08 5.33
IV 0.58 385 32300 2714652 0.47 549 54591 1840836 2.47
V 0.53 606 89000 10083285 0.43 134 2948 95289.12 2.30

L. granaria I 0.89 1580 318000 31294697 0.60 93 733 23063.31 1.63
II 0.33 50 500 44363.96 0.67 219 2983 92686.18 1.39

E. analoga I 0.56 212 5100 437204.5 0.93 12164 31825190 1.8E+09 3.49
II 0.09 23 280 35513.76 0.87 2418 1025250 47546913 2.85
III 0.07 14 130 18473.15 0.87 804 47471 1616605 1.58
IV 0.31 19 300 1346.1 1379 49921.52 1551264 0.90
V 0.80 173 1400 87053.06 0.87 330 9415 332048.6 1.75

Pagurids I 0.16 26 200 14490.84 0.30 87 1825 57944.91 2.77
II 0.24 46 400 33168.01 0.60 1218 296633 11546060 2.79
III 0.76 262 3100 180570.7 0.60 1847 752135 30605569 3.00
IV 0.22 78 1600 120668.7 0.57 1196 304063 11768648 2.87
M 0.13 8 10 1086.838 0.53 269 11645 399152.2 2.35

B. spinimana I 0.13 20.3 141.8 9678.26 0.37 322 32145 1166296 3.35
II 0.04 0.50 313 19331 685053.3 2.64
III 0.07 5.6 18 1234.986 0.53 324 20177 729336.8 2.64
IV 0.02 0.57 329 17415 610974.2 2.38

Table 1. Neotrypaea uncinata, Libidoclaea granaria, Emerita analoga, pagurids and Blepharipoda spinimana. Abundance and
distribution of larval stages in south central Chile continental shelf during November 2001 and March 2002. PS: proportion of pos-
itive stations out of the total sampled during each cruise; Mean: mean number of individuals integrated 100 m–2; Var mean: 

variance of the mean estimate; Var: variance; CV: coefficient of variation
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of both species were found in March, suggesting peak
larval release during summer (Table 1, Figs. 6 & 7).
The same is suggested for Blepharipoda spinimana, it
was barely present in November while in March there

was an even distribution of younger and older stages
(Table 1, Fig. 8). 

November and March percentages of positive samples
(PS) occupied by each stage were not linearly correlated
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to larval abundance (mean individuals 100 m–2). Very
low PS co-occurred with very low numbers of organisms,
however, large PS occurred over a wide range of abun-
dances both inter and intra-specifically.

In November 2001, the more widespread distribution
was that of Libidoclaea granaria I (PS = 0.89), followed

by Emerita analoga V and pagurids III (Table 1, Figs. 4,
5 & 7). Neotrypaea uncinata showed intermediate PS
(from 0.49 to 0.69) and Blepharipoda spinimana was
circumscribed to a few (coastal) stations (PS = 0.02 to
0.13; Fig. 8). During March, all stages of E. analoga
were more widespread than the other groups (PS

182

0.01 to 2.07
6.21 to 8.28

0.01 to 1.32
1.32 to 2.64
5.29 to 6.61
7.93 to 9.25

0.01 to 1.98
1.98 to 3.96
3.96 to 5.94
5.94 to 7.92
11.88 to 13.87

0 to 18
18 to 36
36 to 54
109 to 127

Stage I Stage II Stage III

N
ov

 2
00

2

Stage IV Stage V
M

ar
 2

00
2

0.01 to 2.50
2.50 to 5.01
5.01 to 7.51
7.51 to 10.02
10.02 to 12.52
15.02 to 17.53

0.01 to 0.30
0.30 to 0.60
0.60 to 0.90
1.79 to 2.09

0.01 to 1.9
1.9 to 3.7
3.7 to 5.6
7.5 to 9.4
11 to 13

0 to 22
22 to 43
43 to 65
130 to 152

0 to 2
2 to 4
4 to 7
7 to 9
9 to 11
11 to 13
13 to 16

0 to 22
22 to 45
45 to 67
135 to 153

Fig. 7. Pagurids. Spatial distribution of larval Stages I to IV and megalopas. Numbers are in individuals integrated m–2

0.23 to 0.27

0.01 to 0.73
0.73 to 1.45
1.45 to 2.18
2.18 to 2.90
2.90 to 3.63

0.01 to 0.52
0.52 to 1.89

Stage I Stage II Stage III Stage IV

M
ar

 2
00

2
N

ov
 2

00
2

0.3 to 0.4

0 to 6
6 to 13
13 to 19
19 to 26
26 to 32

0 to 4
4 to 8
8 to 12
12 to 17
25 to 29

0 to 3
3 to 6
6 to 9
9 to 13
13 to 16
16 to 19
19 to 22

0 to 3
3 to 5
5 to 8
8 to 10
10 to 13
13 to 15
15 to 18

Fig. 8. Blepharipoda spinimana. Spatial distribution of larval Stages I to IV. Numbers are in individuals integrated m–2



Yannicelli et al.: Coastal upwelling crustacean larvae distribution

above 0.85), followed by L. granaria. As in November,
B. spinimana occurred at the fewest stations without
changes in abundance from stage to stage (Table 1). 

During March, Libidoclaea granaria and Emerita
analoga showed the least heterogeneous spatial distri-
bution (as denoted by the lower overall coefficient of
variation, Table 1). However, E. analoga showed
marked contrasts between stages, the coefficient of
variation decreased from Stage I to IV and increased
again at Stage V. Blepharipoda spinimana and L. gra-
naria also spread out with increasing stages. In con-
trast, pagurids and Neotrypaea uncinata showed
higher aggregation at intermediate stages (Table 1).

Across-shore distribution

During both cruises, most larvae were found at or
coastward of Stn 3 in the northern area (except
Emerita analoga). During March 2002, some Stage II
Libidoclaea granaria were spread offshore in this area.
During November, in the central area, L. granaria was
found along the entire Transect V and further offshore
at Transect VII (Fig. 4). Blepharipoda spinimana
peaked at the coastal stations (Transects V, VI and VII)
(Fig. 8). E. analoga, Neotrypaea uncinata and pagurids
also peaked at the coast at the transects over the Itata
Canyon but spread offshore in Transect VII (Figs. 5–7).
During March 2002, in contrast, all groups OD over
Transect VII were shifted coastward compared to
November (Fig. 9). In the south, transects at the north-
ern and southern flanks of the Bio-bio Canyon (X and
XI) were sampled under upwelling favourable winds
and the beginning of a reversal during both cruises.
During November, E. analoga, pagurids, B. spinimana
and N. uncinata ODs ranged from 3 to 4.5 (offshore,
compared to the northern region). L. granaria in con-
trast, was more concentrated towards the coast. During
March, ODs at Transects X and XI were offshore with
respect of those in other transects (Figs. 4–8).

Overall, Emerita analoga, pagurids, Blepharipoda
spinimana and Neotrypea uncinata (except Stage II)
were distributed further offshore in the southern area
compared to the north and Itata Canyon areas. Libido-
claea granaria, instead, was farther offshore at the Itata
Canyon (sampled during downwelling winds), and ap-
proached the coast in the north and south (sampled dur-
ing upwelling winds in November). E. analoga Stage I
and V concentrated closer to the shore than intermediate
stages (Fig. 9). Late stages N. uncinata, L. granaria and
pagurids approached the coast with increasing stages,
however, across-shore range was more restricted during
March (Fig. 9). During both cruises B. spinimana was the
species closest to shore, while L. granaria and E. analoga
were the furthest offshore.

Depth range distribution

During November 2001, Neotrypaea uncinata Stages
II, III and V were significantly deeper during the day
than during the night (Fig. 10). Stages I and IV showed
no significant differences in depth distribution
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(Table 2). Only Emerita analoga Stages I, IV and V
were analyzed during November 2001 because of the
low number of positive stations of the other stages, and
there were no significant differences for day or night
mean depth distribution in any of these 3 stages. The
same was true for Libidoclaea granaria Stages I and II.
pagurids were deeper in the water column during day-
time, but differences were significant only for Stage IV
(ANCOVA, Table 2). E. analoga distributed signifi-
cantly shallower than L. granaria, pagurids and N.

uncinata (Kruskal-Wallis for factor species, and 
Mann-Whitney U-test for pair comparisons, p < 0.01).
Blepharipoda spinimana was not considered since it
occurred in very few stations.

In November, as shown by the cumulative percent
frequency of MD occurrence at temperature/oxygen
concentration (Fig. 11), more than 50% of Neotrypaea
uncinata, pagurids and Libidoclaea granaria centroids
occurred at temperatures below 11°C and oxygen lev-
els lower than 1 ml l–1 which characterize ESSW. In
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contrast, Emerita analoga, the shallowest species,
occurred mainly above 3 ml l–1 and above 11°C. 

During March 2002, Neotrypaea uncinata and
pagurids showed the same trend as in the November
cruise (shallower position during nighttime except N.
uncinata Stage I) although differences were not signif-
icant (Table 2). During March, not only were fewer sta-
tions considered in the analysis but it coincided that
shallower stations were sampled during daytime. The
mean weighted species depth showed that Blephar-
ipoda spinimana was the shallowest followed by
Emerita analoga and that Libidoclaea granaria was the
deepest.

DISCUSSION

Larval distribution: topography and upwelling phase 

Different patterns of across-shore larval distribution
were observed among areas and species. In the north-
ern area, where upwelling was circumscribed over the
narrow shelf most species of crustacean larvae were
concentrated between the coast and the shelf break,
offshore the marked temperature gradient that coin-
cided with the shelf break few larvae were found. The
species located nearshore were those that were mainly
released during summer, and/or displayed vertical

migrations. Surface dwelling larvae (Emerita analoga)
and early stages of deeper released larvae (Libidoclaea
granaria), were not circumscribed to coastal stations in
this oceanographic setting. These are expected pat-
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Species           Stage November 2001 March 2001
Dependence Parallelism CoVar t-test Dependence Parallelism CoVar t-test

N. uncinata I ns ns ns ns
II * ns ** ns ns
III * ns ** ns ns
IV ns ** ns ns
V * ns ** ns ns

L. granaria I ns ns * * ns
II ns ns * * ns

E. analoga I ns ns ns ns
II ns ns
III ns ns
IV ns ns ns ns
V ns ns ns ns

Pagurids I * * ns
II ns ns * * ns
III ns ns * * ns
IV * * * * * ns

B. spinimana I * ns ns
II * ns ns
III ns ns
IV ns ns

Table 2. Summary of analysis comparing day and night mean depth of each species stage. Dependence: mean depth dependence
on station depth (linear regression). Parallelism: when the day and night mean depth depended on station depth, the parallelism
for regression lines for day and night samples. CoVar: analysis of covariance, performed if dependence and parallelism were
significant. t-test: between day and night samples when covariance analysis was not proper or could not be performed. ns = not 

significant, *significant at α = 0.05, **significant at α = 0.01
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terns of across-shore distribution in a coastal upwelling
area (Peterson et al. 1979). During both cruises in the
southern area larvae were widespread between the
coast and the offshore stations with maximums at inter-
mediate distance from shore, in spite of the same pre-
vailing, upwelling winds found in the north. Evidence
from direct current measurements (Atkinson et al.
2002, Valle-Levinson et al. 2003), modelling simula-
tions (Mesias et al. 2001) and surface advection
(Navarro et al. 2004) indicate that recirculation fea-
tures develop at the Gulf of Arauco area as a conse-
quence of coastal geometry. These recirculation fea-
tures could have the potential for retaining organisms
over the shelf, even during upwelling winds, although
not necessarily at the coast. Large concentrations of
plankton have been repeatedly reported in the gulf of
Arauco/Bio-bio area (Castro et al. 1993, 2000, Yanni-
celli et al. 2006), as well as high levels of production
(Daneri et al. 2000) diminishing mainly offshore the
shelf break. In this area, there were not conspicuous
differences between the horizontal larval distributions
of the different species, probably indicating that local
circulation might have disrupted any potential
inshore-offshore gradient over this part of the shelf. 

In the central area (Itata Canyon) when warmer sur-
face waters were closer to the shore during down-
welling, larval peaks occurred at the coastal station,
except Libidoclaea granaria larvae, that were distrib-
uted deeper and offshore. To the south of the Canyon
(Transect VII) most groups spread offshore during
downwelling in November, but remained closer to the
coast during upwelling  in March. These alternating
situations were evident for all taxa, and differed from
our expectations, especially the downwelling situation
for vertically migrating and surface larvae that should
have been concentrated at the coast. However, the
modelling of coastal upwelling process between 38
and 35°S indicates that a strong equatorward jet
develops and meanders along the shelf break north of
Punta Lavapie, shedding eddies at about 36°S (Mesias
et al. 2003). In our study, a northward flow along the
shelf break would bend coastward at the Itata Canyon
during November (as inferred from the geopotential
anomalies and geostrophic calculations: Sobarzo et al.
2004, Yannicelli 2005). Thus, if organisms are
entrained into these types of features, their across-
shore distribution would not respond directly to
upwelling/downwelling dynamics.

Larval distribution and species ecology

Libidoclaea granaria larvae were mainly released
during spring, the period of intensified upwelling. L.
granaria occupies the continental shelf in south-central

Chile, and usually turns up as bycatch of the squat lob-
ster Pleuroncodes monodon fishery trawling at depths
around 100 m. This seasonal timing of larval release
also appears to coincide with that of P. monodon
(Palma & Arana 1997). There is very little information
regarding larval distribution of crustaceans whose
adults inhabit depths around 100 m, and their associa-
tion with upwelling cycles. For larvae released over
the shelf area, the upwelling season might imply
onshore transport, and enhanced feeding conditions.
The facts that zoea I appeared widely distributed
(especially during downwelling winds) and zoea II
approached the coast (especially during upwelling)
support this idea. Across-shore distribution was appar-
ently accomplished by occupying deeper waters than
the other species and without displaying diel changes
in their vertical position. In fact, mean depth was
strongly associated with station depth, and a large pro-
portion of larvae occurred in low oxygen ESSW. In a
spatially limited study, L. granaria larvae had been
reported in deep intruding waters in the gulf of Arauco
during upwelling conditions (Yannicelli et al. 2006).
These results are in agreement with Garland et al.
(2002), who showed that larvae of deep dwelling
benthic adults could be transported shoreward in sub-
surface waters during upwelling conditions over the
continental shelf. Similar patterns have also been
observed for mesopelagic fishes spawning at the sub-
surface in the shelf break of this upwelling area (Var-
gas & Castro 2001, Landaeta & Castro 2002) and for
mesopelagic copepods that approach the coast to
reproduce during the upwelling season (Castro et al.
1993).

From the other extreme of adult habitat depth range,
Emerita analoga presented a contrasting pattern. E.
analoga was also widespread horizontally, but it was
very shallow, its depth range was more restricted than
that of Libidoclaea granaria. Larvae are released in the
intertidal zone and although highest concentrations of
Stage I were found close to shore, high offshore advec-
tion was evident even for this first stage. The annual
bimodal spawning pattern of E. analoga in late sum-
mer (this study) and also in winter (Contreras et al.
1999) differs from the unimodal pattern of larval
release of E. brasiliensis from the Atlantic coast at
approximately the same latitude (Delgado & Defeo,
2006). Since closely related species from the same
habitat tend to develop convergent strategies when
faced to similar environmental pressures, we proposed
that the oceanographic setting (seasonal upwelling
dynamics) in south central Chile influences the timing
of E. analoga larval release. E. analoga increases its
offshore distance at intermediate stages, and
approaches the coast again during Stage V (both
cruises). The mechanism by which this transition is
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accomplished is not clear from our study. Behaviour is
strongly suggested by the fact that clumping decreases
from early zoea to intermediate ones, and then it
increases again. This pattern has been recognized in
larval fish and attributed to behavioural concentration
as larvae progress through ontogeny (Bradbury et al.
2003). The behavioural mechanism that accomplishes
return to coastal habitat is usually a deepening of late
zoeas. If ontogenetic depth changes are subtle, our
depth resolution might not be able to detect them and
only a slight evidence of late zoea deepening appeared
during the March cruise.

Blepharipoda spinimana, the second intertidal spe-
cies, was always restricted to very coastal stations and
it spawned mainly during summer. Although develop-
ment should be shorter than Emerita analoga, this fact
alone cannot account for the differences in spatial dis-
tribution observed, since even Stage I Emerita analoga
was distributed further offshore than B. spinimana.
The depth range and absolute depth were lowest for B.
spinimana, however, since it was sampled only over
shallow strata, and depth distribution is correlated
with station depth, these comparisons might not be
informative. Yannicelli et al. (2006) showed that B.
spinimana could be retained within the gulf of Arauco
during the upwelling season by regulating its depth
distribution. Such a regulation cannot be assessed by
the present sampling scheme, however, its restricted
coastal distribution is in agreement with the prediction
from previous results. Since the vertical structure of
flow changes is within a few meters near the coast, it
should not be necessary for larvae to perform large
vertical excursions in order to remain nearshore.

Larvae of pagurids and Neotrypaea uncinata, the
2 subtidal taxa, showed quite remarkable similarities
regarding spatial and temporal distribution patterns.
Their larval abundance was higher in March and their
stage temporal distribution indicate that spawning
occurred during a long period but peaked during sum-
mer. For N. uncinata, diel vertical migration was evi-
dent as well as a deepening from Stage I to III and IV
during daytime. Yannicelli et al. (2006) reported onto-
genetic deepening of zoea IV and V in N. uncinata,
which cannot be fully addressed in the present study
because its late stages are concentrated in coastal shal-
low stations; they also reported a tendency of pagurids
to present diel vertical movements and the present
study confirms a vertical migration for zoea IV. The
ontogenetic pattern of vertical distribution caused off-
shore early larval transport and late stages inflow to
the gulf of Arauco. Accordingly, during the present
study, older stages of both groups were closer to the
shore. 

In order to utilize the ontogenetic and dial vertical
migration strategy for transport as well as remaining

deep as Libidiclaea granaria, species should be highly
tolerant to hypoxic conditions prevailing during the
upwelling season even at the nearshore stations. Crus-
tacean larvae have hardly been reported in very low
oxygen concentrations, which are usually considered
detrimental (Anger 2001). Adult thallasinids might
inhabit poorly oxygenated tubes and sediments, and
are known to be highly tolerant to hypoxic conditions
(Miller et al. 1976). Adult L. granaria can also inhabit
sediments bathed in hypoxic waters. In spite of the fact
that larvae do not necessarily display the same physio-
logical capabilities as adults, it is probable that these
groups have developed high tolerance to hypoxia since
they are released in hypoxic waters overlaying adult
habitat.

It has been suggested that species which spawn
before the main upwelling season would spread far-
ther because they would be displaced offshore (Wing
et al. 1998b). In this case, Libidoclaea granaria spawns
earlier during the upwelling season and Stage I is, in
fact, distributed further offshore. However, Emerita
analoga whose main peak occurred during March, at
the transition period, also distributed offshore in spite
of its coastal release site. Therefore, other factors
should be identified. For L. granaria wide distribution
should be due to its wide release site over the shelf,
and for E. analoga, to its surface preference and long
larval development. 

Overall, the larval release timing observed for the
present species together with their vertical distribu-
tion, agrees with that presented for larval fish in
upwelling areas (Olivar 1990). Species released off
phase with maximum upwelling intensities are distrib-
uted in surface waters, and those that are released dur-
ing more intense upwelling periods are deeper and
more widespread in the water column. That such a pat-
tern is repeated in such different taxa denotes the
strong effect of the advective environment, through its
influence on early life history, on adult benthic popula-
tion dynamics. Also, vertical migrating species seem to
have a wide larval release period during upwelling
seasons. Organisms that have the capability of regulat-
ing their positioning in the water column could become
more independent of physical oceanographic pro-
cesses, and therefore spawning timing could be more
influenced by other factors such as temperature or pro-
ductivity. In this area, besides phylogenetic develop-
ment of migratory capacity, the vertical migratory
capability of some taxa might be constrained by physi-
ological tolerances to low oxygen and temperature.
Therefore, the resulting spatial distribution displayed
by the larvae is influenced by the spatial structure of
upwelling circulation, the larval tolerances to the
chemical environment and larval behavioural re-
sponses as development progresses.
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