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Remnants of a previously widespread
population of the heavily overfished Chil-
& ean squat lobster Pleuroncodes monodon (H.
B Milne Edwards, 1837) are now found on the
I continental shelf off Concepcion Bay, cen-
g tral Chile, in the southern border of the
preexploitation distribution (Bahamonde et
al., 1986; Roa and Bahamonde, 1994), De-
spite this, it is the most representative spe-
cies of the sofi-bottom megabenthic com-
munity of the area. During the spring and
f: summer this area is affected by seasonal up-
welling processes, typical of midlatitude
Eastern Ocean Boundary Current systems,
¢ and by variable oxygen minima of the Peru-
' Chile Undercurrent (Ahumada, 1989; Sum-
merhayes et al., 1992).
- Muddy bottoms of the shelf are rich in
. organic matter and in summer are charac-
terized by well-developed bacterial mats
" dominated by giant sliding filamentous sul-
fur bacteria (Thioploca spp.; Gallardo, 1977;
. Arntzet al., 1991). These prokaryotes thrive
g . where there is low oxygen and high H,S and
f~ where potential grazers are few (Cohen et
B al, 1984). These and previous incidental
' observations on the benthos of the same
general area concerning the occurrence of
small individuals of P. monodon (see Gal-
lardo et al., 1993) lead us to suggest that
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ABSTRACT

A benthic megafaunal study off Concepcion Bay, central Chile (36°32'S, 73°W), provided
abundance and bathymetric distribution data of the newly recruited squat lobster Pleuroncodes
monodon (Decapoda, Galatheidae). The megafauna was surveyed § times between July 1991
and April 1992, with an Agassiz trawl at depths of 40, 64, and 96 m along a transect across
the continental shelf. Recruits of P. monodon (carapace length (CL) 3—10 mm) were first sampled
in all depth strata in early March, and then in April. April density (1 ind/m?) and mean size
(6.1 mm CL) were significantly higher than March density (0.07 ind/m?) and mean size (5.3
mm CL). Depth did not affect abundance and its significant effect on mean size was conditional
on month effect. We interpret these results as evidence that the main pulse of recruitment
occurred simultaneously across the continental shelf transect in April, and that larvae settling
in April have a larger size than larvae setiling in March. Recruitment appears to be associated
with late summer development of the giant sulfur bacteria Thioploca spp., suggesting an eco-
logical relationship. Moreover, the observed recruitment occurred in late summer to early fall
when the oceanographic regime in the area shifis to a postupwelling regime.

this area, and the concurrent bacterial mats,
could serve as refugial habitats for benthic
recruitment. This suggestion was reinforced
by another study (Roa and Bahamonde,
1994), which showed that the main squat
lobster patch of abundance has a clear spa-
tial structure of ages/sizes, with small in-
dividuals (15-20 mm carapace length, CL)
located to the south, closer to our transect,
and the larger ones to the north.

Despite the commercial importance of P.
monodon and a long history of study, the
early stages of its life cycle have received
little attention. Previous sampling and anal-
ysis of the population age structure have
covered only late juvenile and adult ages
(Roa, 1993). In this megafaunal survey, we
found a recruiting period and site, and ob-
tained data on the abundance and depth
distribution of early recruits (CL = 3-10
mm) in a transect off Concepcion Bay
(36°32'S, 73°00'-73°10'W), central Chile. We
present circumstantial evidence for the re-
fugial role of bacterial mats.

MATERIALS AND METHODS

This study was carried out between July 1991 (except
September) and April (except February) 1992, in a
transect located off Concepcion Bay, central Chile (Fig.
1). Along this inner shelf transect 3 sampling stations
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Fig. 1. Map with the location of sampling stations for Pleuroncodes monodon off Concepcidén Bay, central

Chile, and geographical points mentioned in the text.

(at depths of 40, 64, and 96 m) were visited and each
sampled 5 times with 10-min hauls with a 1-m mouth
opening Agassiz trawl (Voss, 1988). The shelf is here
widest in the country north of about 40°S and consists
of a muddy inner shelf and a so-called “‘non-trawlable™
outer shelf. All cruises were carried out on board the
17-m long R/V Kay Kay of the University of Concep-
cibn.

Navigation and positioning were assisted by means
of a GPS Trimble Transpack I satellite-positioning
equipment with a +30-m precision. At each sampling
station the position and direction of the ship was re-
corded at the beginning and end of the haul, made at
approximately 1 m/s. The estimated swept area was
approximately 605 m? for each trawl haul.

Bottom samples were washed through a 4-mm mesh
sieve and the biological material retained was consid-
ered megafauna (Burd ef al., 1990). Samples were fixed .
with 10% Formalin-sea-water solution and later trans-
ferred to 70% ethanol. Individuals of P. monodon were
separated, counted, and measured. Small individuals
were considered recruits because the CL was similar
to that of planktonic megalopae collected in another
study in progress. The CL was measured from the pos-
terior edge of the ocular concavity to the center of the
posterior edge of the carapace, as commonly used to
describe size/age relationship in this species (Roa and
Bahamonde, 1994; Roa, 1993).

A Smith-McIntyre 0.1-m? grab haul was taken at
each station to obtain information on the substratum
(oxidized or reduced state, color, smell, type, presence
or absence of a well-developed mat of Thioploca, grain-
size composition, and total organic matter content
measurements). The grain analysis was performed by
wet sieving and the organic malter by weight difference
after calcination at 500°C (Holme and Mclnlyre, 1984).
Moreover, at each station Hydro-Bios bottles equipped
with reversing thermometers were cast to obtain water
samples at 3 depths: surface, middepth, and near bol-

tom to measure temperature, salinity, dissolved oxy-
gen, and total organic matter.

Statistical comparisons of abundance and size dis-
tribution between months and depths were performed
using 2-way factorial ANOVA, with month and depth
strata as factors. Abundance data were transformed to
In(x,. + 1), where i, j, and k index month, depth, and
replicate, respectively, to increase normality and vari-
ance homogeneity. Robustness of ANOVA compari-
sons for size distributions were confirmed using the
nonparametrie Kruskal-Wallis test on ranks. Graph- 3§
ical inspection showed that observations on size dis-
tribution were normal on each cell (see Fig. 2), and |
that variance varied between narrow limits for each
combination of depth and month (see Table 1). Sta-
tistical comparisons were restricted to months in which
individuals were observed at all depths (no empty cells).
All statistical analyses were done using the module §
MGLH of SYTSAT (Wilkinson, 1988). :

RESULTS

During the 10 months of the sampling
period (July 1991 to April 1992), P. mon-
odon (CL = 3-10 mm) were found only in
March and April 1992, and in negligible
numbers in January. These recruits had
mean sizes between 5.3 and 6.4 mm CL
(Table 1, Fig. 2), corresponding to newly
recruited individuals.

Statistical comparisons of sizes between
both months and the three depth strata (2-
way factorial ANOVA) yielded significant
differences in all treatments. In particular,
the month—depth interaction term was sig-
nificant (F(2, 827) = 11.343, P < 0.001),
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b reflecting the fact that only in April differ-
g ences between depth strata were apparent
i (Table 1). The significance of the month
g main effect (#(1, 827) = 140.189, P < 0.001)
- was related to the greater sizes in April (Ta-
£ ble 1). Kruskal-Wallis U statistic (U =
R 34,835.5, approximate Chi-square(l) =
k. 131.697, P < 0.001) yielded similar results
¢ for the month main effect.
Log-transformed abundance data were
k. compared for the three depth strata and
' March and April. Results show a highly sig-
j: nificant effect of the month main effect (F(1,
f: 24) = 48.862, P < 0.001) and no evidence
¢ for a depth-related effect (F(2, 24) = 2.085,
& P =0.160), although the month—depth in-
I teraction term was significant (F(2, 24) =
2 9.719, P = 0.001). Table 1 shows that the
- significant month effect was due to greater
abundance of newly settled recruits in April
at the intermediate depth stratum.

During this late summer-early fall re-
cruitment period, mats of the giant sulfur
bacteria Thioploca spp. at the surface of the
sediments were well developed at all strata,
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Size distribution of early-recruiting squat lobsters. Empty bars = March; filled bars = April.

forming a highly textured ““tissue” 0.5 cm
in thickness. This differs from the situation
in winter when dispersed bacterial filaments
were found at both 64 and 96 m between
July and December.

During recruitment months, mean envi-
ronmental conditions close to the bottom
at 64-m depth were typical of the Perd-Chile
Undercurrent: 11.6°C, 34.691 ppt salinity,
and 0.87 ml O,1~!. Substrate at the shal-
lower station contained approximately 28%
mud and 72% sand and 3% organic matter,
while intermediate and deep station sub-
strates had approximately 100% mud and
7% organic matter.

DiscussioN

This is the first contribution on the re-
cruitment of the squat lobster P. monodon,
a megabenthic sublittoral species of central
Chile. Despite the limited spatial coverage
of our sampling, the abundance of newly
settled individuals only in the late summer—
early autumn postupwelling oceanographic
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Table 1. Mean carapace length (CL) and abundance
of recruits of Pleuroncodes monodon collected in three
depth strata between March and April 1992 and on the
continental shelf off Concepcion Bay, central Chile.
Both parameters were calculated from five replicates
per depth (N = number of recruits measured; SD =
standard deviation).

Mean
abun-
Mean CL dance
Month/depth (mm) SD Nperm? sSD
March 1992
40m (N =179) 5.37 0.73 0.046 0.045
60 m (N = 60) 5.34 0.83 0.023 0.011
90 m (N = 99) 5.35 0.65 0.128 0.156
Depths aggregated 536 0.72 0.066 0.099
April 1992
40 m (N = 173) 599 0.77 0.880 1.257
60 m (N = 262) 6.40 0.74 2.074 0.561
90 m (N = 159) 0.73 0.71 0.145 0.095
Depths aggregated 6.10 0.79 1.033 1.105

regime (March and April) indicates that this
is the period of recruitment of P. monodon.

April recruits were significantly larger than
March recruits (Table 1). This could be in-
terpreted as growth during the first month
of benthic life. However, the fact that recruit
abundance was also greater in April indi-
cates that more important than benthic
growth of early-settling larvae is their pe-
lagic growth, as evidenced by the larger av-
erage size of April recruits. :

According to Palma and Arana (1990),
Jarval hatching occurs in the southern-
hemisphere spring (October-November).
Given that recruitment to the benthos oc-
curs in late summer and early fall, larval life
in nature should last at least five months.

- This is in contradiction with Fagetti and
Campodonico’s (1971) laboratory results,
which indicate a larval life of only two
months. In other words, laboratory condi-
tions may not be useful to understand the
life cycle of this species in the highly dy-
namic conditions of coastal upwelling eco-
systems.

Recruitment of the squat lobster appears
to be associated with the seasonality in the
development of the bacterial-mat habitat,
which may be providing a source of food
(as evidenced by the high organic matter
content of the substrate) and shelter (bac-
terial mat texture) for the small recruits, al-
though specific information on bacterial
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biomass is needed to understand this ap-
parent association.

Environments that could facilitate early
growth of the squat lobster are the *“‘non-
trawlable” bottoms (sandstone cobbles,
stones, and rocks) of the outer shelf, which
we have not yet examined. Such habitats |
have been found important for Homarus
americanus (see Wahle and Steneck, 1991). |
On the rare occasions when we have col-
lected this rock material it has been found
to contain juvenile and adult individuals of
P. monodon.
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