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THE LIFE HISTORY OF
LAMINARIA BRASILIENSIS (PHAEOPHYTA) IN CULTURE

O CICLO DE VIDA DE i
LAMINARIA BRASILIENSIS (PHAEOPHYTA) NO LABORATORIO

E.C. de Oliveira Fo'1)

SUMMARY - Fertile sporophytes of Laminaria brasiliensis Joly & Oliveira Filho dredged off the
coast of Espirito Santo State (Brazil) were put in filtered seawater at 15°C, 1000 lux and 12:12
photoperiod. Zoospores were liberated, attached to glass slides and developed into male and female
gametophytes. Male plants exhibited a ramified filamentous thallus with a few dozen cells, bearing
terminal antheridia. Female plants were unicellular with one oogonium each. Fertilized oospheres
soon divided to produce a short (34 cells) filament, which later divided longitudinaly producing
a small monostromatic blade, fixed to the substratum through filamentous rhyzoids; later on the
branches became plutistratified and a stipe became conspicuous. The same results were obtained
with plants maintained at room temperature, varying between 4-250C with maximum illumination
of 2,800 lux (diffuse sun-light). When the sporophytes attained the size of 2-3 mm they were trans-
ferred to Provasoli IS medium. Bleaching of the thallus followed by marginal decay occured and
the plants did not grow longer than 2.5 cm in the conditions employed. German dioxide proved
to be deleterious to sporelings at concentrations higher than 0.50 mg/l causing progressive bleaching
of the thallus border. The importance of light and temperature is discussed in relation to the distri-.
bution of the Brazilian plants.

RESUMO - PorgGes férteis de espordfitos de Laminaria brasiliensis Joly & Oliveira FQ dragadas nas
costas do Estado do Espirito Santo foram transportadas para o Laboratério em S. Paulo e manti-
das em 4gua do mar filtrada a 150C ¢ fotoperiodo de 12:12 (1000 lux, luz fluorescente). Os zods-
poros liberados germinaram dando origem a gametofitos masculinos filamentosos e ramificados com
numero varidvel de células ¢ gametéfitos femininos unicelulares. Apds a fecundagdo das oosferas
os zigotos sofreram divisdes perpendiculares ao seu maior eixo, formando inicialmente esporéfitos
filamentosos com 34 células que, posteriormente, por divisdes longitudinais, formaram talos lami-
nares, monostromaticos. Em cstagios posteriores observou-se a formagio de estipes e diferenciagao
de tecidos ficando o talo multiestratificado em sua por¢do mediana inferior. O mesmo processo de
desenvolvimento foi constatado tanto nas plantas mantidas nas condig¢des descritas acima, como em
condig¢des ambicntais, onde a temperatura variou de 4-259C e a intensidade luminosa médxima esteve
em tornc de 2.800 lux (luz natural difusa). Ao atingirem o tamanho de 2-3 mm de comprimento
os jovens esporédfitos foram transferidos para meio de cultura Provasoli (ES) ondc cresceram até
cerca de 2,5 cm, quando comegaram a sofrer um processo de destruicdo dos pigmentos, seguido
de degeneragdo das por¢des marginais do talo. Para controlar o desenvolvimento excessivo de diato-
mdceas utilizou-se diferentes concentracdes de GeO2, o qual mostrou-se prejudicial ao desenvolvi-
mento dos esporofitos jovens em concentragoes superiores a 0,50 mg/l. Discute-se a importancia da luz
e temperatura no controle da distribui¢do da cspécie no litoral brasileiro.

INTRODUCTION

Until recently the genus Laminaria Lamour., a well known cold water boreal
genus was know in the southern hemisphere by a single occurrence, L. pallida J. Ag.
from the Atlantic Coast of South Africa and Saint Paul Island in the Indian Ocean (Fri-
tish 1945). Later on Joly and Oliveira FO (1967) described two other species, L. brasi-
liensis Joly and Oliveira FO and L. abyssalis Joly and Oliveira FO, dedged off the coast
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of Brazil (Rio de Janeiro State, from 71-75 m deep). The distribution of these species
on the Brazilian coast was extended further by Oliveira FO and Quége (1978). Up to
now, however, only the sporophytes of the Brazilian plants were known. During a cruise
of the “Prof. Besnard” Oceanographic Ship, of the University of S. Paulo, we had the
opportunity to bring fertile sporophytes of L. brasiliensis to the laboratory and hence
to cultivate them “in vitro”.

This paper describeds the morphology and development of the gametophytes
and young sporophytes of L. brasiliensis in the laboratory.

MATERIAL AND METHODS

Fertile plants of Laminaria brasiliensis Joly and Oliveira FO were dredged at 19035’
N — 039025°'W, off the Espirito Santo coast from 55m deep. Pieces of the blades were
kept in running seawater for 3 days during the trip to S. Paulo. In the laboratory pieces
(5 x 10 cm) with ripe sori were put on microscopic slides in flasks with filtered seawater
(Whatman 1) and kept in an incubator at 150C (+ 1), under a 12 h light, 12 h dark
photoperiod illuminated by 40 w fluorescent tubes (1000 lux).

After liberation of the zoospores and their attachment to the slides the sporophy-
te lamina were removed and the seawater changed to Provasoli Es medium (Provasoli
1968). Duplicates were kept at room temperature, which varied between 4-250C, with
a maximum illumination of 2,800 lux from a north-facing window. The photoperiod
was about 11 h light, 13 h dark. After the young sporophytes reached a size of 2-3 mm,
various concentrations of GeO, were tried, to inhibit diatom growht (Lewin 1966).

RESULTS

Zoospores liberated from the fertile blade fixed to the substratum, swelled, and
produced a tube into which all the cell content passed.

Within 2 weeks a large number of gametophytes were already growing on the
slides. Male plants exhibited the form of small branched filaments (Figures 1-3), without
a fixed morphology, sometimes more aggregated and massive, bearing one or a few
antheridia each at the apex. Liberation of gametes occured through small apical openings
(Figures 1-2). Female gametophytes were unicellular (Figure 4).

The sporophytes started as a short single filament up to the stage of 4-6 cells
(Figure 5), after which longitudinal divisions took place usually at the subterminal
cells, followed by divisions of the terminal one (Figure 6-8). The basal cell remained
uniseriate for a long period (Figures 7-9). The young sporophytes attached tremselves
to the substratum through the fertilised cells of the gametophytes that appeared empty
and with thickened wall (Figures 5-11). These cells remained clearly recognizable until
several rhyzoids were produced. The first rhyzoid was produced from the basal cell
of the sporeling and the others from its daughter cells (Figure 9-10). The number of
thallus cells increased rapidly through divisions of all cells and soon a one-layered lamina
was produced (Figure 11). Later on, a stipe was differentiated and the central-basal

Figs. 1-11 — Laminaria brasiliensis. 1-3 malc gamctophytes. 4 female gametophyte. 5-11 sequen-
tial development of young sporophytes.

Fig. 1-1] — Laminaria brasiliensis. 1-3 gametdfitos masculinos. 4 gametofito feminino. 5-11 se-
qiiéncia do desenvolvimento de esporofitos.
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portion of the sporeling became multi-layered (Figures 12-15). Sporophytes with only
2-3 mm long had already a well differenciated stipe, initially flattened (Figure 17),
and in the basal median portion, a multistratified lamina, with a recognizable medulla
and cortex (Figure 19). Later on a discoid holdfast developed at the base of the stipe.
Muscilage ducts were not found up to this stage of development.

Fertilization and development of sporophytes occured also in the material main-
tained at room temperature and natural light, being kept in filtered seawater, weekly
changed, or in the Provasoli medium as well. However increase in size was much more
noticeble in Provasoli than in seawater.

Due to an intense proliferation of Navicula sp., german dioxide was added to the
cultures in several concentrations to stop diatom growht. Table 1 show that concentra-
tions of GeO, higher than 0.5 mg/l were deleterious to young sporophytes at least
under the conditions here described. With concentrations of 4-6 mg/l the thallus started
to bleach within a week and to disagregate in small cell clumps within 2 weeks. German
dioxide at concentrations of 0.25 mg/l was enough to inhibit diatom growth under
the conditions of the experiment.

All plants kept in culture reached a maximum size of 2.5 cm beggining to bleach
after that, initially at the edge and then in other pontions of the thalli.

DISCUSSION

The morphology of the gametophytes of L. brasiliensis obtained in culture is
similar to the one known for other species of Laminarilaes (Fritisch 1945, Yabu 1964). o
The existence of 1-celled female gametophyte was already referred to other species
of Laminaria (Kaneko 1973). The pattern of sporophyte development from fertiliza-
tion of oospheres to sporelings up to 2.5 cm long also showed a similar general course
to the ones described in the literature for this genus (Fritisch 1945, Yabu 1964, K aneko
1973).

Control of diatoms through addition of GeO, (Lewin 1966) should be kept at
its minimum efective concentration since ii seems to be deleterious to the sporeling

TABLE 1. Influence of Ge0; concentration on development of sporelings of Laminaria brasiliensis (5
plants, 1-2 mm long). Experiment initiated on Aug. 31, 1978. Culture medium ES Provasoli, 150C
12/12 photoperiod. Diatoms +, bact. = extensive growth of bacteria.

Ge0, Scpt. 06 Sept. 15 Oct. 24
(mg/1)
0.00 normal growth normal growth, + + bleaching, + + +
0.12 normal growth normal growth, + blcaching, +
0.25 normal growth normal growth blcaching
0.50 normal growth local bleaching bleaching
1.00 local bleaching bleaching, bact. bleaching, bact.
2.00 less pigmentation bleaching, bact. bleaching, twisting
4.00 bleaching desagretation

6.00 blcaching dcsagregation
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as was also noted for some Fucales (McLachlan et al. 1971, for Fucus; Fletcher & Flet-
cher 1975, for Sargassum).

It was interesting to see that production of gametophytes and normal development
of young sporophytes took place even at temperatures varying from 4-250C, showing
that at least for this process temperature seems not be a limiting factor for explaining
the non occurrence of this species in warmer water. However it is important to remark
that no experiment was carried out at constant temperature over 150C.

So, despite the fact that the gametophytes and young sporophytes could stand
temperatures as high as 250C (during the period of the experiment), temperatures drop-
ped as low as 40C in the laboratory, indicating that perhaps low temperatures could
be essential for the development of these plants.

This then would explain why in nature they are restricted to the region bathed
by the deep cold current (Oliveira FO & Qué#ge 1978). Yabu (1964) concluded from
his experiments with Laminaria japonica that a certain period of low temperature is
necessary for the maturation of the gametophytes, as was already established by other
researchers for other Laminariales (cf. Fritisch 1945). Kain (1964) showed that the
survival of gametophytes of Laminaria hyperborea at different temperatures was identi-
cal over range of 5-170C, but much reduced at 200C. Yabu (1964) working with game-
tophytes of L. japonica at temperatures of 20, 16, 12, and 80C found that gameto-
phytes kept at a constant temperature of 200C showed the poorest growth, while growth
was best in the plants kept at 200C during day time but subjected to a lower tempera-
ture during the night. The same result was obtained by Perez (1971) for Laminaria
digitata; he verified optimum growth at 11-130C and growth inhibition at 200C.

The reason why the sporophytes did not grow bigger than 2.5 cm and bleached
in our cultures could be due to excessive light or to inadequate culture medium; this
should be cleared up in further experiments. Seger and Kida (1958) found that a light
intensity of 4800 lux was inhibitory to the sporophyte of another Laminariales, Unda-
ria undarioides. Similar results were obtained by Yabu (1964) who verified that gameto-
phytes of L. japonica grew well under the medium light intensities of 400-2500 lux
but not well under the higher, 4100 lux or lower, 50 lux, light intensities. For L. hyper-
borea Kain (1965) showed that up to an intensity of 3600 lux (fluorescent light) was
not inhibitory though saturation was attained at 1000 lux (10°C). However, the Bra-
zilian plants grow at greater depth than L. hyperborea and could be more sensitive
to light. Thallus bleaching of sporelings of L. digitata was verified by Perez (1971)
at light intensities higher than 4000 lux.
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Figs. 12-19 — Laminaria brasiliensis. 12-13 Young sporophytes. 14 detail of the basal portion of
a sporophyte showing the stipe and rhyzoids. 15 abnormal sporophyte with 2 stipes. 16 detail
of thc sporophyte cells, showing plastides and nucleus. 17 cross-section of the stipe of a young
sporophyte. 18-19 cross-section of the blade of a young sporophyte.

Fig. 12-19 — Laminaria brasiliensis. 12-13 Espordfitos jovens. 14 detalhe da porgdo basal de um
esporéfito mostrando o estipe e rizoides. 15 Esporéfito anormal com dois estipes. 16 detalhe das
células do espordfito mostrando os plastos e nucleo. 17 corte transversal ao estipe de um espordéfito
Jovem. 18-19 corte transversal d ldmina de um espordfito jovem.



