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ABSTRACT: The occurrence of mlcroscoplc algae that are endophytes and potential pathogens of 
kelps was quantified during 1994 in wild populations of Laminaria saccharina, L. hyperborea and 
L. digitata at Helgoland, North Sea. Sampling was designed to enable analysis of the influence of 4 
fixed factors: species, date, wave exposure, and depth. Microscopic examination of, in total. 1224 thalli 
showed that the prevalence of infection by endophytic algae was 85%, much higher than was inferred 
by gross lesions alone. One tenth of the hosts, mostly L. saccharina, showed severe morphological 
changes, such as distorted stipes or a crippled lamina. One third showed weaker symptoms of endo- 
phyte disease, such as dark spots on the lamina or warts on the stipe. In most infected thalli, the infec- 
tion was not evident macroscopically. Prevalence was high throughout the year with a minimum in 
spring. At a more exposed site, prevalence was higher and disease symptoms stronger than at a shel- 
tered locality Disease symptoms were more severe in shallower than in deeper water. Endophytes, 
mostly brown algae, were repeatedly isolated and identified in laboratory cultures. Endophytes were 
not strictly host-specific, but L. saccharina was predominantly infected by Laminarionema elsbetiae, 
recently detected at Helgoland. This is the first epidemiological study comparing the prevalence and 
effects of kelp endophytes in different hosts at the same locality. 
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INTRODUCTION 

On temperate rocky shores, Laminariales form an 
important, often dominant component of the subtidal 
community, where the kelp forest provides the habitat 
for a great number of other organisms, for example 
Schultze et al. (1990) found 125 animal and 29 algal 
species on Laminaria hyperborea (Gunnerus) Foslie 
and 83 animal and 24 algal species on L. digitata 
(Hudson) Lamouroux. Kelps have been utilised and 
maricultured for human consumption and as a source 
of alginate. Diseases, understood here as continuing 
disturbances to an organism's normal structure or 
function such that it is altered in performance or eco- 
nomic value (definition slightly changed after An- 
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drews 1976), of these ecologically and economically 
important marine plants are of interest to ecologists 
and kelp farmers and thus, various diseases of Lami- 
nariales have been studied. Pathologies of cultivated 
Laminariales were reviewed in Perez et al. (1992). 
Kelp diseases are presumed to be caused by changes 
in natural environment, pollution (Andrews 1976) and 
biotic agents, such as  fungi (Kohlmeyer 1968, Schatz 
1984, Apt 1988a). bacteria (Andrews 1976, Wu et al. 
1983, Apt 1988a), and endophytic algae (Andrews 
1977, Yoshida & Akiyama 1979, Apt 1988a, b).  Apt 
(1988b) provided experimental evidence for the exis- 
tence of an 'endophyte disease' in kelps: a brown 
algal endophyte (Streblonema sp.) is the causative 
agent of tumours in Nereocystis luetkeana (Mertens) 
Postels et Ruprecht. Mass infection of Undarja sp. by 
the endophytic brown alga Gononema aecidioides 
(Rosenvinge) Pedersen reduces its economic value 
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(Yoshida & Akiyama 1979). Endophytic green algae 
may also be responsible for diseases of macroalgae, 
with details so far only studied in red algal hosts (Cor- 
rea 1996, Sanchez et al. 1996 and references herein, 
Correa et al. 1997). 

Only 4 epidemiological studies of endophyte preva- 
lence in populations of Laminariales have been done. 
Andrews (1977) reported that in a population of 
Nereocystis luetkeana at San Juan Island, Washing- 
ton State, USA, the infection rate by endophytes 
increased from 20% in June to 90% in August. In 
southern Norway, more than 20% of the population of 
Laminaria hyperborea showed dark spots on the lam- 
ina, presumably caused by an undescribed brown 
algal endophyte (Lein et al. 1991). Peters & Schaffelke 
(1996) found 87% of the population of L saccharina 
(L.) Lamouroux in the brackish Kiel Fjord, western 
Baltic, to be infected by the brown alga Gononema 
aecidioides, and Schaffelke et  al. (1996) reported a 
negative relationship between water depth and symp- 
toms of endophyte disease. In other reports of infec- 
tion of kelps by endophytes (e.g. Setchell & Gardner 
1925, Dangeard 1931, Peters 1991), data on infection 
prevalence are lacking or vague. Data on endophyte 
prevalences are also scarce in other macroalga- 
endophyte pairs. They ranged from 20 to 80% in wild 
populations of the red alga Mazzaella laminarioides 
(Bory) Fredericq et Hommersand infected by green 
and blue-green endophytes (Correa & Sanchez 1996, 
Correa et al. 1997). Data on prevalences of red algal 
parasites in field populations of their hosts do not 
seem to exist, although the association of Rhodophyta 
with their often adelphoparasitic symbionts is other- 
wise very intensely studied (Goff 1982, Goff & Zuc- 
care110 1994, Goff et al. 1996). 

The high infection rates obtained in the small num- 
ber of previous studies suggested endophytism is a 
common phenomenon in populations of Laminariales. 
The present work confirms this in the 3 species of 
Laminaria occurring at Helgoland. In addition, we use 
epidemiological data to infer the influence of season, 
wave exposure, water depth, and of the different host 
species on both prevalence of endophytes and severity 
of symptoms of the endophyte disease. 

MATERIAL AND METHODS 

Sampling. Collection of algae was done in 1994 at 
the island of Helgoland, North Sea, which is sur- 
rounded by a kelp forest consisting of 3 species of 
Laminaria. L. digitata dominates the upper sublittoral 
fringe from zero (average low water during spring 
tides) to 1.5 m depth, L. hyperborea occurs from 1 to 
8 m, forming dense populations between 1.5 and 4 m, 
and L. saccharina grows patchily among the other 
species from zero to 3 m (Luning 1970). The island was 
visited 4 times (10 to 15 February, 24 to 31 May, 15 to 
25 August and 2 to 13 November) during periods of 
spring tides. Collection of individuals at the upper 
growth limit of every species was done from land, 
samples from greater depths were obtained by divers. 
Sampling was designed to enable analysis of the influ- 
ence of the factors species, date, wave exposure and 
depth (Table 1) .  Individuals of the 3 Laminaria species 
were collected and not further subdivided by age, 
size class or other criteria, but thalli too young or too 
severely damaged to be identified were excluded. The 
2 depths were chosen for every species to represent 
the upper and lower distributional limit of dense popu- 
la t ion~ of the respective species (Liining 1970, cf. 
above). For every combination of factors, we collected 
3 independent samples (i.e. from different areas at the 
same site) of usually more than 10 individuals each. 
Collection in the field was haphazard. Randomization 
was achieved by random selection of 10 plants from 
each sample. Hence, there were 30 individuals per 
species, date, site and depth, in 3 subsamples of 10 
plants each. The total number of thalli examined was 
1224; bad weather precluded collection of the target 
number of 1440 (30 per sample X 3 species X 4 seasons 
X 2 sites X 2 depths), and in a few cases a subsample 
consisted of less than 10 individuals. 

Detection of endophytes and determination of dis- 
ease symptoms. Each thallus was classified into 1 of 
3 morphological categories following Peters & Schaf- 
felke (1996): (1) no visible signs of endophyte infection, 
(2) moderate alterations, such as dark spots on the 
lamina or small warts on the stipe, (3) heavily deformed 
thalli (Figs. 1 to 3). Only thalli of categories 2 and 3 are 

Table 1. Sampling design. The 4 factors (species, date, site and depth) were fully crossed. The exposed site was a t  the open coast, 
the sheltered s ~ t e  inside the harbour. The levels of depth were the upper ( U )  and lower (l) limit of dense populations, whlch varied 

according to species 

Species: Laminaria digltata, L. hyperborea, and L. saccharina 

Date: Feb 1994 May 1994 Aug 1994 Nov 1994 
Site: Exposed Sheltered Exposed Sheltered Exposed Sheltered Exposed Sheltered 
Depth: u l u l u l u l u l u l u l u l  
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Figs 1 to 3. Larninaria digitata, L. hyperborea, L, saccharina. Symptoms of endophyte disease in Laminaria spp. at Helgoland. 
Fig In foreground, thallus of L. digitata of disease category 2 ,  i .e.  morphologically normal plant with dark patch of Laminario- 
cotax iosnentosoides (arrow); in background, thallus of category 3, i.e. severely altered plant of L. djgitata or L. saccharlna with 
fully twisted stipe. Degeneration is too strong to allow determination to species. F& L. hyperborea, spotted blade, but other- 
wise normal morphology, thus disease category 2. *. A group of thalli of L. saccharina, with different severity of stipe twist- 
ing. Arrow indicates thallus which is morphologically almost unaltered. Such a plant falls into category 1 if endophytic filaments 

are detectable microscopically. Figs. 1 & 3 from February 1994, Fig. 2 from August 1994 

regarded as 'diseased'. Distinction between categories 
2 and 3 was arbitrary and had the following reason. 
While for the economical value of a kelp (e.g. use as 
food) the difference between a normal and an  optically 
altered (e.g spotted) thallus may be relevant, the d ~ f -  
ference between a smooth and a deformed thallus 
seems to be more important for the hydrodynamic 
behaviour which is essential for survival in a wave- 
swept environment (Correa & Sanchez 1996). Hand 
sections were made of every thallus, either in altered 
parts or, in thalli without symptoms, in sectors likely to 
be infested. This was the distal blade portion in all 
hosts and also the stipe in L. saccharina. It was known 

from previous studies that green endophytes tend to be 
more frequent in the older thallus parts of their hosts 
(Correa et  al. 1994, Correa & Sanchez 1996). Presence 
or absence but not density of endophyte filaments was 
determined in the sections under the light microscope. 
The microscopic endophytes grew in the interstice in 
the medulla or the inner cortex; they were pigmented 
and no staining was necessary to distingish their cells 
from the unpigmented medullary cells of the host (cf. 
Fig. 2C in Lein et  al. 1991 and Fig. 5 in Peters 1991). 
After microscopic examination, thalli of category 1 (no 
symptoms) were further subdivided into endophyte- 
free or endophyte-carrying plants. 
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0 L. digitata 
L. hyperborea 

A L. saccharina 

Source df Sum of Mean P P 
squares square 

Month 3 0.575 0.192 0.904 0.4419 
S ~ t e  1 10.081 10.081 47.534 0 0001 
Depth 1 1.540 1.540 7.261 0.0082 
Month X S ~ t e  3 0.664 0.221 1.044 0.3763 
Month X Depth 3 0.794 0.265 1.248 0 2960 
Site x Depth 1 0.007 0.007 0.031 0 8596 
Slte X Month X Depth 2 0.288 0.144 0.679 0 5093 
Residual 108 22.905 0.212 

Isolation of endophytes. Endophytic brown algae 100 - 
are very reduced morphologically, and identification to 
genus/species requires laboratory cultures to obtain 80 - 
reproductive structures. For every season and for both g 
sites and both depths, a culture was started from the 
medullary tissue of at least 1 ~nfected individual of C 60 - 
each of the 3 host species. Additional lsolates were a - m 
made in 1995 and 1996. Isolation and general culture 40 - 
techniques followed Peters (1991). The endophytes a 
were grown in unialgal culture at 14 + 1°C and short 
days (8 h light:16 h dark) with 26 pm01 m-' S-' photon 20 - 
fluence rate provided by white fluorescent tubes. 
Cultivated under these conditions, identification was 0 - 

- 

I 

usually possible within 1 to 2 mo. February May August November 
Data analysis. Our sampling design (Table 1) n = 24 n = 31 n = 36 n = 33 

allowed a statistical analysis of the data with 4 fixed Fig. 4. Seasonal occurrence (+SE) of endophyte infection in 
the 3 Laminaria species of Helgoland in 1994. n. the number factors: species with 3 levels, i.e. Laminaria saccha- of subsamples of 10 individuals, is for all species together 

rina, L, hyperborea and L. digitata; date with 4 levels, 
i.e. February, May, August and November; site with 2 
levels, i.e. the more wave-exposed 'Nordostwatt' and 
the sheltered 'Siidhafen'; and depth with 2 levels, i.e. RESULTS 
the upper and lower growth limit of the respective 

General 
species. The dependent variable was either discrete, 
i.e. the number of hosts in a subsample which con- Endophytic brown algal filaments were present in 
tained endophyte filaments, or continuous, i.e. the the medulla or the inner cortex in 85% of a total of 
percentage of infected individuals in a subsample 1224 examined thalli. Of these infected thalli, 59 % had 
falling into 1 of the 3 disease categories. From the 3 no visible morphological changes, but endophytes were 
subsamples of each sample an average and a stan- observed upon microscopical examination. Roughly 
dard error were calculated. Chi-square tests were one third (30%) of infected thalli showed weak to 
performed on the discrete values to test the H, of no moderate but visible thallus alterations and 11 % severe 
difference in the number of infected thalli and non- deformations. All plants of ,morphological categories 2 
infected thalli between species, seasons, sites or and 3 had endophyte filaments in their tissue associ- 
depths. More powerful statistical tests, such as ated with the altered structures. 
ANOVA, were not possible on these data after trans- 
formation from discrete values into continuous per- 

Season 
centages, since variances were not homogeneous. For 
the different disease categories H. stated that there There was a weak seasonality in endophyte preva- 
was no difference in percentage of thalli belonging to lence during the year of research. All species together 
each category between the different levels of the had a minimum in May (2: p 0.05). But even at its 
same factors as above. Arcsine-square- 
root transformed percentage values 
fulfilled the criterion of homogeneity Table 2. Results of analysis of variance. Dependent variable was proportion of 

of variances (test after cochran, per- symptomatic thalli (= sum of thalll in symptom categories 2 and 3; for definition 
of categories see 'Material and methods'). Values were arcsine-square-root 

formed according to Sachs 1978) In transformed 
some analyses, the symptom cate- 
gories 2 and 3 were not distinguished 
and taken together as 'symptomatic 
thalli'. When a significant difference 
in a factor with more than 2 levels was 
obtained in the ANOVA, a Tukey- 
Kramer test was used to identify the 
responsible level. Statistical analyses 
were done with SUPER ANOVA 
(Abacus Concepts, Berkeley, Califor- 
nia, USA) on a Macintosh IIsi. 



Ellertsdottir & Peters: Endophytes in Laminarm spp. 

lowest value, Laminaria hyperborea still comprised 
38% infected individuals. The highest prevalence of 
endophytes was in L. saccharina in August with 100% 
individuals infected (Fig. 4).  The proportion of thalli 
with disease symptoms was not significantly different 
among months (Table 2). 

Site 

In general, the thalli had a higher endophyte preva- 
lence at the more wave-exposed site (X': p c 0.05). Bro- 
ken down by species, the prevalence of endophyte 
infection was significantly higher at the more exposed 
site for Laminaria saccharina and L. digitata (X':  p < 
0.05; Fig. 5) .  There was no such significance in the 
prevalence of L. hyperborea, but this species, like the 
other two, had significantly more symptomatic thalli at 
the more wave-exposed site (Fig. 6) .  The difference 
between the 2 sites was consistent over the course of 
the year (Table 2, Fig. 7). 

Depth 

According to Ho, there should be no difference in 
prevalence of endophytes or severity of disease symp- 
toms between the upper and lower growth limit. For 
prevalence, this was in general true, only Laminaria 
hyperborea had a significantly greater number of thalli 
with endophytes at its upper growth limit (X': p < 0.05; 
Fig. 8). In contrast, there were generally more sympto- 
matic thalli at the upper than at the lower growth limits 
(Table 2; Fig 7). 

* 
98 D Exposed 

L. digitata L. hyperborea L. sacchar~na 

Fig. 5. Prevalence (SE) of endophyte infection in the 3 Lami-  
naria species at 2 differently wave-exposed sites. Number of 
subsamples at exposed site. L. saccharina n = 24, L. digitata 
n = 24 and L. hyperborea  n = 17; at  sheltered s ~ t e :  L. saccha- 
rlna n = 21, L. digitata n = 21  and L. hyperborea  n = 17 
Numbers above bars glve means; n.s.: difference not sig- 

nificant; (*) significant (p  < 0.05) 

8 Sheltered m 

L. digitata L. hyperborea L. saccharina 

Fig. 6. Proportion ( + S E )  of symptomatic thalli (sum of thalli in 
symptom categories 2 and 3; for definition of categories see  
'Material and methods') in the 3 Laminaria species at  2 sltes 
with different wave exposure. Numbers of subsamples a s  for 

Fig. 5. Numbers above data points give means 

Host species 

Striking differences existed among the 3 host species 
both in endophyte prevalence and disease symptoms. 
Laminaria sacchanna had the highest percentage of 
infected thalli (93 t 12%) ,  followed by L. digitata (86 * 
3 % )  and L. hyperborea (73 + 4%) .  The difference 
between L. saccharina and L. hyperborea was signifi- 
cant. L. saccharina also had a significantly higher 
percentage of severe thallus deformations (Tukey- 
Kramer; F = 22.9, p < 0.001) than the other 2 species. 
There were no significant differences among the host 
species in the percentage of thalli with moderate alter- 
ations (Fig. 9). 

U L U L U L U L  
February May August November 

Fig. 7. Proportion (*SE) of symptomatic thalll, from 2 sites 
with different wave exposure, from upper (U) and lower (L) 
growth limits at 4 different dates. Bad weather precluded 
collection of thalli at  lower growth limit of sheltered site in 

February 
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L. digitata L. hyperborea L. saccharina 

Fig. 8. Prevalence (SE) of kelp endophytes at different growth 
limits. Number of subsamples at upper growth limit: Laminaria 
saccharina n = 2 4 ,  L. digitata n = 24 and L. hyperborea n = 16; 
at lower growth limit: L. sacchdrina n = 21,  L, digitata n = 21 
and L. hyperborea n = 18. Numbers above bars give means; 

n.s.: difference not significant; (*) significant (p  c 0.05) 

Disease symptom categories F] 

L. digitata L. hyperborea L. saccharina 

Fig. 9. Severity (SE) of endophyte disease symptoms in 3 Lami- 
naria species at Helgoland. Category 1: light infection of kelp, 
only detectable under the microscope; category 2:  moderate 
thallus alterat~ons; category 3: severely deformed (cnppled) 
thalli (details of categories in 'Material and Methods'). Nunl- 
ber of subsamples: L. saccharina n = 45. and L. digitata n = 45 

and L, hyperborea n = 34 .  Numbers above bars give means 

Isolates and identification of endophytes 
the genera Bolbocoleon, Acrochaete and Enteromor- 

All alterations of host thalli were darker than the sur- pha and a unicellular red alga of the family Porphyridi- 
rounding tissue, indicating presence of additional pig- aceae. 
ments. The most common endophytes isolated were 
brown algae, the most frequent taxa being Laminan- 
onema elsbetiae Kawai et Tokuyama, Laminariocolax DISCUSSION 
tomentosoides (Farlow) Kylin and an undescribed 
species henceforth referred to as Streblonema sp. Microscopic brown algae appear to be very common 
(Table 3). Of isolates obtained from different infected endophytes in natural populations of kelps. Their high 
thalli of Laminaria saccharina, 80% belonged to Lami- prevalence (85 %) in the kelps examined at Helgoland 
narionema elsbetiae. It also occurred in L. digitata i.s as high as or exceeds previous records for other lo- 
(17 %) but was not isolated from L. hyperborea. Lami- calities and for green endophytes in Rhodophyta (An- 
nariocolax tomentosoides was found in L. digitata (25 %) drews 1977, Lein et al. 1991, Correa & Sanchez 1996, 
and less frequently in L. hyperborea (9%) and L. sac- Peters & Schaffelke 1996, Correa et al. 1997). This 
charina (3%). Streblonema sp. was only isolated from strongly suggests that phaeophycean endophytes play 
L. hyperborea (40%). In addition to these identified a role in the life of kelp sporophytes so far not con- 
taxa, we isolated a number of brown algae not deter- sidered by kelp ecologists. On one hand their relation- 
mined to species, e.g. Ectocarpus. In spring and sum- ship may be considered commensalistic, because there 
mer isolates also contained green algae belonging to is no evidence that the endophytes studied are para- 

Table 3. Isolates of endophytic algae made from Laminaria spp. at Helgoland. ,X: number of isolates = number of different host 
thalli used 

Laminarm saccharlna Laminana dlgitata Laminarja hyperborea 

Laminarionema elsbetiae 
Laminariocolax tomentosoides 
Streblonema sp. 
Ectocarpus sp. 
Other brown microalgae 
Green and red endophytes 
1 
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sites that receive photosynthate from Laminaria spp. 
On the other hand there are  good arguments that they 
are potential pathogens causing the observed colour 
and morphological changes in their hosts. A brown 
endophyte as causative agent of hyperplasia in kelps 
was demonstrated in another host-endophyte system 
by Apt (1988b1, and thalli of L. saccharina infected in 
laboratory culture by Laminarionema elsbetiae devel- 
oped disease symptoms that were not seen in control 
thalli (Ellertsdottir 1995). In the present study, none of 
the thalli with dark spots or distorted thalli lacked 
endophytes, but more than half of the plants that 
contained endophytes did not show macroscopically 
visible disease symptoms. Mere presence of endo- 
phytes in any part of the host does not seem to be 
sufficient for disease symptoms to develop, and both 
endophyte density and distribution in the host may be 
important. Also, a lag phase between infection and 
appearance of a pathological disorder is usual in in- 
fectious diseases and has been reported by Peters & 

Schaffelke (1996) for the endophyte Gononema aecid- 
ioides in L. saccharina in the Western Baltic. However, 
we do not rule out the possibility that some of the 
pathogenic disorders observed were caused by other 
agents or by endophytes in combination with other 
factors. Schaffelke et  al. (1996) found in a field experi- 
ment that UV light enhanced the severity of endophyte 
disease in L. saccharina, and Craigie & Correa (1996) 
demonstrated that complex interactions among biotic 
and abiotic factors were responsible for outbreak of 
diseases in commercial cultures of the red alga Chon- 
drus crispus Stackhouse. In any case, previous epi- 
demiological studies recording only the proportion of 
individuals with visible thallus alterations (Andrews 
1977, Lein et a1 1991) probably underestimated the 
occurrence of endophytes. 

The majority of endophytes isolated were filamen- 
tous brown algae, endophytic species belonging to 
other algal classes were rarely obtained, much in con- 
trast to the red algal hosts Chondrus crispus and Maz- 
zaella laminarioides in which green algae are very fre- 
quent endophytes (Correa et  al. 1988, 1994). In our 
study, the most common endophyte, which preferred 
Laminaria saccharina as host but was also present at  
lower frequency in Lamjnaria digitata, was Laminario- 
nema elsbetiae recently described from Japan (Kawai 
& Tokuyama 1995) and Helgoland (Peters & Ellertsdot- 
tir 1996). In Japan L. elsbetiae occurs in Laminaria ja- 
ponica Areschoug (Kawai & Tokuyama 1995). L. elsbe- 
tiae was not observed at Helgoland until recently and 
it is not known i f  it was previously overlooked at 
Helgoland or is a new invader of the island. Another 
brown algal endophyte that was isolated is Laminario- 
colax tomentosoides. It is an endophytic and epiphytic 
species preferring Laminaria digitata as host on the 

Isle of Man (Russell 1964). Only from L. hyperborea did 
we frequently isolate an  endophyte which was present 
in conspicuous dark spots on the lamina. The species is 
so far undescribed and is probably identical to Streblo- 
nema sp. found in dark spots of L. hyperborea in south- 
ern Norway (Lein et al. 1991). Ectocarpus, isolated 
from all hosts in the present study, was the principal 
component of the epiflora of L. digitata on the Isle of 
Man (Russell 1983). 

Prevalence of endophytes was high all year round, 
but all species had a minimum in sprlng. Winter and 
spllng are the seasons of maximum growth in the kelps 
examined (Parke 1947, Kain 1963, Luning 1979). In late 
winter the kelps may shed endophytes together with 
old portions of the blade. Peters & Ellertsdottir (1996) 
noticed that the endophyte Laminarionema elsbetiae 
is fertile in spring and is thus supposed to spread in the 
host population in that season. Peters & Schaffelke 
(1996) reported that juvenile Laminaria saccharina in 
the Western Baltic were highly infected by endophytes 
after 2 to 3 mo. The kelp endophytes studied here grow 
in the interstice between host cells; vertical transmis- 
sion of the infection such as in viruses (Miiller 1991) to 
the gametophyte and following sporophyte generation 
is not possible. 

A higher prevalence of endophyte infection and more 
severe disease symptoms were present a t  the more 
wave-exposed site. Apparently, the much stronger tur- 
bulence at  greater exposure does not inhibit infection 
of new hosts. More intense shedding of distal parts at 
more exposed sites ( S j ~ t u n  1993) may produce blade 
fragments that carry fertile endophytes over larger dis- 
tances. However, additional factol-S like density, distri- 
bution and performance of hosts may have differed 
between the sites chosen. These factors, which can 
play an  important role in the spreading of infective 
agents (Burdon & Chilvers 1982, Clay 1990), were not 
determined in our study. 

There was no significant difference in the infection 
prevalence between depths but disease symptoms 
were significantly stronger in shallow water. The same 
was observed in Western Baltic Laminaria saccharina 
(Schaffelke et  al. 1996). The endophytes isolated in the 
present study are pigmented and autotrophic, as evi- 
dent from their capacity to grow in unialgal culture. 
We hypothesize that stronger light favours growth and 
development of the endophytes. The lower end of the 
vertical distribution of the hosts may thus act a s  a 
spatial refuge from endophyte disease. 

Most conspicuous were the differences observed 
between Laminaria saccharina and the other 2 hosts. 
The prevalence of endophytes in L. saccharina was 
higher than in L, digitata and L. hyperborea. L. saccha- 
rina was also more seriously affected by the endophyte 
disease. One quarter of infected thalli in L. saccharina 
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w e r e  crippled, i n  contrast to  t h e  other  species  which 
h a d  less than  5 % severely deformed thalli. W e  d o  not 
k n o w  if t h e  3 categories of dlsease symptoms chosen 
for classification a r e  successive s tages  of t h e  infection 
by endophytes  a n d  if a high n u m b e r  of endophytes  
necessarily results in severe  thallus deforrnatlons. We 
hypothesize that  t h e  preference of Larninarionema els- 
betiae for L. saccharina a n d  its f requent  occurrence in 
t h e  s t ipe contribute to  t h e  s t ronger  effect of t h e  disease 
i n  L. saccharina. 
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