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Abstract

This study reports some epidemiological aspects of the infections of Mazzaella laminarioides by Endophyton sp .
and Pleurocapsa sp ., the organisms associated with the green patch and deformative diseases respectively.

Infections affected an important segment of the host population and persisted throughout the year . The main
infecting organism was Endophyton sp. Frequency, density and intensity index showed seasonal variations, with
lower values in winter. It is suggested that tissue weakening and changes in the biomechanical properties of the
infected individuals could be the responsible for this seasonal pattern of variation .

This study demonstrates that, at the host population level, the two life history stages of M. laminarioides are
susceptible to the pathogens . We also detected an association between reproduction of the host and infection,
although the basis for it are unknown .

The two pathogens showed different intra-frond distribution, with Endophyton sp. affecting preferentially the
base of the frond. The spatial distribution within the beach was different for each pathogen . The main impact of
Pleurocapsa sp . was recorded at the center, more protected sector of the beach .

Introduction

The study of infectious algal diseases may involve,
on theoretical grounds at least, various complemen-
tary stages, and each of them may require different
approaches, with specific protocols that will lead to
answer questions at different levels of resolution .

There is a first, mainly descriptive stage, charac-
terized by field and laboratory observations . The main
objective of this stage is to individualize the potential
pathogens associated with a given lesion and to char-
acterize the damage caused to the host . Some basic
knowledge about the biology of the host organism is
extremely important at this stage, so differences in
any morphological or physiological character between
normal and diseased individuals are not confused with
the normal variation within the species . The theoret-
ical considerations regarding this aspect in the study
of algal diseases are beyond the scope of this paper
and have been discussed in detail by Andrews & Goff
(1985) . A number of researchers, particularly those

responsible for the early studies, have not pursued their
work beyond this first stage . Although important in its
own right, information restricted to this stage is of little
value in understanding the intimacy of any pathogenic
association, and certainly is of no value at all to assess
the potential impact of the suspected pathogen at a host
population level .

The second stage, mainly in the laboratory, is char-
acterized by an experimental approach whose main
aim is to establish unequivocally causality . To accom-
plish this objective, it is required to fulfill the so called
Koch's postulates. Andrews (1976, 1977) stressed
the necessity to follow strict procedures, similar to
those used by microbiologists, if significant progress in
understanding algal diseases were to be realized. How-
ever, handling algae in the laboratory presents difficul-
ties which sometimes work against a fully laboratory-
based demonstration of Koch's postulates . In this con-
text, Andrews & Goff (1985) indicated that some flex-
ibility should be allowed, but without sacrificing the
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intent involved in each of the steps leading to establish
causality.

Learning to manipulate algal hosts and their
pathogens under laboratory conditions has also
allowed significant improvements in our understand-
ing of aspects such as host-specificity (Kazama, 1979 ;
Correa & McLachlan, 1991 ; Miiller & Parodi, 1993)
mechanisms of infection and spread of the disease
(Kazama & Fuller, 1970 ; Andrews, 1977 ; Molina et
al., 1988 ; Apt & Gibor, 1989 ; Ishikawa & Saga, 1989 ;
Fujita, 1990 ; Correa & McLachlan, 1994 ; Weinberger
et al., 1994), and effects on physiological responses
by the host (Wu et al., 1983; Correa & McLachlan,
1992; Friedlander & Gunkel, 1992 ; Robledo et al .,
1994) . This information has been critical in develop-
ing strategies for preventing or eliminate the pathogens
in algal farms (Craigie & Shacklock, 1989 ; Craigie,
1990; Craigie & Correa, 1995) .

The third stage is considered in the context of
assessing the ecological meaning of a given disease,
whose etiology has been established and its direct
effects on individual hosts has been characterized . It
must be realized at this point, that death of individu-
al hosts may have no effects at population level, if it
occurs before the point where their numbers are regu-
lated in a density-dependent fashion (Harper, 1990) .

Epidemiology is the discipline which quantifies the
importance of a given disease at the host's population
level (Agrios, 1988), and includes aspects such as : (a)
incidence of the disease, (b) segment of the population
being affected (i .e . young, old, or both), (c) differential
susceptibility between life history phases, (d) severity
of the disease, (e) spatial distribution and (f) seasonal
variations .

This is the most overlooked aspect in the stud-
ies of pathogenic interactions in algae. In fact, with
the exception of the limited information on some epi-
demiological features in the Chondrus crispus Stack .-
Acrochaete operculata Correa et Nielsen pathosystem
(Correa et al., 1987), no report is currently available
on this area .

Thus, the objective of this study is to characterize
some epidemiological features of the two main infec-
tious diseases affecting the red alga Mazzaella lami-
narioides (Bory) Fredericq (Correa et al., 1993, 1994)
in Central Chile .

Materials and methods

Matanzas (33°58' S) is a fishermen's village, about
200 km south from Santiago . It is characterized by
rocky platforms alternated with large boulders . During
summer, sand covers most of the boulders as a result
of wind and current regimes . A typical sandy beach
prevails most of the summer and part of fall . During
winter and early spring most of the sand is removed
exposing the boulders .

The red alga Mazzaella laminarioides is the main
occupant of primary space in the intertidal zone of
Matanzas. To assess the epidemiology of the two main
infectious diseases affecting this alga, samplings were
done in January (Summer), May (autumn), August
(winter) and November (spring) . A section of the
beach, 150 m long, was divided in 9 contiguous sectors,
perpendicular to the sea border. Within each sector, 10
quadrants (25 cm2) were randomly distributed, and the
thalli of M. laminarioides were removed at the base
of the fronds . Samples included all individuals larg-
er than 5 mm, which were placed in labeled plastic
bags, and were stored in a cooler with ice packs to
maintain the temperature at 4-8 °C . The material was
transported immediately to the laboratory in Santiago
and deep-frozen for analysis .

A number of macroscopic and microscopic features
were recorded from each frond . These included size,
reproductive status, occurrence of the infections and
infection severity . Each frond was divided arbitrarily in
three segments (apical, central, basal) where the occur-
rence of the infecting pathogens and the severity of the
infection was recorded . A qualitative scale to assess the
severity of infection was chosen as the only possible
way to analyze the large number of samples . It must be
taken into consideration that the analysis of this param-
eter must be done under the dissecting microscope for
each and whole frond . Detailed information regarding
the macroscopic and microscopic changes in M. lami-
narioides by Endophyton sp . and Pleurocapsa sp . have
been published elsewhere (Correa et al., 1993, 1994)
and therefore, will not be included here . Endophyton
sp. and Pleurocapsa sp . are the causative agents of the
green patch disease and deformative disease respec-
tively in M. laminarioides . Data were expressed as
frequency or density . Frequency is defined as the seg-
ment of the population, grouped seasonally, showing a
particular feature . Density is defined as the number of
individual thalli per unit of area .



An index to assess the intensity of the infection (Ii )
was applied to pooled data from each sample :

Ii = (X I )1 + (X,,,,)2 + (Xh)3
3ni

where X1, X,,,,, X h represent the number of segments
(3 per frond : apical, central, basal) in each sample,
that display a low, medium and high values of infec-
tion severity respectively. The number 1, 2 and 3 in
the numerator are constants included in the equation to
give different weight to the qualitative values of sever-
ity. Thus, segments with `high' values of severity have
a stronger impact on the index than those with `low'
severity values. By doing that, we incorporated in the
index an additional component to further discriminate
the effect of different degrees of infection . The number
3 in the denominator represents the three segments into
which the infected fronds (ni) were divided .

Data were log transformed and parametric statis-
tics were applied after assessment of mean-to-variance
independence and homocedasticity (Sokal & Rohlf,
1981) .

Results

Infections as a whole varied from 45% to more than
80% of the examined fronds (Figure la) . Frequen-
cy of infection was higher in summer-autumn than
in winter-spring (Figure la) . An important part of
the population, 38-57%, was infected exclusively by
Endophyton sp ., whereas 3-9% of the individuals were
infected exclusively by Pleurocapsa sp. (Figure lb) .
Approximately 4-23% of the fronds were affected by
the two pathogens at the same time (Figure Ib) . Infec-
tions by Endophyton sp . showed consistently the high-
est incidence, with maximum values in autumn (Fig-
ure lb) . Infections by Pleurocapsa sp., on the other
hand, affected a significantly lower proportion of the
population, with a minimum in autumn (Figure Ib) .

Density of infected fronds showed a clear seasonal
fluctuation, where the high summer values decreased
sharply toward autumn to reach a minimum dur-
ing winter (Figure 2a) . By comparison, non-infected
fronds showed low and similar densities in summer and
autumn, with a clear increase towards winter, reaching
a maximum in spring (Figure 2a) . The impact of each
pathogen on the intensity index also showed a seasonal
fluctuation, with higher values in summer, followed by
a significant decline towards winter (Figure 2b) .
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Figure 1 . Incidence of infections in the wild population of Mazzaella
laminarioides from Matanzas . A . Seasonal occurrence of infected
fronds as a whole . B . The infected segment of the the population is
separated in its three basic components .

Regarding the location of the infections within the
fronds, Endophyton sp . clearly showed a preference for
the basal segments of the thallus, with lower incidence
in the central and apical segments (Figure 3) . Infec-
tions by Pleurocapsa sp. on the other hand, affected
mainly the central part of the fronds (Figure 3) . The
patterns of infection within the fronds did not change
significantly throughout the year, with the exception of
Pleurocapsa sp . i n autumn, where the apical segments
showed an infection incidence higher than the basal
ones (Figure 3) .

When fronds infected by Pleurocapsa sp. were
grouped according to their reproductive status, the
non-reproductive fraction was by far the most affected
stage (Figure 4) . This pattern was consistent through-
out the year, although a decline in the percentage of
infected non-reproductive fronds was observed in win-
ter (Figure 4) . A relatively low percentage of fronds
infected by the tumor-causing Pleurocapsa sp. were
either cystocarpic or tetrasporic, and that showed a
slight increase in winter (Figure 4) . Comparisons of
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Figure 2 . Seasonal fluctuations in density (A) and intensity index
(B) . Su= summer, A= autumn, W= winter, S= spring . The paired
seasons are those whose mean are significantly different with a p <
0 .05 .

the I-C-T ratios between the infected and non-infected
segments of the population (X 2 test, a = 0.001) showed
that the proportions of reproductive (cystocarpic and
tetrasporic) infected fronds were significantly differ-
ent from the proportion of reproductive, non infect-
ed fronds . This indicated that there was an associa-
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Figure 3 . Spatial distribution of the infections by Endophyton sp and
Pleurocapsa sp within the frond of Mazzaella laminarioides .

tion between being reproductive and being infected by
Pleurocapsa sp. (Figure 4), a trend which persisted
throughout the year, with the exception of summer .
Similar patterns were detected in the infections of M .
laminarioides by Endophyton sp. (Figure 4) .

Considered on a yearly basis, the intensity index
B due to Endophyton sp. showed only minor fluctuations

along the 150-m belt of M. laminarioides (Figure 5) .
Intensity index resulting from infections by Pleurocap-
sa sp., however, showed a clear increase in sectors 5
and 6 (Figure 5), the center and more protected section
of the beach .

Discussion

Our results indicate that the infected status is common
for individuals of M. laminarioides at Matanzas, and
such a feature persists through the year. Furthermore
it is important to consider that Endophyton sp . i s the
main pathogen responsible for the high infection rates .
This pathogen, which causes the so called green patch
disease, induces direct primary damage and also facil-
itates the entrance to secondary pathogens, like bac-
teria (Correa et al., 1994). The degradative effects of
the infection by Endophyton sp . are likely to debilitate
the host tissues, making the fronds more susceptible to
removal by wave action . The continuous wave impact
on the weakened tissue may induce flaws on the thal-
lus surface, an event that is quickly followed by frac-
ture (Biedka et al .,1987; Denny, 1988; Denny et al.,
1989) and eventually results in the loss of the individ-
ual from the population . A similar argument was dis-
cussed regarding the association between Acrochaete
operculata and Chondrus crispus (Correa & McLach-
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Ian, 1992). This pathogen causes damage to C. crispus
(Correa & McLachlan, 1994) in an almost identical
manner as Endophyton sp. does to M. laminarioides
(Correa et al., 1994). Field observations suggest that
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the fracture of the fronds of C. crispus occurs at the
central segment, where the infection is more frequent
(Correa et al., 1987), and not at the junction between
stipe and holdfast which, according to McLachlan et
al. (1989), is the weakest point . This is particularly
relevant in the case of M. laminarioides, where Endo-
phyton sp. clearly shows a preference by the basal part
of the thallus which, in this algae, is the narrower and
weakest point (Correa, pers . obs .) .

The negative effect of the infections on M. lami-
narioides is further supported by the density data and
by the intensity index. Infected fronds show a sharp
and significant decline towards winter, which coincides
with the time of the year when beaches are hit by win-
ter storms . It seems clear that winter storms selectively
remove the infected, weaker fronds because at the same
time they are declining the non-infected component of
the population begins its steady increase. Furthermore,
the lowest intensity index during winter is the result of
having individuals with overall low infection sever-
ity values, a situation which likely results from the
removal of fronds with more severe infections . Pre-
liminary experiments with tagged M. laminarioides
showed that infected fronds were removed significant-
ly faster than non-infected individuals (Correa et al.,
unpublish.) ; these observations provide additional sup-
port to the above suggestions .

The deformative disease caused by Pleurocasa sp .
is also present throughout the year . Its incidence,
however, was minor in comparison with infections
by Endophyton sp . The deformative disease results
in severe alteration of the normal morphology and,
as a result of the massive development of tumors,
the smooth surface of the frond acquires a rough,



94

sand paper-like texture (Correa et al., 1992) . Even
though no tissue destruction was reported for this dis-
ease, tagging experiments similar to those performed
with Endophyton-infected fronds suggest that tumor-
deformed fronds of M. laminarioides are removed
faster than normal fronds (Correa et al ., unpublish .) .
Deformations and changes in the microtopography of
the frond can be considered as features which could
modify the biomechanical properties of any alga, par-
ticularly those inhabiting the intertidal zone (Koehl,
1986 ; Denny, 1988 ; Denny et al., 1989 ; Carrington,
1990) . The presence of papillae in Mastocarpus papil-
latus Kiitzing increased the drag values, although their
relative importance in relation to other drag-modifying
features remained unclear (Carrington, 1990) . In the
case of M. laminarioides, the potential direct nega-
tive effect of the tumors on hydrodynamics should be
worsened by the deformations occurring in the frond
as a whole . The lanceolate to fusiform shape of non-
infected individuals contrasts with the stunted wrinkled
and irregular morphology of the severely diseased indi-
viduals. Thus it is understandable that, as with Endo-
phyton sp ., the lowest frequency values were detected
in winter, when drag forces are considerable higher,
reaching up to 10-20 m s-1 (Denny, 1988) . The lowest
values of the intensity index in winter also suggest that
the individuals with more severe infections, present in
summer, are wiped-out during winter storms .

Although non-reproductive fronds are more fre-
quently infected than reproductive ones, there are more
diseased reproductive fronds than non-diseased repro-
ductive fronds . This association between reproduction
and infection is similar in the two diseases, but the
meaning is not clear . One possibility is that spore
release during reproduction of the host could expose
the internal tissues, facilitating the entrance of the
pathogens. However, Endophyton sp . and Pleurocapsa
sp. are not found in direct spatial contact with either
cystocarps or tetrasporangial sori (Correa et al., 1993,
1994) . An important aspect emerging from our data
on the relationship between reproduction and infection
is that both gametophytic and sporophytic fronds of
M. laminarioides are susceptible to the infection by
Endophyton sp and Pleurocapsa sp . This pattern dif-
fers from that reported for the C . crispus-A . operculata
association, where the sporophytic phase was suscep-
tible and severely damaged, whereas the gametophytic
thallus was not (Correa & McLachlan, 1991, 1992,
1994) . A direct effect of the infections on reproduc-
tive output has not being investigated, but qualitative
observations suggest that full size, heavily diseased

fronds (regardless of the pathogen involved), are rarely
mature (Correa et al ., unpubl . obs .) .

The spatial distribution of each pathogen within
the population ofM. laminarioides from Matanzas is
different . Although both are presented along the whole
150-m beach, Endophyton sp . affectsM. laminarioides
more or less with the same intensity throughout the
area . Pleurocapsa sp ., on the other hand, affects mainly
the individuals growing in the center of the beach . The
reason for this spatial differential susceptibility is not
known, although coincides with the part of the beach
that is more protected from the direct wave action . This
could be interpreted as two mutually exclusive alterna-
tives . One is that genetic variability regarding suscep-
tibility to diseases is expected within a population of
any host (see Burdon & Leather, 1990) and therefore,
a mosaic of susceptible and non-susceptible M. lami-
narioides may co-exist in the same area . The other is
that susceptibility is the same throughout the popula-
tion, and that in the center of the beach individuals last
longer time because wave forces acting on them are less
intense . Thus, the hosts would have more time to accu-
mulate the effects (deformation, tissue destruction etc .)
of the pathogen, which were detected by the intensi-
ty index . Transplant experiments, currently underway,
will help us to elucidate this aspect of the relationship
betweenM. laminariodes and its pathogens .

Mazzaella laminarioides is an economically valu-
able resource (Santelices & Norambuena, 1987 ; Avila
& Seguel, 1993) with an additional ecological impor-
tance (Santelices, 1990 ; Gomez & Westermeier, 1991) .
Understanding the factors modulating reproduction,
growth and mortality (among others) in this alga is an
important challenge, not only to improve the manage-
ment of exploited populations, but also for the future
cultivation of this resource . In this context, understand-
ing how infection diseases operate at a population level
are the key for success . This is particularly true as the
trend during cultivation is to generate artificial popula-
tions of genetically homogeneous organisms growing
at high densities and, which is the ideal combination for
pathogens to develop as epidemics (Correa & Craigie,
1991) .

Acknowledgments

This work was funded by grants EC (CI1 *-CT92-
0072) and FONDECYT 1940647 to JC



References

Agrios, G. N ., 1988 . Plant pathology. Third Edition . Academic Press,
Inc., San Diego, 803 pp .

Andrews, J . H ., 1976 . The pathology of marine algae. Biol . Rev. 51 :
211-253 .

Andrews, J. H ., 1977 . Observations on the pathology of seaweeds
in the Pacific Northwest . Can . J . Bot . 55 : 1019-1027 .

Andrews, J. H . & L. J . Goff, 1985 . Pathology. In M . M . Littler &
D . S . Littler (eds), Handbook of Phycological Methods . Ecolog-
ical Field Methods : Macroalgae. Cambridge University Press,
Cambridge : 573-591 .

Apt, K . & A . Gibor, 1989. Development and induction of bacteria-
associated galls on Prionitis lancelolatu (Rhodophyta). Dis .
aquat . Org. 6 : 151-156 .

Avila, M . & M . Seguel, 1993 . An overview of seaweed resources in
Chile . J . appl . Phycol. 5 : 133-139 .

Biedka, R . F., J . M. Gosline & R. E . De Wreede, 1987 . Bio-
mechanical analysis of wave-induced mortality in the marine
algae Pterygophora californica . Mar. Ecol . Prog. Ser. 36 : 163-
170 .

Burdon, J . J . & S. R . Leather, 1990 . Pests, pathogens and plant
communities . Blackwell Scientific Publications, Oxford, 333 pp .

Carrington, E ., 1990 . Drag and dislodgment of an intertidal macroal-
gae : consequences of morphological variation in Mastocarpus
papillatus Kutzing . J . exp . mar. Biol . Ecol . 139 : 185-200.

Correa, J . A. & J. S . Craigie, 1991. Algal Pathology. In G. Garcia-
Reina & M. Pedersdn (eds), Proc . of the COST-48 workshop .
Seaweed Cellular Biotechnology, Physiology and Intensive Cul-
tivation . Universidad de Las Palmas de Gran Canaria, Las Pal-
mas: 67-82.

Correa, J . A. & J . L. McLachlan, 1991 . Endophytic algae of Chon-
drus crispus (Rhodophyta) . III . Host specificity. J. Phycol. 27 :
448-459 .

Correa, J . A. & J . L. McLachlan, 1992 . Endophytic algae of Chon-
drus crispus (Rhodophyta) . IV. Effects on the host following
infections by Acrochaete operculata and A. heteroclada (Chloro-
phyta). Mar. Ecol. Prog . Ser. 81 : 73-87.

Correa, J . A. & J . L . McLachlan, 1994 . Endophytic algae of Chon-
drus crispus (Rhodophyta) . V. Fine structure of the infection by
Acrochaete operculata (Chlorophyta) . Eur. J . Phycol . 29 : 33-47 .

Correa, J . A. & V. Flores & P. A . Sdnchez, 1993 . Deformative
disease in Iridaea laminarioides (Rhodophyta) : gall development
associated with an endophytic cianobacterium. J . Phycol . 29 :
853-860 .

Correa, J . A . & V. Flores & J . Garrido, 1994 . Green patch disease
in Iridaea laminarioides (Rhodophyta) caused by Endophyton sp
(Chlorophyta) . Dis . aquat . Org . 19 : 203-213 .

Correa, J . A ., R, Nielsen, D . W. Grund & J . L. McLachlan, 1987 .
Endophytic algae in Irish moss (Chondrus crispus Stackh.) .
Hydrobiologia 151/152 : 223-228 .

Craigie, J . S ., 1990. Irish moss cultivation : some reflections . In
C. Yarish, C. A . Penniman & P. Van Patten (eds), Economically
Important Marine Plants of the Atlantic. Their Biology and Culti-
vation. Connecticut Sea Grant College Program, Marine Sciences
Institute, University of Connecticut, Groton, Connecticut : 37-52 .

Craigie, J . S . & J . A . Correa, 1995 . Etiology of infectious diseases in
cultivate Chondrus crispus Stackhouse . Hydrobiologia: in press .

Craigie, J . S . & P. F. Shacklock, 1989 . Culture of Irish moss . In A .
D . Boghen (ed .), Cold Water Aquaculture in Atlantic Canada.
The Canadian Institute for Research on Regional Development,
University of Moncton, Moncton : 243-270 .

95

Denny, M . W., 1988 . Biology and the mechanics of the wave-swept
environment . Princeton University Press, Princeton, 329 pp .

Denny, M. W., V. Brown, E. Carrington, G . Kraemer & A.
Miller, 1989 . Fracture mechanics and the survival of wave-swept
macroalgae. J . exp. mar. Biol . Ecol . 127 : 211-228 .

Friedlander, M . & W . Gunkel, 1992 . Factors leading to thallus dis-
integration and the control of these factors in Gracilaria sp . In B .
Moav, V. Hilge and H. Rosenthal (eds), Proceedings of the 4th
German-Israeli Status Seminar. EAS Special Publication N° 17,
221-243 .

Fujita,Y., 1990 . Diseases of cultivated Porphyra in Japan . In I. Akat-
suka (ed .), Introduction to Applied Phycology. SPB Academic
Publishing, The Hague: 177-190.

G6mez, I . M . & R . C . Westermeier, 1991 . Frond regrowth from
basal disc in Iridaea laminarioides (Rhodophyta, Gigartinales)
at Mehuin, southern Chile. Mar. Ecol . Prog. Ser. 73 : 83-91 .

Harper, J . L ., 1990. Pests, pathogens and plant communities : an
introduction . In J . J . Burdon & S. R. Leather (eds), Pests,
pathogens and plant communities . Blackwell Scientific Publi-
cations, Oxford : 3-14 .

Ishikawa, Y. & N . Saga, 1989 . The diseases of economically valuable
seaweeds and pathology in Japan . In S . Miyachi, I . Karube &
Y. Ishida (eds), Current Topics in Marine Biotechnology . Fuji
Technology Press Ltd ., Tokyo : 215-218 .

Kazama, F. Y. & M. Fuller, 1970 . Ultrastructure of Porphyra per-
forata infected with Pythium marinum, a marine fungus . Can. J .
Bot . 48 : 2103-2107 .

Kazama, F. Y., 1979 . Pyrhium `red rot disease' of Porphyra . Expe-
rientia 35 : 443-444 .

Koehl, M. A . R., 1986 . Seaweeds in moving waters: form and
mechanical function. In T. J . Givnish (ed .), On the Economy
of Plant Form and Function . Cambridge University Press, Cam-
bridge : 603-634 .

McLachlan, J ., J. Quinn & C . MacDougall, 1989 . The structure of
the plant of Chondrus crispus Stackhouse (Irish moss) . J . appl .
Phycol . 1 : 311-317 .

Molina, F. I ., G . C . Hughes & J . S . Craigie, 1988. Temperature-
influenced rates in the Chondrus crispus-Petersenia pollagaster
pathosystem: a regression analysis . Mar. Biol . 97 : 431-433 .

Muller, D . G . & E . Parodi, 1993 . Transfer of a marine DNA virus
from Ectocarpus to Feldmannia (Ectocarpales, Phaeophyceae) :
aberrant symptoms and restitution of host . Protoplasma 175 : 121-
125 .

Robledo, D . R ., P. A . Sosa, G . Garcia-Reina & D . G . MUller, 1994 .
Photosynthetic performance of healthy and virus-infected Feld-
mannia irregularis and F. simplex (Phaeophyceae) . Eur. J . Phy-
col. 29 :247-251 .

Santelices, B ., 1990 . Patterns of organizations of intertidal and shal-
low subtidal vegetation in wave exposed habitats of central Chile .
Hydrobiologia 192: 35-57 .

Santelices, B . & R . Norambuena, 1987 . A harvesting strategy for
Iridaea laminarioides in central Chile. Hydrobiologia 151/152 :
328-333 .

Sokal, R . R . & F. J . Rohlf, 1981 . Biometry. W. H . Freeman & Co.,
New York, 859 pp .

Weinberger, F., M . Friedlander & W. Gunkel, 1994 . A bacterial
facultative parasite of Gracilaria conferta. Dis . aquat. Org . 18 :
135-141 .

Wu C. Y., D . Chen & J . Li, 1983 . On the diseases of cultivated
Laminaria japonica . In C . K . Tseng (ed .), Proc. of the Joint China-
U. S . Phycology Symposium . Science Press, Beijing, China :
211-220 .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7

