Chesapeake Bay: An Unprecedented Decline in

Submerged Aquatic Vegetation

Abstract. Data on the distribution and abundance of submerged aquatic vegeta-
tion in Chesapeake Bay indicate a significant reduction in all species in all sections
of the bay during the last 15 to 20 years. This decline is unprecedented in the bay’s
recent history. The reduction in one major species, Zostera marina, may be greater
than the decline that occurred during the pandemic demise of the 1930’s.

Chesapeake Bay (1), with its extensive
littoral zone and broad salinity range (0
to 33 per mil), supports many different
species of submerged aquatic vegetation
(2). Our synthesis of relevant studies on
submerged grasses in the bay and its
tributaries (3) indicates that the present
distribution and abundance of these
grasses are at their lowest levels in the
bay’s recorded history (Fig. 1). The de-
cline, which began in the 1960’s and
accelerated in the 1970’s, has affected all
species in all areas. Many major river
systems are now totally devoid of any
rooted vegetation.

Data used to determine the present
and past distribution of bay grasses were
acquired from recent aerial mapping
studies (4), field surveys by state and
federal laboratories (5), biostratigraphi-
cal analyses of estuarine sediments for
seeds and pollen of bay grasses (6), older
archived photographs (7), and anecdotal
information (8). The abundance trends of
submerged vegetation at six lower bay
sites (Virginia portion) from 1937 to 1980
are shown in Fig. 2a. These sites are
dominated by Zostera marina and Rup-
pia maritima. From 1937 through the
1960’s, the abundance of vegetation in-
creased at five of the sites and then
declined precipitously in the early
1970’s. By 1980, two of the sites were
devoid of vegetation.

Trends of vegetation occurrence in the
upper bay (Maryland section) between
1971 and 1980 are shown in Fig. 2b. In
1971, 29 percent of 644 stations sampled
within 26 different areas were vegetated,
whereas only 10 percent of these stations
were vegetated in 1980. Of these 26
areas, 81 percent had vegetation in 1971
as compared to only 38 percent in 1980.
At eight of the 26 areas, vegetation de-
clined rapidly between 1971 and 1973
and by 1980 was absent at four of the
formerly vegetated sites (Fig. 2c).

The pattern of vegetation loss has not
been uniform throughout the bay. Areas
densely vegetated in the Patuxent and
lower Potomac rivers (9) in the 1960’s
were devoid of vegetation by 1970. Up-
river sections of many smaller subestuar-
ies were devoid of vegetation by 1970.
Major changes in all regions began in
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1972, the year of Tropical Storm Agnes.
This storm reduced salinities throughout
the bay for periods of up to 4 weeks and
transported large quantities of suspend-
ed sediment into the estuarine system
(10). By 1974, the distribution and abun-
dance of submerged grasses had been
drastically altered throughout the bay.
This alteration continued, and by 1980
the major tributaries of the bay and many

of the smaller rivers contained only
sparse beds or completely lacked vegeta-
tion. This condition has persisted

- through 1982, although beds have been

expanding to a modest degree in the
lower York River during the last 3 years
(I11). In some areas where declines of
vegetation occurred gradually rather
than abruptly reductions occurred first
in the outer deepwater fringes of the
beds. One site in the lower bay showed a
progressive shoreward shift of the bed’s
outer limits over a 10-year period (3).
We believe that the observed vegeta-
tion decline is unprecedented in the
bay’s recorded history for several rea-
sons. (i) Detailed biostratigraphical anal-
ysis of sediments for submerged aquatic
vegetation seeds and pollen from at least
one site indicates the continued presence
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Fig. 1. Map of the
Chesapeake Bay
showing areas where
submerged  aquatic
vegetation has experi-
enced the greatest de-
cline since 1960 (diag-
onal lines) and loca-
tions where vegeta-
tion is still found in
large stands (stippled
areas). Numbers indi-
cate locations re-
ferred to in Fig. 2.

[ iRs Tatieras)
-~ ‘iCapel Lookout
/;
“!Cape Fear

76°100’

14-Susquehanna
Flats

VL

Baltimore

o
x
]
[
Q
]
o«
o
£
[&]

51



of such seeds from the 18th century to
1972 when they abruptly disappeared
from the record (6). (ii) Photographic and
anecdotal evidence indicates that exten-
sive areas were vegetated with Z. marina
in 1937, 4 to S years after the pandemic
decline of the 1930’s (/2). In contrast,
today, nearly 10 years after the more
recent dieback, many of these same ar-
eas remain unvegetated. (iii) The current
decline has affected all species through-
out the bay rather than one species or
one localized area.

This decline of vegetation appears to
be restricted to Chesapeake Bay. We
know of no reported large-scale declines
of Z. marina or other aquatic estuarine
grasses from the East Coast. In some
areas, such as Long Island Sound, Z.
marina is increasing in abundance (/3).

The causes that have led to the Chesa-
peake Bay decline may be related to
factors affecting the quantity and quality
of light reaching the plant surface (/4).
There are similarities between the areas
of greatest reduction' in aquatic grass
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Fig. 2. (a) Trends in the areal coverage of submerged aquatic vegetation at six intensively
mapped areas in the lower Chesapeake Bay, 1937 to 1980. The precision of the data is
approximately 2 percent [data derived from aerial photographs (4)]. (b) Trends in the
occurrence of submerged aquatic vegetation in the Maryland portion of Chesapeake Bay.
Values represent the percentage of stations with vegetation (N = 644) and the percentage of
unvegetated areas (N = 26) from 1971 to 1980. Survey data were designed to detect a 5 percent
change in the overall study area [data from the U.S. Fish and Wildlife Service and the Maryland
Department of Natural Resources Surveys (5)]. (c) Trends in the occurrence of submerged

vegetation at eight of the 26 areas noted in (b).
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species and areas of greatest nutrient
enrichment (/5). Nutrients not only stim-
ulate phytoplankton growth but also pe-
riphyton growth on the leaf surface, both
of which reduce the light available to the
plant. Biological factors such as the re-

_duction of the periphyton graiing com-

munity from Z. marina beds in the lower
bay may also be a significant factor (/6).

Secondary impacts from the loss of
vegetation have been documented or ob-
served. Several waterfowl species that
utilize this resource have declined (/7),
while some shoreline areas, once pro-
tected by the baffling effects of the
plants, may be experiencing increased
erosion. Implications for commercially
important species, for example, the blue
crab, Callinectes sapidus, which use the
grass areas for shedding and as a nurs-
ery, have not been determined (/8) but
could be considerable.

The evidence of a major, regionally
isolated change in the submerged grass
communities of Chesapeake Bay over
the last 20 years suggests that this estua-
rine system has been undergoing an envi-
ronmental stress of major proportions.
Although storms may have hastened the
decline in certain sections of the bay, the
overall pattern appears to be one of
chronic decline that began in the upriver
and upper bay areas and continues to the
present. Although we have noted initial
signs of vegetational recovery in areas
containing sparse patches of grass, the
recovery in areas that are totally devoid
of vegetation and far removed from a
source of potential propagules is mini-
mal. If the present decline is related to
changes in water quality, submerged
vegetation may not recover unless these
conditions are rectified.

ROBERT J. ORTH |
KENNETH A. MOORE
Virginia Institute of Marine Science,
School of Marine Science,
College of William and Mary,
Gloucester Point 23062
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Free Cupric Ion Activity in Seawater: Effects on

Metallothionein and Growth in Crab Larvae

Abstract. Crab zoeae (Rhithropanopeus harrisii) were exposed during their devel-
opment to a range of free cupric ion activities regulated in seawater by use of
a copper chelate buffer system. Most cytosolic copper was found to be associated
with metallothionein. Copper-thionein could be related to free cupric ion activity,
and a shift in copper-thionein accumulation was correlated with inhibition of larval
growth. These data reveal predictable relations between cupric ion activity in
seawater and processes at the cellular and organismic levels.

The biological impact of increases in
trace metal concentrations in the oceans
has become a major concern (/). Trace
metals such as copper at nanomolar con-
centrations similar to those in natural
seawater inhibit nutrient uptake in both
phytoplankton (2) and bacteria (3). How-
ever, numerous chemical species of cop-
per are present in natural seawater (4),
and chemical speciation often varies
considerably between samples (3). The
biological availability and toxicity of
copper appear to be related to free cupric
ion activity, {Cu?"}, rather than to total
copper concentration or the concentra-
tion of copper complexes (3, 5). Since
most copper toxicity studies have related
cellular or organismic responses to total
copper added to seawater (6), the biolog-
ical availability of the metal, even on a
relative scale, is usually unknown.

The cysteine-rich metal-binding pro-
tein metallothionein serves as a major
intracellular metal-binding ligand whose
synthesis can be induced by metals, in-
cluding copper, cadmium, zinc, and mer-
cury (7). Metallothioneins are widely dis-
tributed and have been isolated from
various vertebrates, invertebrates, and
higher plants (8, 9). These proteins have

o
@

[=]
N

=)
=

Cytosolic copper (ug/ml)

5 10 15 20 25
Fraction number

Fig. 1. Cytosolic distribution of copper in crab
larvae (R. harrisii) exposed to free cupric ions
in seawater (13). HMW, MT, and LMW repre-
sent high molecular weight, metallothionein,
and low molecular weight pools, respectively.

been associated with metal uptake, me-
tabolism, and detoxification (7). The pri-
mary structure of crab thionein is ho-
mologous to both mammalian and fungal
thioneins, and its synthesis is induced by
copper, zinc, and cadmium (9, 10).

Research on the mechanisms of cop-
per toxicity has focused on either bio-
chemical responses (for example, metal-
lothionein synthesis) or physiological ef-
fects at the population level (for exam-
ple, growth rate), but not at both
biological levels simultaneously (6). As a
consequence, the relations between met-
al exposures, metallothionein synthesis,
and population effect remain unclear.
Correlating the amount of biologically
available copper in seawater with cellu-
lar and molecular data and with the im-
pact on organisms and populations is
even more difficult. However, predic-
tions of the ecological consequences of
increased copper in seawater and of sub-
sequent copper accumulation and sub-
cellular distribution will be possible only
if they can be related to population ef-
fects. In this study we have used a
copper-nitrotriacetic acid (NTA) buffer
system (/) to control free cupric ion
activity, and have examined the relations
between {Cu®**'} in seawater, cytosolic
copper, copper-thionein accumulation,
and growth in crab larvae. Our data
indicate that copper-thionein can be re-
lated to {Cu?"} in seawater and that a
shift in copper-thionein accumulation is
correlated with inhibition of larval
growth.

Newly hatched larvae of the mud crab
Rhithropanopeus harrisii were exposed
to a range of {Cu®"} values for the dura-
tion of zoeal development (/2). The lar-
vae were sampled immediately after they
had molted to the megalopa stage. Sur-
vival, time to megalopa, and dry weights
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