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DISCLAIMER

This report has been reviewed by the Chesapeake Bay Program, U.S.
Environmental Protection Agency, and approved for publication. Approval does
not signify that the contents necessarily reflect the views and policies of
the Environmental Protection Agency, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.
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PREFACE

The Zostera marina (eelgrass) community is one of the most valuable
natural resources in the Chesapeake Bay as well as in other shallow water
coastal areas. This community serves multiple functional roles in coastal
ecosystems. It contains a very dense macroinvertebrate community, which may
be the most diverse community in the Bay region. Z. marina and associated
organisms are consumed by migratory waterfowl, such as brant, black ducks,
wigeon, and scaups while juvenile fishes and blue crabs find both shelter and
food in eelgrass beds. Based on preliminary data, Z. marina beds in the
Chesapeake Bay may be one of the most significant nursery areas for the blue
crab (Callinectes sapidus). The grass beds trap sediments and absorb wave
energy, théereby reducing shoreline erosion. This becomes most evident after
the loss of a grass bed from a particular location.

Zostera marina beds are important in biogeochemical cycling of estuaries
and the nutrients released by Z. marina leaves may be utilized by epiphytic
algae which contributes significantly to the overall primary production of
the system. Perhaps one of the most important characteristics of Z. marina
is its contribution to the detrital food chain.

Zostera marina has historically been beset with major catastrophes. In
the most well documented decline in the 1030's a disease epidemic destroyed
most Z. marina beds on the east coast of the United States and elsewhere in
the world. In many areas, including the seaside of Eastern Shore, Virginia,
Z. marina has still not reestablished. Bay scallops, which depend on 2.
marina for attachment of larvae, have largely disappeared from Virginia
waters because of its disappearance.

More recently in the early 1970's vast areas of Zostera marina have
disappeared in the lower Bay and in particular the main rivers entering the
Bay proper, e.g. the York and Rappahannock rivers. Various causes for the
decline have been hypothesized e.g. climatic changes, increased runoff, with
resultant increased sediment load and thus reduced light intemnsity,
herbicides and increased epiphytic loads. However, there has been no
substantial evidence to date linking any specific cause to the decline in
recent years.

Less extensive losses result from human disturbances. Dredging and
boating activity have been shown to have a negative impact on established
beds, creating large, bare areas in the bed.

Because of the large decline of Zostera marina in the Bay, there has
been increasing interest among people from both the private and public sector
for replanting this species. Some recent studies have shown that Z. marina
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beds can, under suitable conditions, recover naturally either by vegetative
growth from remaining plants, or by growth of seedlings. However, initial
recolonization is often slow or fails to occur before changes in the exposed
sediment preclude regrowth. Given the important ecological role of 2.
marina, it is desirable to be able to assist the early stages of the recovery
process. It may also be desirable to attempt to reestablish beds on the
Eastern Shore where regrowth has not occurred since the 1930 disease
epidemic. Success in such an endeavor could allow reestablishment of Bay
scallop populations.

Prior to 1978, relatively little was known about the biology and ecology
of Zostera marina in the Chesapeake Bay. Most of the previous studies
involving this species in the Bay area were concerned primarily with the
associated faunal communities. Very little information was available on its
phenology, the seasonal aspects of standing crop, productivity, nutrient and
light requirements, reproductive periodicity, and its distribution and
abundance in both the past and present. In addition, with the decline of Z.
marina beds in many aras of the lower Bay, interest was being generated on
the possible use of transplanting Z. marina to reestablish denuded areas.

Because of the importance of Zostera marina and other species of
submerged aquatic vegetation in the Bay and the decline of these species in
the 1970's, the EPA's Chesapeake Bay Program identified submerged aquatic
vegetation as a high priority area of research. Because one of the major
aims of the program was to translate the information generated by the
researchers into an effective management program, we felt that much of the
basic life history information of Z. marina would be necessary for any
effective management scheme.

This project was conceived and carried out in terms of trying to
elucidate some of the basic biological aspects of the growth of Zostera
marina in the lower Chesapeake Bay. Combined with other research programs in
Virginia on the functional ecology of Z. marina and the distribution and
abundance of submerged aquatic vegetation, the ultimate results of all the
reseach would be a more complete understanding of the biology and ecology of
Z. marina in the Bay.

Because of the number of subprojects that were carried out during the
course of this program, we have presented each subproject as a unit in
itself, with their own introduction, methods, results, discussion and
literature cited. We felt that this approach would make for easier
presentation of the large amount of data generated here as well as to make it
easier for later publication in the scientific literature. Each chapter will
be redrafted prior to submission to a scientific journal in order to update
the literature cited section. Several chapters have already been submitted
to peer-review journals and two have been accepted. Appropriate citations
are given in these Chapters.

The data from the '"Biology and Propagation of Zostera marina" program is
thus presented in the following sections:

1. Seasonal aspects in standing crop.
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Anthesis and seed production.
Seed germination and seedling growth.

The effects of transplanting Zostera marina to recently denuded
areas.

Regrowth of submerged vegetation into a recently denuded area caused
by boat disturbance.

Growth of Zostera marina seedlings under laboratory conditions of
increased nutrient enrichment.
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CHAPTER 1

SEASONAL ASPECTS IN THE STANDING CROP OF ZOSTERA MARINA
IN THE LOWER CHESAPEAKE BAY

by

Robert J. Orth
and
Kenneth A. Moore



ABSTRACT

Seasonal aspects of the standing crop of Zostera marina leaves and roots
and rhizomes, leaf length and shoot density were measured at five sites in
three locations in the lower Chesapeake Bay: one site at Browns Bay in the
Mobjack Bay and two sites each at the Guinea Marshes located at the mouth of
the York River and Vaucluse Shores located on the Eastern Shore. Sampling at
most sites occurred from June 1978 to July 1980. Shoot density, mean leaf
length and total standing crop of Ruppia maritima were also obtained at one
of the Vaucluse Shores sites and at the Browns Bay site.

The standing crop of Zostera marina vegetative shoots increased in the
spring of each year and was hightest in the June-July period at all sites.
Minimal values for standing crop occurred during the fall-winter period in
both years. Differences in standing crop were found between years for
similar time periods at each site. Root-rhizome standing crop followed
similar trends as the shoot standing crop. Reproductive shoots made up less
than 257% of the total number of shoots during the spring period when they
were present. Lowest density of shoots occurred in the late summer and early
fall while highest density occurred in the spring and early summer months
although there was some variation at several of the sites.

Growth of Zostera marina appeared to occur primarily from late September
to early July as temperatures ranged from 0°C to 25°C. Almost no growth
occurred in late July, August or early September when no new shoots were
observed and when water temperatures exceeded 25°C. Comparison of these data
with data collected from sites along the East Coast of the U.S. indicated
similarities in the growth cycles at all sites except that maximum standing
crop measurements were attained earlier in more southern areas and later in
more northern locations. Temperature appeared to control growth although
results from recent studies indicate that irradiance is also critical in
determining timing of leaf growth.

Rupia maritima also exhibited distinct trends in seasonal standing stock
measurements. Growth patterns were similar to Zostera marina except that
maximum values occurred later in the summer while minimal values were
obtained in March. The reproductive phase also occurred in the summer after
Z. marina had been completed.




INTRODUCTION

Zostera marina (eelgrass) is the most abundant species of seagrass found
along the entire east coast of the United States. Until recent years, Z.
marina in the Chesapeake Bay was very abundant from the Hampton Roads area in
Virginia to Eastern Bay in Maryland. Despite recent declines baywide in this
distribution and abundance (Orth et al., 1979; Anderson and Macomber, 1980),
Z. marina is still abundant in a few areas.

In the Chesapeake Bay and elsewhere, Zostera marina is important as a
nursery and habitat for vertebrate and invertebrate species (some of which
are of commercial value, e.g. the blue crab, Callinectes sapidus), it can act
as a nutrient pump, a shoreline erosion control mechanism and a source of
detritus (Wood et al., 1969; Phillips, 1974; Thayer et al., 1975).

Zostera marina is a marine angiosperm and is one of approximately 55
species of seagrasses found in the world today (den Hartog, 1970). The life
cycle of Z. marina is quite similar to plants on land, reproducing both
vegetatively from rhizome stock and sexually fom seeds. Setchell (1929) was
the first to describe the phenology of Z. marina in North America and related
the growth and reproduction to temperature. Recently, there have been a
number of studies conducted on the biology of Z. marina worldwide that add
significant information to its life history (McRoy, 1966, 1970; Phillips,
1972; Jacobs, 1974; Aioi, 1980; Mukai et al., 1979).

Within the Chesapeake Bay, studies on Zostera marina have been primarily
limited to the associated faunal communities (Marsh, 1973, 1976; Orth, 1973,
1977) and very little data are available on its phenology. Data from Marsh's
(1970) study represented the only seasonal study on changes in the standing
crop of Z. marina available for the Bay region.

Because of the paucity of information in the Bay for Zostera marina, the
objective of this study was to describe the seasonal changes that occur in
the standing crop of both vegetative and reproductive Z. marina from a
variety of locations in the lower Bay. The information generated here
complements the data collected by the functional ecology program (EPA Grant
No. 805974) where other data were being taken simultaneously to this work.

STUDY SITES

Three areas in the lower Chesapeake Bay were chosen as sites for
delineating seasonal changes in standing crop of Zostera marina as well as
describing its reproductive biology: an area near the mouth of Browns Bay in
the Mobjack Bay; adjacent to the Gunea Marshes at the mouth of the York




River; Vaucluse Shore at the mouth of Hungars Creek on the Eastern Shore of
the Chesapeake Bay (Fig. 1).

Browns Bay represents a mixed assemblage of Zostera marina and widgeon
grass (Ruppia maritima). The vegetation is found in a band adjacent to the
shoreline in a bed approximately 400 meters wide. About 407,500 m2 of bottom
are covered by vegetation in the immediate vicinity of this study site.
Biomass data for this site were collected beginning in October 1979.

Guinea Marsh, where two stations are located (one nearshore and one
offshore), represents an assemblage in which Zostera marina is the
predominant species. Ruppia maritima is found only in scattered amounts in
the shallowest nearshore areas. The area surrounding the Guinea Marshes is a
vast shoal area where we have estimated 3,087,600 m? of bottom to be covered
by vegetation. Biomass collections were initiated in the offshore site in
June 1978 while the nearshore site was established in April 1979.

The vegetation at Vaucluse Shores exists between the shoreline and an
offshore sandbar located 700 meters from shore at its maximum width (total
area is approximately 2,105,000 m2). The persistence of this grass bed is
largely due to the presence of this offshore bar. Ruppia martima
predominates the inshore shallow areas and Zostera marina predominates the
deeper sections of the bed (>lm). Both species are found at intermediate
depths. 1Initially, samples were collected in the Z. marina areas only.
Subsequently, two additional stations were established in May 1979, one in R.
maritima and one in the mixed zone. These two additional stations were
chosen to complement work being done in the EPA-SAV Functional Ecology
Program.

METHODS AND MATERIALS

Monthly samples for biomass measurements were initially taken from a
homogeneous section of the Zostera marina bed. A 0.1 m2 ring was placed on
the bottom and all the vegetation including the roots and rhizomes were
removed by hand to a depth of approximately 10 cm. Four samples were
normally collected monthly at each sampling location. In June 1979, a 0.033
mé core was adopted for sampling the vegetation. A comparison of the data
collected using these 2 methods at two different sites revealed little
differences for the parameters being measured with the vegetation (Table 1).
Subsequently six cores of vegetation were taken at each site. Beginning in
January 1980, only three cores were taken at each site.

After removal of the vegetation and sediment from the ring or core all
material was placed in a cloth mesh bag and washed free of all sediment.
Roots, rhizomes and leaves were then placed in another bag and held in
running water until processed within 24 to 48 hours. Processing included: 1)
separating the shoots from the roots and rhizomes; 2) counting all shoots and
measuring 100 for length and 20 for width; 3) counting reproductive shoots
(when present) and recording length; 4) drying roots, rhizomes and leaves for
48 hours at 45°C; 5) placing the material in a dessicator after drying to
allow cooling to room temperature; and 6) weighing the material to the
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TABLE 1. COMPARISON OF VEGETATIVE AND REPRODUCTIVE DATA COLLECTED USING
THE TWO METHODS DESCRIBED IN THE TEXT (0.1 m? ring vs. 0.033 m2
core). TWO SAMPLES WERE COLLECTED WITH EACH METHOD AT TWO
DIFFERENT SITES. ALL DATA ARE EXTRAPOLATED TO A PER m2 BASIS
(+ 1 STANDARD DEVIATION).

Guinea Marshes 6/28/79

0.1 m2 Ring 0.033 m2 Core

No. of Zostera vegetative shoots/ m? 1330 + 141 1536 + 176

Zostera - Mean Length (cm) 42.9 + 1.7 40.2 + 3.5

Zostera - Shoot Standing Crop (g/m2) 301 + 21 336 * 48

Zostera - Root and Rhizome Standing Crop 126 + 51 130 + 39

Zostera - Total Biomass (g/m2) (8/m%) 427 + 72 467 + 82

Zostera - Reproductive Shoot Ste(mc/iitzl% Crop 32 + 11 21+9
g/m

Browns Bay 7/2/79

0.1 m2 Ring 0.033 m2 Core

No. of Zostera vegetative shooté/ m2 | 2440 + 113 2433 + 361
Zostera - Mean Length (cm) 13.8 + 1.8 19.6 + 1.8
Zostera - Shoot Standing Crop (g/mz) 114 + 35 161 + 55
Zostera - Root and Rhizome Standing Crop 154 + 34 155 + 52
(8/m?)
Zostera - Total Biomass (g/m2) 268 + 69 315 + 103
Ruppia - Mean Length (cm) 12 + 1.1 13.3 + 1.4
Ruppia - Total Biomass (g/m?) 29 + 16 42 + 21




nearest 0.0l g after removing from the dessicator. Parameters recorded
included number of vegetative and reproductive shoots per m?, mean length of
shoots, standing crop of the leaf and root and rhizome fractions per m<,

Temperature and salinity measurements were taken during each sampling
trip but more complete temperature data were acquired for a continuously
operating temperature sensor located at the Virginia Institute of Marine
Science. Although this site was several km from our sampling sites, values
for temperature and salinity agreed very closely.

Sediment samples were obtained at each site with small diameter cores to
characterize the sediment structure. Sediment samples were processed
according to Folk (1961) for silts and clays and dry sieved for sand factors.

RESULTS

Standing Crop Measurements

Zostera marina displayed a striking seasonal growth cycle at all five
sampling sites during the approximately two and one-half year, monthly
sampling program. Seasonal trends for nunber of shoots, shoot length, shoot
standing crop and root-rhizome standing crop were quite similar at the sites
even though some slight differences among the sites were evident for each of
these parameters. The results for all these measurements are discussed below
for each site separately to facilitate easier comprehension of all the data.

Browns Bay

Peak shoot standing crop at this area occurred during the June-July
period both in 1979 and 1980 while lowest standing crop was recorded in the
fall and winter months (Table 2, Fig. 2). Root and rhizome standing crop
followed a similar pattern as the shoot standing crop (Table 2, Fig. 3).
Vegetative shoot standing crop averaged 51% of the total biomass of the plant
(range of 32-79%) (Fig. 6). Reproductive shoots were present in the spring
of 1979 and 1980. Their shoot standing crop accounted for 15 to 327% in 1979
and 11 to 43% in 1980 of the total shoot standing crop (reproductive and
vegetative) but 10 to 22% in 1979 and 6 to 24% in 1980 of total biomass which
includes the root-rhizome standing crop (Table 2, Fig. 2).

Shoot density was highest also in the June-July period of 1979 while in
1980 there was a peak density in March followed by a decline and then an
increase to another maximum of 2333 shoots in June (Table 2, Fig. 4). Shoot
density was lowest in the' fall period after the summer die—off but began to
increase in the early fall beginning around October. Reproductive shoots
ranged from 5 to 11% in 1979 to 4 to 20% in 1980 of the total number of
shoots (Table 2, Fig. 4).

Mean length of shoots was also highest in the June-July period (19.6 cm
in 1979, 15.1 cm in 1980) (Table 2, Fig. 5). The average length of shoots
was smallest in March (8.3 cm in 1979, 8.0 cm in 1980) with mean shoot length
continually decreasing from the summer maxima through the fall and to the



TABLE 2.

RHIZOMES) FOR RUPPIA MARITIMA AT THE BROWNS BAY AREA.

MONTHLY GROWTH PARAMETERS FOR ZOSTERA MARINA AND TOTAL BIOMASS (SHOOTS, ROOTS AND

Number of Mean Shoot Root and Total Ruppia
shoots/ m? Length Standing Rhizome Biomass Total -
+ 15D (cm) Crop Standing (g/mz) Biomass (g/m?)
Date - + 18D (g/m?) Crop + 15D + 158D
+ 18D (g/m2)
+ 1 SD :
Oct. 23, 1978 788 + 354 12.0+1.9 23 +7 6+ 2 29 + 9 11 + 11
Nov. 30, 1978 870 + 316 11.4 + 1.6 24 + 12 8+7 32+ 19 14 + 4
March 7, 1979 835 + 254 8.3 + 1.4 11 +1 8+ 2 19 + 3 8+ 6
April 5, 1979 1515 + 449 12,2+ 1.0 36 +6 25 + 2 72 + 11 15 + 12
138 + 52% 18.6 + 1.5% 10 + 3% 72 + 11
May 8, 1979 1500 + 284 14.3+1.2 82+ 22 58 + 21 181 + 55 14 + 25
192 + 70% 24.3 + 3.1*% 40 + 17*
June 6, 1979 2015 + 774 19.6 + 2.7 134 + 40 68 + 21 224 + 66 15 + 11
115 + 83% 18.0 + 9.6*% 23 + 10%*
July 2, 1979 2433 + 361 16.9 + 1.8 161 + 55 155 + 52 315 + 103 42 + 21
July 30, 1979 2576 + 370 15.1 + 1.3 152 + 45 103 + 30 255 + 67 21 + 21
Aug. 30, 1979 1333 + 200 12.2 + 1.3 61 + 15 88 + 18 148 + 27 27 + 18
Sept. 24, 1979 591 + 191 9.2 + 1.8 9+ 3 15 + 6 27 + 9 3+3
Oct. 30, 1979 1085 + 273 9.9 + 1.2 30+ 9 27 + 9 55 + 15 12 + 12
Nov. 28, 1979 1524 + 758 9.6 + 1.0 52 + 30 36 + 30 91 + 61 12 + 15
Jan. 22, 1980 2173 + 352 9.3+0.9 45+ 6 61 + 12 106 + 18 9+6
Feb. 14, 1980 1879 + 318 9.1 + 1.1 52+ 15 76 + 15 127 + 24 12 + 12
March 19, 1980 2918 + 970 8.0+ 0.2 48 +9 48 + 12 104 + 17 9+0
121 + 121% 11.8 + 0.1* 6 + 6%
April 21, 1980 1939 + 318 11.9 + 3.2 76 + 39 112 + 18 223 + 64 30 + 12
203 + 106% 20.1 + 1.9% 33 + 9%
May 19, 1980 1718 + 455 13.8 + 2.3 100 + 6 136 + 33 311 + 38 24 + 21
424 + 170% 20.7 + 2.3% 76 + 15%
June 24, 1980 2333 + 421 14.0 + 2.2 173 + 64 206 + 55 379 + 118 21 + 27
July 28, 1980 = 1658 + 364 15.1 + 0.9 167 + 52 109 + 42 273 + 91 91 + 61

*represents measurements for reproductive shoots during period of sexual reproduction,.
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fractions based on percent dry weight for Z. marina at the Browns Bay site. (see Table 2 for

raw data).



early spring (March) period when shoot length again begins to increase.
Examination of frequency histograms of the different size classes (5 cm
intervals) shows the seasonal pattern inchanges in the percent of number of
shoots in each size category (Fig. 7). Several patterns are evident from
these histograms. First, the percentage of shoots in the larger size classes
increases from the winter period, when shoots are less than 25 cm, to the
summer period, when some shoots have leaves greater than 35 cm. Second, the
number of size classes with shoots present is greater in the summer than in
the winter (9 vs 4). Third, the percentage of shoots in the smallest size
class (0.4 cm) is lowest in the summer (in some momths, there are no small
shoots), with new, small shoots being observed for the first time since
mid-summer in September. Reproductive shoots, when present, were always
longer than the vegetated shoots except at the end of the reproductive perlod
as the reproductlve shoots decayed (Table 2, Fig. 5).

Ruppia maritima was present with Zostera marina at the Browns Bay area.
Examination of total biomass figures for R. maritima (Table 2) indicated that
maximum biomass occurred during July in both 1979 and 1980 with lowest
biomass occurring in the fall and winter months.

Guinea Marsh Offshore

Peak shoot standing crop in this area occurred in the June-July period
in both 1979 and 1980 while lowest standing crop occurred in March of both
years (Table 3, Fig. 2). Root-rhizome weights peaked also during the same
period as shoot standing crop but minimum values were d1fferent during the
course of study (Table 3, Fig. 3). Low values were 10 g/m? in October 1978,
and March 1979, wh11e the lowest values during the fall and winter of 1979
and 1980 were 42 g/m in November 1979, and 88 g/m in February and March
1980, four to eight times higher than the previous year. Leaf biomass
averaged 62% of the total biomass of the plant (range 27 to 86%) during the
course of the study (Fig. 8). Reproductive shoots were present in the spring
of both years. Their standing crop of shoots accounted for 24 to 41% in 1979
and 14 to 24% in 1980 of total shoot biomass but 16 to 31% in 1979 and 9 to
13% in 1980 of total biomass (Table 3, Figs. 2 & 8).

The seasonal pattern for shoot density in this area was not as clear cut
as in the Browns Bay area (Table 3, Fig 4). Density was lowest in the fall
(September-October) in both 1978 and 1979. New shoot production increased
rapidly (e.g. 6