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Abstract

The population dynamics of the carrageenophyteSarcothalia crispatais described from subtidal beds at two
localities in south-central Chile. Seasonal fluctuations in total density and biomass were not evident. Fronds were
identified to phase by the presence of reproductive structures and the resorcinol reaction. The monthly changes
in abundance of each kind of frond were determined. Permanent gametophytic or sporophytic dominance was not
evident: the more exposed site showed a seasonal shift from sporophytic dominance in summer to gametophytic
dominance in winter, whereas the more protected site showed an interannual shift from gametophytic to sporophytic
dominance. The differences between localities and years suggest a very local population dynamics with large
contribution of self-seeding to the maintenance of theS. crispatabeds.

Introduction

Isomorphic species of the Gigartinaceae have been
shown to differ in the relative abundance of gameto-
phytes to sporophytes in the natural environment. It
has been proposed that changes in the proportional
abundance of the life history phases would be evident
through several years for species where a perennial
disk is present (Dyck et al., 1985; May, 1986) ex-
plaining, for example, the different results obtained for
Mazzaella splendens(Hansen & Doyle, 1976; Hansen,
1977; Dyck et al., 1985; May, 1986; De Wreede
& Green, 1990) andChondrus crispus(Craigie &
Pringle, 1978; Bhattacharya, 1985; McLachlan et
al., 1988; Scrosati et al., 1994). On the other hand,
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in species where the population renewal is mainly
from spores rather than regrowth from perennating
structures, changes in relative abundance should be
detectable in shorter periods.

Sarcothalia crispata(Bory) Leister (Rhodophyta,
Gigartinales) is an exploited carrageenophyte in Chile.
Together withMazzaella laminarioidesandGigartina
skottsbergiiit is harvested from natural populations
and either exported or used locally for the extraction of
carrageenans (Ávila & Seguel, 1993). Total landings
of these species in Chile have exceeded 28× 103 t in
the last five years.Sarcothalia crispataoccurs from
Valparaíso (33◦S) to Tierra del Fuego (∼52◦S), inhab-
iting low intertidal and shallow subtidal rocky bottoms
(Santelices, 1989; Ramírez & Santelices, 1991; Hoff-
mann & Santelices, 1997). It has a typical triphasic
life history with isomorphic free-living blades (Hoff-
mann & Santelices, 1997). The blades are lanceolate
when complete to orbicular when broken; their distal
portions are usually missing due to breakage or nec-
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rosis after maturation; regrowth of the broken margins
of the blade has not been reported (or seen in this
study). The laminae have a basal adhesion disk; the
larger disks (>5 mm in diameter) usually carry several
whorls of small (1–5 mm long) laminae or papillae
(unpublished data). Subtidal fronds grow singly from
a disk in the great majority of cases, but it is common
for them to produce several blades in low intertidal
individuals (Hoffmann & Santelices, 1997). It has
been proposed that disks have the ability to perennate
(Poblete et al., 1985; Poblete & Lafón, 1987), and pro-
duction of new blades from old disk could be common,
although the proportion of the population which could
be produced from these older disks would be very
small (Ávila et al., 1996). If this were the case, rapid
changes in the relative abundance of the life history
phases would be expected.

There have been three studies on the temporal
variation in the abundance of this species, but this
information is not appropriate to evaluate changes in
the composition of life history phases in subtidal pop-
ulations, which are the main source of its fronds for
the industry. Hannach & Santelices (1985) sampled
an intertidal population in an exposed rocky shore in
Pelancura close to the northern limit of geographic dis-
tribution (V Región, 33◦35′S, 71◦38′W); Poblete et al.
(1985) sampled a subtidal bed in Punta de Parra (VIII
Región, 36◦40′S, 72◦59′W), which showed winter
burial by sand; Ávila et al. (1996) conducted a bi-
monthly sampling of a subtidal bed in Guapilinao (X
Región, 41◦58′S, 73◦31′W). All three studies showed
a seasonal pattern of abundance with minimum density
and biomass in winter or spring and maxima in sum-
mer. Carposporic fronds were usually more abundant
than tetrasporic fronds, i.e. gametophytic dominance;
however, many fronds typically lacked reproductive
structures, so their life history phase was not determ-
ined. In all three studies only a single complete annual
cycle and a single site were sampled, so potential
differences between years and localities could not be
assessed.

The aim of the present study was to assess the
abundance ofS. crispata in subtidal beds without
sand intrusion. In order to do this, we compared the
abundance of fronds in two localities and during two
consecutive growing seasons; this included identifica-
tion of the two life history stages and comparison of
the changes in dominance of gametophytes and sporo-
phytes. We expected seasonal changes in abundance
as indicated in previous work (Hannach & Santelices,
1985; Poblete et al., 1985; Ávila et al., 1996) and also

changes in the relative abundance of fronds and life
history stages between sites and years.

Materials and methods

The study sites were located in the southern margin
of the Bahía San Vicente (36◦44′S, 73◦08′W) in the
coast of the Hualpén Peninsula, VIII Región, Chile.
Their features include rocky walls and outcrops with
some protected coves and small sandy beaches. A
Sarcothalia crispatabed has grown in this coast for
many years and traditionally has supported harvest-
ing activity, but fishermen have abandoned seaweed
extraction for other economic activities. Only on a
single occasion during this study did some harvesting
occur, as indicated by personnel of the Marine Coastal
Station of the Universidad Católica de la Santísima
Concepción located in the same coastal site. The rocky
bottoms extended down to 10 m in depth, where they
were replaced by sandy bottoms. Water circulation
patterns in the bay are counter-clockwise (Ahumada
et al., 1989), so the sites receive directly the incoming
water. Two localities were chosen, about 500 m apart.
S. crispataextended all over the rocky bottoms, except
for the most vertical walls. The locality, Paredon, was
at the base of a small cliff subjected to the currents of
the bay. The bottom had a gentle slope and a depth of
6–8 m. It consisted of bedrock plus boulders of a wide
size range, and extended towards the center of the bay
until it was replaced by a sandy bottom. The locality,
Ramuntcho, was in a more protected cove. The bottom
was also bedrock with boulders with a greater slope
than at Paredon. Sampling was done at a depth of 5–
8 m. This cove had a small sandy beach and sand
banks moved seasonally by the center; nevertheless
the two sites were located in the sides of the cove. No
sand bank was ever seen in any of the sampling areas
on any of the fortnightly visits. The other most com-
mon organisms found were the seaweedsGrateloupia
doryphoraandTrematocarpus dichotomus, occasional
small patches ofChondracanthus chamissoi, and a
dominant cover of crustose algae, mainly corallines.
The most common herbivores were the sea-urchins
Tetrapygus niger, the snailsTegulaspp and the chitons
Chiton cumingsiandTonicia elegans.

To facilitate sampling within each locality, two
sites 50–80 m apart were chosen. Each was sampled
with four 0.25 m2-quadrats placed haphazardously
along theSarcothalia crispatabed; a total of 16 quad-
rats were taken on each sampling date. Sampling
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was planned to be monthly, but bad weather con-
ditions in two occasions (July 1997 and May 1998)
forced a delay producing a real sampling frequency
of 3–6 weeks from May 1997 to August 1999. On
each occasion all theS. crispatafronds greater than
2 cm in length within each quadrat were collected.
Sampling was done by diving. In the laboratory each
frond was tagged and its maximum length and width
were measured individually. The phase of the life
history was identified distinguishing fronds with tet-
rasporangial sori, fronds with cystocarps visible to
unaided eye, and fronds without visible reproductive
structures. A sample of each one of the latter was
taken and subjected to the acetal-resorcinol reaction
(Garbary & De Wreede, 1988; Shaughnessy & De
Wreede, 1991) to determine the phase according to
the carrageenan composition; control cystocarpic and
tetrasporic fronds were included in all sets of tests. For
the determination of biomass per quadrat, fronds were
oven-dried at 60◦C until constant weight (2–3 days).

To evaluate differences between localities the aver-
age density and biomass between February 1998 and
August 1999 were compared with the sign test (Siegel,
1956). To test for dominance between life history
phases, the percentage of gametophytes in selected
months in 4 periods (two summer and two winter
periods) were compared separately for Paredon and
Ramuntcho. For Paredon, the four periods compared
were January to March 1998, July to September 1998,
November 1998 to January 1999, and June to Au-
gust 1999. For Ramuntcho the four periods compared
were February to April 1998, July to September 1998,
December 1998 to February 1999, and June to August
1999.

A one-way Anova was applied, with season as
treatment and percentage gametophytes in each pooled
monthly sample as replicates. Cochran’s C test was
used to test for homogeneity of variance (no trans-
formations were required), and differences were tested
with SNK a posteriori test (Underwood, 1997). All
analyses were done on the raw data; nevertheless the
data in the figures are standardized to biomass per m2

in order to permit easy comparison with other studies.

Results

Seasonal changes in abundance

Sarcothalia crispatadid not show clear seasonal fluc-
tuations in density (Figure 1). At the beginning of this

study, in May 1997, there was a decline in density and
biomass associated with an unusual increase in dens-
ity of Grateloupia doryphora. Despite our sampling
effort, S. crispatacould not be found in the study
sites. Only in December 1997 didS. crispatastarted
growing again, following the decline ofG. doryphora.
This unusual growth ofG. doryphoradid not occur
again. The four sites differed in some respects. Site
Paredon-2 showed a longer recovery period from the
G. doryphorainvasion, which extended until autumn.
This was the only site where theS. crispatabed de-
clined again to zero during winter 1998. At the other
sites there was only a short general decline in dens-
ity in August 1998 associated with winter storms.
Sudden density increases were detected in different
months at some sites: December 1997 and January
1998 at Paredon-1; November and December 1998
at Paredon-2; February 1998 at Ramuntcho-1; none
at Ramuntcho-2. These events were short and fol-
lowed by a decline in density almost as abrupt as
the increases. Biomass changes followed density very
closely but fluctuations were more moderate (Fig-
ure 1). Apart from these fluctuations, there was no
clear seasonal trend. Except for the single month de-
cline in August 1998, there was a tendency for a
steady increase or maintenance of the abundance of
S. crispataduring two growing seasons starting from
spring 1997 afterG. doryphoradeclined. The two loc-
alities had significantly different densities (n = 18,p =
0.004). Density ranged between 40–80 fronds m−2

at Paredon and between 20–60 fronds m−2 at Ra-
muntcho. No differences in average biomass were
found between Paredon and Ramuntcho (n = 18,p =
0.407).

We identified sporophytic fronds with and without
tetrasporangial sori, and gametophytic fronds with and
without cystocarps. Changes in abundance along the
seasons were different for different kinds of fronds
(Figure 2). In all cases theGrateloupia doryphorain-
vasion in 1997 was noticeable, and probably distorted
some patterns. The density of sporophytes (Figure 2)
showed a similar pattern between years, although
slightly out of phase in the 1997/8 and 1998/9 growing
seasons. In Paredon, sporophytes showed low densit-
ies in late winter and early spring, increasing towards
late spring and summer; a second maximum could
be distinguished in autumn, followed by a decrease
in winter. In Ramuntcho, density was low in winter
and spring, increasing in summer. A bimodal trend
was also apparent, although, unlike in Paredon, the
second maximum was greater than the first. The dens-
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Figure 1. Changes in abundance ofS. crispatain each of two sites in the two localities (Paredon and Ramuntcho) sampled along two complete
growing seasons. Mean (± SE) density of fronds (continuous line) and dry biomass (broken line).

ity of gametophytes with cystocarps also showed a
similar pattern between years. In Paredon, apart from
theG. doryphorainvasion in 1997, cystocarpic fronds
showed greater density in spring and autumn – winter,
with lower densities in summer. In Ramuntcho, lower
densities were also observed in summer. The dens-
ity of gametophytes without cystocarps corresponded
mostly to male gametophytes but also to some female
gametophytes (unpublished data). In Paredon, a sim-
ilar trend was observed between years: they were more
abundant in summer decreasing in early autumn and
showing a second maximum in late autumn to decline
in winter. In Ramuntcho, theG. doryphorainvasion
in 1997 was long and perhaps delayed the summer
growth of these gametophytes until February 1998. In
1999, density in Ramuntcho followed a similar pattern

to Paredon with a maximum in summer and a decline
towards winter.

Size-frequency distribution

Given the shape of the frond ofSarcothalia crispata,
with a wider base narrowing towards the tip, and the
fact that most fronds were missing the distal por-
tions, the width of the frond rather than its length
was preferred to establish the size frequency distri-
butions. Length and width of entire fronds are highly
correlated (unpublished data). Only data for Paredon
is illustrated in Figure 3, but both localities followed
a similar trend except for the differences described
below. Immature sporophytes were strongly seasonal,
occurring as a single very abrupt peak in late spring. In
Paredon this was in December 1997 and November–
December 1998 (Figure 3a), while in Ramuntcho it



165

Figure 2. Density of fronds ofS. crispata(mean± SE) in different months for the two localities: Paredon ( a, c, e) and Ramuntcho (b, d, f).
Fronds were separated according to their reproductive state and life history phase in sporophytic (a and b: sum of sporophytic fronds with and
without reproductive structures), cystocarpic (c and d: female gametophytes with cystocarps) and gametophytes without cystocarps (e and f).
The phase of the life cycle of fronds without reproductive structures was identified with the acetal resorcinol reaction. Dotted line = end of the
1997 season; dashed line = 1997/1998 season; solid line = 1998/1999 season.

had the same pattern but occurred later in February
1997 and December 1998. These fronds were not all of
small size, some reaching 20 cm in width (and 50 cm
in length). In both localities the abundance of these
fronds declined abruptly in the following months to
only a few immature sporophytes until mid-autumn.
Some of these fronds had a large width, presumably
older fronds that had lost the portions with repro-
ductive structures. No immature sporophytes were
found from late autumn to mid spring in either local-
ity. On the other hand, sporophytes with reproductive
structures had a first maximum in abundance in late
spring and early summer, coinciding with the im-
mature sporophytes. Fronds were of a larger width
range. This was particularly evident in Paredon both

years (Figure 3c), while in Ramuntcho the tetrasporic
fronds were more spurious during the first year. A
second maximum was evident by late autumn, consist-
ing in the increase in number of fronds in the smaller
size classes. For this second maximum a preceding
peak of immature fronds was not evident. This second
peak was clear both years in Paredon, while in Ra-
muntcho it was virtually non-existent in the first year
and more evident in the second year. Overall, imma-
ture sporophytes showed a smaller range of sizes than
mature sporophytes, rarely more than 30 cm in width
(80 cm in length, Figure 3), whereas larger fronds
were frequent in Ramuntcho in most months. Gameto-
phytes without visible reproductive structures had also
a strong seasonal component (Figure 3b). In both loc-
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alities and in both years there was a peak in late spring
and early summer, being more abrupt in the first spring
(1997) than in the following one. In Paredon a second
peak was evident both years in autumn; this was much
more discreet in Ramuntcho. Fronds with cystocarps
had a different pattern (Figure 3d). Few were found
until late autumn when a large number of fronds of all
sizes showed developing cystocarps. This happened in
both localities in both years.

Gametophytic dominance

The abundance of gametophytes and sporophytes
changed seasonally at Paredon (Figure 4). There were
significant differences in relative abundance among
seasons (F = 7.69,p<0.01). There were no differ-
ences between summers or between winters, but sig-
nificantly higher values were obtained in winter 1998
than the preceding or following summer; winter 1999
had an intermediate value and differed significantly
only from summer 1998. In Ramuntcho, on the other
hand, in the period before theGrateloupia doryphora
invasion (winter 1997) the fronds were predominantly
sporophytic (Figure 4b). The relative abundance of
gametophytes (Figure 4d) differed significantly among
seasons (F = 34.2,p <0.01). All paired comparis-
ons were significant; the first year afterG. doryphora
declined at these sites, from summer 1998 until the
following spring, fronds were predominantly gamet-
ophytic, while in the following year the sporophytes
increased in abundance.

Discussion

Three studies (Hannach & Santelices, 1985; Poblete
et al., 1985; Ávila et al., 1996) on the abundance
of Sarcothalia crispatahave all found a clear sea-
sonal change with minimum values of density and
biomass in winter and maximum ones in summer (see
also Hannach & Waaland, 1986). Usually carposporic
fronds are more abundant than tetrasporic fronds. In
the three studies a single site was sampled through
a single complete annual cycle. Our results show a
positive trend for the total monthly density and bio-
mass. Fluctuations did occur, but were synchronous
only when a decrease was likely to be produced by
a major external phenomenon. There was a decrease
in abundance from winter to spring 1997, but it was
clearly related to the unusual growth ofGrateloupia
doryphora; once it declined,S. crispatagrew. The

abundance ofG. doryphoradid not increase during
the following winters andS. crispatawas present. The
expected decline in abundance during the following
winters was very short and occurred only in August
1998, coinciding with periods of frequent occurrence
of heavy swells. On the other hand, abrupt increases
in abundance such as those in late spring were of short
duration and not detected every year at particular sites.
Our results show that the density of the different kinds
of fronds differed in their seasonal fluctuations. While
sporophytes and gametophytes without cystocarps in-
creased in abundance in early summer, gametophytes
with cystocarps had minimum values then. Later on,
all fronds increased in density towards mid autumn,
but while sporophytes declined thereafter, gameto-
phytes with and without cystocarps were still abundant
in late spring. As a result, the overall abundance of
S. crispatashowed no seasonal trend. The decrease
in abundance in theS. crispatabed studied by Pob-
lete et al. (1985) was also due partly to a catastrophic
external phenomenon, which was the sand invasion
suffered in their study site and strong winter swells.
Likewise, the winter decline in abundance reported
by Hannach & Santelices (1985) for a low shore, ex-
posed rocky platform could be explained as the effect
of winter swells that may have dislodged or broken
the S. crispatathalli. On the other hand, the results
of Ávila et al. (1996) in a sheltered bay in southern
Chile showed seasonality apparently unrelated to cata-
strophic events. The annual cycle was given by growth
followed by reproduction and subsequent disappear-
ance of the blades, presumably after senescence (see
Hansen, 1977). Perhaps winter conditions preclude
growth of fronds due to physical factors (e.g. temper-
ature and light) occurring below the threshold levels
required to support growth. Therefore, seasonality in
density or biomass reported as of common occurrence
elsewhere forS. crispatacould be the result of external
catastrophic phenomena or physical factors. Our res-
ults show that a lack of strong seasonal fluctuations
in the total abundance is also possible as a result of
complementary seasonal changes in abundance of the
fronds of the different life history phases.

The most important difference between localities
was the change in the relative abundance of sporo-
phytes and gametophytes. At Paredon, alternation
was from a sporophytic to a gametophytic maximum
within the same year. At Ramuntcho, on the other
hand, alternation in dominance between phases oc-
curred between years. Earlier work inSarcothalia
crispata could not identify a phase of the blades
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lacking visible reproductive structures, although these
were usually very abundant (Hannach & Santelices,
1985; Poblete et al., 1985; Ávila et al., 1996). In these
studies, a greater abundance of cystocarpic fronds was
found. De Wreede & Green (1990) found no differ-
ences when only reproductive fronds were used or
when all fronds were identified to life history phase
using the resorcinol-acetal test.

In other isomorphic Gigartinaceae, differences in
dominance of one life history phase has been repor-
ted along environmental gradients, such as exposure
to wave action, intertidal height or depth (Craigie &
Pringle, 1978; Dyck et al., 1985; Hannach & San-
telices, 1985; Lindgren & Åberg, 1996). In our study,
while it is true that a gradient of physical and/or
biological factors could exist between the two loc-
alities, the change in relative abundance observed
between years cannot be explained with this argument.
Other explanations for dominance include preferences
by herbivores or pathogens, differential performance
of the haploid or diploid phases in different sets of
physical variables, differential production or perform-
ance of their spores, or different cellular processes
like apomeiosis or apogamy (Hansen & Doyle, 1976;
Craigie & Pringle, 1978; Van der Meer et al., 1983;
Hannach & Santelices, 1985; May, 1986; McLach-
lan et al., 1988; Luxoro & Santelices, 1989; De
Wreede & Green, 1990; Correa & McLachlan, 1992;
González & Meneses, 1995; Piriz, 1996; Zamor-
ano & Westermeier, 1996; González et al., 1997).
At present none of these possible explanations can
be ruled out; any factors would have had to affect
one locality in a seasonal manner and the other with
differences between years to explain the patterns of
change observed between localities and years. We
suggest that theS. crispatapopulations showed char-
acteristics of closed populations (Gotelli, 1995) with a
preponderance of self-seeding due to poor dispersion
(Hoffmann, 1987; Santelices, 1990; Norton, 1992).
Sarcothalia crispataapparently has most fronds ori-
ginating via settlement of locally produced propagules
rather than regeneration from holdfasts (Ávila et al.,
1996; see also McLachlan et al., 1988; Ang et al.,
1990) and, being an organism with obligate altern-
ation of generations (although see Kim, 1976), the
proportion of life history phases in each cohort would
be the result of the relative abundance and reproduct-
ive success of the preceding cohort. Therefore, the
main difference between localities may reside in the
capacity to support growth and maturation of blades

producing a more dynamic change in Paredon than in
Ramuntcho.

In isomorphic species with mainly short lived (an-
nual) individuals growing predominantly from spores,
changes in proportional composition of life history
phases may be frequent, likeSarcothalia crispatain
this study, whereas in species with longer lived indi-
viduals where generations overlap widely and fronds
or disks are perennial, these changes may be detect-
able in longer term periods (Dyck et al., 1985; May,
1986). The latter may be the case withMazzaella
splendens(Hansen & Doyle, 1976; Hansen, 1977;
Dyck et al., 1985; May, 1986; De Wreede & Green,
1990),M. laminarioides(Santelices & Norambuena,
1987; Westermeier et al., 1987; Gómez & Wester-
meier, 1991),M. capensis(Bolton & Joska, 1993),
M. cornucopiae(Scrosati, 1998),Chondrus crispus
(Craigie & Pringle, 1978; Tveter-Gallagher et al.,
1980; Bhattacharya, 1985; McLachlan et al., 1988;
Scrosati et al., 1994; Lindgren & Åberg, 1996) and
Chondracanthus canaliculatus(García-Lepe et al.,
1997) where differences in dominance have been re-
corded in different geographical locations or different
seasons. Several alternative explanations for these dif-
ferences have been proposed (see above). Seasonal
changes in abundance may result from differential
rates of increase and decrease in density (Dyck &
De Wreede, 1995). Permanent dominance, like is the
case forGigartina skottsbergii, where nearly 90% of
the fronds are gametophytes (Zamorano & Wester-
meier, 1996; Piriz, 1996), may result from apomixis
or lower survival of sporophytes (Piriz, 1996). In other
cases, such asChondracanthus chamissoi(González
& Meneses, 1995; González et al., 1997) perhaps
longer-term studies and over a wider habitat range may
reveal slow changes in dominance.

Populations of species likeSarcothalia crispata,
with obligate alternation of gametophytes and sporo-
phytes and which lack vegetative reproductive and
perennating structures, may exhibit rapid changes in
the relative abundance of fronds of the life history
phases. These changes are greater in species where
the individuals are short-lived and populations are
primarily self-seeding.S. crispatashowed population
changes at small (seasonal) temporal and local scales.

It was also shown that there are seasonal differ-
ences in the abundance of the spore-producing (sporo-
phytic and female gametophytic) fronds. Seasonal
restrictions to harvesting due to weather conditions or
management practices could impose stronger pressure
on one phase of the life history, with unexpected ef-
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fects on the population dynamics. This should be con-
sidered when management plans or harvest programs
are proposed.
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