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ABSTRACT. Eelgrass Zostera marina L. populations in the
Great Bay Estuary, on the New Hampshire-Maine border,
decreased dramatically between 1981 and 1984. The immedi-
ate cause of this decline was not pollution as found recently in
other estuaries, but an infection of healthy leaf tissue by a
microorganism. The slime mold Labyrinthula, associated with
the 1930's eelgrass wasting disease that devasted populations
on both sides of the North Atlantic, was isolated from eelgrass
tissue, as were other possibly infectious microorganisms. In
addition to the decline of eelgrass in the estuary, we have
documented the sequence of infection and die-back in meso-
cosm and laboratory eelgrass cultures that resulted in condi-
tions analogous to those observed in the estuary.

The disappearance of eelgrass Zostera marina L.
from coastal waters of Europe and North America in
the early 1930's was a major natural catastrophe
(Milne & Milne 1951, Rasmussen 1977). Researchers
evaluating the causes of this dramatic decline, termed
the ‘wasting disease’, proposed 2 causal agents: an
infectious slime mold, Labyrinthula (Cotton 1933,
Petersen 1933, Renn 1934, Cottam & Addy 1947); and
environmental stress from abnormally warm tempera-
tures increasing the plant's susceptibility to ever-pre-
sent microorganisms (Rasmussen 1977). Whatever the
cause, the environmental impact of the wasting dis-
ease was extensive, encompassing alterations in cur-
rent patterns and sediment distribution, disruption of
coastal food chains and fisheries, and losses of major
populations of migratory waterfowl (Stevens 1936,
Tutin 1938, Rasmussen 1977, Thayer et al. 1984).

More recent eelgrass declines have been blamed on
environmental pollution and human impact in coastal
areas (Orth & Moore 1983). However, like the decline
of the 1930's, there is controversy about the actual
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cause of these recent events (Jones & Tippie 1983,
Kemp et al. 1983, Nienhuis 1983). The loss of eelgrass
and other submerged aquatic plants in the
Chesapeake Bay has been variously attributed to eu-
trophication, herbicides from runoff, and increased tur-
bidity from development (Jones & Tippie 1983, Kemp
et al. 1983). A seagrass decline in southwestern
Australia was linked to industrial expansion and alter-
ation of harbor circulation (Cambridge & McComb
1984). An analysis of eelgrass decline within the
tidally restricted Grevelingen Lake in Holland sug-
gested that increased nutrient loading produced toxic
conditions in the sediments (Nienhuis 1983).

A major decline of eelgrass populations has now
been detected in the Great Bay Estuary on the New
Hampshire-Maine border (Fig. 1), and the virtual dis-
appearance of eelgrass from the outer estuary has been
linked not to pollution but to a disease. Monitoring of
the Piscataqua River and Little Bay where abundant
eelgrass grew in 1981 revealed no viable eelgrass beds
in 1984. Either dead matted rhizomes were found with
only residual reproductive stems, or scattered shoots
were observed where large beds formerly thrived. The
eelgrass tissue that remained had black patches on the
leaves. The furthest up-estuary extent of the decline
was Furber Straits. This is the site of the Jackson
Estuarine Laboratory (JEL) where the decline se-
quence was observed in mesocosm eelgrass cultures
during 1984. The eelgrass sampling stations for both
1981 and 1984 are shown on the lower map in Fig. 1.
Stn 1 and 2 are in the Piscataqua River, Stn 3 to 51in
Little Bay and Stn 6 and 7 in Great Bay. Eelgrass leaf
abundance at these stations is reported for the seasonal
peak biomass in July. Ten replicate samples for 1980,
1981 and 1984 were collected from '/s m? areas using
SCUBA. The 1980-81 biomass pattern showing
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Fig. 1. Eelgrass distribution and biomass in the Great Bay

Estuary, New Hampshire-Maine. Based on a 1981 survey of

the estuary (Nelson 1981) and on aerial photographs and

ground truth sampling in 1984. The marked decline in eel-

grass throughout the lower estuary (Piscataqua River and

Little Bay) contrasts with the increased distribution in the
upper estuary (Great Bay)

decreased biomass up-estuary is reversed in 1984 since
eelgrass disappeared from much of the Piscataqua
River and Little Bay (Stn 2, 3, 4, 5). No examples of
half-dead and heavily epiphytized shoots were
observed, such as were noted during the recent
Chesapeake Bay eelgrass decline (Orth & Moore 1983).
That is, none of the beds showed symptoms of die-back
due to turbidity, reduced light levels, or eutrophica-
tion. Rather, they resembled the symptoms described
in the 1930’s.

The disappearance of eelgrass from the Great Bay
Estuary has not been geographically uniform. The line
demarcating the present die-off of eelgrass popula-

tions, Furber Straits, is a narrow channel with fast
currents separating Little Bay from Great Bay proper
(Fig. 1). The waters in Great Bay, up-estuary from the
straits, are well mixed (Brown & Arrelano 1979, Swift &
Brown 1983) and have consistently lower salinities and
higher summer temperatures (Fig. 2) than down-estu-
ary in Little Bay and the Piscataqua River. In the

TEMPERATURE (C)

SALINITY (°/00)

Fig. 2. Temperature and salinity records for 2 stations in the
Great Bay Estuary for 1876-1981 (C. Emerich Penniman,
unpubl. data). Data for Great Bay (GB) is from a monitoring
station situated in the central channel 1 km into the bay. Data
for the Piscataqua River (PR) is from the central channel
adjacent to Stn 2. Temperatures were substantially higher
during summer in Great Bay than down-estuary, while salin-
ity was consistently lower than in the Piscataqua River.
Temperature and salinity data collected at JEL in 1984 show
similar ranges

1930’s, eelgrass beds in low-saline estuarine waters
survived the wasting disease to repopulate the coasts
of Europe and North America (Stevens 1939, Cottam
1941). Although the highly saline Piscataqua River and
Little Bay have experienced a die-back, Great Bay
proper has experienced an increase in eelgrass dis-
tribution from 1981-84 (Fig. 1). Nutrient levels and
turbidity conditions were generally similar throughout
Great Bay, Little Bay, and the Piscataqua River (Nelson
1981, Loder et al. 1983).

An analysis of circumstantial evidence on the disap-
pearance of eelgrass in the Great Bay Estuary revealed
neither the progression nor the cause of this decline.
However, the symptomatic sequence of die-back was
documented during a mesocosm culture study of eel-
grass at the Jackson Estuarine Laboratory (Short 1985).
The die-back within the mesocosm resulted in condi-
tions analogous to those observed in the estuary.
Beginning in September 1984, small black patches
appeared on the leaves of plants in the field and of
healthy cultured plants growing in 3 tanks. Between
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September 17 and 27 large numbers of leaves detached
and floated to the surface. The tank most severely
affected lost 90 g dry weight m~2 of leaf material in
this 10d period, compared to 5¢g dry weight m~2
during the previous 10 d. By October 3, the leaves in
this tank had turned completely black and sunk to the
bottom. During the subsequent winter, the plants did
not defoliate in the normal fashion; rather the black-
ened leaves remained attached to the rhizomes and lay
on the mud surface. Only a few reproductive stems
remained floating in the water column. The plants
stopped photosynthesizing; their lacunal spaces were
deflated. The eelgrass decline did not occur in all
tanks despite the same environmental conditions.
Thus, there was no clear naturally occurring environ-
mental cause for the decline. The plants in 2 tanks
recovered and continued to grow. The variability
between tanks of eelgrass decline suggested a disease
mechanism.

Two causes for the decline remained possible: either
coastal pollution (Orth & Moore 1983) or an infectious
disease such as that described in the 1930’s (Renn
1936, Rasmussen 1977). The 1981-84 decline origi-
nated in the lower reaches of the Great Bay Estuary.
Thus, eutrophication from one or more of the tidal
tributaries was not the likely agent. The possibility of
industrial and agricultural pollution entering the Pis-
cataqua River was considered. No increased concen-
tration of organic pollutants has been documented, and
there is no evidence of substantial herbicides in the
estuary (1985 Shellfish Survey, J. I. Nelson, pers. obs.).

The other possible cause of the decline is a microbial
epidemic. Laboratory experiments with eelgrass in
culture flasks of 30 %o salinity showed 100 % infection
and 75 % death of healthy eelgrass plants after 3 wk
when exposed to leaf tissue from the tank showing

Table 1. Zostera marina. Growth of eelgrass in a laboratory

culture flask experiment. Shoots were incubated in 30 %

artificial seawater with and without blackened eelgrass tissue

and in 10%. artificial seawater with blackened tissue. Mean
and standard deviation, N = 4

Salinity Salinity Salinity
30 %o 30 %o 10 %o
Control  With black With black
tissue tissue
Leaf area (cm?) 4.3%1.1 3.6+0.8 5.6+3.0
Initial
Leaf area (cm?) 93+35 49+08" 10.7+6.1
After 3 wks
Net growth 0.27%+0.20 0.06*+0.02° 0.28+0.18

(cm? shoot™! d-1)

* 3 out of 4 shoots died

evidence of dieback (Table 1). Eelgrass in control
flasks remained healthy and grew substantially
throughout the experimental period. Additionally,
healthy eelgrass in a second treatment of 10 %o salinity
grew despite the presence of black tissue. Detailed
examination of the eelgrass tissue from these experi-
ments demonstrated the presence of Labyrinthula and
other microorganisms. These results support the
hypothesis of a wasting disease of microbial origin.
However, they leave open the question of whether
Labyrinthula or another organism is the causal agent.
The similarities of the culture plant loss to the wasting
disease of the 1930's and to the recent Great Bay
Estuary eelgrass decline suggest that a microorganism
was the cause of the large-scale losses of eelgrass.

The question arises at it did after the wasting disease
of the 1930’s: what might increase eelgrass susceptibil-
ity to ubiquitous microorganisms? Studies of the 1930's
epidemic have correlated abnormally high tempera-
tures with the wasting disease (Rasmussen 1977). Our
mesocosm and laboratory culture studies under
isothermal conditions indicate that temperature alone
is not the primary predisposing factor. We conclude
that either the microorganism in question is nonubi-
quitous or eelgrass susceptibility to an infectious mi-
croorganism can change.
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