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™ Abstract

This study reports the variations in biomass and reproductive phenology in a natural bed of Gigartina skottsbergii
over a period of a year and correlates these variations with the abiotic factors solar radiation, number of daylight
hours, water temperature and salinity. The results obtained show an annual production cycle with maximum
biomass values in spring—summer, correlated with high solar radiation and to a lesser extent with salinity. Sexual
reproduction was maximum in autumn—winter, correlated with low temperature and short-day conditions. The
population showed a large gametophytic dominance according to size and biomass, which suggests that there is not
ecological equivalence between the life history phases of the species. Finally, based on the results, a restriction of

harvesting to spring—summer is suggested.

Introduction

Gigartina skottsbergii Setchell et Gardner is confined
to southern South America and Antarctic (Pujals, 1963;
Kiihnemann, 1972; Westermeier & Ramirez, 1981;
Ramirez & Santelices, 1991). It grows on solid sub-
strata in subtidal habitats, being abundant in wave pro-

‘< tected environments (Alveal et al., 1973; Santelices,

1988).

Recently the species of Gigartinaceae have
acquired great importance in Chile as raw materials
for the production of carrageenan, increasing from six
metric tons extracted in 1981 to more than 4 000 met-
ric tons in 1993 (Sernap, 1994). Most of the material
comes from Chiloé Island and consists of G. skotts-
bergii.

In spite of the economic importance of G. skotts-
bergii, available literature only includes data on its tax-
onomy, morphology (Kim, 1976) and chemical com-
position (Palermo et al., 1984; Cerezo, 1986; Noseda,
1989: Matulewicz et al., 1990; Piriz & Cerezo, 1991;
Schnettler et al., 1995). Almost nothing is known of its
production ecology.

The vegetative morphology of G. skottsbergii cor-
responds to a flat leathery thallus, generally circular to
ellipsoidal, unbranched and attached to the substratum
by ashort, strong stipe and several haptera of secondary
origin located on its inferior face.

Gigartina skottsbergii has a triphasic life cycle,
with an alternation of isomorphic generations. Cys-
tocarpic fronds bear papillae containing cystocarps
whereas tetrasporic fronds develop tetrasporangia in
the middle of the medulla (Kim, 1976).

This study is a first attempt at determining how
temporal variation in biomass of a natural bed of G.
skottsbergii in Ancud Bay (Chiloé Island) is correlated
with temporal variation in environmental factors such
as solar radiation, daylength, temperature and salinity.
Since the relative abundance of life history phases of
the species is ecologically and economically impor-
tant, effort was also devoted to measuring seasonal
variations in biomass and phenology.
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Figure 1. Geographic location of the study site.
Materials and methods

The study site (Figure 1) was Ancud Bay, Chiloé Island
(41°51' S, 73°49' W). Chiloé Island has a rainy climate
that is dominated most of the year by strong winds from
the west (Viviani, 1979). A representative population
of Gigartina skottsbergii, protected from wave action,
was selected at approximately 9 = 1 m depth (below
MLw) living on large metamorphic rocks along an
eroded part of the coast.

Sampling was carried out monthly from July 1991
to June 1992. The sampling used was destructive and
haphazard and was performed using semi-autonomous
diving (hookah). Sampling was done by manually
harvesting all organisms present in each of ten 0.25
m? quadrats. Optimum sample size was found fol-
lowing the method described by DeWreede (1985),
whereas optimum quadrat size was determined fol-
lowing Pringle (1984). After harvesting, each sample
was placed separately in a plastic bag containing sea
water, carried to the laboratory and frozen in contain-
ers for later sorting (12—24 hours after). Seaweeds were
washed with sterilized sca water and weighed wt on a
Sartorius balance (0.1 g precision).

Incident solar radiation was measured at the study
site using a LI-COR (Li-189) light sensor. Temperature
and salinity were measured using a digital thermo-
conductivemeter (Orion 140) at three different depths

(0.5, 4.5 and 8.5 m). The number of hours of daylight
by month was obtained from Stuven (1968).

The phase of the life-cycle (gametophyte or
tetrasporophyte) of each frond was determined using
resorcinol (Garbary & DeWreede, 1988). Each time a
resorcinol test was done, a control of known reproduc-
tive phase was used. Afterward, gametophytic blades
were sorted into fertile and vegetative.

Once the phases were separated, maximum length
and width (in cm) of each frond was measured. The area
of the blade (in cm?) was determined by the formula:

T (length + width)?
8

Area =

This equation assumes a cricular or ellipsoidal shape of
the blades, which is exhibited by most blades. Values
recorded were used to obtain the frequency distribution
of 8 size classes (areas) established in an arbitrary man-
ner. These size classes correspond to <1000, <2000,
<3000, <4000, <5000, <6000, <7000 and >7000 cm?.

In order to establish if there was a statistically sig-
nificant relationship between changes in biomass and
values of salinity, temperature, number of daylight
hours and amount of solar radiation, a multiple regres-
sion step-by-step was done (Sokal & Rohlf, 1981).
This was done using the four variables, removing them
into the predictors set if their p value was larger than
0.10. The same procedure was used to establish the
effect of abiotic factors on the variation in biomass of
cystocarpic fronds.

In order to establish if the gametophyte: tetrasporo-
phyte ratio differed from the expected 1:1 value, a G-
test was used (Sokal & Rohlf, 1981).

Results
Brief description of the benthic community

Gigartina skottsbergii was the dominant species in
regard to biomass in this community. Sarcothalia
crispata (Bory) Leister, Myriogramme crozieri (Hook-
er et Harvey) Kylin, Myriogramme multinervis (Hook-
er et Harvey) Kylin and Callophyllis variegata (Bory)
Kuetzing, among the erect algae, and the snail Tegula
atra (Lesson) were other important components of this
community.
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Tuble 1. Relationship between biomass of Gigarti-
na skotsbergii and abiotic factors.

\y Variable Correlation p value
coefficient (r)
Daylight 0.433 0.183 NS
Solar radiation ~ 0.749 0.008 **
Salinity 0.610 0.046 *
Temperature 0.256 0.448 NS

=5 <005 *"p< 00l

Seasonal changes in environmental factors

Photon flux densities measured over a year at the study
site exhibited a clear seasonal trend, with a minimum of
2400500 umol photons m~2 s~! in winter and a max-
smum of 1600-1900 pumol photons m~2 s~! in sum-
mer (Figure 2). Temperature (average of three depths)
closely followed the same seasonal pattern, with a win-
ter minimum of 10.5-12 °C and a summer maximum
bf 15 °C. Salinity (average) also exhibited temporal
variation, but the trend is not strictly seasonal. Salinity
was 26—27%o during the rainy winter months, but then
it flattened out at about 31%o during the rest of the year.

Standing stock variations

Figure 3 shows that the maximum biomass (dry weight)
occurred in spring (September 1991) and late summer —
early fall (March 1992). The minimum values occurred
in fall and winter (April-August). Values for salinity,
temperature, number of daylight hours and amount of
solar radiation together explained 56% of the biomass
variation of G. skottsbergii. The step-by-step procedure
indicated solar radiation was the most important single
predictor for biomass (Table 1).

255

Table 2. Relationship between biomass of cysto-
carpic fronds of Gigartina skottsbergii and abiotic

factors.
Variable Correlation p value
coefficient (7)
Daylight —0.596 0.048 *
Solar radiation ~ —0.172, 0.614 NS
Salinity —0.380 0.250 NS
Temperature —0.585 0.049 *
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Figure 3. Monthly variation in biomass of Gigartina skottsbergii.
The error bars correspond to standard deviation.

'

Reproductive phenology

Control tests for resorcinol were definitive. Results |
indicated that the population at this study site was dom-
inated by the haploid phase (Figure 4). The departure
from the expected 1:1 ratio is statistically significant
(e —0101)

Fertile tetrasporophytic fronds were present
throughout the year (Figure 5). Even though there was
a slight increase in fertile fronds during some months
(e.g. September) the presence of tetrasporic thalli do
not confirm a typical seasonal cycle. By contrast, the
abundance of fertile cystocarpic thalli exhibits a very
clear bimodal cycle, with a maximum in late winter
— early spring and a second maximum in late sum-
mer — early fall. The statistical analysis shows that
temperature and number of daylight hours were the
environmental factors correlated with the variation in
biomass of cystocarpic fronds (Table 2).

i
i
{
i
|
i
i
|

1

g8
e By SIS USSR §




256
100
90
80
70
60
50
40
30

Relative abundance (%)

20
10

Figure 4. Percentages in biomass corresponding to the life history of Gigartina skottsbergii (solid = tetrasporophytic, lined = gametophytic).

Size structure

The size structure of gametophytic fronds indicated a
predominance of size classes 1 and 2 (area <2000cm?).
The relative importance of class 1 decreased slightly
during summer months, whereas bigger sizes (>3000
cm?) appeared principally in spring and summer (Fig-
ure 6). Tetrasporophytic fronds (Figure 7) did not reach
sizes over 2000 cm?; therefore the patterns of appear-
ance of recruits and disappearance of large fronds was
impossible to observe in this phase.

The fact that gametophytic fronds reached bigger
sizes than sporophytic fronds should be noted.

Discussion
Gigartina skottsbergii is the dominant seaweed in the

community studied. The semi-horizontal blades over-
shadow the understory, which here is almost exclu-

sively represented by calcareous crusts and small thalli

of G. skottsbergii. As soon as the large, overshadow-
(pers. obs.).

The production ¢ cycle observed for G. sk
the site is clearly seasonal, showing a good/gqgggl_g&gm
between biomass and solar radiation. It is important to
note the poor correlation found between biomass and
water temperature. However, Hansen (1977) got sim-
Tar results for Mazzaella splendens Setchell et Gard-
ner (Fredericq) (as Iridaea cordata (Turner) Bory) in

California as did Poblete et al. (1985) for Sarcothalia

kottsbergiiat

crispata (as Iridaea ciliata Kuktzing) in Concepcion
Bay.

Referring to reproductivg_yphegglp_gi;t’l_lg results
show that cystocarpic fronds appear in summer, and
their importance to the biomass increases in autumn-

‘winter; However, the actual maturity-occurs-in win-

t:;g“(pers. obs.). These results coincide with the those
of Santelices & Norambuena (1987), referring to the
maximum production of cystocarps on Mazaella lam-
inarioides (Bory) Fredericq (as Iridaea laminarioides
Bory), as well as those of Piriz (pers. comm.), who
observed the spontaneous liberation of tetraspores and
carpospores in winter from G. skottsbergii in Argenti-
na. Biomass of cystocarpic fronds was inversely corre-
lated with temperature and number of daylight hours.
This fact shows a clear asynchrony between the time

> %

of maximum biomass and the time of maximum sexual

réproduction. These results suggest that biomass pro-
duction and sexual reproduction are associated with
different environmental factors, with solar radiation
‘being the most ifnﬁt‘ﬁ"ﬁ_rm’broduction, and temper-
ature and photoperiod for reproduction.

Tetrasporic fronds do not show much variation
through the year, with a small peak in biomass at the
beginning of spring (September). These results agree
very well with those reported for the same species in
Argentina, where cystocarpic thalli had a higher den-
sity in autumn, and a minimum in springtime, whereas
tetrasporic thalli did not show any maximum or mini-
mum values throughout the year (Piriz, 19838).

The abundance values for the different life history
phases of the species at the study site, which favor the
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70
60
50 species with an alternation of heteromorphic genera-
40 tions (Lubchenco & Cubit, 1980), it has been postulat-
30 ed also for species with an alternation of isomorphic
20 phases to explain the inequality in the representation
10 of these phases obtained in field studies (Luxoro &
0 - Santelices, 1989). Gametophytic and tetrasporophyt-
3, Spn,r\,Ninter ic fronds show a reduction in the size class 1 during
5 Autu%l:ammer summer months, which reinforces the idea that repro-
8 duction and recruitment are centered in autumn-—winter
(May and June), when the highest percentage of plants
. with areas less than 10 cm? was registered. On the oth-
e 6. Seasonal variation in the size structure of gametophytic efh%{ld"the faf&@ﬂFE@J_@BEE&‘YS{EQ@_@{@;‘L
3 (v.vinter = Jun-Aug,, spring = Sep.—Nov., summer = Dec.— it lng ?‘E@Wmer C,‘l",ﬁ’,‘?}ﬁ_t!??_l@?f’i‘,ﬂ},a_,‘,,,t,heﬁlle.cﬁh
autumn = Mar.—May). possesses a cycle with loss of the largest fronds at the _

end of the growing season.
The fact that gametophytic fronds reach bigger\)

>tophytes at a frequency of approximately 90%, sizes than the tetrasporophytic fronds adds to the dom- }
s too high. However, studies of Chondrus crispus inance in frequency and biomass of the former and puts |
similar results in Canada (Bhattacharya, 1985). in doubt the equivalence of the life history phases of_)\
tudies of G. skottsbergii in Argentina also showed the species.

resence.of a small proportion of tetrasporophytes The elaboration of a management plan for this
, 1988). __ species needsresearch into the maintenance and natural

he disproportion found in some seaweeds has been’ / recovery capability of the population as well as further
ined as the result of selective forces acting indif- / research at other sites along the Chilean coast for com-
t ways on the two phases (Gémez & Westermeier, / parison. However, based on this study, a restriction

), with one phase better prepared than the other, | of harvesting to the spring—summer months (Septem-
eting more favorably for space and generating an | ber to March) can be suggested, with the dual purpose
metric structure in the population (Lazo et al, | of protecting the populations during their reproductive

. Even though this idea was initially stated for period and still obtaining the greatest production in
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biomass and yield of hydrocolloids (Schnettler et al.,
1995). This harvest should affect preferentially fronds
larger than 1000 cm?.
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