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ABSTRACT

This study addresses the issues of infection prevalence
and disease expression in two wild populations of the red
algal host Mazzaella laminarioides and their variability
associated with locality, season, and spatial location of the
host in the intertidal zone. Our results demonstrated that
Endophyton ramosum is the most frequent infective
pathogen afffecting M. laminarioides in Matanzas and
Pucatrihue. This situation prevailed through the year and
across the high-to-low intertidal gradient. Although there
was a general trend for lower levels of infection in late
winter and early spring, only in a few cases was well-
defined seasonality detected. Furthermore, clear seasonal
patierns, as displayed by deformative disease in the high
intertidal zone of Pucatrihue, were attenuated in the mid-
dle and lower intertidal zones. Differences in levels of in-
fection tn M. laminarioides between the high intertidal
zones of Matanzas and Pucatrihue diminished toward the
low intertidal zone. Thus, effects of seasonality and locality
on infection prevalence may be influenced, at least in part,
by the position of the hosts in the intertidal zome.

Spatial distribution of the diseased individuals also var-
ied along the beach. This pattern was consistent between
the two siles and seemed related to wave exposure and the
specific pathogen. Comparisons of the size distribution of
noninfected fronds with their infected counterparts showed
that infections by Endophyton ramosum and Pleuro-
capsa sp. more frequently affected medium-and large-sized
fronds. This pattern was consistent temporally and similar
in the two localities. Finally, a clear association between
maturity and prevalence of infection was detected. This
association resulted in most fronds of the noninfected seg-
ment of the host population being immature, whereas most
mature fronds were infected. In conclusion, infectious dis-
eases affecting the red alga Mazzaella laminarioides are
a persistent phenomenon in wild populations of the host,
although only a small segment of the infected populations
displays the full expression of the disease. In spite of the
suggested role of factors such as season, latitude, and spa-
tal location of the host on disease prevalence and expres-
sion, additional studies are needed to understand fully the
dynamics of infectious diseases in wild populations of algal
hosts. '
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Several studies (i.e. Littler and Littler 1995, Cor-
rea 1996, Correa and Sianchez 1996) have indicated
that information on ecological aspects of algal dis-
eases in marine environments is scarce. Most prior
studies have focused on the identification of the
pathogens and characterization of the anatomical
and physiological effects on their hosts. Examples of
physiological studies include the reports on malfor-
mations of young sporophytes of Laminaria japonica
Aresch. caused by H,S-producing bacteria (Wu et al.
1983), diminished growth rates of Chondrus crispus
Stackh. caused by endophytic algae (Correa and
McLachlan 1992), bleaching and thallus decay as-
sociated with diminished growth rates in species of
Gracilaria infected by pathogenic bacteria (Friedlan-
der and Gunkel 1992, Weinberger et al. 1994), and
detrimental effects on photosynthesis in Feldmannia
irregularis (Kitzing) Hamel and F. simplex (P. et H.
Crouan) Hamel infected by virus (Robledo et al.
1994). The most recent reports on cellular and tis-
sue changes in algae induced by invasive pathogens
include the degradative lesions in C. crispus and Maz-
zaella laminarioides (Bory) Fredericq (formerly Iri-
daea laminarioides Bory) caused by algal endophytes
(Correa and McLachlan 1994, Correa et al. 1994)
and the severe digestion of Gracilaria chilensis Bird,
McLachlan, & de Oliveira following invasion of the
thallus by an endophytic amoeba (Correa and Flores
1995). A nondegradative disease characterized by
frond deformation has been reported in wild pop-
ulations of M. laminarioides infected by endophytic
cyanobacteria (Correa et al. 1993). Earlier literature
has been reviewed elsewhere (Andrews 1976, Goff
1983, Correa and Craigie 1992).

Even though the brief preceding information rep-
resents the traditional approach for studying infec-
tious diseases, it seems unlikely that such informa-
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tion can be used to elucidate the role of pathogens
on wild populations of algal hosts. In this context,
information on epidemiological aspects of the dis-
eases is a necessary first step in this process (Correa
1996, Correa and Sanchez 1996). However, epide-
miological information regarding infectious diseases
of algae is, today, almost nonexistent.

The objective of this study was to characterize the
levels of infection, including temporal, spatial, and
latitudinal fluctuations, of the two most common
diseases affecting wild populations of the red algal
host Mazzaella laminarioides. The deformative disease
is caused by Pleurocapsa sp. (Cyanophyta), and it is
characterized by the development of tumors, mainly
in the central portion of the frond, which induce
severe changes in the normal morphology (Correa
et al. 1993). The green patch disease is caused by
Endophyton. ramosum Gardner (Chlorophyta), and it
is characterized by a dark-green pigmentation of the
basal part of the frond, accompanied by tissue soft-
ening in advanced infections. The green pigmenta-
tion results from massive proliferation of the endo-
phyte within the tissues of the host (Correa et al.
1994).

METHODS

Study sites. Matanzas (Fig. 1; 33°58'S) is a small village located
about 200 km southwest of Santiago. Although most of the beach
is sandy, the southern part is characterized by rocky platforms
and large boulders that are invaded seasonally by sand. During
summer and early autumn, boulders tend to be covered by sand
driven by wind and currents. Our observations indicate, however,

that invasion by sand may vary greatly in intensity from year to
year. Topographically, the rocky portion of the beach (ca. 150 m
long) is naturally divided into three sections by rock formations
oriented perpendicularly to the coastline and extending for about
20 m into the water. This topography leaves the central section
more protected from the direct wave impact than the southern
and northern sections.

The main intertidal algal species is Mazzaella laminarioides,
which coexists with Nothogenia fastigiata (Bory) Parkinson, a red
alga with a marked seasonal fluctuation in abundance. Other spe-
cies, including Gymnogongrus furcellatus (C. Agardh) J. Agardh, Gel-
idium lingulatum Kiatzing, and Ahnfeltia durvillaei (Bory) J. Agardh
appear only in the lower intertidal zone. None of these species
have been recorded to develop the diseases that affect M. lami-
narioides.

Pucatrihue (Fig. 1; 40°33'S), the second study site, is located
about 1000 km south of Santiago. It is a 200-m wave-exposed
rocky beach characterized by platforms and ridges (75% of the
beach length) and boulders (25% of the beach length). The plat-
form area is exposed to strong wave action, particularly during
winter storms, whereas the remaining section is more protected
and typically contains coarse sand among the boulders. Mazzaella
laminarioides monopolizes the primary space, although there are
sectors where the rhodophycean Trematocarpus dichotomus Kitzing
and the chlorophycean Ulva rigida C. Agardh are also abundant.

Sampling. The Mazzaella laminarioides belt extends from 0.4 to
2.2 m above zero level (mean tide chart datum). The fringe oc-
cupied by M. laminarioides in each of the three beach sections in
Matanzas was divided into high (1.6-2.2 m), middle (0.8-1.6 m),
and low (0.4-0.8 m) subsections. Thus, Matanzas was divided into
a grid of 9 sampling blocks (3 heights X 3 sections) covering an
area of 1800 m?. Within each block, 10 haphazardly placed quad-
rats of 25 cm? were used to remove all Mazzaella laminarioides
fronds larger than 5 mm. Because of the characteristics of the
symptoms, this approach did not induce a bias during the loca-
tion of the quadrats. Samples from each quadrat were kept in
individual, labeled plastic bags, taken to the laboratory within 4
h, and frozen at —20° C until microscopic analysis. For the anal-
ysis, 40 randomly chosen fronds were selected from each quadrat,
and size, reproductive status, presence or absence of infections,
position of the pathogen within the fronds, and severity of the
infections were recorded.

A qualitative scale was used to assess severity of the infections.
In the present analysis, a visual categorization of severity was done
under the dissection microscope and restricted to the areas of
the thallus known to manifest preferentially the symptoms of each
disease (i.e. target areas): the narrow stipe in the case of infec-
tions by Endophyton ramoesum and the lamina in infections by Pleu-
rocapsa sp. A low severity of infection was considered to be cases
when 10% or less of the target area was occupied by either E.
ramosum or Pleurocapsa sp. At this low level, only initial stages of
infection by the two pathogens were recognized. An intermediate
level of infection was scored when individuals displayed 10-70%
of any target area colonized by either pathogen. Usually, the typ-
ical symptoms of each disease (full disease expression; see Correa
et al. 1993, 1994) were seen at this level of infection, particularly
when the surface of the host tissue that was colonized by the
pathogens approached the upper limit. A high level of infection
was scored when 70% or more of the surface of the target area
consisted of heavily diseased tissue.

The sampling procedure in Pucatrihue was identical to that in
Matanzas. However, the former beach is longer (ca. 200 m) than
Matanzas, resulting in the division of the beach into four sections
and a grid of 12 sampling blocks (4 sections X 3 tidal heights).
As in Matanzas, the limits of each section coincided with high
rock formations oriented toward the sea.

The sampling period extended from March 1994 to March
1995. Each site was visited bimonthly with simultaneous sampling
at Matanzas and Pucatrihue. Each visit resulted in the analysis of
3600 fronds from Matanzas and 4800 from Pucatrihue, with a
total of 25,200 and 33,600 fronds, respectively, for the entire sam-
pling period.

Statistics. All data were tested for an appropriate fulfillment of
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FiG. 2. Infection levels (mean * 1 SE) of the two most common pathogens of Mazzaella laminaricides in Pucatrihue and Matanzas.
Mean values represent the average of 30 and 40 quadrats (i.e. 10 in each section of the beach) from Matanzas and Pucatrihue, respectively.
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the requirements for ANOVA, and aresin transformations were
made when needed. Analyses included one- and two-way ANOVAs
with Tukey HSD 4 posteriori multiple comparisons, the nonpara-
metric Kolmogorov-Smirnov test for size-infection relationships,
and chi-square for reproductive status-infection relationships (So-
kal and Rohlf 1981). Computations were done in SYSTAT version
5.2 for Macintosh.

RESULTS

Infections by Endophyton ramosum were most fre-
quent within the population of Mazzaella laminarioi-
des tfrom Matanzas (Fig. 2). This pattern was consis-
tent throughout the year and various intertidal
heights, and interaction between the two factors was
not significant (Table 1). Intertidal height had a sig-
nificant effect (Table 1) on the infection frequency
by E. ramosum, which ranged from 40 to 75% in the
high intertidal zone to 31 to 50% in the lower in-
tertidal zone (Fig. 2). Frequency of infection de-
creased significantly toward July-September (late
winter-early spring), although the persistence of
lower levels of infection by E. ramosum varied ac-
cording to the tidal height. The levels of infection
during March 1994 varied from 75% in the high
intertidal zone to 50% in the lower intertidal zone,

whereas during March 1995 values fluctuated from
40% in the high intertidal zone to 31% in the low
intertidal zone (Fig. 2).

In Pucatrihue, infections by Endophyton ramosum
were also more common than those by Pleurocapsa
sp- (Fig. 2). The frequency of infection by E. ramo-
sum at this site was not significantly affected by in-
tertidal height, and November—January showed low-
er levels of infection (Fig. 2, Table 1). Interaction
between time of the year and intertidal height was
significant (Table 1), indicating that infection fre-
quency differed from one month to the other de-
pending on elevation.

The frequency of infection by Pleurocapsa sp. in
the population of Mazzaella laminarioides from Ma-
tanzas was significantly influenced by both intertidal
height and time of the year (Fig. 2, Table 1). Where-
as Pleurocapsa infections remained detectable
throughout the year in the middle intertidal zone,
they became rare at various times in the high and
low intertidal zones (Fig. 2). Regardless of the above
fluctuations, infections by Pleurocapsa sp. were much
more restricted than those by Endophyton ramosum,
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TABLE 1.  Effects of the relative spatial position (i.e. elevation) of the fronds in a tidal gradient (high, middle, and low) and time of year, on frequency

of infection by Endophyton ramosum and Pleurocapsa sp.

Endophyton Pleurocapsa
Matanzas Pucatrihue Matanzas Pucatrihue
Source df F P F P F P F P
Elevation 2 61.1 0.9-10-15 0.33 0.72 7.7 0.5-10-8 89.3 0.9-10-15
Time 6 8.7 0.4-10-% 38.2 0.99.10-1% 7.2 0.2-10-% 42.6 0.9-10-15
Elevation X time 12 1.7 0.6:10-! 5.1 0.8-107 13 2:10°! 8.2 0.8.10-4

with estimated mean values never higher than 18%
of the host population (Fig. 2). Infections by the
same pathogen in Pucatrihue were also affected sig-
nificantly by time and tidal height (Fig. 2, Table 1).
Furthermore, the interaction between tidal height
and time of the year was statistically significant, in-
dicating that monthly variations in infection fre-
quency were modified by elevation. Seasonality was
clear in the high intertidal zone of Pucatrihue, with
the lowest values occurring during September and
November (Fig. 2). This pattern became attenuated
toward the middle and lower intertidal zones (Fig.
2).
Within the infected segment of the host popula-
tion from Matanzas, the severity of the infections by
Endophyton ramosum was low (Fig. 3). This pattern
was consistent throughout the year and at the dif-
ferent intertidal heights. Terminal infections (i.e.
high severity) were found in only a minor portion
of the infected population, although they were pres-
ent all year. With the exception of May (high inter-
tidal zone) and January (low intertidal zone), Pleu-
rocapsa sp. infections in most fronds were of low se-
verity (Fig. 3). The frequency of fronds highly in-

fected by Pleurocapsa varied erratically through the
year and among tidal heights. The situation in Pu-
catrihue was similar for both diseases, although
highly infected fronds were rare, regardless of the
infecting organism (Fig. 3).

The spatial distribution of the diseased fronds var-
ied depending on the pathogen and the site under
consideration (Fig. 4, Table 2). For example, con-
sidering the annual mean values of infection for
each section of the beach, the central section of Ma-
tanzas had a significantly higher frequency of infec-
tions by Pleurocapsa sp. than the southern and north-
ern sections for the same pathogen (Fig. 4). In the
same site, however, no significant differences among
sections were found in fronds affected by the green
patch disease (Fig. 4). In Pucatrihue, annual mean
values of infection by Pleurocapsa sp. did not vary
significantly among sections 1, 2 and 3, but de-
creased significantly in section 4 (Fig. 4, Table 2).
Endophyton ramosum, however, infected significantly
fewer fronds in section 3 than in the others (Table
2).

Most of the noninfected Mazzaella laminarioides
fronds (usually 70% or more) were 4 cmn or smaller

Endophyton Pleurocapsa
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(Fig. 5). This pattern was consistent throughout the
year in Matanzas and Pucatrihue (Fig. 5). The size
distribution of diseased fronds, on the other hand,
varied in shape according to site, time of the year,
and the species of pathogen involved (Fig. 5). These
differences between the noninfected and infected
segments of each host population were all signifi-

cant, regardless of the time of the year, pathogen,
or site (Fig. 5; Kolmogorov-Smirnov test, o = 0.05).
In general, both the green patch disease and defor-
mative disease appeared to affect medium- and
large-size fronds preferentially. This trend was more
evident in infections by Pleurocapsa sp., particularly
in M. laminarioides from Pucatrihue. Whereas most
infections by Endophyton ramosum at Pucatrihue were
in the 2-8-cm segment, they were concentrated in
the 0-4-cm segment of the population at Matanzas
(Fig. 5). Size classes of M. laminarioides =4 cm were
composed mainly of infected individuals.

Immature fronds of Mazzaella laminarioides from
both Matanzas and Pucatrihue most frequently
lacked infection (Fig. 6). The same pattern was ob-
served in the segments of the two populations in-
fected by either Endophyton ramosum or Pleurocapsa
sp. (Fig. 6). However, the ratio of immature to ma-
ture fronds decreased significantly in the infected
portion of both populations (Table 3), indicating an
association between infection and maturity. The
highest values for mature, infected fronds were de-
tected from July to November in Matanzas and Pu-
catrihue (Fig. 6).

DISCUSSION

This study demonstrates that infections by patho-
genic organisms are a persistent phenomenon in
wild populations of Mazzaella laminarioides; infec-
tions by either Endophyton ramosum or Pleurocapsa sp.
affect at least 40% of the host population at Matan-
zas and 20% at Pucatrihue., Maximum values, on the
other hand, exceeded 60 and 40% of the popula-
tions at Matanzas and Pucatrihue, respectively. With
the exception of a recent report by Littler and Lit-
tler (1995) and previous reports from our laboratory
(Correa et al. 1993, Correa and Sanchez 1996), no
epidemiological information on any algal disease is
available, making comparative analyses impossible.

Correa et al. (1993) characterized the macro- and
microscopic features of the deformative disease of

TABLE 2. Effect of the beach sections on the frequency of infection by Endophyton ramosum and Pleurocapsa sp. F values from oneway ANOVA
are followed by a matrix of pairwise comparison probabilities (Tukey HSD multiple comparison test).

Endophyton Pleurocapsa
Matanzas Pucatrihue Matanzas Pucatrihue
F P 3 P ¥ P F P
2.7 0.067 4.2 0.006 21.8 0.001 4.2 0.006
Tukey HDS multiple comparison test
Plewrocapsa
Endophyton
Pucatrihue Matanzas Pucatrihue
section section section
Section 1 2 3 4 i 2 3 1 2 3 4

1 — — —
2 0.958 — 0.21-10-4 — 0.999 —
3 0.006 0.029 — 0.751 0.22-10°* — 0.824 0.887 —
4 0.751 0.960 0.106 — 0.066 0.046 0.004 —
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Mazzaella laminarioides, providing the first quantita-
tive account on ecological aspects of an infectious
algal disease. Those results were part of a 1-year
(1992) monitoring program restricted to the host
population at Matanzas. It did not include infor-
mation on the green patch disease, a much more

common pathology affecting M. laminarioides
throughout its geographic distribution (Correa et al.
1994). More recently, epidemiological information
for the two diseases, even though restricted to Ma-
tanzas, was integrated by Correa and Sinchez
(1996), who used the 1992 data base to characterize
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disease seasonality, location of the lesions within the
host, and the relationship between host reproduc-
tive status and infection.

Comparisons between results of the 1992 (Correa
and Sanchez 1996) and the 1994-1995 (this study)
monitoring programs revealed the persistence of
some epidemiological features in the host popula-
tion at Matanzas. Similarities between these moni-
toring periods include the high prevalence of infec-
tions by Endophyton ramosum throughout the year

TABLE 3. Chi-square analysis designed to test the hypothesis that mature
fronds have an incidence of infection higher than expected at random,
given their frequency in the population. Values represent calculated x2s
values for the differences in immature-to-mature ratios between infected
and noninfected segments of the Mazzaella laminarioides from Matan-
zas and Pucatrihue. ¥P < 0.05.

Endophyton Pleurocapsa

Matanzas Pucatrihue Matanzas Pucatrihue
March 94 76* 62* 399* Hh3*
May 749* 717* 7599* 11,016*
July 303* 2732% 6257* 11,685*
September B12* 115,610* 19,276* 846,088*
November 20 4555% 331* 145,292%
January 95 114* 26* 312% 1029*
March 185* 7* 270* 14,575%

and the relatively low prevalence of Pleurocapsa in-
fections, which tend to be even less prevalent during
winter. The more or less homogeneous pattern of
spatial distribution of hosts infected by E. ramosum
and the highly localized distribution of thalli infect-
ed by Pleurocapsa sp. (features first reported for the
1992 monitoring program [Correa and Sinchez
1996]) were also evident in the present study. Fi-
nally, the association between host maturity and in-
fection appeared as yet another persistent charac-
teristic of the infectious diseases of Mazzaella lami-
narioides.

Endophyton ramosum, the causative agent of the
green patch disease, remains the main infective or-
ganism of Mazzaella laminarioides. This was consistent
not only for Matanzas during the two monitoring
periods but also for Pucatrihue. However, the clear
seasonality displayed by E. ramosum in 1992 (Correa
and Sanchez 1996) was not apparent in the present
study, suggesting that infection prevalence varies
from year to year. This observation is further sup-
ported by our own results showing that levels of in-
fections by E. ramosum in Matanzas during March
1994 were consistently higher (i.e. at high, middle,
and low intertidal) than those recorded during
March 1995. Similar erratic responses have been de-
tected in terrestrial plant pathosystems, where re-
sults indicate that environmental stochasticity may
lead to considerable fluctuations in disease frequen-
cy among years (Kaltz and Schmid 1995).

In spite of the high prevalence of infection in wild
populations of the host, only a small percentage of
the infected individuals appeared to be terminally
diseased. Combined prevalence of infection and ex-
pression of disease have not been directly included
in the few epidemiological studies on algal diseases
(see Correa and Sanchez 1996), even though such
an approach may shed some light on the dynamics
of the diseases at the host population level. Accord-
ing to the classification systemn used in this study,
intermediate and high levels of disease were char-
acterized by a full disease expression; they differed
only in the extent to which the host was affected.
Theoretically (see Harper 1990), a low frequency of
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individuals with full disease expression may result
from a long-standing relationship that has evolved a
balance characterized by a low virulence of the
pathogens (i.e. low progression rate from initial in-
fection to full expression of symptoms). This con-
dition would allow the co-existence of host and
pathogens in such a way that only a minor segment
of the host population is terminally diseased. The
genetic constraints involved in such a relationship
have been discussed in the context of plant (Harper
1990) and algal (Correa 1996) pathology. An alter-
native explanation is that pathogens are highly vir-
ulent and a full expression of the disease modifies
the overall performance of the affected individuals
such that they are lost from the population (i.e. by
wave action) much faster than individuals with low
levels of infection. Although the resulting preva-
lences may be similar, the impact on the host pop-
ulation is quite different. In the first case the num-
ber of individuals lost due to the disease is low,
whereas in the second case the number is likely to
be large. Algal thalli with terminal symptoms like
tissue softening and decay in the green patch dis-
ease of M. laminaricides {Correa et al. 1994) and in
the degradative disease of Chondrus crispus (Correa
and McLachlan 1992, 1994), as well as frond defor-
mations caused by Pleurocapsa sp. (Correa et al.
1993), represent individuals that are particularly sus-
ceptible to dislodgment by wave action. Modifica-
tions of the biomechanical properties of the normal
algal tissues (i.e. elasticity, strength, and drag,
among others; see Denny 1988) caused by either
necrosis or deformations may trigger dislodgment of
the thallus. Our recent experimental studies show
that full expression of a disease decreases host sur-
vivorship (unpubl. data), and they support the hy-
pothesis of faster and selective removal of those in-
dividuals from the population. In spite of the pre-
ceding, there is a need for more research to under-
stand the dynamics of disease at the population level
in M. laminarioides.

Latitude may have important effects on infection
prevalence and disease expression in the two pa-
thologies affecting Mazzaella laminarioides. Short-
term fluctuations in infections by Endophyton ramo-
sum, expected in association with seasonal changes
in physical parameters, appeared to be influenced
by latitude. In Matanzas the lowest values were re-
corded in early spring, whereas in Pucatrihue equiv-
alent values appeared during summer (January).
These fluctuations are likely to be the result of ex-
tended wintery climatic conditions, characteristic of
the southern part of the country. Regarding disease
expression, even though fronds displaying terminal
symptoms (i.e. high infection severity status) caused
by E. ramosum infections represented a low propor-
tion of the infected population at Matanzas, they
persisted throughout the year. Furthermore, the
other two infection categories were also present
year-round. In Pucatrihue, on the other hand, ter-

minally diseased individuals were exceedingly rare
regardless of the time of the year and, at times, in-
dividuals belonging to the low and intermediate cat-
egories of infection occurred at frequencies too low
to be detected. The typically low, overall prevalence
displayed by Pleurocapsa infections also may be par-
tially related to latitude. In Matanzas prevalence was
rarely more than 10% of the host population,
whereas in the high intertidal zone of Pucatrihue
the Pleurocapsa-infected fronds surpassed 20% from
March to July 1994 and March 1995. As with E. ra-
mosum, the frequency of severely diseased individu-
als (i.e. those with terminal symptoms) was clearly
lower in Pucatrihue than in Matanzas. In spite of
the preceding, the effects of latitude on disease
prevalence should be considered a hypothesis, as
only two localities were included in the present
study. That the Pucatrihue population is less suscep-
tible to the diseases caused by E. ramosum and Pleu-
rocapsa sp. cannot be fully ruled out. However, it
seems unrealistic as transplant experiments (un-
publ. data) have shown that susceptibility is similar
in the two populations. Furthermore, susceptibility
was mainly related to the spatial location of the host
within the beach.

The concentration of Pleurocapsa-infected fronds
in the central section of Matanzas was noted during
the 1992 program (Correa and Sanchez 1996) and
was confirmed by the present study. Similarly, this
pathogen was concentrated in sections 1-3 in Pu-
catrihue. Although the actual causes of this partic-
ular pattern of spatial distribution remain to be elu-
cidated, protection from direct wave impact appears
as the common factor at both Matanzas and Puca-
trihue. It is interesting that in a period of 2.5 years
no significant changes occurred in the patterns of
within-site spatial distribution of diseased individu-
als. This information suggests that the deformative
disease is not expanding in Matanzas, in spite of the
apparently high rate of infection by Pleurocapsa in
field experiments (unpubl. data), where several
hundred noninfected thalli transplanted to the cen-
tral section of the beach became visually infected in
1-2 months and fully diseased in 4-6 months. A
clear case of an expanding infectious disease in the
Great Astrolabe Reef (Fiji) was reported recently by
Littler and Littler (1995), who showed how the le-
thal coralline orange disease increased from 0% in
1992 to 100% in 1993.

The infection pattern in the different size seg-
ments of Mazzaella laminarioides varied between the
two sites and with the species of pathogen involved.
Whereas most fronds infected by Endophyton ramo-
sum in Matanzas were small, the profile in Pucatri-
hue was skewed toward larger sizes. A similar pattern
was observed with Pleurocapsa sp., although in this
case there was a higher proportion of large fronds
infected by Pleurocapsa sp. than by E. ramosum. This
aspect of the host—pathogen interaction was not dis-
cussed in our previous studies {Correa et al. 1993,
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Correa and Sanchez 1996). The preceding infor-
mation, however, indicates that the infected seg-
ment of the population develops as the result of
spore colonization of the host, as suggested by Cor-
rea et al. (1993), and not by regeneration of infect-
ed thalli.

The association between infection and frond ma-
turity was also a persistent feature in the two host
populations, and it did not vary from that found in
1992 (Correa and Sanchez 1996). Given the pat-
terns of development of the disease within the frond
and the impact upon their target tissues (Correa et
al. 1993, 1994), it is unlikely that the association be-
tween maturity and infection is directly facilitated by
reproductive events in the host. Neither the initial
invasion by the pathogens nor the subsequent le-
sions of the two diseases are in direct spatial contact
with cystocarps and tetrasporangial sori. Age, con-
sidered as the permanence of individuals in the sys-
tem, accompanied by a possible overall physiological
weakening due to energy investments in reproduc-
tion, is an alternative explanation for the preceding
relationship.

In conclusion, infectious diseases affecting the red
alga Mazzaella laminarioides are a persistent phenom-
enon in wild populations of the host, although only
a small segment of the infected populations display
the full expression of the disease. Fully diseased
fronds are usually medium to large in size. Season-
ality in disease prevalence, although slightly erratic
through time, is also influenced by location of the
host within each site and possibly by latitude. Mature
fronds are associated with higher frequencies of in-
fection, although no cause—effect relationship has
been established. Both diseases displayed a different
spatial distribution within the beach (i.e. patchy vs.
evenly distributed; see also Correa and Sanchez
1996), suggesting differential responses to the vari-
ous microenvironments within each site.
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