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Introduction

Seagrasses are an invaluable component of the coastal ecosystem. Despite
sometimes disturbing swimmers and entangling themselves in boat motors and anchor
lines, they play a variety of positive roles: binding sediments to the bottom and thereby
reducing turbidity; providing food for waterfowl, substrates for algae and other
epiphytes; and, perhaps most importantly from a human standpoint, providing habitats
and foraging sites for fish and shellfish (Mukai et al., 1980 and Orth, 1977). Being aware
of the condition of the seagrass beds is therefore highly important in the process of
evaluating the health of our coastal waters, particularly during a period of such intense
human coastal expansion and development. As Mukai et al. 1980 states, “In a study of
biological communities of coastal waters, a study of the distribution and standing crop of
seagrasses, especially Zostera marina L., in temperate and subarctic areas, is fundamental
in initial investigations”.

In the winter of 1997, the Tisbury Board of Health was awarded a grant from the
Department of Environmental Management to map the macrophyte beds of Lake
Tashmoo, a 270 acre coastal pond on the north shore of Vineyard Haven, Massachusetts.
The study was to be completed in 8 weeks, running from July 1 through August 22. The
purpose of this study was to prepare an accurate map of the macrophyte beds, which are
dominated by eelgrass (Zostera marina). In addition, it was decided to evaluate the
current status of their health and productivity. This will provide a baseline to evaluate
the eelgrass beds in the future; form the basis for a better understanding of the dynamics
of this complex ecosystem; and help evaluate its response to both natural and artificial
phenomena.

Lake Tashmoo is a tidal pond with a depth of up to 12 feet below mean sea level.
Fresh water enters the pond at its southern end, as well as from groundwater fed springs,
and it is flushed through a man - made channel to Vineyard Sound which is stabilized by
stone groins. Primarily seasonal residences surround the pond on lots ranging from over
3 acres on the west side to under %4 acre on the east side. There are two small farms on

the west side, limited portions of which extend to the pond. The pond harbors over 130



boats in the summer, and is host to hundreds of resident geese, ducks, cormorants and
seagulls. Various algae such as Fucus (rockweed), Codium, and numerous red, green,
and brown filamentous algae grow on rocks at the edges of the pond, in the shallows on
various substrates, and as epiphytes on the eelgrass.

Eelgrass is a macrophyte which is not an algae or true seaweed but a flowering
plant which roots itself in the bottom sediment of protected waters. Since macro-algae
cannot attach to a bare sandy or muddy bottom lacking a solid substrate, eelgrass and
other marine plants are the basis for many of the marine, sand and mud habitats along
both the east and west coasts. The depth at which eelgrass can grow is determined in part
by the clarity of the water, which affects the amount of sunlight reaching the bottom.
Thus, eelgrass is sensitive to water column turbidity and to the growth of epiphytes, both

of which have the potential to cause a decline in plant population.

Part I - Eelgrass mapping
Methods

In the first part of the study, the eelgrass beds within Lake Tashmoo were
mapped. This was done from July 1 through July 28. An aerial survey of the eelgrass
beds in Lake Tashmoo had been completed in 1994 by the Department of Environmental
Protection, and was used initially as a guide to preparing a more detailed map of the lake
through an intensive field survey. This survey was done largely by boat and SCUBA
diving or snorkeling, with a small portion completed on foot within the tidal flats of the
pond where the water was shallow. Distances from piers or other landmarks were
estimated by eye and then plotted at a scale of 800 feet to the inch. The piers referred to
by number are identified in both Figures 1 and 2.

The boat used was a 13 foot whaler with a 45 horsepower motor. The Vineyard
Haven harbor master contributed the boat for the use of the study. A peepsite (glass
bottom wooden box) was used to map the eelgrass from the boat where possible and
several transects were done via boat across the width of the pond from pier to pier or

from established points on the shore, as well as around the perimeter of the pond. Piers



and houses were numbered according to the aerial photos of the pond, copies of which
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used to record both the completed transects and where the eelgrass was found. In
Figure 1, transects done by boat are marked in solid lines.

SCUBA diving and snorkeling was done in order to visually assess the eelgrass
beds in areas which were too deep for the peepsite. The majority of the transects across
the width of the pond were done in this way, and a transect down the length of the pond
running from the south end of the entrance channel to a point at the southern end. These
transects are marked as dashed lines in Figure 1 and the areas surveyed by foot are
marked as dotted lines. Eelgrass was harvested from a quarter meter square quadrat for
stem count and dry weight calculations as described in Part II.

Mapping Results

Eelgrass beds are established in three zones of the pond which were separated by
areas with little or no vegetation: Zones 1, 2, and 3, located in the northern, middle, and
southern areas of the pond, respectively (see Figure 2). Zone 1 is within or near the edge
of the entrance channel. Here, small eelgrass patches are located south of the groins at
the northeastern and northwestern edges of the channel, and larger eelgrass patches are
located in an elongate band running west to east at the southern outlet of the channel and
along the southern margin of the flood tidal deltas. Patches within this band range in
size from 6ft in diameter to an elongated shape of approximately 5ft by 70ft.

Zone 2 extends from piers 2 and 21 to approximately 50 feet north of Brown
Point (see Figure 2). The eelgrass bed generally begins at a distance of around 30ft from
shore in 1 to 1.5 meters of water, but is sparse or non-existent near piers and high density
boat moorings. This may relate to boat activity disturbing the beds or increasing
turbidity. Some areas along the shore without piers or boat moorings are somewhat
patchy as well for unknown reasons, particularly between piers 16 and 22. Bare areas
within Zone 2 were also observed during the dive transects. The reason for these is also
unknown.

Generally, the most productive areas in terms of stem count and biomass seem to
be at the southern end of Zone 1; and in Zone 2 near pier 6 and between piers 15 and 16;

and between piers 11 and 12 in Zone 3 (Figures 2 & 3). The Zone 2 bed thins out in stem
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count at mid-pond in line with the town pier (16) and continuing south until it is
somewhat dense again at the southern end of this area. Overall, this zone contains some
of the deepest parts of the pond, down to 12 feet below Mean Sea Level at mid-pond. In
these deeper waters, some of the longest blades of eelgrass were found, the longest of
which were estimated at up to 2 meters long.

Zone 3 is located in the southern cove of the pond south of Brown Point. This
seems to be the most brackish part of the pond, as there is a major inflow of fresh water
in this cove. The eelgrass bed in this zone is small and extends from 45ft south of pier 12
to about 50ft west of pier 10. It begins about 30ft from shore and extends to 150ft from
shore. The eelgrass here seems fairly dense, despite having the heaviest load of
epiphytes.

Codium fragilis was noted in several separate areas in the pond. A bed is found
north of pier 16 in a band about 100 feet long (north south) by 30 to 40 feet wide. A
second bed was found about 150 feet south of pier 22 near a stone structure and was
approximately 100 feet long (north to south) by 30 feet wide. Codium was also found in
clumps at 5 to 10 foot intervals about 200 feet northwest of pier 2 on the western shore.
It can also be found about 400 feet south of pier 8 in a 50 foot diameter bed. Scattered
Codium was also noted off pier 1. Where suitable substrates exist, this introduced alga

can be a problem for bay scallop draggers due to its weight and prolific growth.

Part II - Sampling
Methods
Eelgrass samples were taken in two sets in various locations of the pond in order
to gather information about the eelgrass health and productivity throughout the pond.
The first set of samples was taken in order to calculate shoot density and biomass.
Samples were taken using SCUBA or snorkeling equipment and a 1 meter quadrat in
which % meter square sections were partitioned with wire. Yellow streamers were tied to
the edges of a ¥ m” quadrat and were suspended in the water column using fishing
bobbers. By using streamers we were able to track the quadrat when it sank to the

bottom. When we came to the sampling area, we would toss the quadrat out over the



water to obtain a random sampling location. A cement block was lowered into the water
next to the quadrat in order to help stabilize the diver over the sample site. The eelgrass
contained within the quarter meter square quadrat was then harvested by pulling the
plants up by the roots and immediately putting them into a mesh bag with an opening that
could be fastened. The bag was vigorously surged through the water column to release
the sediment attached to the roots, and then emptied. Several dives were required to
harvest all of the eelgrass as the turbidity created by pulling roots from the sediment was
substantial and would have to clear before the diver could complete the harvest.

Once a sample was harvested, the eelgrass density was calculated by counting all
shoots and thereby finding shoots per ¥ m? area. The roots were then cut off and
disposed, and all of the live blades were collected in a plastic bag. Loose blades (ie
unattached to a root system) that retained green color were also collected except for
samples 1 and 2, in which the loose blades were discarded as they were thought to have
possibly floated in and were not numerous. The eelgrass samples were then taken back
to the office and dried outside for approximately 24 hours. The samples were then put
into a pan and dried in an oven at 80 degrees centigrade for 24 hours, were crushed and
weighed on a gram scale to obtain dry weight, and then put back in the oven for 2 hours
and weighed again. If another plant species was found in the sample, it was weighed
separately to obtain a ratio of its mass to that of the eelgrass.

Ten samples were taken in all. The sample sites were chosen in regard to their
location within density-based map units as estimated by eye during SCUBA dives. The
sites were located in the three zones of the pond in which eelgrass beds were present (see
Figure 3). In addition, the sites varied from what were believed to be high density areas
of eelgrass to low density areas so that we could determine the range of eelgrass densities
and dry weights.

Sample 1 was taken from Zone 1 about 450 feet off the eastern shore on a line
between the 3™ house north of pier 1 and the ramp about 400 feet north of pier 22 (see
Figure 3). The depth here was 1.5m corrected to approximately depth below Mean Low
Water. Samples 2 through 7 and 9 were taken in Zone 2. Sample 2 was located 50 feet
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east of pier 6 and 50 feet from the northern shore at a depth of 1.4m. Sample 3 was
located 200 feet north of pier 15, 30 feet from the eastern shore at a depth of 1.9 meters.
Sample 4 was located 350 feet southeast of pier 4 at mid-lake at a depth of 2.5 meters.
Sample 5 was located 250 feet from the western shore of Drew Cove and 30feet north of
the southern shore at a depth of 1.3 meters. Sample 6 was located at mid-pond between
piers 6 and 15 at a depth of 2.6 meters, and sample 7 and 7b were located near mid-pond
off pier 18 at a depth of 3.2 meters. Sample 9 was taken 50 feet off the western shore at
the southern end of Zone 2 at the entrance to the southern cove in 1.5 meters of water.
Sample 8 was located 30 feet from the southeast shore and 50 feet south of pier 11 in
Zone 3 at 1.1 meters. All depths are corrected to approximate mean low water.

The second set of samples were taken using snorkeling equipment. Plants were
pulled up by their roots and put into a plastic bag filled with pond water and taken back
to the lab and refrigerated. For each sample, 10 blades of medium age were taken from 8
to 10 different turions (leaf clusters). The epiphytes were scraped from the blades using
an exacto knife, and were then stored in distilled water in the refrigerator until they could
be dried. They were dried at 105 degrees centigrade for 5% hours, then measured for dry
weight. The 10 blades were measured for total area per sample and dried at 80 degrees
centigrade for 26 hours. These blades were also measured for dry weight. Sampling

locations are shown in Figure 3.

Results

Eelgrass stem density and dry weight from the 10 sample sites are tabulated in Table 1.
While there is no clear correlation between stem density and dry weight (R* = 0.42) there
appears to be between stem density and depth (R* = 0.89). Samples taken at depths
between 1.1 and 1.9 meters MLW had stem counts ranging from 316 to 440 (N=6).
Those at depths over 2 meters ranged from 40 to 284 (N=4). As only 10 samples were

collected this interpretation is somewhat statistically limited.
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Table 1. Macrophyte samples 1-9, Set 1. Listed are eelgrass densities, eelgrass biomass, total
biomass of all macrophytes, what percentage of each sample consisted of eelgrass, and the depth
and Secchi disk depth at the location each sample was taken. Weight includes weight of
epiphytes.

Sample # Eelgrass Eelgrass Total Eelgrass Depth (m) Secchi

Density Biomass Biomass % of below Disk

(shoots (grams (grams Biomass mean low Depth (m)

)

perm?) perm?) perm? water  as read

1 440 192.56 192.56 100 1.5 bottom
2 376 203.32 209.76 97 1.4 bottom
3 348 177.56 183.04 97 1.9 2.1
4 284 212.96 212.96 100 2.5 2.25
5 428 82.76 82.76 100 1.3 bottom
6 200 81.12 81.12 100 2.6 2.5
7 40 15.36 15.36 100 3.2 2.0
7B 256 165.68 165.68 100 2.7 2.0
368 186.56 195.52 95 1.1 bottom
316 198.88 198.88 100 1.5 bottom

The Secchi disk readings indicate the transparency of the water column during late July
and August. The 2 to 2.5 meter depths are typical of coastal waters and indicate
moderate phytoplankton growth which might limit light penetration somewhat. Under
the observed conditions, the depth where irradiance is one percent of surface light is over
5 meters and therefore not limiting to phytoplankton growth. Mukai (1980) found
eelgrass limited to depths less than 3 meters where light levels were about 10 percent of
surface values. With the limited data we have, it does not appear that light limits depth

of eelgrass beds in Tashmoo.

Mukai et al (1980) found the dry weight of eelgrass in Odawa Bay to range from 94 to
242 grams per square meter. Average dry weight in the samples harvested from Lake

Tashmoo was 151.68 grams with an average shoot density of 305.6 per square meter.
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In Figure 4, stem density and dry weight per square meter are plotted by sample station.
Substantial variability in stem count and dry weight was found at stations 7 and 7b
located only a short distance apart. For statistical reliability, a greater number of samples
are desirable.

Figure 4. Density and biomass of Eelgrass from 10 samples. Density is represented by bars and
the left axis (shoots per m?), and biomass is represented by the line and the right axis (grams per
m?). The bottom axis represents the sample number.

Density and Biomass of Eelgrass

450 -
400 +
350 +
300 +
250 +
200 +
150 +
100 +
50 +

100 150 200 250

I Eelgrass Density
(shoots per m2)

| —eo—Eelgrass Biomass
N® ¥ L o~Mmo o (grams per m2)

v

50
Grams per m?

Shoots per m?

0

1

In Table 2, epiphyte dry weight per area of eelgrass blade and as a percentage of total dry
weight are tabulated. Locations of these sample sites are plotted in Figure 3. In sample 2
from Zone 2, the epiphyte weight is dominated by Spirobis borealis encrustation. The
Spirobis encrustation probably adds significantly to the weight of the specimen when
compared with a similar volume of algae. At sample location 4, the epiphytes were
dominated by algae and lacked Spirobis. The epiphytes at location 1 were mainly brown
algae with few Spirobis. Very little epiphytic growth was found at location 3 in deeper
water.

Table 2. Macrophyte samples 1-4, set 2. Listed are the dry weights of both the epiphytes and the
eelgrass samples from which they were taken, the epiphyte percentage of the combined weights,
the total eelgrass blade area of each sample, and the epiphyte biomass.

Epiphyte sample  Depth Epiphyte Eelgrass Epiphyte Eelgrass Epiphyte

# Below Dry Dry % of total  blade Biomass
Mean Low Weight (g) Weight (g) weight  Area (m?) (g/m?)
Water
Meters
1 0.9 0.18 0.74 20% 0.0277 6.497
2 1.6 0.67 0.85 44% 0.0625 10.72
3 2.7 0.01 1.90 0.50% 0.0366 0.27
4 1.4 0.37 1.09 25% 0.062 5.97
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Figure 5. The epiphyte biomass (g/m2) found on 4 samples of eelgrass blades.

Epiphyte Biomass

Sample #

Discussion

We found the eelgrass beds in Lake Tashmoo to be fairly healthy and widespread.
No evidence of disease was seen aside from infrequent leaf spots. Certain areas were
lacking eelgrass, such as between Zones 1 and 2 and in the southern cove of the pond, as
well as in bare patches within an eelgrass bed. Further studies would have to be done to
determine the reasons for these bare areas, but there are various logical possibilities for
some of the areas. One explanation is based on the need for fairly stable water column
(Kingsbury 1969). This may explain why no eelgrass grows in the tidal flats or in depths
shallower than about 1.3 meters (MLW) , as the tide range approaches one meter.

The area in Zone 2 near the middle of the pond which is sparse or less productive
but is a continuous bed may be due to the boat traffic and moorings which are extensive
in this part of the pond. In addition, the eelgrass bed within Drew Cove contains a large
bare area, which extends out into the pond from a likely inflow of fresh water at the
western end of the cove.

The large bare area in the southern zone may also be a related to the inflow of
fresh water. During the course of this study, the water column here was consistently

more turbid than other areas of the pond which could result from input of nutrients with
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groundwater which can increase phytoplankton productivity. The resulting increase in
turbidity could decrease light penetration, which would in turn reduce the ability of the
eelgrass to photosynthesize (Howes et al. 1997). Costa (1990) described the pattern of
loss of eelgrass due to nutrient loading as a decrease in the depth to which it grows and a
reduction in the crop in areas with greatest nutrient input. The eelgrass beds found in the
pond do thin out in deeper water and toward the head of the pond. However, we lack
sufficient information to identify the cause of this observation. The effect of nutrient
enrichment on water column turbidity causing light reduction may actually lead to a
decrease in epiphytes given deep enough water (Lin et al 1995).

The shoot density and biomass of the eelgrass varied in different parts of the
pond. One trend which was evident was that greater density did not necessarily mean a
greater biomass. Shoot density correlates more reliably with depth. In areas where the
eelgrass is deeper in the water column, we observed that the plant increases the length of
fewer shoots possibly to optimize light availability closer to the surface. Plants in
shallower waters where light easily penetrates to the bottom are able to concentrate
production on increasing the number of shoots as light limitation is not a factor. Greater
shoot density and less biomass near shore might also result from physical breakage by
waves and currents in shallow water. For instance, the size of the eelgrass blades as well
as the biomass was greater in sample 4 but the shoot density was lower than in sample 1
and 5, which were in a much more shallow area of the pond (see Figure 3 and Table 1).

The quantity and composition of epiphytes in Lake Tashmoo varied throughout
the pond. The areas with the heaviest load of epiphytes (biomass per m? of eelgrass
blades) were near the shore by pier 6. However, the composition there was largely
Spirobis borealis. Spirobis was a significant component of epiphytes in shallower
portions of Zones 1 and 2. The epiphyte sample taken from the deepest point at 2.7
meters (sample 3) had the least amount of epiphytes, which is probably due to a decrease
in light penetration in the water column. The greatest amount of non-Spirobis epiphytic
growth was found at the head of the pond at sampling station 4. The number of epiphyte
samples taken was insufficient to characterize these statements as more than observations

warranting further investigation.
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A map and status report of the eelgrass beds in Lake Tashmoo are important steps
in monitoring the health of the pond and being prepared to assess changes. In the 1930’s,
entire eelgrass populations were destroyed along the eastern seaboard in what is referred
to as the “Black Death,” which was deduced to have been caused largely by a then
unknown fungal disease combined with warmer coastal waters. The eelgrass beds
eventually came back while, at the time, the disappearance had a devastating effect on the
organisms the eelgrass beds supported. Little was done to record or study this
occurrence, however, and today we still have only a limited understanding of what
happened.

Locally, we have little record of past eelgrass beds in the island’s tidal ponds.
Coastal residents on Martha’s Vineyard have seen the eelgrass beds shrink or simply
shift, yet nothing has been documented in the islands until 1994, with the aerial survey
done by the Department of Environmental Protection. This survey used ground truthing
to check photo-interpretation, however field work was limited. By having a record that
allows a future assessment of changes in the eelgrass over the years, we will obtain
invaluable knowledge about the entire system in which eelgrass plays such a large part,

as well as afflictions affecting eelgrass and other macrophytes.

Conclusions
This survey project has :
e mapped the distribution of eelgrass beds in the pond
e determined that the eelgrass is generally in good health

o measured dry weight of eelgrass blades in various parts of the pond which is in the
range of other similar surveys
e measured epiphytic growth on eelgrass in various parts of the pond which increases

substantially toward the head of the pond and decreases dramatically in deeper water

Much more needs to be done to maintain a healthy environment suitable for both

human use and marine life, which are after all so interconnected in this coastal system.
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e A water resource survey including nutrient, phytoplankton and other
oceanographic parameters is needed.

oThe tidal flushing of the pond should be determined and an estimate prepared of
the pond’s nutrient loading limits and the nutrient load to the pond from human activities
in the watershed.

eIn addition, our hope is that follow-up studies will be done on the eelgrass beds
in Lake Tashmoo and in other tidal ponds throughout the area, and that care will be taken

to ensure that the eelgrass beds will continue to flourish in the years to come.



