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ABSTRACT: Early in the 1930's a major epidemic decimated populations of eelgrass Zostera manna L. 
along the Atlantic coast of North America and Europe. Over 90 % of the eelgrass populations disap- 
peared, resulting in dramatic changes within the coastal ecosystem. There was much speculation about 
the possible causes of the wasting disease ranging from pathogen~c microorganisms to abiotic factors 
including changes in temperature, precipitation, salinity, and pollution In a critical review of the 
Literature, substantial research supported the view that a specles of the genus Labyrinthula, a marine 
slime mold, was the primary causative agent of the epidemic dlsease This hypothesis was consistently 
supported by data collected throughout the range of diseased eelgrass populations. In the present 
recurrence of eelgrass wasting disease, a pathogenic species, Labyrinthula zosterae has been identified 
as the causative agent of the disease. Similarities of past and present wasting disease episodes further 
support the hypothesis that Labyrinthula is the primary etiological agent.  

INTRODUCTION 

The wasting disease of eelgrass Zostera marjna has 
been a concern to scientists for over 50 yr. There is an  
abundance of literature dating from the 1930's to the 
present speculating about the actual causes of the 
catastrophic decline of eelgrass (Fischer-Piette et  al. 
1932, Duncan 1933, Mounce & Diehl 1934, Renn 1935, 
Stevens 1936a, Tutin 1938, Martin 1954, McRoy 1966. 
den Hartog 1987), the ecological effects of the major 
decline (Cottam 1933a, b, McNab 1934, Stauffer 1937, 
Dreyer & Castle 1941, Moffitt & Cottam 1941, Addy & 

Aylward 1944, Dexter 1944), and the present day 
recurrence of a similar wasting disease of eelgrass 
(Short et  al. 1986, 1987, 1988, Muehlstein et al. 1988). 
Several publications have reviewed the wasting dis- 
ease of eelgrass (Milne & Milne 1951, Johnson & Spar- 
row 1961, Pokorny 1967, Rasmussen 1973, 1977, 
Thayer 1984, den Hartog 1987, Short et al. 1988) but a 
comprehensive examination of the literature has not 
been completed. This review offers an examination of 

Present address: Caribbean Research Institute, University 
of the Virgin Islands, St. Thomas 00802, U.S. Virgln lslands 

Inter-Research/Printed in F R. Germany 

the many aspects of wasting disease of eelgrass Z. 
marina, from the past and present literature, in an  
attempt to more clearly elucidate one of the major 
epidemic diseases in the marine ecosystem. Many 
hypotheses have been formulated about the causes of 
the past epidemic wasting disease. This review pre- 
sents a complete look a t  the hypotheses, the data bases 
of the hypotheses, and the evidence presented against 
some of the hypotheses. It also examines the signifi- 
cance of eelgrass and the resulting problems from the 
loss of the seagrass in the 1930's. 

There were reports of declines in eelgrass popula- 
tions prior to the 1930's but none were as catastrophic 
a s  that of the 1930's (Cottam 1934a, b). Historical 
records indicated a period of decline in 1893-1894 
along the Atlantic coast of North America from Nova 
Scotia to North Carolina as well as in England and 
France (Cottam 1934a, 193513, McNab 1934, Lami 
1935). The extent of disappearance and deleterious 
effects of the prevlous declines were not well 
documented (Cottam 1934a). McNab (1934) recalled 
that it took 5 to 6 yr for the eelgrass to reappear in Nova 
Scotia. Butcher (1934, 1941) reported 2 distinct periods 
of eelgrass deterioration in England, one in the early 
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1920's and the other in the early 1930's. There was no 
conclusive evidence linking the cause of previous 
declines in eelgrass populations to the epidemic of 
wasting disease of the 1930's. 

In the early 1930's vast populations of Zostera marina 
along the Atlantic coasts of North America and Europe 
were devastated by an  unexplained wasting dlsease. 
The first published report documenting evidence of this 
disease of eelgrass was from Huntsman (1932). The 
decreases in eelgrass populations were not actually 
noticed until after the first reports of declines in water- 
fowl populations in Nova Scotla (Huntsman 1932). It 
appeared that the disease may have started in Virginia 
as early as 1930 and then spread northward along the 
Atlantic coast (Huntsman 1932). Subsequent reports of 
the extreme devastation of eelgrass populations in 
North America (Lewis 1932, Cottam 1933a, Cotton 
1933a, Lewis & Taylor 1933, Stevens 1933, 1935, 193613, 
Taylor 1933, Renn 1934) and Europe (Fischer-Piette et 
al. 1932, Blegvad 1934, Butcher 1934, Renouf 1934, 
Whelan & Cullinane 1987) were soon to follow. Zenke- 
vitch (1963) reported that eelgrass also was decimated 
in the Black Sea during the 1930's epidemic. By the fall 
of 1931, more than 90 % of the Atlantic coast eelgrass 
had disappeared, 99 O/O of the eelgrass populations 
were gone a year later (Cottam 1933a, Tutin 1942). The 
only remaining eelgrass plants were in low saline areas 
(Huntsman 1932. Young 1938a). By the spring of 1933, 
the Canadian coast south of the Gulf of St. Lawrence 
had undergone a similar devastation (Cottam 1934a, b) .  

The symptoms of the disease initially appeared on 
the leaves of the plants as small dark spots and streaks 
(Huntsman 1932, Cottam 1933a, Blegvad 1934, Renn 
1936a, Young 1937, Van der Werff 1938), progressing 
to larger blackened patches and streaks on the leaves 
at  a rate of 3 to 5 cm dC1 (Renn 1936a). Death of the 
plant followed due to loss of photosynthetic function of 
the leaves and eventual exhaustion of the food supply 
in the rhizomes (Renn 1936a, Young 1937). 

In the early 1930's there were no reported declines of 
eelgrass along the Pacific coast of North America (Cot- 
tam 1933a, 1935a, 1938, Cotton 1933a, Stevens 1933, 
Young 1938b). However, diseased plant tissue was 
found in exammation of eelgrass specimens collected 
from Nanaimo, British Columbia in late 1936 and 1937 
(Young 1938b). Reports along the California coast indi- 
cated a scarcity of eelgrass in some bays, but at  the 
time there was no indication of significant disease or 
reducti.on in other eelyrass popu1at1on.s along the 
Pacific coast (Cottam 1939). Moffitt & Cottam (1941) 
documented declines in Torndles Bay, Drakes Bay, 
Bolinas Bay, Morro Bay and Mission Bay along the 
California coast. Renn examined plant material from 
these areas and it showed symptoms of disease - 
although he  was not able to  sola ate Labyrinthula, the 

suspected pathogen, from the leaves (Moffitt & Cottam 
1941). Reports from Washington state indi.cated a 
steady decline in eelgrass populations over the 5 yr 
prior to 1941 (Mofhtt & Cottam 1941), 1~1th the appear- 
ance of disease symptoms similar to those reported by 
Renn (1934, 1936a). In later collections of eelgrass from 
Cahfornia, Renn (1942) was able to clearly demonstrate 
the presence of Labyrinthula in the plant tissue. 
Although there were declines in eelgrass populations 
along the Pacific coast, losses were less than on the 
Atlantic coast (Moffitt & Cottam 194 1, Renn 1942). 

After the 1930's epidemic, recovery of the eelgrass 
populations was very slow. In 1935 Cottam (1935a) 
reported the conditions of various eelgrass populations 
throughout North America and Europe. Eelgrass popu- 
l a t i o n ~  in New Jersey, New York, and New England 
were showing little improvement and some decline, 
while areas in Delaware, Maryland, Virginia, and 
North Carolina were showing some signs of improve- 
ment (Cottam 1935a). No noticeable increase in eel- 
grass populations in Canada and Europe had been 
observed by 1935 (Cottam 1935a). In general, the local 
populations that were beginning to recover were those 
in brackish water, while other more saline areas 
remained barren of eelgrass (Cottam 1935a). Although 
by 1937 there was slight improvement in the eelgrass 
situation along the Atlantic coast, with increases in 
plant density, some areas still seemed to be susceptible 
to disease and small frequent die-offs were occurring 
(Lynch & Cottam 1937). In reviewing the eelgrass situa- 
tion along the Atlantic coast in 1937, Lynch & Cottam 
(1937) and Cottam (1938) concluded that, in general, 
eelgrass populations were improving based on surveys 
of extent of coverage. By 1938, populations in 
Chesapeake Bay, Maryland, northern Virginia, 
and Shinnecock Bay, New York were almost back to 
coverage and density of eelgrass prior to the epidemic 
(Cottam 1938). 

By early 1944 the conditions along the entire East 
coast were improving with a steady recovery apparent 
along the east coast but late in the summer of 1944 the 
wasting disease reappeared in Massachusetts and 
Chesapeake Bay and destroyed some newly recovered 
eelgrass populations (Cottarn 1945). After the brief 
recurrence in 1944 there appeared to be  a steady 
recovery of the eelgrass populations (Dexter 1945, 
1946, 1947, 1951, Cottam & Addy 1947, Cottam & 
Munro 1954). By the early 1950's the eelgrass along the 
Atlantic coast of Canada and the United States was 
almost completely reestablished in most areas, 
although eelyrass remained conspicuously absent from 
areas where it wa.s formerly abundant in southern New 
Jersey, isolated bays in Connecticut, southern New 
Jersey, Delaware, Chincoteague Bay in Maryland, and 
Virginia (Cottam & Munro 1954). 
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In 1984 a recurrence of eelgrass wasting disease was 
documented in Maine, New Hampshire, and 
Massachusetts (Dexter 1985, Short et al. 1986). Signifi- 
cant declines in some eelgrass populations were 
observed (Short et al. 1986, 1987, 1988) and disease 
symptoms were reported in populatlons throughout 
North America and Europe (Muehlstein et al. 1988, 
Short et al. 1988). Many similarities between the past 
epidemic wasting disease of eelgrass and the present 
wasting disease exist (Short et al. 1988). 

HYPOTHESIZED CAUSES OF WASTING DISEASE 

During the 1930's there was much speculation about 
the actual causes of eelgrass wasting disease and this 
has continued up to the present. While numerous 
hypotheses were presented, researchers were unable 
to positively identify the causative agent of eelgrass 
wasting disease of the 1930's and 1940's, or even 
whether it was biotic or abiotic in origin. The 
hypothesized causes ranged from blotic factors of bac- 
teria or fungi (Fischer-Piette et al. 1932, Mounce & 
Diehl 1934, Petersen 1934, 1935, 1936, Renn 1934, 
1935, 1936a, Tutin 1934, Lami 1935, Young 1937, 1943) 
to abiotic causative factors including pollution (Duncan 
1933), drought (Martin 1954), levels of sunshine (Tutin 
1938), declination of the moon (Stevens 1936a), 
changes in temperature (McRoy 1966), and local expla- 
nations (temperature, precipitation, solar cycles) 
related to individual declines (den Hartog 1987). 

Each of the different hypotheses presented during 
the 1930's and 1940's deserves further discussion. Vari- 
ous changes in environmental conditions were sug- 
gested as primary factors causing the wasting disease 
of eelgrass. Duncan (1933) documented increases in 
crude oil waste from ships in the English Channel over 
a 10 yr period prior to the onset of the wasting disease 
in England. He speculated that perhaps the increase in 
oil waste was at least locally responsible for the dra- 
matic loss in eelgrass populations. Cotton (193313) 
responded quickly to the hypothesis of oil waste, dis- 
counting it based on the rapid disappearance of the 
plant over a very wide range, the general disappear- 
ance over this range irrespective of oil pollution, and 
the continued existence of eelgrass populations in pol- 
luted areas. Tutin (1938) also disputed Duncan's 
hypothesis of oil waste as a cause of the disease. He felt 
that there was actually a decrease in the total amount 
of oil discharged in England during the penod of the 
early 1930's. Tutin (1938) also pointed out that if oil 
pollution was the cause of the wasting disease, then 
the deep water eelgrass beds should not have 
been affected. In reality, these deep water beds were 
devastated the most (Tutin 1938). 

Precipitation was also suggested to be correlated 
with the decline in eelgrass populations (Martin 1954) 
because the worst drought in the recorded history of 
the Atlantic coast occurred in 1930. In 1930, precipita- 
tion was on the average 25 O/U below the average nor- 
mal level of that recorded from 1880 to 1950. Although 
there was no drought along the European coast in 1930, 
there was a severe one in 1921, the time that Butcher 
(194 1) reported the beginning of the eelgrass decline in 
England. However, in correlating previous eelgrass 
declines in Europe with precipitation, den Hartog 
(1987) points out the discrepancy with Martin's 
hypothesis. Martin (1954) contradicted himself when 
he showed that the values for precipitation in western 
Europe were 15 to 20% above normal in 1930. In 
periodic surveys of eelgrass populations at Cape Ann, 
Massachusetts, from 1933 to 1984, Dexter (1985) con- 
cluded that high precipitation (which in turn lowered 
estuarine salinities) was favorable for eelgrass recovery 
at Cape Ann although low precipitation years during 
1933 to 1984 were not detrimental to eelgrass recovery. 

Stevens (1936a) suggested that declination of the 
moon was the cause of the wasting disease of eelgrass. 
He concluded that since 3 dissimilar parasites had been 
identified on eelgrass, it was not possible to support 
one or all of the parasites as the ultimate cause of the 
disease (Stevens 1936a). In examining the historical 
record, Stevens (1936a) found that 3 recorded periods 
of eelgrass declines of 1894, 1913, and 1931 correlated 
with periods of extreme norther declination of the 
moon which may have caused changes in sea currents, 
which might in turn alter weather conditions. He noted 
the coincidence of eelgrass wasting disease with bac- 
terial wilt of corn, whlch was correlated with weather 
conditions. Stevens et al. (1950) later retracted this 
hypothesis as the lunar declination would not alter 
ocean currents, but only tidal amplitude. He did sug- 
gest the alternative that the density of seawater was 
above normal in 1931 in Atlantic coastal waters and 
could be correlated with outbreaks of disease in New 
Jersey and Maine. The change in density was more 
than likely due to a change in the salinity of the water 
It was observed by many (Cottam 1938, 1941, Young 
1938a) that eelgrass in lower salinities was not severely 
affected by the wasting disease. 

Tutin (1938) reported symptoms of disease in Zostera 
marina and Z. hornemanniana. Labyrinthula was 
associated with the diseased tissue. Tutin (1938) con- 
cluded that since 2 parasites (Labyrinthula and Lulwor- 
thia) were present consistently in the diseased eelgrass 
plants, some change in the growth of the plant allowed 
for the parasites to become pathogenic. Tutin (1938) 
offered the hypothesis that low sunlight (insolation) 
levels caused eelgrass plants to become more suscept- 
ible to wasting disease. In 1931 to 1932 there was a 
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decrease in the sunshine of over 20 % in the British Isles 
with limited data supporting this general phenomenon 
in several other countries. However, data on exactly 
which other countries had a decrease in sunshine were 
not available (Tutin 1938). In examining the records for 
insolation levels from 1897 to 1937, Atkins (1938) con- 
cluded that there was nothing unusual about the 1931 to 
1932 low values of sunlight because on the basis of the 
extended record, there had been an average 20% 
decrease of sunlight in several English districts several 
times during the period from 1897 to 1937. Atkins 
therefore concluded that there was no basis for attribut- 
ing the eelgrass wasting disease to a decrease in insola- 
tion. Stevens (1939) examined the sunshine data from 
1915 to 1934 for the U. S. and again found no significant 
variation in the levels of illumination and therefore no 
direct correlation with the wasting disease. Glemarec 
(1979) described a 50 to 55 yr solar cycle, known as the 
cycle of Russell (Southward et  al. 1975) which correlated 
with the decline of eelgrass in 1930 to 1935 but he  did 
not implicate the cycle as a cause for the decline in 
eelgrass. 

Temperature was the one environmental factor 
which gained some recognition as a plausible causative 
factor responsible for the eelgrass wasting disease. 
Setchell (1922, 1929) described fairly strict temperature 
ranges for Zostera marina based on observations of 
eelgrass in the field and in the laboratory. Setchell 
(1922, 1929) documented that the optimal temperature 
range for growth and reproduction in eelgrass was 10 
to 20°C. McRoy (1966) first introduced the hypothesis 
that increased water temperature caused the disease. 
He noticed that abnormally high temperatures 
(> 20°C) in some tidepools in Izembek Lagoon, Alaska, 
preceded the appearance of symptoms in the eelgrass 
plants similar to those described for the wasting dis- 
ease. McRoy (1966) concluded from his observations in 
Alaska that the wasting disease of the 1930's and 
1940's may have been caused by the lethal effects of 
high temperature. However, McRoy (1966) failed to 
present any temperature data from the 1930's and 
1940's which would support his hypothesis of tempera- 
ture as the causative factor of eelgrass wasting disease. 

Rasmussen (1973, 1977) examined several different 
hypotheses for eelgrass wasting disease and for various 
reasons discounted all of the possibilities except the 
increase in temperature. In examining the temperature 
data for Denmark he was able to show a precise corre- 
lation between fluctuations in eelgrass populations and 
water temperature. He suggested that the higher water 
temperature weakened the plants. In 1968 eelgrass 
populations in some areas around Denmark were de- 
stroyed (Rasmussen 1977) and symptoms of wasting 
disease similar to those described from the previous 
epidemic of the 1930's were present (Rasmussen 1977). 

The decline in eelgrass populations also corresponded 
with the warmest summer since 1959 in Denmark. 
Examination of the ecosystem dynamics lead McRoy & 
Bridges (1974) to the conclusion that the catastrophic 
elimination of eelgrass was a natural phenomenon 
resulting from extremely high water temperatures dur- 
ing the 1930's epidemic. Den Hartog (1987) suggested 
that the temperature hypothesis was only pertinent for 
Denmark and did not apply to all areas. An examina- 
tion of the temperature record for the Netherlands did 
not support increased temperature as a possible cause 
for the decline of eelgrass in the 1930's in the Nether- 
lands (den Hartog 1987). 

Although there were many different hypotheses pre- 
sented over the years attempting to explain eelgrass 
wasting disease, den Hartog (1987) concluded that the 
wasting disease of the 1930's remained largely unex- 
plained. In a careful investigation of eelgrass declines, 
fluctuations in year-to-year growth patterns of eelgrass 
appeared to exist in the Netherlands. According to den 
Hartog (1987), local changes in conditions including 
drought, temperature, pollution, solar cycles, and tur- 
bidity could account for many of the declines of eel- 
grass. 

Several different hypotheses of biotic causes for eel- 
grass wasting disease also were introduced. One of the 
first hypotheses developed by French scientists sug- 
gested that a bacterial infection was the cause of the 
wasting disease (Fischer-Piette et al. 1932, Lami 1935). 
They were able to isolate a Gram-negative bacterium 
from the diseased plant tissue and reported an abun- 
dance of bacteria within the diseased eelgrass leaf 
tissue (Fischer-Piette et  al. 1932). This hypothesis how- 
ever was not widely accepted by others (Renn 1934, 
Petersen 1935). Renn (1934) isolated a number of differ- 
ent bacteria from the diseased plant tissue but was not 
able to demonstrate any direct association with the 
disease symptoms nor was he able to demonstrate 
pathogenicity satisfactorily in inoculation tests (Renn 
1936a). Research on the present eelgrass wasting dis- 
ease also does not support bacteria as a causative factor 
of the disease (Muehlstein 1989). In laboratory disease 
tests with bacterial assemblages, no disease symptoms 
were produced and microscopic examination of dis- 
eased leaves revealed no evidence of bacteria (Muehl- 
stein 1989). 

Other scientists suggested that an ascomycetous fun- 
gus was the cause of eelgrass wasting disease 
(Petersen 1933, 1934, 1935, 1936, Mounce & Diehl 
1934). Mounce & Diehl (1934) consistently found 
perithecia in shoots of plants collected from St. 
Andrews, New Brunswick, Canada, and mature 
perithecia in rhizomes of diseased plants. Mounce & 
Diehl (1934) described the ascomycete as Lulworthia 
halirna (Diehl and Mounce) Cribb and Cribb 
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(= Ophiobolus halimus Diehl and Mounce), parasitic 
on leaves of Zostera marina in culture and occurring 
naturally on rhizomes and bases of fertile shoots of Z. 
marina. Petersen (1933) was the first to report an  
association of a fungus with coarse mycelium and the 
blackened spots on the leaves. He further described 
finding perithecia in the rhizomes and identified asco- 
spores belonging to the genus Lulworthia (Petersen 
1934) and later suggested that the disease was trans- 
mitted by senescent leaves from diseased plants com- 
ing in contact with healthy plants (Petersen 1935). He 
was able to isolate and culture the fungus and demon- 
strated an abundance of Lulworthia in material sent to 
him by Renn, who was also working on the problem of 
wasting disease at that time (Petersen 1935). Petersen 
(1935) found that the mycelium was able to penetrate 
into eelgrass leaves but that in most cases, the healthy 
eelgrass was infected by spores. Tutin (1934) initially 
supported Lulworthia as a possible cause of eelgrass 
wasting disease because of its widespread occurrence 
on diseased eelgrass. Renn (1935, 1936a) however was 
unable to find Lulworthia consistently associated with 
the diseased leaf tissue. Furthermore, the fungal 
mycelium did not appear in the leaf tissue following 
field inoculation tests which involved clamping a dis- 
eased piece of eelgrass to a healthy leaf of eelgrass 
(Renn 1936a). 

Perhaps the organlsin which received the most wide- 
spread attention as the causative organism in eelgrass 
wasting disease was a species of marine slime mold, 
Labyrinthula, found by Renn (1934) in his initial exami- 
nation of diseased eelgrass leaf material. Renn was 
unable to find evidence of bacterial pathogenicity and 
he did not detect fungal mycelium or perithecia of 
Lulrvorthia consistently in his samples of diseased eel- 
grass. Renn (1934, 1936a) and Young (1938a) described 
Labyrinthula as forming net-like aggregates in the air 
spaces of the plant leaves. This parasite, a species of 
Lahyrinthula, was found consistently in eelgrass along 
the Atlantic coasts of North America and Europe (Renn 
1935, 1936a, b. Van der Werff 1938). Although Renn 
(1936a) was unsuccessful in culturing Labyrinthula, he 
carried out extensive laboratory and field work study- 
ing the disease process. Renn (1936a) made extensive 
descriptions of the damage caused by the parasite 
within the plant cells and also observed Labyrinthula in 
advance of the visible necrotic spots and streaking. He 
described deterioration of plant cells in diseased leaves 
including disorganization of chloroplasts and disinte- 
gration of the plant cell nuclei. With the breakdown of 
the nuclei, 'dark, resinous inclusions' appeared along 
the plant cell walls (Renn 1936a). 

In field inoculation studies, Renn (1936a) attached 
small pieces of diseased eelgrass to healthy plants, and 
found over 50 % of the healthy plants showed the 

characteristic darkening and streaking of the leaves 2 d 
after inoculation. Renn (1936a) concluded that Labyrin- 
thula was the only organism transferred in a time 
interval that correlated with the rapid spread of the 
disease. In his continued work, Renn (193613, 1937) 
observed the 'decreased activity' of Labyrinthula du- 
ring the winter corresponding to few disease symptoms 
and the 'increased vigor' of the parasite early in the 
summer, corresponding to the increase in disease 
symptoms. He confirmed the presence of Labyrinthula 
in the diseased leaves of eelgrass in all his collections 
(number unreported) along the east coast of the USA 
(Renn 193613). Examination of diseased eelgrass leaves 
collected on the Pacific coast of Canada revealed Laby- 
rinthula identical to the east coast parasite (Young 
1938b). Renn (1942) also identified the parasite in dis- 
eased plant material collected from California. 

In physiological studies of Labyrinthula using hang- 
ing drop cultures, Young (1938a, 1943) documented a 
decrease in the physiological activity of the pathogen 
at lower salinities, with the cells losing their color and 
their cohesiveness with the network used for motility. 
This observation correlated well with the survival of 
eelgrass in low salinity areas and the apparent absence 
of Labyrinthula in those samples of eelgrass (Young 
1938a, 1943). Young (1938a, 1943) observed that the 
optimum range of salinity for Labyrinthula was 
between 12.1 and 17.7 ppt (conversion of chlorinity 
measurements according to Pokorny 1967). From field 
observations, it appeared that when salinities in the 
eelgrass populations increased above about 12 ppt, an 
increase in disease synlptoms was apparent. The eel- 
grass populations In lower salinities (8 to 12 ppt) did not 
appear to be  as susceptible to wasting disease and 
declines were not observed until salinities increased 
above 12 ppt (Young 193813, 1943). Young (1938a, 
1943) concluded that changes in salinity were a n  
important secondary factor in wasting disease of eel- 
grass and difference in salinity was one possible expla- 
nation for the local variations observed in the symp- 
toms and declines of the eelgrass populations. 

Because Renn (1935, 1936a, 1937) and Young (1937, 
1938a, 1943) had consistent results and presented con- 
vincing evidence that a species of Labyrinthula was the 
pathogen responsible for the wasting disease epidemic 
of eelgrass, this hypothesis was widely promoted in 
reviews (Milne & Milne 1951, Hopkins 1957, Johnson & 

Sparrow 1961, Pokorny 1963, Olive 1975). Young 
(1937, 1943) made a detailed description of the parasite 
and tentatively identified it as L, macrocystis Cienk. He 
also reported 2 other seagrass hosts of the parasite, 
Ruppia maritima L. and Zanichellia palustris L. and 
later found 2 additional algal hosts, Cladophora hil-ta 
Collins and Chaetomorpha ljnnum (Mull.) Kutz (Young 
1943). 



216 Dis. aquat. Org. 7: 211-221. 1989 

Pokorny (1967) found Labyrinthula in a large pro- (Muehlstein 1989, Fig. 1) is the only organism knoivn to 
portion of eelgrass specimens (not necessarily dis- produce the characteristic darkened patches and 
eased),  and suggested that other conditions (salinity, streaks (Fig. 2) symptomatic of the wasting disease. In a 
insolation, temperature) also must have contributed to thorough examination of the literature, the available 
the epidemic. Pokorny (1967) did not distinguish Laby- information consistently supports Labyrinthula zos- 
rinthula species, and it is possible that the species of terae as the causative factor of the past epidemic wast- 
Labyrinthula she frequently isolated from the eelgrass ing disease of eelgrass as well. 
specimens was not the true pathogen. However, Ras- 
mussen (1973, 1977) did not support the hypothesis that 
Labyrjnthula was the pathogen causing eelgrass wast- IMPORTANCE OF EELGRASS 
ing disease for several reasons. Rasmussen concluded (ECONOMIC AND ECOLOGICAL) 
that Labyrinthula was not conclusively proven to cause 
the disease despite Renn's inoculation tests and micro- Eelgrass Zostera marina was of great economic 
scopic observations (Renn 1934, 1935, 1936a). From the importance in the early part of the century. Cottam 
observations of Renn (1936a) and Young (1938b) that (1933a, c, 193413, c, 1941), Cottam & Addy (1947), Cot- 
Labynnthula was found ahead of the disease symptoms tam & Munro (1954), Lewis (1931, 1932), and Wheat 
in the green portions of the leaf, Rasmussen (1977) (1962) reported extensively on the economic importance 
concluded that Labyrinthula could be found in normal, of eelgrass to industry. Thousands of tons of eelgrass 
healthy eelgrass and therefore suggested that it was were collected yearly in the early 1900's prior to the 
probably not a primary pathogen but rather a secon- epidemic declines. Initially just the windrows of dead 
dary invader. Although Renn and Young did find Laby- leaves were collected, but later the collection process 
rinthula ahead of disease symptoms in plants, in tissue expanded to mowing of intertidal eelgrass beds with a 
that was still apparently green, it is difficult to classify scythe (Lewis 1931, Cottam 1933a). The eelgrass, val- 
that as  normal, healthy eelgrass. It is also possible that ued at $40 ton-' (Lewis 1931) had a wide variety of uses 
Rasmussen (1977) based his suggestion on the observa- including insulation, packing material, upholstery, mat- 
tion that non-pathogenic species of Labyrinthula have tress stuffing, sound proofing, bedding for domestic 
been isolated from many substrates including healthy animals, and compost for fertilizer (Lewis 1931, 1932, 
eelgrass (Watson 1957, Johnson & Sparrow 1961, Huntsman 1932, Cottam 1933a, c, 1934b, c, Blegvad 
Pokorny 1967). 1934, Addy & Aylward 1944, Cottam & Munro 1954). 

Present research supports the hypothesis that a Migratory waterfowl were dependent on eelgrass 
pathogenic species of Labyrinthula is the primary mi- beds as a major food source. Populations of brant geese 
croorganism causing the present wasting disease of Branta bernicla L. suffered severely with the decline in 
eelgrass (Short et al. 1987, Muehlstein et al. 1988). By eelgrass populations (Ilchester 1933, Stevens 1933, 
experimental application of Koch's postulates, one McNab 1934, Moffitt & Cottam 1941, Addy & Aylward 
species, Labyrinthula zosterae Porter and Muehlstein 1944, Cottam 1945, Ranwell & Downing 1958, Tubbs & 

Fig. 1. Labyrinthula zosterae. Portion 
of a colony of cells on agar surface; 

bar = 25 
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2 Fig. 2. Zostera marina wastlng dis- 
ease symptoms, 72  h after ~nocula- 
tlon with axenic culturi? of Labyrin- 

thula zosterae: bar = 25 mm 

Tubbs 1983). Because ca 80 '10 of the diet of brant was 
eelgrass (Stevens 1933, Cottain 193413, 1935a, Moffitt & 

Cottam 194 l ) ,  the bird's main food source disappeared 
with the wasting disease. In 1934 it was estimated that 
probably not inore than 20 % of the east coast brant 
populations survived the disappearance of eelgrass 
(Cottam 193413, Moffitt & Cottam 1941), In a December 
census for brant in the area of Barnegat Bay, New 
Jersey, populations of 28800 brant in 1927-1928 
declined to 1980 in 1932-1933 (Cottam 1934b). Signifi- 
cant declines in brant populations were also noted in 
some bays along the California coast (Moffitt & Cottam 
1941). Populations of brant in Morro Bay, California, 

decreased from 11 140 bli-ds In 1939 to 6320 in 1941, 
and this decline also was correlated with the decline in 
eelgi-ass In that bay. Numbers of brant were also 
reduced in Bodega and Tomales Bays. Some Callfoi-nia 
bays actually had increases in brant populations durlng 
this period but there were definite changes in the 
feeding behavior of the birds, reflecting changes in the 
availability in food. By 1954, populations of brant along 
the east coast of North America had increased to 
250000 (Cottam & Munro 1954). These numbers still 
were considerably lower than population sizes prior to 
the wasting disease, but the brant populations 
appeared to be making a comeback (Cottam & Munro 
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1954). That populations of brant have also increased 
dramatically since the 1950's in the Netherlands, could 
be  correlated with eelgrass recovery and a number of 
other factors (Tubbs & Tubbs 1983). 

Eelgrass 1s an important component of coastal 
environments and the eelgrass communities shelter a 
number of other organisms which were also severely 
affected by the widespread disappearance of the plants 
(Cottam 1933a, b, 1935a, Renn 1936a, Dexter 1944, 
Cottam & Addy 1947, Wilson 1949, Cottam & Munro 
1954, Phillips 1982, Thayer et al. 1984). Declines in 
populations of clams, lobsters, crabs, scallops, cod, and 
flounder were noted (Cottam 1934b, c, Dexter 1944, 
Milne & Milne 1951, Pokorny 1967). Unfortunately, 
actual statistics of declines or losses in fisheries are not 
available in the literature. 

The eelgrass beds provide an important habitat for 
bay scallops Pecten irradians L. (Stauffer 1937, Dreyer 
& Castle 1941, Thayer & Stuart 1974). There was a 
corresponding decrease in numbers and occurrence of 
scallops with the disappearance of eelgrass after 1931 
(Stauffer 1937, Dreyer & Castle 1941, Cottam & Addy 
1947, Cottam & Munro 1954, Hopkins 1957, Thayer & 
Stuart 1974). Collections in Shinnecock Bay, New York, 
turned up few live specimens in 1935 to 1940 (Dreyer & 

Castle 1941). In a complete invertebrate study in 
Woods Hole, Massachusetts, before and after the 
epidemic, there was a decrease in the total number of 
species found associated with the eelgrass habitat from 
55 to 36 species (Stauffer 1937). Marshal1 (1947) 
reported an  actual increase in abundance of bay scal- 
lops following the disappearance of eelgrass in the 
Niantic River, Connecticut. This may have been an 
unusual event, but nevertheless indicated a complex 
relationship between scallops and the eelgrass. 

Not only are eelgrass communities important as 
nursery grounds but they are also important in stabiliz- 
ing bottom sediments and acting as a filter for the water 
(Milne & Milne 1951, Short & Short 1984). Wlth the loss 
of eelgrass in the 1930's and 1940's an  effective break- 
water was lost resulting in local coastal erosion (Cottam 
1933c, 1934c, Cottam & Munro 1954). An increase in 
water turbidity and pollution along the coast due to loss 
of eelgrass which was no longer there to act as a buffer 
was also evident (Cottam 1934c, Milne & Milne 1951). 

OTHER SEAGRASS DECLINES 

Other declines of eelgrass have occurred since the 
wasting disease of eelgrass populations in the 1930's 
and 1940's although only one decline was directly 
linked to disease. Armiger (1964) reported disease in 
an  unidentified species of eelgrass of Okahu Bay, New 
Zealand, with symptoms similar to eelgrass wasting 

disease. Labyrinthula was consistently associated with 
the diseased patches on the leaves. 

Populations of eelgrass in Chesapeake Bay, Virginia, 
have suffered numerous declines in the 1970's and 
1.980's although the declines were not necessarily 
related to disease. Dramatic changes in distribution of 
eelgrass in the lower York fiver,  Virginia, were 
documented in late 1973, primarily from destruction of 
the plants by cownose rays, Rhinoptera bonasus, feed- 
ing in the eelgrass beds (Orth 1975). Declines in 
Chesapeake Bay continued and in 1975 there was a 
massive die-back of eelgrass throughout the bay (Orth 
1976). The summer of 1975 was the warmest for 
Chesapeake Bay since 1952 and it was possible that 
changes in the local weather conditions could account 
for the defoliation of the plants (Orth 1976). By 1983 the 
distribution and abundance of eelgrass and other 
aquatic plants had reached a record low (Orth & Moore 
1983). The causes were unclear but Orth & Moore 
(1983) suggested the causes of the decline were related 
to the quantity and quality of light reaching the plants. 
It did not seem likely that disease was a factor since all 
submerged aquatic plants were affected. Areas of 
greatest reduction correlated with areas of greatest 
nutrient enrichment which resulted in increased 
periphyton growth, thereby decreasing available light. 
In a comprehensive investigation of the decline of sub- 
merged aquatic vegetation in Chesapeake Bay, Kemp 
et al. (1983) also suggested nutrient enrichment and 
increased turbidity as likely causes. 

The eelgrass populations in the Netherlands were 
affected by the wasting disease in the 1930's but 
recovered slowly during the 194O8s, 1950's and 1960's 
(den Hartog & Polderman 1975). After 1965, eelgrass in 
the Waddenzee began to decline and by 1973, only 30 
to 60 % of the populations remained. Although some 
eelgrass plants growing in unfavorable conditions in 
this area exhibited symptoms similar to those observed 
in the 1930's wastlng disease, increases in pollution 
were hypothesized to be the most likely cause of the 
declines (den Hartog & Polderman 1975). Nienhuis 
(1983) reported declines in eelgrass populations In 

Grevelingen Lake in 1980 after a significant increase 
in size of eelgrass populations during the 1970's. 
Although Nienhuis (1983) reported that Van der Werff 
found Labynnthula in the unhealthy eelgrass, Van der 
Werff (pers. comm. to Nienhuis) also reported Labyrin- 
thula in vigorously growing populations. From these 
observations, Nienhuis (1983) discounted the possibil- 
ity of Labyrjnthula causing the wasting disease of the 
1930's or the present decline of eelgrass, stating that 
Labyrinthula was not the cause of the decline but only 
a component of the decomposing activities. 

Other seagrass declines also have been reported. 
Cambridge & McComb (1984) reported a reduction in 



Muehlstein: Wasti~ ?g disease of eelgrass 219 

Posidonia sinuosa Cambridge et  Kuo from 4 200 to 
900 ha during the period from 1954 to 1978 in Western 
Australia. This decrease corresponded with a period of 
industrial development of the area, resulting in an  
increase in nutrient rich effluents. Declines in the sea- 
grasses resulted in decreases in species diversity and 
abundance as well as increased erosion along the 
beaches (Cambridge & McComb 1984). P. oceanica (L.) 
Delile decreased significantly from 1950 to 1975 along 
the Mediterranean coast of France (Peres & Picard 
1975). Causes of the decline were correlated with 
increases in the level of pollution and increases in clay 
sedimentation (Peres & Picard 1975). An endemic 
species of Labyrinthula, different from L. zosterae, has 
been suggested as the possible cause of a recent mas- 
sive die off of Thalassia testudinum Banks ex Konig 
(turtle grass) in Florida Bay, Florida (Porter & Muehl- 
stein 1989). 

PRESENT STATUS OF EELGRASS 

Presently there exists a recurrence of eelgrass wast- 
ing disease with disease syn~ptoms reported through- 
out North America and Europe (Short et  al. 1986, 1987, 
1988, Muehlstein et  al. 1988). A major decline in eel- 
grass populations in New Hampshire and Maine was 
first noticed in 1984 (Short et  al. 1986). Dexter (1985) 
reported another epidemic which decimated all eel- 
grass in the Cape Ann, Massachusetts, vicinity and 
indicated that it was the result of wasting disease but 
did not make any definitive observations. Additional 
collecting revealed that the symptoms of eelgrass wast- 
ing disease were present in populations along the east 
coast of the U.  S. ,  in France, England, the Netherlands, 
and in the San Juan Islands, Washington (Short et a1 
1987, 1988, Muehlstein et  al. 1988). Extensive field 
collections, laboratory disease tests (Fig. 2),  and light 
and electron microscopy have conclusively supported 
the pathogenic species Labyrinthula zosterae (Fig. 1) as 
the causative factor (Short et  al. 1987, Muehlstein et  al. 
1988, Muehlstein 1989). Although the cause of the 
1930's wasting disease epidemic was never clearly 
determined, work by Renn (1936a) and Young (1938a, 
1943) clearly supported Labyrinthula as the etiological 
agent of eelgrass wasting disease. In a careful review of 
the literature and hypotheses surrounding the previous 
epidemic wasting disease, I feel that a pathogenic 
species of Labyrinthula was the cause of the 1930's 
epidemic and is the primary microorganism associated 
with the present decline of eelgrass. Although environ- 
mental influences, especially salinity, are likely to be  
important, it is unclear at this time how abiotic factors 
influenced the past decline or the present decline in 
eelgrass populations. 
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