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Historic Ppr.ipnr?!-iv<»

At the end of the last ice age some 10,000 years ago, the
Susquehanna River drained 64,000 square miles from the highlands of
south central New York, west to the Appalachian divide, east to the
Delmarva peninsula, and south to tidewater Virginia. As global
warming melted glacial ice, the sea level rose, forming the
Chesapeake Bay much a3 we know it today. The Bay, with its mixing
of saline and fre3h waters, shallow depth, and thousands of acres
of wetlands and tidal marshes, is an extensive protein factory that
is the nation's largest and most productive estuary. This
distinction is threatened by the declines in biological
productivity of the Bay caused by the cumulative stresses of human
population growth in the Bay area.

Public and scientific concerns over the changes in the productivity
of the Bay, human health effects, and the intrinsic value of the
resource have generated a wide range of regional and national
actions and responses. The most recent pulse of concern
crystalized in the mid-1970's with the passage of P.L. 94-116.
This provided funds and guidance to the Environmental Protection
Agency (EPA) to coordinate a research program to identify the
changes in the Chesapeake Bay and to recommend management
strategies to correct the problem areas.

The EPA, after consultation with the scientific/technical community
and the public, indentified ten program areas of concern. From
these, three priority program areas were selected for study and
review: submerged aquatic vegetation, toxic chemicals, and
nutrient enrichment. After an intensive seven-year research
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program with an investment of 27 million dollars, the EPA found
that the Bay was in fact stressed. Acreage of submerged aquatic
vegetation was found to be the lowest in recorded history, with the
prime suspect being reduced light. In sediments of certain parts
of the Bay toxic chemicals were found in concentrations exceeding
100 times the natural background levels. In most of the Bay
nutrient enrichment was reducing levels of the dissolved oxygen that
is vital to the health of the Bay.

In addition to these three primary research topics. Bay scientists
observed that over time there were shifts in the living resources
of the Bay. Oyster harvests had declined dramatically, and there
were shifts in the species diversity and composition of finfish.
Populations of marine-spawning fish like bluefish and menhaden were
increasing, while populations of fish that spawn in the freshwater
subestuaries of the Chesapeake like striped bass, herring, shad,
and white perch were significantly declining.

The findings of the Research Program documented and validated what
many public officials and private citizens felt what was happening
in the Bay. They formed the backdrop for a landmark conference
convened by the Governors of Virginia, Maryland, and Pennsylvania,
the Mayor of the District of Columbia, the Administrator of the
Environmental Protection Agency and the Chesapeake Bay Commission.
The conference not only solidified political and public support for
a restoration and protection effort; it also established both goals
for the Chesapeake Bay and the management mechanism to assure that
those goals were achieved. The goals and management mechanslm were
articulated in the Chesapeake Bay Agreement of 1983, which was
signed by the conference participants.

The conference in December of 1983 was the basis for the first
phase of a plan of action to restore and protect the Chesapeake
Bay. The problems had been indentified, a political commitment
existed, federal and state funds were available, and the public
supported action. Goals were established, and an approach was
described in a publication "Chesapeake Bay Restoration and
Protection Plan" issued in July 1985.

The programs of the Chesapeake Executive Council, which were
contained in the 1985 Chesapeake Bay Restoration and Protection
Plan continue today. They focus on efforts to reduce pollutant
loadings through the use of known and affordable technology,
including the institution of basinwide nonpoint source programs in
priority watersheds, phosphorus treatment and phosphate detergent
bans in critical portions of the Upper Chesapeake Bay, and reduced
chlorine loadings to tributaries during critical stages in the
development of young fish.

These programs and activities are supplemental companion tasks to
the historic EPA programs, which maintain and upgrade the NPDES
permit system, protect wetlands, plan for watershed Development and
implement Superfund related tasks.

The 1985 Chesapeake Bay Restoration and Protection Plan is
particularly significant because it contains goals in the areas of
nutrients, toxics, living resources, related environmental



programs, and institutional/management approaches. These goals,
which remain current, include:

-Reduce point and nonpoint source loadings to attain nutrient
and dissolved oxygen concentrations necessary to support the
living resources of the Bay.

-Reduce or control point and nonpoint sources of toxic
materials to attain or maintain levels of toxicants not

harmful to humans or the living resources of the Bay.

-Provide for the restoration and protection of living
resources, their habitats, and their ecological relationships.

-Develop and manage related environmental programs with a
concern for their impact on the Bay.

-Support and enhance a cooperative approach toward Bay
management at all levels of government.

The success of programs implemented under the Restoration and
Protection Plan and information collected in the course of
implementing them is providing managers with insights that help
them to refine the goals of the program and plan for future
pollution control strategies.
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Therenewed commitment torestoration of theChesapeake Bay evidenced inthesigning
of theChesapeake Bay Agreement in 1983, was followed bytheinitiation of theImplementation
Phase andthedevelopment of theRestoration and Protection Plan. Achievement of the goals
embodied inthe Agreement and the Plan must accommodate institutional and geographic diversity,
die complexity of the natural system, and expected continued population growth and accompanying
demands on resources.

TheChesapeake Bay Agreement states and participating federal agencies are undertaking a
refined application of theprinciples of implementation embodied inthePlan. Phase IIisBay-wide
inscope but specific initsobjectives. Water quality and habitat goals will derive from quantitative
requirements of living resources. Hydrodynamic and waterquality modeling will beused toguide
the determination ofnutrient load capacities for specific geographic areas of the Bay and itsmajor
tributaries. A strategy for toxics control focuses on the implementation of current toxicity
assessment and reduction policies. Technological and management alternatives for achieving point
and non-point source load reductions will be evaluated systematically, both in terms of
effectiveness and cost.

The products of Phase II,aquantified, comprehensive assessment of themagnitude of the
clean-up effort and themeans and resources required toeffect it,willenable managers to formulate
courses of action thatcan accommodate thepressures of population growth without sacrificing the
health ofthe Bay.
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Abstract only

Since 1950, there hasbeenan increasing trend in the accelerated eutrophication of the
ChesapeakeBay. Accompanying the increased eutrophication, there is evidence that the areaof
anoxic Baywaters hasalsoexpanded. Inorder toeffectively deal withthe water quality problems
of the Bay, State and Federal environmental managen must ultimately find answers to the
following key management issues;

1. Canthe eutrophication andanoxia problems be alleviated through control of phosphorus? or
nitrogen? or both?

2. Do both point and nonpoint sources need to be controlled?

3. What levelof controlshouldbe implemented?

4. Where(location) should controls beimplemented first tohavethegreatest impact?

5. Howlongwillit takeandhowmuchwill theBayimprove oncecontrols areimplemented?

The Chesapeake BayProgram hasinitiated acomprehensive modeling strategy inorder to
provide a scientific framework within which the management issues can be addressed. The
modeling strategy includes the development andapplication of a nonpoint source loading and
transport model,a steadystatetwo-dimensional eutrophication modeland ultimately a three-
dimensional eutrophication modelof the Bay andmajortributaries.
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Restoring Chesapeake Bay Living Resources

Introduction

Chesapeake Bay's legendary "bounty" has dwindled alarmingly, especially
over the last ten to twenty years. This decline has been Judged in
large part attributable to nan-related causes, in particular, degraded
waters. Accordingly, the last decade has seen a well funded, determined
attempt to try to better understand, and then ameliorate, poor water
quality in the Bay. This paper presents a methodology which Is Intended
to be used to develop realizable goals for both water quality and the
key speclos dependent upon it.

Resources at Risk

A nunber of species in Che troubled Chesapeake Bay ecosystem are
typically singled out as experiencing great difficulty. Anadrooous
fishes as a group are characterized by the coooon necessity of their
young requiring high quality fresh or brackish water. Some of these are
highly prized, coaaerctally. The Atlantic sturgeon, once the mainstay
of early Chesapeake area colonists Cslong with oysters), has been a
rarity for some tine, but other species, perhaps hardier, have been more
abundant until recently. The striped bass fishery has become so
troubled as to warrant a current complete harvesting ban In Maryland and
a partial one in Virginia. American shad, affected by river dams as
well as poor water quality, are also harvest banned, in Maryland.
Another important snadromous fish, the forage species rivor herring, is
also down in numbers.
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Harvest figures for these fishes admittedly are not ideal gauges of
abundance, owing to other types of mortality in other waters, climatic
factors and cycles, etc., but they are seen popularly and politically as
representative of the Bay's decline. Harvest (commercial and
recreational) figures for 17 major species are available, by region or
river basin, dating back to 1929, and earlier in some cases. (Bonzek and
Jones, 1982)

An Important habitat in Chesapeake Bay has historically been Its
submerged aquatic vegetation <SAV), which performed Beveral valuable
ecological functions. SAV's decline has been precipitous, from 1965 to
the early 1980's. Analysis of cores from areas of traditional SAV beds
reveal no similar, widespread, multiple species decimation, though
individual species have waxed and waned.

At* or near the top of the food chain, certain waterfowl have also
experienced very significant reductions In numbers, believed Indirectly
at least partly attributable to degraded Bay waters. Populations have
been measured during the 0. S. Fish and Wildlife's (FWS) annual winter
surveys of overwintering ducks, swans and geese, since 1948. Species
such as the canvasback and, In particular, the redhead duck, aro a small
fraction of earlier numbers. The latter species depends primarily on
SAV plant parts for winter sustenance, and has been forced to move south
to other waters, to obtain enough food to survive. Redheads averaged
35,000/yr over the entire period of surveys, but only 3500/yr in the
1980's.

Understanding Resource Problems

A useful tool which can be used to help understand the reasons for a
particular species' or habitat's decline has been developed by the 0. S.
Fish and Wildlife Service. The tool, Cumulative Impact Analysis (CIA),
takes a designated problem experienced by a living resource and then
thoroughly probes the literature, field data, unpublished file data,
etc to yield likely causer) which are believed to contribute to the
problem. A similar process traces consequences believed attributable to
the problem, both direct and Indirect, A phase of the Analysis also
studies ways to lessen causal factors and to ameliorate effects.

As a simplified example of CIA, the major cause of SAV loss is thought
to be turbidity. In turn, nutrient excess producing high algal numbers,
and suspended sediments from faro and urban runoff, shore erosion and
wind-induced bottom resuspension cause turbidity. Steps such as sewage
effluent reduction in nutrients, agricultural Best Management Practices
(BMP's), etc can then be postulated to relieve turbidity causes.
Similarly, effects of SAV loss such as reduced shelter for fishes and
Invertebrates can bo examined.

Water Quality Data

Once the location and other information describing or explaining living
resources is known and entered into a suitable data management base,
the extensive water quality information already acquired and stored
during previous years' field work can then be examined and linked, where
possible, to living resource data. This Is the key process In the



methodology being proposed - developing the linkage between these major
components of the Chesapeake Bay ecosystem.

The linkage described also serves as a major tenet in the Environmental
Protection Agency's concept of "Phase II" of Its mld-1980's Implemention
Plan to restore the Bay's resources. Although other factors can
strongly affect these estuarine waters, eg., a climatic episode such as
storm Agnea In 1972, these may be uncontrollable by man. In many
respects, "day-by-day" water quality is largely determined by the
activities of humans, however. In the case of Chesapeake Bay, a rapidly
expanding surrounding human population has Indisputably degraded the
waters, and in turn the living resources. Degradation having these
origins can be reduced.

EPA produced in 1981 a valuable
segmentation map, shown at left.
Using historical data and also some
data from its then-ongoing research
phase of Chesapeake Bay Program work
(1977-1983), the agency characterized
In specific ways water quality la the
various segments shown on the map.

Theso baseline data are valuable for

at least two reasons. They can be
used to match up with known
historical and geographical
information about living resources,
in order to determine how the

degraded (or clean) water may be
affecting the organisms In question.
The CIA process mentioned earlier can
assist tn such comparisons and
analyses.

For instance, an EPA segment might be
known from field data to have high
levels of DDT metabolites In its

sediments. This could then be

correlated with lack of breeding
success of osprey, eagles or even
breeding black ducks known to attempt
to reproduce In the area.

In the especially Important area of toxics, knowing which toxicants are
located where, and In what concentration, will be vital Information in
determining both a key organism's "health", and also the strategy or
water quality goal to effect improvements. For heavy metals
EPA has developed toxicity indices for areas of the Bay, and also a
standard sediment "Contaminant Index" which will be useful to this end.

Similar work is needed for organic toxicants.

The second way in which earlier baseline water quality data will be
useful will be in the comparison with the comprehensive Bay monitoring
program set up in 1984 by EPA and the States. The voluminous data now
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being acquired will be lndlspenslble in assessing how various measures
such as BMP's, nutrient reductions in Sewage Treatment Plant effluent,
NPDES permit modification, etc, are working to Improve water quality.

Requirements of Living Resources

In order to assess how specific water quality conditions are affecting
living resources we need to know what those resources require, to
survive, reproduce, etc Much already exists In the literature, for
example adult oysters can survive only five days with dissolved oxygen
at Ippm or less. 100Z mortality in larval oysters occurs at 3ppt of
total suspended sediments. The Fish and Wildlife has developed "Habitat
Sultabllty Indices" for some of the important Bay species fe.g., black
duck) which also will be valuable In helping to determine the
characteristics of habitat and water quality needed for survival In
water or shoreline regions of the Bay.

Maryland's Department of Natural Resources, which nas been given the
responsibility of chairing a "Living Resources Task Force" for the Bay
by the Chesapeake Bay Implementation Committee, has come up with a list
of proposed basic water quality criteria needed to protect
egg/larval/Juvenlle/adult life stages of several groups of typical,
Important Bay organisms - estuarine resident and migratory flnflsh
species, anadromous fishes and shellfishes. Virginia has recently added
a somewhat more oxtenslve list of associations-species.

The criteria covered temperature, dissolved oxygen, fecal collform
bacteria (most relevant to shellfish), pH, turbidity, and suspended
solids. These criteria are, at this writing, out for flnallzatlon by
Task Force members. The members have also been asked to select
indicator species to which to apply criteria, to describe geographic
areas of most sensitive life stages and to Identify times of critical
life stages, for species selected.

In addition to species' life requirements, Incorporated Into proposed or
actual water quality criteria, we need to build Into the criteria
quantitative data regarding life-threatening substances. These are
needed to determine the maximum concentrations of toxicants which the
key species can endure, before being adversely affected at either the
acute or (preferably) sub-acute level.

A useful document done for EPA Otoumeyer and Setzler-Bamllton, 1982)
looked intensively at bloassay tests conducted on 18 key Bay species.
The toxicants Included heavy metals as well as various organic
pesticides. Industrial solvents and other harmful sustances. These
types of data, bolstered where necessary by new or recent data acquired
from stepped up blomonltorlng or other biologically oriented field data
acquisition In Bay/tributary waters, would be Included in determining
species life requirements.

Water Quality Standards

Knowing, or learning, what Chesapeake Bay's living aquatic resources need
for survival (and prosperity) in the waters surrounding them tends to be
easier than actually achieving that water quality. Nevertheless, two



major sections of the 1972 Clean Water Act (CWA) appear to provide a
logical way to proceed to better water quality. If the BPA and states
work vigorously and effectively, then "water quality which provides for
the protection and propagation of fish, shellfish and wildlife" (an
interim goal of the Act generally not realized by Its original target
date of July 1, 1983) can conceivably be achieved. The Implementation
phase of the Bay Program In fact aims to do this.

Section 303 of the CWA directs states to develop, establish and, If
appropriate, revise their water quality standards. BPA then reviews the
state standards to assure that the states' criteria and use designations
(which together make up a standard) are at least as stringent as the
federal criteria. EPA also has authority to replace Inadequate state
standards with federal ones (though generally this Is not done).

Section 304 of the CWA directs EPA to publish and periodically review
water quality criteria for (among other things) aquatic life. These
criteria are then used by the states to formulate water quality
standards.

Pennsylvania, Virginia, Maryland and the District of Columbia have
incorporated a few simple water quality standards applicable to aquatic
life, Including for minimum dissolved oxygen, pH range, temperature
maxima (aside from ambient) and fecal conforms. Maryland and D.C have
turbidity maxima and Pennsylvania a TSS limitation.

After thts the situation is highly variable. Haryland is the only
jurisdiction with criteria in aquatic life use waters for toxic organic
compounds. Pennsylvania has a comprehensive set of criteria for heavy
metals In Its "warm water fishes" usage category. Virginia's metals and
insecticides criteria apply enforclbly only to public water supply.
D.C.'s protection for its rather short stretch of Potomac receiving
waters includes an extensive list of metal and insecticide/industrial
materials criteria.

The four jurisdictions differ widely also in the way they define water
use classification systems. The criteria levels for particular
pollutants can differ sharply as well: the trout waters In Maryland
have a 0.002 mg/1 chlorine limitation whereas Pennsylvania's limitation
for trout waters is 0.15 mg/1.

With so much latitude allowed in water standard setting by the states
contributing runoff and effluent loads to the Bay it is clear that no
affective prevention of degradation of aquatic life is uniformly in
place. Either the states and D.C will need to Improve their water
quality protection frameworks or possibly run the risk of EPA-lmposed
standards, seeking more uniformity and possibly more rigorous criteria
than those now in place, for the greater good of the Bay and its living
resources.

EPA has In fact turned out a number of guidelines, for water quality
criteria, beginning with its 1976 list of maximum allowable
concentrations for over 20 pollutants. During the late 1970's criteria
documents for 64 pollutants listed In Section 307(a)(1) of the CWA were
developed. By the 1980's the list had expanded to 129 top "priority
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pollutants," a figure which could doubtless be further expanded, and no
considerations are as yet known or built into the currently simple,
single substance, limitations which could then account for synergistic
(nixed or multiple) impacts of toxicants on living creatures. Criteria
for allowable toxicant concentrations In sediments also need to be
developed further.

Finally, on the subject of standards and criteria, EPA published in
December 1984 a set of useful "Cuidellnes for Deriving Numerical Aquatic
Site Specific Water Quality Criteria by Modifying National Criteria"
(EPA-600/53-84-099). As yet not Implemented, these include procedures
for determination of indicator species' (resident and non-resident)
sensitivity to ambient waters, a concept which la at the heart of the
methodology discussed generally In this paper. In short, water quality
needs to be married to the status of living resources, preferably on a
geographical basis, la order to bring about improvement of the latter In
Chesapeake Bay.

Setting Coals

Movement from the current low-status of both water quality and living
resources in Chesapeake Bay is sorely needed, many parties agree. To
move from this status toward Improvement necessitates setting goals, or
"targets", in the sense of numbers to aim for. It may well be that the
targets selected will never be attained, or at least not for
considerable time, nevertheless the need for direction and movement Is
urgent. By achieving incremental progress toward stated goals bee
below), program activities and expenditures will be justified, and the
public and political wills tend to be sustained over the long haul
toward restoration.

An overall set of strengthened standards could be assigned for the
entire Chesapeake Bay ecosystem, as one option. The present set of four
or five pollutants for which general standards exist In all states
appear adequate as far as It goes, though further review Is appropriate
to cover the probably more stringent safeguards needed for very young
life stages of any key species selected for this process (example:
threats from high TSS levels to oyster or fish larvae).

As a general rule of thumb, when setting new standards for other
pollutants, two orders of magnitude below the current known bloasaay
toxicant for the assigned key species, la desirable as a standard. Sub
acute response, If available , Is preferable to acute, and in obtaining
a figure, the species selected (from the literature) should be the one
with the most susceptibility to each toxicant.

Practically speaking, a second option which Involves setting improved
water quality standards and linked living resource goals on a
prioritized, geographical basis may be more workable than the overall
Bay approach (this relates to the BPA guidelines document approach
referred to earlier for "site specific" criteria). In doing this, much
better use of the known store of Information both for water quality and
living resources can be made.



Prioritizing makes best use of the EPA segmentation scheme mentioned
earlier. For those segments much previous, baseline information on
water quality exists which can In turn be compared directly with a
wealth of living resources data. To cite three examples, the SAV summer
field survey sampling locations closely match or cover the various
segments, the fisheries data going back to 1929 Is by river basins and
the FWS winter waterfowl survey flight areas closely parallel the
segments.

Much additional living resource data exists, for example, oyster spat
set locations arc mapped, striped bass spawning areas known, juvenile
Indices derived for fish caught in repeated survey areas, etc. All
these data can easily be matched with water quality Information as known
from the past and as it becomes available in the future.

A policy for prioritization needs to be set up. For example, segments
with good resources and good water quality could be deemed so valuable
as to warrant most effort to protect and maintain for the future. Or
the reverse policy, restoring the worst segments, could be adopted.
Other segments matching poor water quality with good resources, or vice-
versa, would warrant Intermediate prioritization.

Actual numerical goals for living resources have been suggested, in a
preliminary "straw man" document, issued by Maryland DNR In summer 1986,
as follows:

Striped bass - 3 year running average Juvenile index of A.O
Other Anadromous fish - average harvest equal to mld-1960's
Estuarine flnfish species - Maintain current levels
Oyster - Average harvest equal to late 1960's
Blue Crab - Average harvest equal to early 1980's
Softshe11 clao - Average harvest equal to mid 1970*3

To this could be added the restoration of canvasback and redhead

ducks to mld-1950's numbers.

It oust be stressed again that such figures are merely targets.
establishing movement and direction. Such goals can be "softened" by
specifying rough incremental gains to be reached on a shorter time span
basis. To give an example, Bay-wide acreage of SAV could be projected
to Improve by 5X of the difference between higher 1960's acres and
present abundance, annually for the next 20 years, to reach eventually
the earlier acreage of Bay grasses. Individual year variation (often
heavily Influenced by climatic factors in the case of this habitat
resouce, as well as for most Individual species resources) can be
"averaged" over 3-or 5-year Intervals.

To such specific goals would be linked the corresponding water quality
improvement. The SAV example would see a looked-for Secchi disk reading
Improvement of 0.25 meter each year, or some similar improvement (total
suspended solids numerical reduction could also be used). The living
resource and water quality Improvements would be on a geographical,
segmented basis and. In effect, "ratcheted" to one another, such that
improvement In one or both entitles triggers and demands continued
subsequent Improvement.
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Monitoring

The only practical means by which to measure future success of the
linked methodology described Is to use tho comprehensive Bay monitoring
program put into place In 1984 and somewhat enlarged in 1985. Both
water quality parameters and soma living resources (phyto-and
zooplankton, benthos) arc Included in the program, and sediment samples
for toxicant content covered as well. A total of 28 Virginia and 22
Maryland malnstem stations are Included in the program. Equally
Important, for living resource monitoring especially, considerable
tributary monitoring Is also being carried out.

Nutrients are featured In the water quality monitoring. Although these
appear to have little direct influence on higher trophic levels, in fact
as the source of the remarkably (and unwanted) high primary productivity
by algae in the Bay, nutrient monitoring is vital, If water quality Is
to be seen to Improve.

The zooplankton portion of the monitoring program is also of great
value, given the great Importance of those organisms (especially) as
food for certain fishes. Improvements In the numbers of these and other
key parameters or organisms measured each year will Indirectly attest as
to whatever various basic programs aimed chiefly at water quality
improvements are succeeding.

Other monitoring activities have already been mentioned, such as yearly
SAV surveys and photography-mapping, the FWS winter waterfowl surveys,
state juvenile fish index surveys, oyster spat surveys, etc - When all
are figured in, a potentially quite reasonable sum total of resource
Information Is available against which to match water quality changes,
as the overall Bay restoration program goes forward.

Summary - A description has been given of potential and probable linkage
between water quality and certain kinds of living resources In
Chesapeake Bay. The kinds of data which can be used to document past
quantities of each of these ecosystem elements are reviewed. Suggested
quantitative goals are mentioned, as "coupled" targets to shoot for, In
achieving better water quality standards and increasing populations of
living resources on a geographical segmented basis.

Looking ahead, the monitoring of Bay water quality and some living
resources in the present program, as well as some living resource data
available from other ongoing programs, will be invaluable In gauging
future success of all restoration activities. Other monitoring programs
are discussed briefly In the paper.

Tha Chesapeake Bay's problems are basically these linked to large human
populations. Such environmental problems (particularly perceived as
living resources failures), since they originate with people, can also
be solved by people, given their will and energy (and adequate funding).
By noting Incremental Improvements, as discussed In the paper, patience
for the long pull toward eventual restoration is more likely to be
maintained.



Degradation of the Bay has taken a long time and cannot be overturned
quickly. The nutrients problems are more solvable than the toxic ones,
which represent a real "time bomb" or "wild card" In the Bay's future.
Most urgent of all activities is thus the need to bring about strong
water quality standards protecting living resources from toxic impacts
In all areas of the Bay.
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WPS Funds and Guidelines for Use of Funds

The decision to address the Nonpoint Source (NPS) problems in the drain
age basin of the Chesapeake Ray was based on results of the research and
technical studies and the overall progress being made with the point
sources within the basin. The research and study effort came to a close
wtth a Governor's Conference, held In December of 1983, and with the
signing of an agreement establishing the current cooperative program for
the clean-up of Chesapeake Bay. The federal government, via the White
House, pledged $40 million over a four year period to assist with the
Implementation of measures to address problems that were not heing funnVri
with construction grants funds and to fund an office to assist the States
with the effort. The Executive Council earmarked a major portion (S7.25
million) of the annual funds for grants to be used for the control of NPS
problems. They also developed a set of guidelines for the use and distr
ibution of the money as follows: 1) of the total implementation funds,
30* Is to go to each of the three States (only Pennsylvania, Virginia,
Maryland, and the District of Columbia signed the agreement) and 10% to
the District of Columbia; 2) the projects must address problems ident
ified In the Restoration and Protection Plan for the Bay, a document
listing problems and corrective activities for the Bay; 3) at least
75* of the funds for each grant must be used for NPS activities, the other
25% could be used for point source projects that cannot be funded using
construction grant funds; and 4) federal funds must he matched dollar for
dollar.

The federal funds are managed by EPA, Region III, the Chesapeake Bay
Liaison Office, and are subject to the grant rules and regulations for
project grants. As such, the grants require the same accountability as
any federal grant. However, since the funding of NPS implementation on
such a large scale Is new for EPA and for that natter for most other
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federal agencies, additional tracking Is carried out to follow the
process being made with the installation of Best Management Practices
(BMP's) through out the basin.

State and Federal Implementation Programs

Inorder to understand the scope of the various Implementation prograns
that are currently underway 1n the basin, a short description of the
State and Federal programs follows:

Pennsylvania; The program that Is funded by the Implementation
grant Is limited to agricultural NPS problems and has targeted the
first efforts and funds In the lower portions of the Susquehanna
River basin. The major problem here Is though to be excess
nutrients from animal manures, therefore the major thrust for the
program Is nutrient management. The program 1s structured to
require a subbasln plan before a contract for other cost shared BHPs
will be developed for him. The State does not have a similar
program In other parts of the state to date, therefore the staff 1s
free to spend full time on the Chesapeake Bay Program.

Maryland: The program that is funded with the Implementation grant
Is both agricultural and urban. The current urban program has been
limited to demonstration projects in an effort to develop an under
standing of which BHPs are best for the urban problems in the Bay
drainage. The agricultural program is a statewide program funded
mostly by State Bonds, with about one million dollars of Implement
ation grant funds each year going to agricultural BHPs. The agri
cultural program selected 40 watersheds within the State as priority
areas and are spending the majority of the bond funds 1n these areas
and all of the grant funds In the top 20 areas. These watersheds
were selected because of their potential to deliver sediment and
nutrients from the land to nearby streams. Another area that Is
receiving attention Is shoreline erosion, with both state and
federal funds being used for demonstration and cost share projects.
Stormwater management is already a very strong program within the
State, therefore very little of the grant funds are being used for
this ongoing program.

Virginia: The program that Is funded with the implementation grant
is both urban and agricultural in scope and is part of the state
wide NPS program, but covers only that portion within the Bay drain
age basin. The urban program is also a demonstration and evaluation
effort. The agricultural program selected two major river basins
and a portion of a third as the areas to receive attention. Crop
land is the target within the two major basins and animal waste Is
the target within the two major basins and animal waste 1s the
target to other area. A geographic Information system (GIS) 1s
being built over portions of the cropland areas and is being used to
target funds to the actual acres that need BHPs. This system, as It
now operates, can target the planning efforts to the correct field
and can compare different proposed BHP contracts for cost effective
ness. As this system is expanded and refined It will be able to do
a very good job of directing funds to the actual acres needing BHPs.

District of Columbia: The program funded with the Implementation
grant, Is as expected, totally urban In scope. The District has had
soil erosion management for construction sites, but has not been
able to enforce water quality after the project was completed. The



first step taken by the District has been to hire staff for a storm
water management program and to develop a set of requirements for
permits. An educational effort has also been started to help
reidents with home and lawn control, contractors are also a target
for this program. These programs are to be active over the entire
District, but initially are targeted in the Annacostia River area.
The District has a construction effort underway 1n the Annacostia to
remove sediment from stormwater runoff. They are also working with
the State of Maryland on the entire Annacostia watershed to control
erosion and water quality.

The federal role in the Implementation of NPS control programs has many
facets. EPA Is charged with the role of the lead federal agency and as
such has the responsibility for the 10 million dollars and how It Is
spent each year. There are six other federal agencies that have agree
ments with EPA to direct their current programs to assist with the
restoration of the Bay If at all possible. The type of assistance
provided varies, but some agencies such as the Soil Conservation Service
provide hands on service to the implementation effort by doing most of
the farm plans that are used to select BHPs and that are the basis of the
cost share contracts.

Tracking Systems for Implementation of BHPs

Once a grant 1s funded, considerable time and effort goes into the track
ing of Its progress over time. Along with the normal accounting type of
tracking, we are trying to track the actual installation of each BMP
installed within the 64,000 square mile drainage basin of the Bay. The
decision to develop the tracking system has at least two major objectives,
one being the need to follow the use of funds In the targeted or critical
areas and the second being to use the location of the BHPs to make simple
load reduction calculations early in the Implementation program. The
tracking system as It now operates just accounts for the agricultural
BHPs as the contracts are certified and the money Is paid to the farmer.
There 1s a need, and the plans are ready, to obtain the same information
regarding the other RHP programs such as USOA's Agricultural Conservation
Program.

The BHP tracking system contains a large amount of Information about each
BHP contract that 1s funded, such as: BMP location by county and by
subwatershed, BHP type, acres served by the BHP, number of animal units
served, tons of manure stored, tons of soli saved per acre, pounds of
nutrients saved per acre or ton, total cost of the BMP, cost to the
farmer, and the cost share amount by funding source. As can be seen,
with this amount of Information and a computer to store 1t In, one can
utilize this data to develop many different analysis, such as: how are
different programs or funding sources working together in the various
areas, the amount of sediments or nutrients being retained on the land
within a specific subwatershed, the cost per unit of pollutant retained
by different BHPs and therefore the efficiency of the BHP, or one can
look at the dollars spent by funding source, by county or subwatershed.
As other data sets from other BHP programs are brought into the system, a
clear picture can be had regarding the actual amount of Implementation
that 1s taking place in the area of Interest. One problem that can occur
is that older reporting systems will not usually contain as much data as
we are getting and may be limited to county information and not subwater
shed as we have. Also, if you are just starting to develop such a track-

559



560

ing system 1t would be helpful to locate BHPs by coordinates for later
use 1n a GIS. This would also help load Implementation information Into
the landuse data base for model use. One word of warning, at the present
time USDA does not use coordinates on most of their RHP reporting systems,
therefore contact with local USDA agencies would be advisable before a
system Is Installed.

The tracking system described herein Is based on having the BHP contract
with the farmer completed and all bills paid. This means that the work
is complete on the contract and that all components are complete. This
is true only if the payments are made on whole contracts and not on
partial contracts, which Is done in some cases. Therefore, one must be
very careful to totally understand the system used In the field. The
tracking system also does not give a true picture of progress for the
first two of three years, as a program is getting started, because we are
counting only completed contracts and the most Important Items early in a
program will be the number of acres served by signed contracts, the type
of BHPs used in the contracts and the amount of money committed. This
causes the program to have large amounts of money within the system but
not paid out. The problem this causes 1s that funds must be given to the
contracting agency hy a grant or an appropriation before they can enter
Into a legal contract with a farmer for a farm plan. Once the plan is
completed and a contract signed, it Is very unlikely that the Installa
tion of the BMP's could be completed within one year and In some cases it
will take two years to complete the work. Given unfavorable weather
conditions, the time may extend even longer.

For all of the above reasons it becomes important to have a second BHP
tracking system which looks at the BHP contracts that are signed but not
completed and looks at an estimate of the number of contracts that will
be signed In the next few months. This data allows a program manager to
account for the funds that are in the system and gives an indication of
funds needed 1n the near future. It also provides seme Insight Into the
progress that Is being made with the farm plans and where additional
technical assistance 1s needed or not needed.

As we gain experience with NPS Implementation programs and the funding of
BHP contracts with farmers, we may be able to "over contract" by a
certain percentage of the total funds for one year. This would be desir
able because we are seeing a very poor farm economy that has put some
farmers In the position of not having the cost share money needed to
complete the contract. Host of then are not able to borrow money to
install BHPs when they can't even borrow money to put out next year's
crop. This means that NPS implementation programs are loosing some good
contracts each year, even though we are using high cost share rates on
some of the major BHPs. As you can see, getting BHPs installed is not
easy and there are many reasons why a farmer does not contract with us,
but having a good tracking system and using 1t can help understand just
what 1s causing problems and It may give some Insight into how to deal
with each situation.

The tracking system that can be developed with information that is con
tained on the contacts and that 1s available in the local district office
can be a very powerful tool in the management of several aspects of an
Implementation program. It can he used to look at the distribution of
BHPs by subbasin within a watershed, and may show some areas where BHPs
are not being used. If they should be used in these areas, then a



manager can look for a reason for the problem. It might be a lack educa
tion In that area, the cost share rate may be too low (not likely), or It
the specific BHP may not work with the soil type or farming rotation used
or the technical assistance being provided may not understand how to
design the BMP for the area. All of these are questions that could not
have been asked early In a program without a good tracking system, and as
you can see the system only pointed out the potential for a problem and
allowed the manager to make the proper evaluation of the situation.

Summary

In summary, It 1s easy to understand the need for a system that allows
for the accounting of funds being used for NPS program grants. That Is
the normal accounting type of bookkeeping that every agency requires.
However, the need to keep track of the actual location of the BHPs that
are being bought and paid for 1s a little different from our past exper
ience in fundings of sewage treatment plants. The data that can be
collected regarding the contracts and the BHPs in the contracts is very
useful for a manager and may be used to evaluate the many aspects of the
total Implementation program. Not only can the location and effective
ness of the BHPs be tracked, other Items can be investigated such as the
reasons for BHPs being used too an excess or not used at all. It must be
understood that while a tracking system may not be able to answer all our
questions, it can and should cause us to ask questions that we would
otherwise not have reason to ask. A tracking system used In conjunction
with a good, detailed GIS should be able to provide the basic Input data
for evaluation models that are not now being used because of lack of a
good data base. The need for and the uses of a good tracking system make
the time and effort necessary to start and to keep one up to date, small
compared to what can be accomplished with such a system.

561



Estuarine and Coastal Management - Toolsofthe
Trade. Proceedingsof the TenthNational Conference
of The Coastal Society. October 12-15,1986. New
Orleans, LA. Copyright by The Coastal Society
1987.

AERIAL PHOTOGRAPHY DOCUMENTS
SIGNIFICANT INCREASE IN ABUNDANCE OF

MARYLAND SUBMERGED AQUATIC VEGETATION IN 1985

James D. Simons
The BioneticsCorporation

P.O. Be* 1575

Vint Hill Farms Station

Warrenton, VA 22186

Introduction

Communities of submerged aquatic vegetation (SAV) are an Integral part
of the Chesapeake Bay ecosystem. They provide an Important habitat
for many species which use SAV either as a food source or as
protection from predators, e.g., a nursery. They reduce currents and
baffle waves, allowing for deposition of suspended material. In
addition, they bind sediments with their roots and rhizomes to prevent
erosion of the underlying material, and are important In nutrient
cycling both through the absorption and release of nitrogen and
phosphorus (Thayer, et al., 1975; Kemp, et al., 1984; Orth, et al.,
1984; Ward, et a!., 1984).

Interest in SAV communities was generated in the 1970's because of
their dramatic baywide decline. In 1976, the U.S. Environmental
Protection Agency Chesapeake Bay Program Identified the decline and
disappearance of SAV as one of three major areas that required more
in-depth research in order to understand the state of the health of
the Chesapeake Bay. A key aspect of the SAV research prograns, begun
in 1976 and currently being funded by several Federal agencies and the
State of Maryland, entails an annual aerial monitoring of all SAV beds
In the Maryland Chesapeake Bay and its tributaries. A similar effort,
which is closely coordinated with the Maryland program, Is annually
carried out in the Virginia portion of the Bay.

The first aerial survey of Maryland SAV beds was conducted In 1978 and
resulted In a comprehensive report on the SAV distribution In Maryland
(Anderson and Macomber, 1980). In that year a similar survey was
conducted for the Virginia waters of the Chesapeake Bay (Orth. et al.,
1979). In addition, an annual Maryland Department of Natural
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Resources (DNR) boat survey of SAV in the Maryland waters, which began
In 1971, indicated a decline in Maryland SAV.

In 1984 an aerial survey of the Maryland and Virginia SAV communities
was again conducted. In addition, ground survey information available
for 1984 was included to provide as detailed a picture as possible of
the distribution of SAV that year (Orth, et al., 198S). Results of
this study indicated that SAV was still declining 1n 9 of the 13
sections of the Maryland Chesapeake Bay. The most positive note was
In the upper Potomac River where SAV has been increasing rapidly in
recent years.

An aerial photographic survey for SAV adjacent to the shoreline of the
Maryland and Virginia Chesapeake Bay and its tributaries was repeated
in 1985. This paper summarizes methodologies used for the aerial
surveys and documents the dramatic changes seen In SAV abundance in
Maryland in 1985. It also discusses possible reasons for the
resurgence in SAV seen in some portions of the Maryland Bay.

Methods

Aerial photographic Interpretation and mapping

Aerial photographic interpretation was the principal method used to
assess the distribution of SAV in the Maryland Chesapeake Bay and its
tributaries In the 1978, 1984 and 1985 studies. Predetermined flight
lines for photography of areas that either had SAV or could
potentially have SAV (that is, all areas where water depths were less
than 2 m at mean low water) were drawn on 1:250,000 scale U.S.
Geological Survey (USGS) maps to ensure both complete coverage of SAV
beds and inclusion of land features as control points for mapping
accuracy.

The general guidelines used for mission planning and execution address
tidal stage, plant growth, sun elevation, water transparency and
atmospheric transparency, turbidity, wind, sensor operation and
plotting and allowed for acquisition of photographs under near optimal
conditions. The guidelines are critical because significant
distortion of any one item could significantly decrease the ability to
detect the SAV or to interpret the photography properly as to the
presence or absence of SAV.

Color aerial photography at a scale of 1:12,000 was acquired for SAV
mapping in 1985. The camera used was a Zeiss Jena LKK 15/2323 with a
153 am (6.02 Inch) focal length Zeiss Jena Lamegon PI/C lens. The
film used was Kodak 24 cm (9 1/2 Inch) square positive Aerochrome MS
type 2448.

SAV beds were Identified on the photographs using knowledge of aquatic
grass signatures on the film, areas of grass coverage from previous
flights, and ground truth information. Mylar topographic quadrangles
at a scale of 1:12,000 were used as base maps. Delineation of SAV bed
boundaries onto the mylar maps was facilitated by superimposing the
appropriate ioylar quadrangle over the transparent photograph on a
light table, where minor scale differences were evident between the
photograph and quadrangle or where significant shoreline erosion or
accretion had occurred since production of the tup, a best fit was



obtained, or shoreline changes-were noted on the quadrangle. Areas of
SAV beds were digitized from the 1:12,000 scale draft SAV maps, on a
Calma Graphic Interactive Image Analysis System.

In addition to the boundaries of the SAV bed, an estimate of percent
cover within each bed was made visually in comparison with an enlarged
Crown Density Scale, similar to those developed for estimating forest
tree crown cover from aerial photography. Bed density was classified
into one of four categories based on a subjective comparison with the
density scale. These were: 1. very sparse, <10V, 2. sparse, 10 to
40%; 3. moderate, 40 to 70%; or 4. dense, 70-100%. Either the entire
bed, or subsections within the bed, were assigned a number (1 to 4)
corresponding to the above density categories. In addition to the
density scale, each distinct SAV unit was given a two letter
designation to insure proper identification for future comparisons.

Discussion of the distribution of SAV in Maryland has been organized
Into two zones and thirteen sections (Figure 1), a subset of the
twenty-one sections for the entire Bay as established by Orth and
Moore (1982). The Upper and Lower Zones correspond approximately to
the polyhaline and oesohaline segments of the Chesapeake Bay. The
thirteen sections denote relatively distinct parts of the Bay that are
readily identifiable from a map. Although the major rivers and
smaller tributaries of the Bay have their own salinity regimes, the
distributions of SAV In each river are discussed within the section
where it connects to the Bay proper. Section thirteen is modified In
that only data from the Maryland portion of the section is reported.

Ground truth and other data bases

Ground truth data was provided principally from two SAV surveys
conducted in 1984 and 1985, and from two SAV transplanting and
research projects. A shoreline survey was conducted by the USGS
(Rybicki, et al., 1986) in the Potomac River, and Included the area
from the Chain Bridge at Washington, D.C. to Quantlco, Virginia.
Earlier surveys of the Potomac River by the USGS included sections of
the river south of Quantico to the mouth of the Potomac River (Haramis
and Carter, 1983; Carter et al., 1985a,b; Rybicki, et al., 1985). The
survey was conducted in September and October, by boat, using rakes to
collect samples for presence or absence of SAV. Data from this survey
was reported as species and percent cover for each species on USGS
quadrangles of the study area.

The second survey 1s the annual large scale multi-station survey
conducted by the Maryland DNR. This survey, ongoing since 1971, is
conducted from June through August, and samples 600+ permanent
stations throughout the Maryland Bay from the Susquehanna Flats to
Smith Island. At each station species presence or absence, as well as
standing crop, are recorded.

One of the SAV transplanting and research projects is being conducted
on the Susquehanna Flats by Stan Kollar of Harford Community College.
Information provided includes species presence and percent cover,
primarily by visual estimates, location of transplant sites and
location of beds too sparse to be detected by aerial photography. A
second SAV research group at University of Maryland's Horn Point
Laboratory (UMdHPL), directed by Court Stevenson, also provided ground
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truth data. An annotated map of their study sites on the Choptank
River Indicated the status of SAV from 1982 to 1984. Annotated aerial
photographs for 1985 gave species information for their study sites in
that year.

In addition to the aforementioned surveys, citizen volunteers
participated in identifying SAV beds by checking areas in the Bay for
SAV. The Maryland Charter Boats Association participated in the
effort, funded by the Maryland DNR's Watermen's Assistance Program.
Boat captains were provided with reduced SAV quadrangle maps and data
sheets for each SAV bed identified on the maps. SAV samples were
Identified to species on site or sent to the DNR for identification.
Citizens also volunteered to assist in the SAV ground survey under
guidance of the Chesapeake Bay Foundation (CBF), Citizens Program for
the Chesapeake Bay (CPCB), and U.S. Fish and Wildlife Service (F&WS).
This program entailed identifying and recording the location of SAV in
the Bay, using an identification guide of SAV and maps of their area
of interest. Each volunteer was asked to identify the location where

Figure 1. Location of 13 sections used for delineation of SAV
distribution patterns In Maryland Chesapeake Bay.



SAV was sighted as well as water conditions, howmany and which
species, approximate grassbed size, percentage of area covered with
SAV and location description.

All ground survey Information was Included on the 1:12,000 SAV maps to
show positions of the survey stations in relation to the beds of SAV
mapped from the aerial photographs. Each different survey was
designated by a unique symbol on the maps. Where species Information
was available, it was included on the map. These maps, which could
not be Included in this report can be found In the 1985 SAV final
report (Orth, et al., 1986).

Results

A total of 9,270 hectares (Table 1) of SAV was mapped in the Maryland
Chesapeake Bay 1n 1985, a 65% Increase in SAV over that reported in
1984. The Upper Zone had 3,025 hectares of SAV in 1985, representing
a decrease of 4.5% from that reported in 1984 (3,168 hectares). The
Lower Zone showed an Increase of 155%, from 2,451 hectares In 1984 to
6,244 hectares of SAV in 1985. All sections in this zone except the
Smith Island Complex showed an increase in SAV for 1985. Following 1s
a discussion of SAV trends in each of the 13 sections of the Maryland
Bay (refer to Figure 1 and Taole 1).

Upper Zone

The distribution of SAV in the Susquehanna Flats (section 1) decreased
by 6.5% in 1985, from 2,150 hectares In 1984 to 2,011 hectares in 1985
(Table 1). Mapping of SAV in this section was accomplished both by
the use of aerial photography and information provided by Stan Kollar
where the SAV was too sparse to be detected from the aerial photos.
Seven species of SAV were found in 1985 with Myrlophy11urn spicatum the
most abundant. Other species of importance were Heteranthera diioTa,
Vallisnerla amerlcana. and Hydrllla verticillata. Hydrllla appears to
be increasing in abundance along the Susquehanna River, and In the
Havre de Grace area.

The Upper Eastern Shore (section 2) showed a 142% Increase in SAV from
1984 to 1985. A total of 104 hectares was mapped in 1985 as compared
to 43 in 1984 (Table 1). Most of the increase in SAV in 1985 occurred
along the Elk, Bohemia and Sassafras Rivers. Of the 7 quadrangles
mapped in this section, only Galena showed a decrease in SAV.

The 1985 aerial survey indicated there were 238 hectares of SAV in the
Upper Western Shore (section 3), a decrease of 2.4% from that
estimated In 1984 (Table 1). Aerial coverage of this section was
complete In 1985, thus the estimated 1984 coverage may have been
fairly accurate, since little increase or decrease was generally seen
on the Western Shore In 1985. Aerial photos indicated that SAV was
present in all river systems (Gunpowder, Bush, Back, Middle and
Hagothy) in the section. Generally, most of the SAV was present along
the lower section of the river.

In 1985, 671 hectares of SAV were mapped in the Chester River (section
4), a decrease of 8.2% from the 731 hectares mapped in 1984 (Table 1).
Again, most of the SAV mapped (87%) occurred on the Langford Creek
quadrangle. In all, 8 of the 9 quadrangles in the section had SAV
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Table 1. Numbers of hectares of bottom covered with submerged aquatic
vegetation in 1978, 1984 and 1985 for different sections
within the Maryland Chesapeake Bay (Data for 1978 from Orth
et al., 1979, and Anderson and Macomber, 1980; data for
1984 from Orth et al., 1985).

Section 1978 1984 1985

1. Susquehanna Flats 804* 2,150 2,011
2. Upper Eastern Shore 29 43 105 Upper
3. Upper Western Shore 484 244 238 Zone
4. Chester River 1,475 731 671

5. Central Western Shore 241 0 26
6. Eastern Bay 1,800 66 356
7. Choptank River 1,740 82 1,528
8. Patuxent River 34 9 44
9. Middle Western Shore 11 0 23 Lower
10. Lower Potomac River 410 194 381 Zone
11. Upper Potomac River 0** 600 1,440
12. Middle Eastern Shore 210 33 1,188
13. Smith Island Complex 945 1,467 1,259

Total 8,183 5,619 9,270

*1978 data from Susquehanna Flats remapped and digitized to allow for
greater compatibility to 1984 data.

**No aerial photography was taken of this area in 1978; the absence of
SAV Is based on ground survey observations by the USGS.

present in 1985. Five species of SAV were reported by citizen and
Maryland DNR field surveys. These species were Ruppia maritima,
Zannlchelia palustris. Potamogeton perfoliatus, Potamogeton pectlnatus
and Hyrlopnyllua sjflcatum. Potaaogeton perfoliatus and Ruppia
maritima were reported most often.

Lower Zone

A total of 26.3 hectares of SAV was mapped In the Central Western
Shore (section 5) in 1985, when none was seen 1n 1984 (Table 1).
Seventy-two percent of the SAV reported was located in Herring Bay on
the North Beach quadrangle. No SAV was mapped in any of the river
systems In this section except for a small bed near the mouth of the
West River.

In 1985 a total of 356 hectares of SAV was noted in the Eastern Bay
(section 6), an increase of 441% over the 66 hectares reported in 1984
(Table 1). Ruppia maritima was the most abundant species reported In
field surveys by citizens and Maryland DNR personnel. Potaaogeton
pectlnatus and Potamogeton perfoliatus were al so reported, but other
species reported in 19/a. such as rAynophyllum spjcatum, El odea



canadensis and Zannlchelia palustris were not seen.
In 19ob. a total of l.Wo hectares of SAV was noted In the Choptank
River (section 7), as compared to only 82 hectares seen In 1984 (Table
1). This represents a 1,760% Increase over the previous year. Ten of
the 13 quadrangles 1n the section had SAV in 1985, compared to only 6
1n 1984, and 6 had over 100 hectares of SAV. A total of 6 species
were reported to occur In this section. Ruppia maritima was by far
the most abundant species reported In field surveys. OTher species
found were Potamogeton perfoliatus, Potomageton pectlnatus,
Zannlchelia palustrTsT Najas guaaaiupensis ana valllsneria americana.

Qualitative Information provided by UMdHPL found SAV at 5 of their 6
monitored areas, as compared to only 2 in 1984. Horn Point was the
only station not vegetated, while dramatic increases were noted at the
other stations. Species present were Zannlchelia palustris in May and
early June followed by Ruppia maritima in late June and July.

In 1985, 44 hectares of SAV were noted in the Patuxent River (section
8), as compared to only 9 in 1984 (Table 1). SAV was noted on 4 of
the 5 quadrangles in this section.

A total of 23 hectares of SAV was noted in the Middle Western Shore
(section 9) In 1985 (Table 1). Ninety-nine percent of the SAV
occurred in areas where aerial photography was not available In 1984.
Four of the eight quadrangles In this section had vegetation, with 71%
of It occurring on the Point No Point quadrangle. Most of the mapped
SAV in this section occurred in small marsh ponds that drain into the
Bay.

In 1985 there were 381 hectares of SAV in the Lower Potomac River
(section 10), as compared to 194 mapped 1n 1984 (Table 1). This
represents a 69% Increase, of which 9% 1s accounted for by quadrangles
that were not mapped in 1984 because of a lack of photo coverage.
Only 9 of the 20 quadrangles in the section had SAV, and 2 that had
SAV last year, Colonial Beach South and Stratford Hall, had none this
year. Seventy-four percent of the SAV mapped in 1985 occurred on the
Mathias Point quadrangle.

Once again in 1985 the Upper Potomac River (section 11) exhibited a
significant increase 1n abundance of SAV (Table 1). In 1985, 1,440
hectares of SAV were noted on the aerial photography as compared to
600 In 1984. This represents a 140 percent increase. The vegetation
Is still largely confined to the upper reaches of the section between
Alexandria, Virginia and Marshall Hall, Maryland. Ninety-five percent
of the mapped SAV occurred on the Alexandria and Mount Vernon
quadrangles, which cover the upper reaches previously described. Ten
species were found in this reach during the USGS monitoring program,
In which 60 transects were sampled In spring and fall and a shoreline
survey was made in fall.

In 1985, USGS estimated that areal coverage of SAV in their study area
was approximately 1,457 hectares, based on shoreline survey
information and aerial photographs. The aerial mapping effort at the
Environmental Photographic Interpretation Center (EPIC) for the same
area calculated 1,372 hectares of SAV which, without the benefit of a
ground truth survey, is only 5.6% different than the USGS estimate.
Since 1984, the vegetation has spread almost two kilometers further
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downriver. In almost all water less than 2 meters deep, at least 4
SAV species are present. The most abundant and most widely occurring
species are Hydrllla verticil lata. Myriophyllum spicatum, Heteranthera
dubia, Ceratophyllua demersum. yajlisnerta americana and Nalas
guadalupensls. HydTilla vertlclllata. r%r1ophylTum~sp1catum and
Ceratopnyllum demersum occurred 1n 79%, bb% and 47% of the transect
samples, respectively, in the fall of 1985. Hydrllla vertlclllata
dominates Hunting Creek, Swan Creek and the Dyke Marsh area. Results
of the USGS shoreline survey show that Hydrllla was more abundant than
all other species 1n 25% of the vegetated areas, accounting for 62% of
the total fall dry weight.

In 1985, there were 1,188 hectares of SAV in the Middle Eastern Shore
(section 12), as compared to only 33 hectares in 1984 (Table 1). This
represents a 3,504% Increase, the largest increase seen in any section
of the Bay. Twelve of the fifteen quadrangles in the section had
vegetation in 1985, while only 5 had vegetation 1n 1984. One of the
most significant Increases was the 265 hectares, mostly occurring in
one large bed. In the Barren Island Gap region, where no SAV was seen
1n 1984.

The Smith Island Complex (section 13) contained 1,259 hectares of SAV
1n 1985, the third largest amount of SAV In the Maryland waters, which
is slightly less than the amount reported for 1984 (Table 1).

SAV beds are concentrated in distinct areas in the section: the east
side of Great Fox Island and in the shallows around Smith Island.
Dominant species In this section are Zostera marina and Ruppia
maritima. _____ — —

Discussion

The distribution and abundance of submerged aquatic vegetation (SAV)
was mapped for the Maryland Chesapeake Bay in 1985 using color aerial
photography at a scale of 1:12,000. The Maryland Chesapeake Bay had
9,561 hectares of SAV In 1985 compared to 5,769 hectares in 1984, a
66% increase.

The upper Maryland Bay (sections 1-4) had 3,025 hectares of SAV in
1985 (15.6% of the total SAV in the bay). This represents a decrease
of 4.5% from that reported in 1984. Three of the four sections 1n
this zone showed a slight decrease In SAV abundance, while a 142%
Increase was seen in the sparsely vegetated (104 ha) Upper Eastern
Shore section, principally along the Elk and Sassafras Rivers. It Is
not known why there was an overall decrease (although it was small) in
this zone. The 4.5% change that was detected may only represent
natural fluctuations in the SAV communities and may not be
significant. It is interesting to note that the only section in this
zone to show an increase is located on the Eastern Shore, an area
which overall showed a tremendous Increase in 1984, while the other
three sections, located on the Western Shore, showed slight
decreases.

The lower Maryland Bay (sections 5-13) had 6,536 hectares of SAV in
1985, which represents a 151% increase from that reported in 1984.
All sections 1n the zone except the Smith Island Complex showed an
Increase in SAV, with almost one half (3,072 ha) of the SAV and the



greatest percent increases occurring In the Eastern Bay (441%),
Choptank River (1,760%), and Middle Eastern Shore (3,504%) sections,
all of which are located on the Eastern Shore of the ma1nsten of the
Bay.

Reasons for the tremendous resurgence seen on the Eastern Shore are
not as yet understood. It is postulated by some scientists that
because of the abnormally dry weather in the spring and early summer
of 1985, and resultant reduction in runoff, there were less sediments
and nutrients in the water that could have a negative effect on the
growth of SAV, either by reducing light levels or causing increased
algae blooms and epiphytic growth on the SAV. In the Choptank River,
Court Stevenson (1986) notes that the reduced runoff Increased
salinities above normal levels, thus giving Ruppia maritima an
opportunity to invade a wide range of habitat. Stevenson also notes
that nitrogen and phosphorus levels noted 1n the lower Choptank could
be target levels for dry years, but more research is needed. In
addition, low seston and light attenuation values appeared to
correlate positively with increased SAV growth.

Both Potomac River sections Increased in SAV in 1985, with the largest
Increase (140%) occurring in the Upper Potomac River section. The
return of SAV in the Upper Potomac River continues to be of
significance with regard to its rapid spread in a short time frame.
In less than five years, SAV has Increased from almost nothing to
1,440 hectares. Reasons for this dramatic turnaround in the Upper
Potomac are not clear, but may be tied to the nutrient removal being
performed by the Blue Plains Sewage Treatment Plant. It appears that
in recent years algae blooms have been less severe, and secchi depths
have improved.

The strong resurgence of SAV seen on the Eastern Shore of the Maryland
Chesapeake Bay has probably occurred, 1n part, because that area has
numerous bays, coves and Inlets, thus giving it a much larger habitat
suitable for SAV than occurs on the Western Shore, which has large
expanses of very exposed shoal and shoreline areas. In addition,
human development and pollution are much greater on the Western Shore.
Thus, rivers along that shore are probably more heavily polluted by
sewage treatment plant inputs, which are not affected by dry years and
in fact would increase the pollution problem due to the decreased
dilution factor afforded by Increased rainfall. On the other hand,
the Eastern Shore, which is heavily agricultural, has a much lower
population density. Therefore, decreased runoff has a positive effect
on pollution levels by reducing non-point source inputs from
agricultural runoff.

Analysis of historical SAV trends in the Bay have Indicated that
disappearance first occurred at the heads of streams and rivers and
from the north end of the Bay southward. The pattern of reoccurrence
(If it Indeed 1s a pattern) seen in 1985 in the main Bay would be
following the expected pattern, as the strongest resurgence was seen
in the Lower Eastern Shore of Maryland, in the area of mesohaline
salinity. In addition, repopulation was greater near the mouths of
several rivers and creeks (i.e., the Choptank River, Gunpowder River,
Middle River, Seneca Creek and Saltpeter Creek). The only
contradiction to this pattern is noted in the Potomac River, where a
strong resurgence of SAV has occurred 1n the freshwater section just
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below Washington O.C., while the estuarine sections of the river are
only sparsely populated. Reasons for this are unclear, but as
previously stated, recovery in the Upper Potomac may be related to
reduced nutrient Inputs, while lack of resurgence In the Lower Potomac
is at present still a mystery.

It Is still too soon to tell if the resurgence of SAV seen in 1985 is
a sign of Improving water quality or just a fluctuation brought on by
a climatic event. Continued monitoring and analysis 1s needed.
Hopefully a USFaWS proposal to study SAV trends will shed more light
on the problem. In addition, a 1986 SAV monitoring program is in
place, imagery and ground truth data have been acquired, and
preliminary reports indicate that SAV abundance in most areas is
similar to that seen in 1985.
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