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Executive Summary

Hisgtorica black and white format photographs at scales of gpproximately 1:20,000, dating from
1952 to 1956 were used to ddlineate the maximum coverage of SAV in the study region. Coverage of
photography from decades before and after this period were found to generdly to be of poorer quaity
and show less SAV presence. Photo-interpretation of the aeria photographs was accomplished using a
head-up, on-screen digitizing system at fixed image scale of 1:12,000 and followed as closdy as
possible the methods currently used to delineste SAV beds throughout the Chesapeake Bay aswdl as
the delineation of historical SAV coverage for other region.

A tota of 16,340 hectares of sub-tida bottom in the western shore bay region between the
James and Potomac Riversincluding dl of the Y ork and Rappahannock Rivers were found to display
SAV ggnatures. Of thistotd approximately 11,260 ha, or 69%, were determined to be growing at
depths shalower than 1 m MLW (Mean Low Water), 4,200 ha or 26% between 1 mand 2 m MLW,
and 884 ha or 5% at depths below 2 m MLW. Comparison of the historical depths of growth with that
of photography taken in 1999 reved a genera decrease in maximum depth of growth of gpproximately
0.5min many areas. The most upriver areas of the Y ork and Rappahannock, where SAV no longer
arefound, had SAV bed sgnaturesto 1 m MLW, while downriver areas and regions dong the
Chesgpeake Bay had maximum depths or 2 m or more in some areas. L0osses of vegetation have been
much more extengve in the Rappahannock than the York. 1n 1999, in the lower York River (YRKPH)
gpproximately 23% of the higtorical SAV coverage remained while only 1% remained in the lower
Rappahannock (RPPMH). Areas aong the bay shordine had the highest proportion of remaining beds
with bay segments CB6PH and MOBPH exceeding 50% of historica coverage.



Introduction

Throughout most regions of the Chesgpeake Bay and its tributaries both direct and anecdotal
evidence has indicated that large-scde declines of submerged agueatic vegetation (SAV) occurred in the
late 1960s and early 1970s (Orth and Moore 1983a). These declines have been attributed to
increasng amounts of nontpoint inputs of nutrients and sedimentsin the bay system resulting from
development of the bay’ s shorelines and watershed (Twilley et d. 1985). Currently there are
agpproximately 27,000 ha of SAV in Chesapeake Bay (Orth et d. 2000). Although it has been
estimated that thisis gpproximately 10% of the bay’s historical SAV digtribution, most comprehensive
analyses have been based on 1971 or later aerid photography and the distributions of SAV prior to this
timein many regions are not well known.

SAV isahighly vauable resource whose presence serves as an important indicator of loca
water quaity conditions (Dennison et d. 1993). SAV growth and surviva can be decreased by high
levels of turbidity and nutrient enrichment, and because SAV beds are non-motile, their presence serves
as an integrating measure of variable water quality conditionsin local areas (Moore et d. 1996). Water
qudity requirements for SAV growth are particularly crucid as barometers of the hedlth of the
Chesapeake Bay environment because, unlike restoration requirements devel oped for various species of
fish and shellfish, they are not impacted by direct human harvesting activities.

Because of the direct relationships between SAV and water quality, trends in the distribution
and abundance of SAV over time are dso very useful in understanding trends in water qudity. Review
of photographic evidence from a number of Sites dating back to 1937 suggests that SAV, once
abundant throughout the Chesapeake Bay system, have declined from historic levels and therefore

water qudity conditions may have amilarly deteriorated (Orth and Moore 1983).



For example, areas with high currents and wave activity or Stes where sediments are very high
in organic content may not be suitable for SAV growth. Therefore targets for the geographica limits of
SAV restoration have been based on documented evidence of previous SAV growth in the region since
1971 (Batiuk et d. 1992). However, we lack comprehensive knowledge of the historicdl, pre-1971
levels of SAV in Virginid stributaries such as the Y ork and Rappahannock rivers where thereis some
anecdota evidence that SAV declines may have begun prior to 1970. Therefore SAV restoration goas
for these rivers may underestimate the potentia for SAV recovery. To develop reasonable SAV
restoration targetsin the Y ork and Rappahannock Rivers and to formulate the strategies for achieving
these targets, it is necessary to first identify the potential for SAV restoration. Identification of those
areas with previous evidence of SAV growth is an important step in quantifying that potentid.

Recently, a study funded through the Department of Conservation and Recreation completed
the andys's and mapping of the historica digtribution of submerged aguatic vegetation in the James
River (Moore et d. 1999). This study found that, although the established Tier | restoration god for the
James River region was 107 ha, atotd of 1,645 haof SAV had been present in the James River during
the 1930s and 1940s and that SAV formerly grew to depths of 2 m or more in some aress.

Conversdy, Tier [l and Tier 111 restoration goa's based upon projected SAV growth throughout the
Jamesto depthsto 1 m and 2 m, are 16,560 ha and 24,811 ha, respectively. These restoration
objectives that would require over 10 times the abundance of the historical SAV, while important, may
never be achievable in thisregion. Therefore, more redigtic, historicaly documented, restoration targets
may be useful. The results provided in this report follow directly dong with the previous work and
together they provide acomprehensve andyss of SAV throughout most of Virginia's principd coastd

tributaries.



SAV communities are particularly suitable for identification through andyss of aerid
photography from a variety of sources (Orth and Moore 1984). Although estuarine waters can be quite
turbid, SAV are generdly found growing in littoral areas where depths are less than one meter and their
photographic signatures can be identified by experienced photo-interpreters. Although the absence of
SAV on higoricd agrid photographs does not necessarily preclude SAV occurrence, SAV signatures
are strong supporting evidence for the previous occurrence of SAV (Orth and Moore 1983b).

The objectives of this study were: 1) To search photo archives for imagery of the littoral zones
inthetidd portions of the Y ork and Rappahannock Rivers and the smdl coastd basins and
embayments from “Old Point Comfort” at the mouth of the James River to “ Smith Point” a the mouth of
the Potomac River (Appendix 1) for evidence of SAV. These beds represent an historical, pre-decline
benchmark of ahedthy SAV community in these regions of the Chesapeske Bay and its tributaries. 2)
To create adigital composite database of these photo-interpreted bed outlines and to quantify these
historic SAV didributions usng a computer-based GIS (Arc/Info).

Methods

Key photographic databases, including Va Department of Transportation (VDOT), National
Oceanic and Atmospheric Adminigtration (NOAA), United States Department of Agriculture (USDA),
United States Geologicd Survey (USGS), and the Virginia Ingitute of Marine Science (VIMYS) archives
aswell as other published reports, were searched for photography and other information relative to
SAV occurrence in the Y ork and Rappahannock rivers prior to the declinein the early 1970s.
Photographic databases ranging from the 1930s to the 1960s were searched by direct viststo view
paper prints and color trangparencies. Photographs that contained images of SAV were scanned and

brought into the GIS as described below. Web-based USGS and NOAA databases were also



searched online using aweb browser.  Photo-interpretation of the selected aerid photographs followed
as closdly as possible the methods currently used to delineate SAV beds throughout the Chesapeake
Bay inthe annud aerid SAV surveys (eg. Orth et d. 2000). Generdly, high sdinity SAV beds, which
may have occurred in regions of the Y ork and Rappahannock rivers where sdinities are typicaly above
10 PSU, can be identified in the shalow, near shore regions by their characteristic bottom patterns and
reflectance Sgnatures. These patterns are Smilar to beds currently found in other regions of the lower
bay. Fgure lillusratestypica historical SAV sgnatures from high sdinity beds a the mouth of the

Y ork River, on photography that was taken in April of 1953. Maximum seasond biomass of high
sinity SAV in this region would have occurred in late May to early July, therefore these images depict
the vegetation near maximum standing crop. Low sdinity and freshwater SAV beds generdly have
much darker Sgnatures (Moore et d. 1999), which can sometimes be confused with other bottom
features. However, low sdlinity and freshwater SAV beds currently occur in many regions of the
Maryland portion of the upper Chesgpeake Bay aswdl as some Maryland tributaries including the
Potomac River. These SAV beds serve as a useful guide for photo-interpretation of hitorical
photography of the upper Y ork and Rappahannock. Historical observations, both quditative and
quantitetive, of SAV in the region may sometimes be required to accurately determine whether the
patterns exhibited on the photography are actualy those of SAV beds. Maximum seasona biomass for

freshwater SAV



Figure 1. Typicd Higtorica SAV Signatures on Photography of the Lower York River
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speciestypicaly occursin late summer and early fdl, therefore these images depict sparse, early season
growth.

Initid screening of photographic prints was accomplished by viewing under a 10X megnification
viewer. Each print was searched for SAV sgnatures, and the qudity of the imagery for SAV
ddinestion was estimated as “ Good,” “Fair,” or “Poor.” Those prints that showed some evidence of
SAV ggnatures were scanned at a resolution of 600 dpi and viewed using ERDAS Imagine™ image
processing software.

The agrid photography that was determined to have SAV signatures was processed using a
heads-up, on-screen digitizing system. The system improves accuracy by combining the series of
images into a Sngle geographicaly registered image permitting the find SAV interpretation to be
completed seamlesdy in asingle gep. In addition, the images are available digitdly and can be printed
aong with the interpreted lines to show the precise character of the SAV beds.

The stlandard 9in X 9in, 1:24,000 scale black and white agrid photographs, which were
scanned at aresolution of 600 dpi, formed pixds gpproximately one meter in width. Thisisthe
minimum resolution required to accurately ddineate SAV beds and resulted in files that were
gpproximately 30 megabytesin size. The scanned images were then trandferred to a Windows 2000
workgtation for registration usng ERDAS Orthobase™ (ERDAS, Atlanta, Ga)). Horizonta control
was taken from USGS digitd orthophoto quarter quads (DOQQ) and USGS 1:24,000 scae
topographic quadrangles. USGS DEMs for the region were merged and used for vertica control. The
Orthobase™ software combined both sources of control with a set of common “tag” points that were

identified on pairs of photos to generate a photogrammetric solution and orthorectify the images,



producing a single geographicaly corrected product that was used for interpretation. The totd RMS
error for the solution varied among images from 2.6 meters to 4.1 meters with amean of 3.5 meters.

SAV bed outlines were traced directly from the combined image displayed on the computer
screen using ERDAS Imagine into an Arclnfo (ESRI, Redlands, Ca) GIS polygon file. Theimage scde
was held fixed a 1:12,000 and line segments for polygons characterizing the beds were set to be no
shorter than 20 meters to maintain congstency with previous historicd SAV surveys. The interpreted
boundaries were drawn to include dl vigble SAV areas regardless of patchiness or dengity.

Results and Discussion

Acquisition of Historical Photography

A variety of pre-1971 higtorical agrid photographic images of the Y ork and Rappahannock
Rivers study region were located and reviewed, however the quality of the imagery for determination of
SAV abundance ranged from good to poor. In genera, anumber of criteria must be met for acquisition
of aeria photographs which are optimum for delineation of estuarine SAV (eg. Orth and Moore 1983g;
Orth et a, 2000). These address tiddl stage, plant growth stage, sun eevation, water and atmospheric
trangparency, wind, sensor operdtion, flight line plotting and film type. Most imagery used for historica
SAV andyses was obtained for other purposes, usudly land use or farming andyses, and therefore,
while criteriafor aamospheric conditions are usualy met (eg. sun eevation, amospheric trangparency,
etc.), those important for SAV ddinegtion (eg. tidal stage, water trangparency, plant growth stage) may
not be met. 1n addition, while stlandard black and white, and color photographs are useful for SAV
delinegtion (Orth et d. 1984) other film types such asinfrared or color infrared photography, which
effectively delinestions upland vegetation, are less useful in deineating submerged vegetation because of

the rapid absorption of the infrared wavelengths of sunlight in water.



In generd, the most useful higtorical photography found in this study for delinegtion of SAV in
the James River came from USDA. This photography acquired for land use and agricultura purposes
was primarily black and white format a scales of gpproximately 1:20,000. The earliest photography is
from USDA over-flights conducted during 1936 and 1937. However much of this 1930s photography
was found to show less SAV coverage that Smilar photography from the 1950s. Quditatively in many
areas the difference appeared to be related to overdl poorer atmospheric and water clarity conditions
making SAV less gpparent. In many other areas it gppeared that the SAV were generdly less
abundance during the periods of the overflights during the 1930s compared to the 1950s. Slight
seasond differences may have also been afactor, however, both sets of photography were taken during
the gpproximate middle of the principd SAV growing season (April-October). Given these differences,
the 1950s series of USGS photographs ranging from 1952 to 1956 were chosen to ddineate maximum
coverage of SAV in the study region.

Historical SAV Distribution

A total of 16,340 hectares of sub-tida bottom in the Y ork and Rappahannock River study area
were found to display SAV signatures prior to 1971 (Table 1). Photo-interpreted historica SAV bed
outlines are presented for each CBP bay segment in Appendix 1 and for each 7.5-minute series USGS
Quadranglein Appendix 2. Of thistota approximately 11,260 ha. or 69% were determined to be
growing a depths shalower than 1m MLW (depths based on bathymetric contours devel oped by CBP
from NOAA soundings data), 4,200 ha. or 26% between 1 and 2 m, and 884 ha. or 5% at depths
below 2m. Interestingly, the three bay segments with the highest proportions of historicad SAV growing
below 2m depths (and therefore the greatest leaf surface light availability or PLL) were CB5MH,

CRRMH and RPPMH. These segments include the SAV regions between the Rappahannock and the



Table 1. Higtoricd SAV Didtibution for Each CBP Bay Segment in Study Area (Totd and by Depth Zone Below MLW)

DEPTH ZONES
BAY 0TO1METERS 1 TO2METERS >2 METERS TOTAL
SEGMENTS HECTARES % HECTARES % HECTARES % HISTORICAL
TOTAL TOTAL TOTAL (HECTAREYS)
CB6PH 410.88 80.1 100.44 19.6 15 0.3 512.82
CB5MH** 1,277.34 40.8 1,508.84 48.2 345.75 11.0 3,131.93
CRRMH 209.84 80.1 34.21 13.1 17.95 6.9 261.99
RPPMH 2,226.65 70.4 714.39 226 222.45 7.0 3,163.49
RPPOH nd* nd nd nd nd nd nd
RPPTF nd nd nd nd nd nd nd
PIAMH 1,040.55 73.9 299.14 21.2 68.98 4.9 1,408.67
MOBPH 4,866.13 75.6 1,366.39 21.2 205.02 3.2 6,437.53
Y RKPH 940.91 83.3 157.29 13.9 32.39 2.8 1,130.59
YRKMH 96.47 99.6 0.21 0.2 0.17 0.2 96.47
MPNOH nd nd nd nd nd nd nd
PMKOH nd nd nd nd nd nd nd
MPNTF nd nd nd nd nd nd nd
PMKTF nd nd nd nd nd nd nd
JM SPH 261.6 84.0 43.6 14.0 39 1.0 309.1
Total Study Area 11,330.37 4,224.51 898.11 16,453.40

* nd = non-detectable SAV on photography ** = pay segment partidly covered by this investigation
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Potomac. The Y ork and Piankatank regions that are located closer to the mouth of the bay (with
potentialy better water quality), including segments PPAMH, MOBPH, YRKMH, and YRKPH, had
greater total SAV than the Rappahannock, but had proportiondly less growing below 2m depths. In
contrast to the relatively greater historical depth of SAV growth in the Rappahannock compared to the
York, SAV abundance since 1971has been markedly less in the Rappahannock than the Y ork and
recent recoveries have been less (compare segments RPPMH, YRKMH and Y RKPH, Appendix 1).

Comparisons of the historica (pre-1971) abundances of SAV to established godsfor SAV
restoration (Table 2) can provide ingghts into the potentia for SAV recovery to the various tiered
objective levels. For example the Tier 1 god for bay segment CB6PH is gpproximately 512 ha., which
isvery closeto the historical SAV abundance of 513 ha. The 1999 abundance was determined to be
268 ha. or about 50% of the historica abundance. These contrast to the much greater Tier 2 (1m) and
Tier 3 (2m) depth-based goals of 1,230 and 3,249 ha. The current abundance of SAV would only be
22% and 8% respectively of these godls. Furthermore, athough the additiona bottom that has been
projected for SAV growth deeper than 1m in segment CB6PH is about 164% of that area shallower
than 1m (amount of Tier 3 area greater than Tier 2 compared to total Tier 2 area), the proportiond area
of SAV found to have been hitorically growing at depths deeper than 1m compared to shdlower than
Im for this segment was only 25% (Table 1). This suggests that achieving growth to al areas with
depths deeper than 1m in this bay segment will be difficult. Smilar comparisons can be made for the
other bay segments. These suggest, therefore, that realistic and achievable near-term SAV recovery
gods should include some measures of hitorical growth and abundance.

The current (1999) abundances of SAV for the Y ork and Rappahannock River sudy region

are on average about 26% of the 1950s historical SAV abundances for thisregion (Table 2). Current

10
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Table 2. Higtoricd (Pre-1971), Tier 1, Tier 2, Tier 3, 1971-1999 Composite and Current (1999) Didtribution of SAV by CBP
Segment in Study Area.

BAY HISTORICAL 1971-1999 1999 1999

SEGMENT SAV TIER 1 TIER 2 TIER 3 COMPOSITE TOTAL %
(PRE 1971) HISTORICAL

CB6PH 512.82 511.84 1,593 2,076 669.17 267.59 52.18
CB5MH** 3,131.93 1,933.24 6,079 7,564 2,443.24 905.98 28.93
CRRMH 261.99 218.56 736 1,057 251.16 72.16 27.54
RPPMH 3,163.49 999.92 8,001 12,155 1051.05 33.12 1.05
RPPOH nd 0 669 1,016 nd 0.0 -
RPPTF nd 0 1,291 1,827 10.42 7.42 -
PIAMH 1,408.67 806.85 2,294 3,152 968.76 116.81 8.29
MOBPH 6,437.53 5,561.72 9,299 12,365 6,106.61 3,584.49 55.68
YRKPH 1,130.59 566.98 2,059 2,889 634.00 264.55 23.40
YRKMH 96.85 22.21 3,394 5,126 22.21 0.0 0.0
MPNOH nd 0 180 248 nd 0.0 -
PMKOH nd 0 242 348 nd 0.0 -
MPNTF nd 0 403 547 34.38 0.0 -
PMKTF nd 0 885 1,074 75.89 0.0 -
JM SPH 309.1 15.89 654 917 98.67 31.35 10.14
Tota 16,453.40 10,637.21 37,779 52,361 12,365.56 5,283.47 Mean (25.90%)

* nd = nondetectable on photography

** = bay segment partialy covered by thisinvestigation
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SAV abundances exceed 50% of historica abundance only in segments CB6PH and MOBPH that
front dong the lower Chesapeake Bay. The Rappahannock River (RPPMH) has demonstrated the
greatest losses with only 1% of the 3,200 ha. of historicd SAV 4ill present. Smilarly, the mesohdine
portion of the Y ork has experienced complete decline athough only 100 ha of SAV were found to
have been growing in that region, higtoricdly.

No higtorical SAV was observed in low sdinity and freshwater reaches of the Rappahannock
River (RPPOH and RPPTF), nor the low sdlinity and freshwater reaches of the Y ork system
(YRKMH, MPNOH, MPNTF, PMKOH, PMKTF). Typicaly, SAV inthesetidd aress are difficult
to see due to the smdl areas of the beds and the usudly high turbidity of thewater. Tidd height isone
of the most important congtraints affecting the ability to discern SAV from aerid photography in these
areas. Mogst SAV bed sgnatures are greatly obscured at mid to high tidal levels. Therefore it is not
unusud that no SAV could be detected in these upstream aress, since the historica photography for
these areas was not congtrained as to conditions of tidal height, turbidity or season which are used as
guiddines for current SAV photography missions (Orth et d. 2000). Recent agrid mapping combined
with ground surveys beginning in the mid- 1990s have ddlinested over 100 hectares of SAV in the
Mattaponi and Pamunkey Rivers (Table 2; 1971-1999 Composite). Most are long, narrow beds
located adjacent to the extensve tidd marsh and are difficult to delineste even using optimized
photography. It is probable, however, that at least some of these beds were aso present historicaly.
Historical Distribution as an Index of Water Quality Conditions

Strong postive relationships between water clarity and the maximum depth of growth of SAV
have been demonstrated (Dennison et d. 1993: Duarte, 1991; Oleson 1996). Assuming alight

requirement of approximately 22% of surface irradiance a the sediment surface necessary for long-term

12



growth and survival of SAV in the polyhaine regions of the Chesgpeske Bay (Batiuk et . 2001), the
presence of SAV to depths of 1.0 m or 1.5 m below mean low water (MLW) in this region would
require light attenuation coefficients of approximately 1.0 mi* or 0.7 m ™ respectively (with an average
tidal range of 0.6m). These vaues are supported by smilar median long-term light attenuation records
of gpproximately 1.0 m ~* in the shallow littoral zone of the lower Y ork River where SAV have been
growing to 1 m MLW (this study; Moore et d. 1996).

Comparing present (1999) and historical maximum depths of SAV growth for various Stes
throughout the study area revedsthat a many locations, the maximum depths of growth have decreased
goproximatdy 0.5 m. Using the 22% requirement for light availability through the water column (PLW),
a decrease in maximum depth of growth from 1.8 m MSL (Mean SeaLeve, assuming 0.6m tidd range)
to 1.3 m MSL, would equate to a potentia increase in water column light attenuation (K 4) from
approximately 0.7 mi* to 1.0 mi* (or decrease in secchi of 2.0 mto 1.4 m). Similarly, adecreasein
growth depth from 2.3 m MSL to 1.8 m MSL would equate to an increase in water column light
attenuation from approximately 0.5 m™* to 0.7 mi* (or decrease in secchi of 2.9 mto 2.0 m).
Higoricdly, SAV in the tributaries gppeared to grow to increasingly shalower depths with distance up
river. For example, inthe York River we found the historicaly maximum colonization depths varied
from approximately 2.3 m MSL at the mouth, to 1.8 m MSL at the mid-range of the distribution, to 1.3
m MSL or less a the upper limits of growth gpproximately 26 km upriver. Growth to these depths
would equate to an increase in light attenuation from 0.5 mi* to 0.7 m* to 1.0 mi* (or secchi decrease of
23mto2.0mto 1.4 m). Shdlow water monitoring of light attenuation at these three locations reveals
median values of light attenuation measured bi-weekly from 1993 through 1998 of 1.0 m*, 1.3 m* and

1.8 m*, respectively (or secchi depths of 1.5m, 1.1 m and 0.8 m).
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Overdl, the changesin SAV digtributions reported here suggest a marked change in water
clarity has occurred over the past 50 years. However, an undetermined decrease in light availability due
to epiphytic fouling on the existing or potentiad new growth of SAV may aso have been contributing to
the change in growth depths. Typically, epiphytic fouling can account for 30% or gregter of the total
light reduction to the plants leaves (PLL; Bdiuk et d. 2001). This epiphyte accumulation isrelated to
the complex interaction of anumber of factors including water column nutrient levels, water clarity,
suspended sediment concentrations and invertebrate grazer activity.
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Appendix 1

CBP Bay Segments Showing Didtribution and Abundance of Hitorical SAV
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Appendix 2

7.5 minute USGS Quadrangles Showing Distribution and Abundance

Of Higtorica SAV
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Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
East of New Point Comfort, Va. (177)
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Historical Submerged Aquatic Vegetation
Bethel Beach, Va. (178)

W

Hectaresof SAV: 20.93

Historical SAV Coverage
1000 0 1000 2000 meters

Sources. VIMS,USGS

49



ken moore
49


Historical Submerged Aquatic Vegetation
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Historical Submerged Aquatic Vegetation
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