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EXECUTIVE SUMMARY

The coastal bays of Delaware and Maryland are 'an important ecological and economic resource whose
physical characteristics and location make them particularly vulnerable to the effects of pollutants. This
project was undertaken as a collaborative effort between state and federal agencies to assess the
ecological condition of this system and fill a data void identified in previous characterization studies. Two
hundred sites were sampled in the summer of 1993 using a probability-based sampling design that was
stratified to allow assessments of the coastal bays as a whole, each of four major subsystems within
coastal bays (Rehoboth Bay, Indian River Bay, Assawoman Bay, and Chincoteague Bay) and four target
areas of special interest to resource managers (upper Indian River, St. Martin River, Trappe Creek, and
dead-end canals). Measures of biological response, sediment contaminants, and eutrophication were
collected at each site using the same sampling methodologies and quality assurance/quality control
‘procedures used by EPA’s Environmental Monitoring and Assessment Program (EMAP). As an additional
" part of the study, trends in fish communities structure were assessed by collecting monthly beach seine
and traw] measurements during the summer at about 70 sites where historic measurements of fish
communities have been made. ‘ '

Major portions of the coastal bays were found to have degraded environmental conditions. Twenty-eight

percent of the area in the coastal bays had degraded benthic communities, as measured by EMAP's

benthic index. More than 75% of the area in the coastal bays failed the Chesapeake Bay Program's

~ Submerged Aquatic Vegetation (SAV) restoration goals, which are a combination of measures that
integrate nutrient, chlorophyll, and water clarity parameters. Most areas failed numerous SAV ‘goal

.attributes. Sixty-eight percent of the area in the coastal bays had at least one sediment contaminant with
concentrations exceeding published guidelines for protection of benthic organisms. Further study is needed
to assess whether the biological effects observed were the direct result of contamination.

Within the coastal bays, Chincoteague Bay was in the best condition of the four major subsystems, while
Indian River was the worst. Only 11% of the area in Chincoteague Bay had degraded benthos compared
to 77% in Indian River. Less than 10% of the area in Indian River met the Chesapeake Bay SAV
Restoration Goals. In comparison, almost 45% of the area in Chincoteague Bay met the Chesapeake Bay
Program’s SAV restoration goals, a figure which increased to almost 85% when only the most
controllable components of the goals (nutrient and chlorophyll) were considered.
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All of the target areas of special management interest were in poorer condition than the remainder of the
coastal bays, with dead-end canals having the poorest condition. Chemical contaminants exceeded '
published guideline values in 91% of the area of the dead-end canals, and 57% of their area had dissolved
oxygen concentrations less than the state standard of 5 ppm. Dead-end canals also were biologically -
depauperate, averaging only 4 benthic species per sample compared to 26 species per sample in the
remaining portions of the coastal bays.

The consistency of the sampling design and methodologles between our study and EMAP allows unbiased
comparison of conditions in the coastal bays with that in other major estuarine systems in EPA Reglon III
that are sampled by EMAP. Based on comparison to EMAP data collected between 1990 and 1993, the
coastal bays were found to have a similar or higher frequency of degraded benthic communities than in
Chesapeake or Delaware Bays. Twenty-eight percent of the area in the coastal bays had degraded
benthic communities as measured by EMAP's benthic index, which was significantly greater than the 16%
EMAP estimated for Delaware Bay using the same methods and same index, and statistically - B
indistinguishable from the 26% estimated for Chesapeake Bay. The coastal bays also had a prevalence of
chemical contamination in the sediments that was higher than in either Chesapeake Bay or Delaware Bay.
Sixty-eight percent of the area in the coastal bays exceeded published guideline values for at least one
contaminant compared to 46% for Chesapeake Bay and 34% for Delaware Bay. While the percent of
area having these concerns is higher in the coastal bays, the absolute amount of area having these
concemns is greater in the Delaware and Chesapeake Bays because of their larger size.

The fish community structure in Maryland’s coastal bays was found to have remained relatively
unchanged during the past twenty years while that of similar systems in Delaware have changed
substantially. Fish communities of the Maryland coastal bays are- dommated by Atlantic silversides, bay
anchovy, Atlantic menhaden, and spot, which is similar to the commumty structuré measured in the -
Delaware coastal bays 35 years ago. The fish fauna in Delaware’s coastal bays has shifted toward species.
of the Family Cyprinodontidae (e.g., killifish and sheepshead mmnow) which are more tolerant to low
oxygen stress, and salinity and temperature extremes.
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1.0 INTRODUCTION

1.1 THE COASTAL BAYS JOINT
ASSESSMENT: BACKGROUND
AND RATIONALE

The coastal bays formed by the barrier islands of
Maryland and Delaware are important ecological
and economic resources. The coastal bays are
spawning and nursery areas for more than 100
species of fish, almost half of which are of
commercial or recreational value. The bays are
surrounded by an extensive network of tidal
wetlands that contributes to and sustains this
nursery and many other functions. The coastal
bays also provide important habitat for migratory
birds; the bays are part of the Atlantic flyway,
one of four major migratory routes in the United
States. For these reasons, both the coastal bays
of Delaware and Maryland are included in the
National Estuary Program.

The coastal bays are also an important economic
resource. More than 10 million people visit the
Delmarva Peninsula annually. The primary
recreational attractions of the region are boating,
swimming, and fishing, with more than a
half-million user-days of recreational fishing
each year (Seagraves 1985). The coastal bays
also support commercial fisheries for hard
clams, blue crabs, sea trout, and several other
species of fish. The total economic return from

recreational and commercial activities associated
with the coastal bays is estimated to exceed 3
billion dollars, and the bays support almost
50,000 jobs.

The physical characteristics and location of the
coastal bays make them particularly vulnerable
to the effects of pollutants. The bays are mostly
land-locked and have few outlets to the ocean,
This, combined with a relatively limited volume
of freshwater inflow, results in a low flushing
rate (Pritchard 1960), and makes them
susceptible to concentration of pollutants (Quinn
et al. 1989). Water quality data suggest that
several tidal creeks supplying the coastal bay’s
limited freshwater inflow are eutrophied (ANSP
1988), largely as a result of nutrient enrichment
from surrounding agricultural lands (Ritter
1986), thereby enhancing this concern. Steady

- population increases in the watershed add to the

future concerns for this resource; an increase of
almost 20% by the year 2000 is expected for the
Maryland portion alone (Andriot 1980).

A first step in developing management strategies
for these systems is to characterize their present
condition and describe how it has changed over
time. Two recent efforts have attempted to
characterize the condition of the coastal bays for
that purpose (Boynton et al. 1993, Weston
1993), but both of these assessments noted that
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the amount of data available for the system was
limited. The available data were generally
collected more than a decade ago and usually
represented a limited number of collection sites
confined to areas perceived to have pollution
problems. The system-wide information
necessary to characterize the spatial extent of
any problems has never been collected. ’

An important part of such an assessment is
characterizing biological responses to |
environmental problems, since protecting these
resources is the focus of management actions
and biological data are particularly lacking in_
the coastal bays. The most comprehensive data
for characterizing benthic invertebrate condition
of the coastal bays comes from a 20-year-old
survey of a single system (Maurer 1977) and
that survey was used almost exclusively to
describe species distributions, not to evaluate the
ecological condition of the bays. Recent fish
surveys are available for Maryland’s coastal
bays (Casey et al. 1993), but the last
comprehensive survey of Delaware’s coastal
bays was conducted almost a quarter-century
ago (Derickson and Price 1973). ’

1.2 OVERVIEW OF CBJA

The Coastal Bays Joint Assessment (CBJA) is a
collaborative State and Federal effort to
characterize the condition of the coastal bays of
Delaware and Maryland and to fill the void
identified in the previous characterization
efforts. The CBJA has three major objectives:

(1) to assess the current ecological condition of
the coastal bays of Delaware and Maryland;.
(2) to compare the current condition of the bays
with their historical condition; and

(3) to evaluate indicators and sampling design

elements that can be used to direct future

.monitoring activities in the system.

The participantstin the CBJA are thev Delawar,e

Department of Natural Resources and.
Env1ronmental Control (DNREC) the Maryland
Department of the Environment (MDE) the '

.Maryland Department of Natural Resources

(MDNR), EPA Region III, the Delaware Inland

~ Bays Estuary Program (DIBEP) and. EPA’s

Office of Research’ and Development The
CBJA was initiated as a multi-state effort w1th
the recognition that the stresses on these
systems, and thus the management actions
necessary for their protection, are similar across
state boundanes The CBJA focuses on
assessing condltlon of the coastal bays asa
whole, for each of four major subsystems wnthm
the coastal bays (Rehoboth Bay, Indian Rlver
Bay, Assawoman Bay, and Chmcoteague Bay)
and four areas of special concern to resource
managers (upper Indian River, St. Martin Rlver,
Trappe Creek, and dead-end canals)

In 1993 the CBJA lmtlated a comprehensxve
field survey of the coastal bays in which data
were collected at 200 sites. The data collectlon
approaches used in the survey borrowed heavily
from methodologies developed by EPA’s

Environmental Monitoring and’ Assessment

Program (Weisberg et al. 1993) and were
predicated on three general principles.- First, .
data were collected using a probability-based .
samplmg de51gn A probablhty-based samplmg
design ensures unbiased estimation of condltlon,
which is not possible when sampling sites are =
preselected by the investigator, and ensures that
all areas within the system are potentially . v
subject to sampling. The probability based
sampling design also allows calculation of
confidence intervals around estimates of '

CONDITION OF DELAWARE AND MARYLAND BAYS . ..

= Page 2




condition. Confidence intervals provide
managers with full knowledge of the strength or
weakness of the data upon which their decisions
will be based. Another advantage of the
probability-based sampling design is that 1t

allows investigators to estimate the actual area ,

(i.e., number of acres) throughout the system in
which ecological conditions differ from
reference areas. This emphasis on estimating
areal extent is a deparfure from traditional
approaches to env1ronmental monitoring, which
generally estimate the average condltlon

Second, the survey collocated measurements of
pollution exposure with measurements of -
biological response, enabling examination of
associations between degraded ecological
condition and particular environmental stresses.'
Although associations do not conclusively
identify the causes of degradation, associations
are valuable for establishing priorities for more
specific research and could contribute to
developing the most efficient regional strategies
for protecting or improving the environment by
identifying the predommant types of stress on
the system.

Third, a common set of indicators, sampling
methodologies, and QA protocols were used
across state boundaries. The probability-based
sampling design provides a framework for
integrating data into a comprehensive regional
assessment; however, the validity of such an
assessment depends on ensuring that all the data
that contribute to it are comparable.

1.3 PURPOSE AND ORGANIZATION
OF THISREPORT

This report addresses the first objective of the
CBJA. .1t summarizes the data collected during

- a 1993 sampling survey and provides a

preliminary assessment of the current ecological
condition of the coastal bays. Intended: future

-analyses of the CBJA include an examination of

trends in the condition of the bays using historical
data, an effort to associate the ecological
condition of the major bays and areas of special
concern with particular patterns of land use, and
an evaluation of the utility of EMAP approaches
within the coastal bays. -

This report includes six chapters: Methods -
Chapter 2, chapters describing each of four
general groups of indicators (i.e., Physical
Characteristics - Chapter 3, Water Quality -
Chapter 4, Sediment Contaminants - Chapter 5,

- Benthos - Chapter 6), and Conclusions - Chapter

7. Chapters 3 through 6 include tables of the
average values of the respective indicators in the
four major subsystems and the areas of special -
concern, figures showing the percent of area
within the major subsystems and speCIal target
areas that exceeds or falls below a generally
accepted threshold value (i.e., percent '
“degraded” area) for selected indicators, and
maps showing the distribution of degraded sites
for selected indicators. These chapters also
compare the preliminary conclusions of the
CBJA with the results of other recent
characterizations of the coastal bays and with
assessments of other estuaries within EPA
Region III. These comparisons help to put the
CBJA results into regional perspective. The '
report also includes three appendices: Appendix

‘A desoribes the methods and results of a fish

sampling effort that was conducted as an
ancillary part of the present study. The fish data
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were placed in an appendix because they were
collected using a different sampling design than
what was used for the rest of the project, and
because the purpose of the fish analysis was
different from the rest of the report. Fish
analyses focus on description of trends rather
than an estimation of current status. Appendix
B provides average concentrations for all
sediment contaminants measured in the survey;
Appendix C provides a species list of benthic
macroinvertebrates collected in the coastal bays
during 1993; Appendix D provides the
minimum, maximum, median and quartile
values of all attributes measured in the present
study; Appendix E provides a data summary for
a benthic survey of Turville Creek which was
conducted as an ancillary part of this study.
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2.0 METHODS

2.1 SAMPLING DESIGN

Sampling sites were selected using a stratified
random sampling design in which the coastal
bays were stratified into several Subsystems for
which independent estimates of condition were
desired:

. upper Indian River
e Trappe Creek/NéwportrBay,
. St. Martin River

*  dead-end canals throughout the coastal
. bays -

*  allremaining areas within Maryland’s
coastal bays

¢ . all remaining areas within Delaware’s
coastal bays

The upper Indian River, Trappe Creek, and St.
Martin River were defined as sampling strata
because resource managers expressed particular
concern about these areas. Water quality data
suggest that each of these tidal creeks is subject
to excessive nutrient enrichment, algal blooms,
and low concenfrations of dissolved oxygen.
These creeks are also believed to transmit large

nutrient loads (from agricultural runoff)
downstream, contributing to eutrophication
throughout the coastal bays (Boynton et al.
1993).

Dead-end canals were defined as a stratum
because of their high potential for impact based
on their physical characteristics and their
proximity to a variety of contaminant sources
(Brenum 1976). These dredged canal systems
can form the aquatic equivalent of streets in
development parcels; they already encompass
105 linear miles and almost 4% of the surface
area of Delaware’s inland bays. In general,
these systems are constructed as dead-end
systems with little or no freshwater inflows for
flushing. They are often dredged to a depth
greater than the surrounding waters, leaving a
ledge that further inhibits exchange with nearby
waters and leads to stagnant water in the canals.
The placement of these systems in relatively
high density residential areas increases the
potential for contaminant input. Much of the
modified land-use in dredged canal systems
extends to the bulkheaded water’s edge,
providing a ready source of unfiltered runoff of
lawn-care and structural pest control products.
In many cases, the bulkhead and dock systems
in these canal systems are built from treated
lumber containing chromium, copper, and arsenic,
providing another source of contaminants.,

CONDITION OF DELAWARE AND MARYLAND BAYS
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Two-hundred sites were sampled, 25 in each of
the first 4 sampling strata and 50 in each of the
last 2 (Figure 2-1). Sites for all strata except
canals were selected by using a two stage
process. First, the EMAP hexagonal grid
(Overton et al. 1990) was enhanced for the’
coastal bays study area and the appropriate
number of grid cells was selected randomly for -
each stratum. In the second stage, a random site

from within these cells was selected. Sites in the

dead-end canals were selected by developing a
list frame (of all existing canals), randomly
selecting 25 canals from that list, and then
randomly selecting a site within each canal.

All sampling was conducted between July 12 and
September 30, 1993. Sampling was limitedto a
single index period because available resources
were insufficient to sample in all seasons. Late
summer is the time during which environmental
stress on estuarine systems in the mid-Atlantic
region is expected to be greatest owing to high
temperatures and low dilution flows (Holland
1990). The sampling period coincided with the
period during which EMAP samples estuaries of
the mid-Atlantic region; therefore, data collected
in the coastal bays annually for EMAP can be
incorporated into estimates of ecological
condition generated from CBJA data and CBJA
data can contribute to continuing development
and evaluation of EMAP indicators.

2.2 SAMPLE COLLECTION

Samples were collected during daylight hours
from a 21-ft Privateer equipped with an electric
winch with a 12-ft boom. Sampling sites were
located using a Global Positioning System (GPS)
receiver. Dead reckoning was used to locate
sites when signal interference or equipment
malfunction prevented reliable performance of

the GPS receiver. Obvious landmarks, channel
markers, and other fixed structures were noted
to identify the site location whenever dead
reckoning was used.

2.2.1 Water Column

Temperature, dissolved oxygen, pH, conductivity,
and salinity were measured at each site using a
Hydrolab Sutveyor II. The number of depths for
which water quality measurements were
collected depended upon the bottom depth (Table
2-1). Water clarity was measured using a 20-cm
Secchi disk.  The presence of ﬂdating debris

- within 50 m of the boat was noted. Debris was

categorized as paper, plastic, cans, bottles,

- .medical waste, or other.

© Water samples were collected for analysis of

nitrogen, phosphorus and carbon species, total
suspended solids (TSS), turbidity, and * -
chlorophyll a. A 250-ml sample bottle was -

.deployed 0.5 m below the surface, rinsed three
times with ambient water, filled, capped, and

stored at 4° C for total suspended solids analysis.
The procedure was repeated with a 125-ml
bottle for measuring turbidity and a 1-gallon
bottle for nutrients. Three filtrations were:

- performed for each nutrient parameter using

measured aliquots from the.same one-gallon
sample. The volume of filtered sample varied

_ according to the relative turbidity at a site; high

turbidity caused low filtering volumes. A 47-mm
diameter GF/F filter was used for total ’
particulate phosphorus analysis; a 25-mm GF/F
filter was used for chlorophyll a analysis; and an
ashed, 25-mm GF/F filter was used for
particulate carbon and nitrogen analysis. Each
filter was removed from the vacuum filtration
apparatus using forceps, wrapped in aluminum
foil, placed in a small zip-lock bag, and frozen on

. Page 6
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[ oeadendcanals
A Other Sampling Sites

Virginla

Figure 2-1. Location of sampling sites in the Delaware/Maryland coastal bays.
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Table 2-1. Criteria for in situ water quality measurements

Bottom Depth (m) Water Quality Measurements
<1 - Surface®
1to2 Surface, bottom ® (
2t03.3 Surface, midpoint, bottom
>3.3 3-ft intervals from surface to bottom

@ Measured 0.5 m below the surface.
& Measured 0.5 m above the bottom.

dry ice. The filtrates from all three samples for
each parameter were combined, and the
following aliquots were distributed into .
scintillation vials and frozen: two samples of 20
ml each for analysis of total dissolved nitrogen
and phosphorous, and two samples of 15 ml each
for analysis of dissolved inorganic nitrogen and
phosphorus (NO,, NO,, NH,, and PO,).

2.2.2 Sediment and Benthic
Macroinvertebrates

Sediment samples for analyses of benthic
macroinvertebrates, silt-clay content, benthic -
chlorophyll, and chemical contaminants were
collected using a 0.044-m? stainless steel,
Young-modified Van Veen grab. This sampler
has a hinged top for removing surficial sediment
and is the same sampler used by EMAP.
Samples for analysis of benthic
macroinvertebrates were sieved in the field
using a 0.5-mm screen and preserved in a 10%
solution of buffered formaldehyde stained with
rose bengal. A sediment core was retained from
the benthic macroinvertebrate grab to determine
silt-clay content. One plug of approximately 50
cc was withdrawn, placed in a plastic bag, and
frozen.

Additional grabs were collected for sediment
chemistry and benthic chlorophyll samples. For
benthic chlorophyll, 5 1-cm plugs of surficial -
sediment were collected with a 50-cc plastic
syringe, placed in a Nalgene bottle, wrapped in
aluminum foil, and frozen immediately on dry
ice. For chemistry, the top 2 cm of sediment
from multiple grabs was removed and placed in
a teflon bowl to obtain a final volume of
approximately 1,500 ml of sediment. Care was
taken to avoid sediment that had touched the
surface of the grab and to use only samples with
undisturbed surfaces. The teflon bowl was
placed on ice in a closed cooler between grabs to
reduce the temperature of the sample and
prevent accidental contamination. The
composite sample was homogenized and |
distributed to separate containers to provide
appropriate samples for analysis of organics,
acid volatile sulfides, and metals; all samples
were frozen.

2.3 SAMPLE PROCESSING
METHODS

2.3.1 Water Chemistry

Chemical analyses of water samples followed
standard procedures used by the Chesapeake
Bay Program, which are summarized in Table

CONDITION OF DELAWARE AND MARYLAND BAYS
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were placed into predetermined biomass groups
and formaldehyde dry weight was determined.
Bivalves and gastropods were acidified prior to .
weighmg to remove inorganic shell matenal To
standardize the biomass measurements, all ‘
samples were preserved in a 10% solution of
buffered formaldehyde for at least two months
before measuring biomass.

2.3.2 Benthic Macroinvertebrates

Species composition, abundance, and biomass -
of benthos, and silt-clay content were
determined using methods outlined in the
EMAP Near Coastal Laboratory Methods
Manual (Klemm et al. 1993) and updated in
Frithsen et al. (1994). The macrobenthos were
identified to the lowest practical taxonomic
category and counted. Identified organisms .

Table 2-2. Analytical methods for water column chemistry.

Analyte

Method

References

Chlorophyll @ Phaeophytin
Nitrate and Nitrite -
Ammonium

Total Dissolved Nitrogen
Orthophosphate

Total Dissolved Phosphorous

Total Particulate Nitrogen
Total Particulate Phbsphorous
Total Particulate Carbon
Dissolved Organic Carbon
Total Suspended Solids
Turbidity

Spectrophotometric; Trichromatic
Calorimetric; cadmium reduction
Calorimetric; automated phenate
Calorimetric; persulfate oxidation |
Calorimetric; automated ascorbic acid
Calorimetric; persulfate dxgestxon and
automated ascorbic amd

Oxidative combustion

Calorimetric; persulfate dlgestxon
Oxidative Combustion

Persuifate Digestion

Gravimetric

Nephelometer v

"~ D’Elia et al. (1977)
~EPA Method 365.1

‘ EPA Method 365.1
. Leeman Labs (1988)

" . Leeman Labs (1988)

" APHA (1981)

APHA (1981)
EPA Method 353.2
EPA Method 350.1

Aspilla et al, (1976) -

Menzel and Vaccaro 1964)

CONDITION OF DELAWARE AND MARYLAND BAYS -
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2.3.3 Silt-Clay Content

Sediment samples were processed to determine -
silt-clay content according to EMAP procedures
described in Klemm et al. 1993. Sedlment
samples were sieved through a 63-jim mesh
sieve. The filtrate and the fraction remaining on
the sieve were dried at 60°C and weighed to.-
calculate the proportion of silts and clays in the
sample. S

2.3.4 Benthic Chlorophyll

Sediment samples were processed to deterriiine

benthic chlorophyll concentrations. Sample
aliquots were suspended in 90% acetone,
extracted overnight at -20°C, resuspended and

the supernatant was collected. Each sample was. o
extracted three times and the supernatants were: - -
combined. The benthic chlorophyll concentration.

of the supernatant was determined by two ~
different methods: (1) high-performance liquid
chromatography described by Heukelem et al.
(1992) and (2) the fluorometric method descrlbed
in Parsons et al. (1984). .

2.3.5 Sediment Chemistry

Sediments were analyzed for the NOAA i S

National Status and Trends suite of
contaminants (Table 2-3) using standard -
analytical methods (Table 2-4). Due to cost "
constraints, only a random subset of 11 samples
from the dead-end canals and 10 samples from
the remaining coastal bays were processed m the

laboratory. Data from non-canal’ areas were o

supplemented with 14 samples recently R
collected by EMAP using a compatible samplmg
design and identical field and laboratory methods.

where .. .

'2 4 DATA ANALYSIS

L . {For reportmg purposes, the study area was
:., ‘post-stratified into the following subpopulatlons
o ;l --Rehoboth Bay, Indlan River (mcludmg upper
" Indian River), Assawoman Bay (mcludmg St.
- Martin Rlver) and Chmcoteague Bay (Frgure ‘
- 2-2). Boundarles of the four special target areas

(.e., upper Indian River, St. Martin River: Trappe

1‘p,Creek/Newport Bay, and dead-end canals) were
." not changed. Dead-end canals were- evaluated.

asa separate subpopulatron and were not

-~ included in calculations for the remammg study
*-area. .

.. The condition of each of these areas was
e assessed in two ways: the mean condition’ and
f the percent of area exceedmg threshold values "
o Afor selected parameters. Since the sampling - v
sites within each stratum (except the dead-end
_canals) were selected with equal mclusmn '
- probabilities; the mean parameter values (eq 1)

for a stratum, 4, and its variance (eq. 2) were '
calculated as:

Fr= 3
=1 M (EQ.1) :

¥,; is the varxable of interest (e.g., concentratlon

of phosphorus), and n, is the number of samples
collected from stratum h »

The strat1f1ed ‘mean- value for L strata with
combined areaA is glven by

"""Z(:y =)
Som-l
S (EQ2)
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Table 2-3. Analytes for CBJA sediment samples.
Polyaromatic Hydrocarbons (PAHs)
Acenaphthene 2,6-dimethylnaphthalene Perylene ‘ """ Anthracene ‘
Fluoranthene Phenanthrene - Benz(a)anthracene , Fluorene . W
Pyrene : Benzo{a)pyrene Ideno(1,2,3-c,d)pyrene ' " Benzo(b)fluoranthene
Benzo(e)pyrene 2-methylinaphthalene Acenaphthylene °© - -~ - Biphenyl ’
1 1-methylnaphthalene Benzo(k)fluoranthene . Chrysene ; 1-methylphenanthrene’ .
.Benzo(g,h,i)perylene Dibenz(a,b)anthracene Naphthalene ‘ ' 2,3,5-Trimethyinaphthalene
DDT and its metabolites Chlorinated pesticides other than DDT
o,p:-DDD p,p:-DDE Aldrin Heptachlor epoxide Alpha-Chiordane
P-P_‘DDD °-P,'DDT " Hexachlorobenzene Trans-Nonachlor - Lindane gamma-BHC)
o,p’-DDE p.p'-DDT Dieldrin Mirex Heptachior
- Major Elements ‘ o . Trace Elements _
Aluminum o . : Antimony  Arsenic . Cadmium Chromium. .. Ly
Iron v Copper _Selenium  Lead Silver '
Manganese ) Mercury Tin - . Nickel - Zinc
18 PCB Congeners: ‘
. No..- ' Compound Name
8 2,4'-dichlorobiphenyl
18 2,2',5-trichlorobiphenyl
28 2,4,4'-trichlorobiphenyl
44 2,2',3,5'-tetrachlorobiphenyt
52 ‘ 2,2',5,5'-tetrachlorobiphenyl
66 2,3',4,4"-tetrachlorobiphenyl
101 ) 2,2',4,5,5'-pentachlorobiphenyl
105 2,3,3',4,4'-pentachlorobiphenyl
118 2,3',4,4,5-pentachlorobiphenyl
128 2,2',3,3',4,4'-hexachlorobiphenyl
138 2,3',3,4,4',5-hexachlorobipheny!
153 2,2',3,4,4',5'-hexachlorobiphenyl
170 2,2',4,4',5,5'-hexachlorobiphenyl
-180 2,2',3,3',4,4',5-heptachlorobiphenyl
187 2,2',3,4,4,5,5'-heptachlorobiphenyl
195 2,2',3,3',4,4,5,6-octachlorobiphenyl
206 - 2,2,3,3,4,4,5,5',6-nonachlorobiphenyl
209 ) : decachlorobiphenyl :
Other measurements
Tributyltin Acid volatile sulfides Total organic carbon
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Table 2-4. Analytical methods used for determination of chemical contaminant
concentrations in sediments

Compound(s) "~ Method
Inorganics:
Ag, Al, Cr, Cu, Fe, Mn, Ni, Pb, Zn Total digestion using HF/HNO, (open vessel hot

plate) followed by inductively coupled plasma-
atomic emission spectrometry (ICP-AES) analysis.

As, Cd, Sb, Se, Sn Microwave digestion using HNO,/HCI followed by
graphite furnace atomic absorption (GFAA)
analysis.

Hg , Cold vapor atomic absorption spectrometry

Organics:
Extraction/Cleanup Soxhlet extraction, extract drying using sodium

sulfate, extract concentration using Kuderna-Danish
apparatus, removal of elemental sulfur with activated
copper, removal of organic interferents with GPC
and/or alumina. '

Gas chromatography/electron

PAH measurement
spectrometry (GC/MS)

PCB/pesticide Gas chromatography/electron capture detection (GC/
ECD) with second column confirmation ‘

where the weighting factors, W, = A, /A, ensure Strata were combined following Holt and Smith
that each stratum % is weighted by its fraction of (1979). Confidence intervals were calculated as
the combined area for all L strata. An estimator 1.64 times the standard error, where the standard
for the variance of the stratified mean (3) is : error is the square root of the variance
(estimated by eq. 4). Statistical differences -
_ L _ between populations of interest were defined on
Ya= ) Wil A B
k=1 (EQ.3)
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the basis of non-overlapping confidence
intervals. :

L
V)= ) Fitar(y,)

h=1 (EQ.4)

The samples from the dead-end canals were
treated as a cluster sample, in which the canals
formed clusters (areas) of unequal size. Mean
parameter values were calculated as
area-weighted means:

where

qg=Zcy /C
(EQ5)

q is the area-weighted mean
¢, is the area of canal i, |
- C is the combined area of all the canals sampled,
y, is the variable of interest (e.g., concentration
of phosphorus), and
n is the number of canals sampled.

The standard error was calculated using the
jackknife estimator (Cochran 1977, Efron and
Gong 1983):

o, ={l(n-D/nlZ(ny, —p )P

(EQ.6)

where

By =Y GFHC—¢)
fw

Q7

is the weighted mean value déletirig the Jjth canal
and

By = Z By fn (EQ.‘8)

is the jackknife estimate of the mean y for the n.
canals.

Estimates bf percént of area exceeding selected.
thresholds (e.g., dissolved oxygen concentration
less than 5 ppm) was calculated as p = Bin,

 where B is number of samples exceeding the

threshold and # is the total number of samples in
the stratum. For strata with equal inclusion
probability, the exact confidence intervals forp
were estimated from the binomial distribution

using the formula of Hollander and Wolfe (1973).

The exact confidence intervals could not be
obtained directly from the binomial distribution
for stratified random sampling or for clustered
sampling (canals). Since these sample sizes are

 large, the confidence interval was calculated

using the normal approximation to the binomial.
For a combination of strata, the 90% confidence
interval of stratified estimates of proportions, p
was estimated as ' .

st’

Pa E164Far (p 0",

(EQ.9)
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where

Z
P =2 HaPy
=i

(EQ.10)

Z
Var(pa)= D WiVar(py) .,
=l (EQ.11)

The formulas for estimating means and

variances for canals also were used to estimate =
the percentage of area in the canals with y

values that fell into some defined class. An
indicator variable, |,, was assigned the value if

the value of y, fell in a specified class, and 0 o
otherwise. The sample mean and variance of [, "
is an estimate of the proportion of area in the

canals that has y values within the specified .

class.
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Rehoboth Bay

Indlan River

. Target Area

Upper Indian River

Assawoman Bay

. Atlantic Ocean .

Chincoteague Bay j

| 7515” | 7500"

Figure 2-2. Boundaries of post-stratified subpopulations which were used in the study.
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3.0 PHYSICAL CHARACTERISTICS

3.1 BACKGROUND

Measurements of physical characteristics
provide basic information about the natural
environment. Knowledge of the physical context
in which biological and chemical data are
collected is important for interpreting results
accurately because physical characteristics of
the environment determine the distribution and
species composition of estuarine communities,
particularly assemblages of benthic
macroinvertebrates. Salinity, sediment type, and
depth are all important influences on benthic
assemblages (Snelgrove and Butman 1994,
Holland et al. 1989). Sediment grain size also
affects the accumulation of contaminants in
sediments. Fine-grained sediments generally are
more susceptible to accumulating contaminates
than sands because of the greater surface area
of fine particles (Rhoads 1974; Plumb 1981).

Depth, silt-clay content of the sediment, bottom
salinity, temperature, and pH were measured to
describe the physical conditions at sites in the
coastal bays. Sediment type was defined
according to silt-clay content (fraction less than
63); classifications were the same as those
used for EMAP. Biologically meaningful salinity
classes were defined according to a modified
Venice System (Symposium on the Classification

of Brackish Waters 1958).

" 3.2MAJOR SUBSYSTEMS

- 3.2.1 Depth

The coastal bays of Delaware and Maryland are
shallow systems with an average depth of 1.5 m
(Table 3-1). Depth exceeded 3 m at only 3.of
200 sampling sites. Average depth among the
four major subsystems was not significantly
different. The amount of area shallower than

. 0.6 m may have been underestimated because

this was the minimum depth accessible for

' samplihg; however, less than 5% of the area in
- each major system was unsampleable because of

insufficient depth.

3.2.2 Silt-Clay Content

The coastal bays had a diverse bottom habitat
including broad areas of mud, sand, and mixed
substrates (Figure 3-1). Sand was a more ;
predominant substrate than mud and accounted
for more than 40% of the study area. Muddy
sediments were less prevalent, accounting for
less than 20% of the area (Figure 3-2). The
distribution of mud, sand, and mixed substrates
was similar among Rehoboth, Assawoman, and
Chincoteague bays. The average silt-clay

 content of Indian River Bay was significantly.

CONDITION OF DELAWARE AND MARYLAND BAYS
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20% (Sand)

Rehoboth Bay

i I - 80% (Mud)

I—-i SKM

Maryland State Plane Projection

Indian River

Assawoman Bay
St. Martin River
Trappe Creek/
Newport Bay
o : i
| 38°30" m—
N
Chincoteague Bay : . l
|75°1s' | |7500 ' s

Figure 3-1. Spatial distribution of silt-clay content in non-lagoon sites in the Delaware/
Maryland coastal bays study area. Bar height is directly proportional to the percent of silt-
clay. Cross-hatched bars represent sandy sediments, clear bars represent mixed sediments, and
solid bars represent muddy sediments.
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higher than in the other three systems, and the
percentage of muddy substrate was twice that of
any other system (Table 3-1).

3.2.3 Salinity

The coastal bays were predominantly polyhaline
(> 25 ppt salinity). Average salinity in
Chincoteague Bay was about 2 ppt greater than
in the other three coastal bays (Table 3-1). No
measured area in Chincoteague Bay had salinity
less than 25 ppt, whereas salinities less than 25
ppt accounted for at least 5% of the area in each
of the other major subsystems (Figure 3-3).
Only Indian River had measured salinities less
than 18 ppt; this salinity class encompassed

approximately 5% of the area. Some unsampled

portions of the coastal bays undoubtedly have
lower salinities but the percentage of area they
represent is small.

3.2.4 Temperature and pH

Average temperature for the coastal bays was
25.5 C and average pH was 7.8 (Table 3-1).
Neither parameter varied appreciably among the
four major subsystems.

3.3 TARGET AREAS
3.3.1 Depth

Average depths in the special target areas were -

not significantly different than the average depth
of the entire study area. Average depths of the
four special target areas ranged from 1.3 m to
1.8 m (Table 3-1).

3.3.2 Silt-Clay Content

All of the special target areas were significantly
muddier than the coastal bays as a whole (Table
3-1). The upper Indian River was the muddiest;
almost half of the area had a silt-clay content of
greater than 80% (Figure 3:4). Sandy substrate
covered less than 20% of each of the four
special target areas. Less than 10% of the upper

~ Indian River had sandy sediments.

3.3.3 Salinity

The special target areas were predominantly -
polyhaline, but average salinities in all special
target areas except the dead-end canals were
less than that of the entire study area (Table

‘3-1). Approximately 40% of upper Indian River

had salinities less than 25 ppt (Figure 3-5). The
closed-ended dead-end canals, which have no
freshwater input, were almost completely
polyhaline. All other systems had sources of
fresh water.

‘ 3.3.4 Temperature and pH

All special target areas had higher average
temperatures than the entire study area (Table
3-1). The maximum temperature of 37.4 C was
measured in the discharge canal of a power
generating station in upper Indian River. The
average pH levels of the special target areas
were not significantly different than the average
pH of the entire study area. The highest pH
(9.4) was measured at the uppermost samplmg '
site in Trappe Creek,

CONDITION OF DELAWARE AND MARYLAND BAYS

Page 20




'skeq [e15e0d puellIejy/PIemeR( 9Y) Jo swaysAsqns Jofewr oy uy SISSE] AJUIfes 99.1) Ul BAIE JO JUIIIJ "€-¢ danTi]

Wddgo>m
1dd 5-50m

ddgi-sm
1dd sz-81L00

ddgz<m|

anbeajoouiyy

Aeguewomessy

1

J9AIY ueipuj

Aeg yioqoysy

CERVETTHTE

%0

%0k

%02

%0€

%0t
%05
%09
%0L
%08
%06

%001

Bealy %

Page 21

CONDITION OF DELAWARE AND MARYLAND BAYS




Page 22

‘.m%wa. _ﬁmacu v§~bm§uwa3w_oh ay E sBIIR wawua.u,_m_uomm.‘& mu.:ui_uu.m wonoq Jo .-.c_«,_mcmico =€ 2anSLy

e leny . eay
. seuey’ . jea)y . oMY ueipuj Apnis
,. .‘uc?ummn_,, eddesy - ‘ulMen s | Jeddn omuz :
. 5 TR o : , N " %0

%01

%0

%0€

%0V
%05
%09

Ke|D-11S %02 > |
Re|D-U1S %08-02 ]
AejD- IS %08<m

Baly %

%0L
%08
%06
%00}

CONDITION OF DELAWARE AND MARYLAND BAYS




- *sAeq [e1Se0D pUeIAIRIAAIEMRI( OY) Ul seae 3o8.1e) 1eroads Uy $asSe[d-AJUI[es N0y Ul BA.IE JO JUDIg “G-¢ S,y

SIEUBY , Jeny . Ieny , . ealy
“pus-peag. - addeyy s soddn o amug.
o + %ol
- %02
- %0€
Wddgo>m | . N | v
1dd 5-5'0 3 B ‘B | N ) | T wov 3
1dd 8i-sm , . w
ydd 2810 , A
ddsz<m %08
%0L
%08
%06 )
%001

Page 23

‘CONDITION OF DELAWARE AND MARYLAND BAYS




3.4 COMPARISON WITH PREVIOUS

Physical characteristics measured du_ring;the_ :
1993 coastal bays study generally agree with .

those reported in previous characterizations of ‘

the Maryland (Boynton et al. 1993) and
Delaware (Weston 1993) coastal bays.

Rehoboth Bay and Indian River are descnbed as
shallow systems with an average depth less than

2 m; the eastern third of Rehoboth averages less
than 1 m deep. Average depths of about 1.2 m
are reported for Maryland bays, including
Chincoteague and Assawoman.

Fang et al. (1977) described the Maryland
coastal bays as a polyhaline environment;
similarly, Rehoboth Bay and lower Indian River
were classified as polyhaline in the Weston
(1993) characterization. The salinity rarige
measured in upper Indian R'ivér’during' our study
did not vary appreciably from similar data
reported in the Weston (1993) characterlzatlon

Maps of the areal distribution of bottom
sediments, as reported by Bartberger and Biggs
(1970) in Maryland and by Chrzastowski (1986)
in Delaware are generally similar to those from
this study, but a few minor differences can be
noted. The previous characterization described
Rehoboth Bay as predominantly sand (41%),
with equal proportions of mixed and muddy
sediments. In our study, Rehoboth Bay was
sandier (53%) and less muddy (17%). Indian
River was previously described as approximately
equal proportions of muddy and sandy sediments
(Chrzastowski 1986); our study found a higher
proportion of mixed sediments and a lesser
percent of sandy sediments. These minor . .
differences could result from changes in
conditions over the last decade, but more likely

result from differences in the study design v

(previous studies did not use a probability-based

sampling design) or from minor differences in
how mud and sand were defined between
studies. -

‘3.5 COMPARISONTO
'SURROUNDING SYSTEMS

One design feature of the coastal bays study is
that it was conducted using the same sampling
design, methodologies, and quality assurance/
quality control procedures as EPA’s EMAP,
allowing comparisons between the coastal bays
and other major estuarine systems in EPA
Region I1I that are sampled by EMAP, such as
Chesapeake Bay and the Delaware Bay. When
such comparisons are conducted, the coastal
bays are found to be shallower, saltier, and
muddier than either the Chesapeake Bay or
Delaware Bay. Average depths of 8.3 m in
Chesapeake Bay and 7.0 m in Delaware Bay
;irelé}pproximately 5 m deeper than the coastal
bays. Both of these deeper systems include
areas which exceed 40 m in depth. In contrast,
none of the 200 sample sites in the coastal bays
exceeded 4 m in depth.

The average silt-clay content was higher inv‘the
coastal bays than in the other two systems. The
silt-clay content for the coastal bays was 40%,
compared to 34% for Chesapeake Bay and 24%
for Delaware Bay. Mean bottom salinity in the
coastal bays (30.6 ppt) was substantially higher
than in either Chesapeake Bay (18.5 ppt) or
Delaware Bay (22.5 ppt), reflecting the meager
freshwater input to the coastal bays.
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4.0 WATER QUALITY

4.1 BACKGROUND

Healthy aquatic ecosystems require ‘clear water,
acceptable concentrations of dissolved oxygen,
limited concentrations of phytoplankton, and
appropriate concentrations of nutrients Clear
water is a critical requirement for ‘subrriétjg'éd‘
aquatic vegetation (SAV), which provides
habitat for many other aquatic organisms
(Dennison et al. 1993). As large concentrations
of suspended sediment or algal blooms reduce
water clarity, the amount of sunlight reaching
SAV is diminished and the plants fail to thrive;
consequently, critical habitat for crabs, fish, and
other aquatic organisms is lost (Magnien et al.
1995). Nutrient enrichment causes excessive
algal growth in the water column and on the
surfaces of plants. As bacteria metabolize
senescent excess algae, they deplete dissolved
oxygen in the water column and sediments
causing hypoxia and, in extreme cases, anoxia.

Water quality in the coastal bays of Delaware
and Maryland was evaluated using four classes
of indicators: measures of algal productivity,
dissolved oxygen (DO), water clarity,and

nutrients. Measures of algal biomass ipc'lluded' ‘

the concentrations of chlorophyll in the wé_ter

column and sediment, and phaeophytin. Secchi '

depth, total suspended solids (TSS), and

turbidity were measured to assess water clarity.
Nutrient measures included dissolved inorganic
nitrogen (DIN; nitrite, nitrate, and ammonium),
dissolved inorganic phosphorus (DIP), total
dissolved nitrogen (TDN), total dissolved
phosphorus (TDP), and particulate nitrogen and
phosphorus.

Estimating the percent of area showing
symptoms of eutriphication in the coastal bays
requires identifying threshold levels for selected

~ indicators that define eutrophication. While no

such levels have been established for the coastal
bays, the Chesapeake Bay Program has
established thresholds for five water quality
parameters to define critical habitat requirements
for supporting SAV in a polyhaline environment
(Dennison et al. 1993); these thresholds were
used for our assessment (Table 4-1). All but one
of the SAV restoration goal attributes were
measured directly. The light attenuation
coefficient was calculated from secchi depth
measurements.

4.2 MAJOR SUBSYSTEMS
4.2.1 Measures of Algal Productivity

The mean concentration of chlorophyll a in the

‘water column varied considerably among the
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polyhaline environment (Dennison et al. 1993).

Table 4-1. Chesapeake Bay submerged aquatic vegetation habitat requirements for a

Parameter

Critical Value

Light attenuation coefficient (k; m) S
Total suspended solid (mg/1)

Chlorophyll a (ugf)

Dissolved inorganic nitrogen (uM) -
Dissolved inorganic phosphorus (uM)

1.5
15
15
10
0.67

coastal bays. The mean concentration in
Chincoteague Bay was significantly less than the
concentrations in any of the other three major
subsystems (Table 4-2). Indian River had the
largest mean concentration, almost four times
that of Chincoteague Bay. Average phaeophytin
concentrations were distributed similarly.

A significantly smaller portion of Chincoteague
Bay had chlorophyll a concentrations exceeding
the 15 ug/ml SAV restoration goal than any of
the other systems (Figure 4-1). The percentage
of area exceeding the threshold in the other
systems ranged from four to six times that in
Chincoteague Bay, and the differences were
statistically significant (Figure 4-1). Almost
25% of the area in Indian River had chlorophyll
a concentrations exceeding 30 ug/ml. -

Average concentrations of chlorophyll in benthic
sediment did not vary appreciably among coastal
bays systems, except for Rehoboth Bay.
Concentrations in Rehoboth Bay were two to
four times greater than concentrations in the
other systems (Table 4-2).

4.2.2 Dissolved Oxygen

Mean concentrations of DO ranged from 5.9
ppm to 6.7 ppm and did not vary appreciably
among the four major subsystems (Table 4-2).
Only Indian River had DO concentrations less
than 5 ppm, (the state standard in both states) in
more than 10% of its area (Figure 4-2). None of
the major subsystems had measured DO
concentrations less than 2 ppm, but the extent of
low dissolved oxygen may be underestimated in
this study because measurements were limited to
daytime hours. ’

4.2.3 Measures of Water Clarity

Indicators of water clarity were consistently
better in Chincoteague Bay than in the other
systems. Chincoteague Bay had the highest
mean secchi depth, approximately 1 m (Table
4-2). Average secchi depth is underestimated in
our study for all of the major subsystems, except
Assawoman Bay, because it included
measurements when the secchi disk was
readable on the bottom. '
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The light attenuation coefficient (Kd) was
calculated as 1.65/secchi depth (m) (Giesen et
al. 1990). More than 55% of the area in each of
the major subsystems exceeded the SAV ,
restoration goal K, threshold of 1.5 m™ (Figure ..
4-3). No portion of the area in Assawoman Bay
had a K, value below the critical thre‘shold,‘_ :

Consistent with the light attenuation results,
average concentrations for both total suspended
solids and turbidity measurements were lowest
in Chincoteague Bay (Table 4-2). Chincoteague
Bay also had the largest proportion of area with
TSS concentrations below the 15 mg/l SAV
restoration goal (Figure 4-4). The percentage of
area below this value was significantly smaller in
Chincoteague than in either major system in
Delaware, but was not significantly different
than Assawoman Bay.

4.2.4 Nutrients

Mean concentrations of nitrate/nitrite and
ammonium were highest and total dissolved
nitrogen was second-highest in Indian River
(Table 4-2). For nitrate/nitrite, average
concentration in Indian River was 5 to 10 times
and significantly greater than in any other major
subsystem. Almost 15% of the area in the
coastal bays failed the SAV restoration goal of
10 M for DIN (Figure 4-5). This percentage
was highest, exceeding 30%, in Indian River.

Mean DIP concentration in the two Delaware
systems was approximately twice as high, and
significantly greater, than the levels in both
Maryland systems (Table 4-2). The difference
between states was also apparent in the percent
of area exceeding the 0.67 u M SAV restoration
goal for DIP (Figure 4-6). Thirty percent of the

area in each of the Delaware systems exceeded . =

that goal; in contrast, only 1% of the area in
Assawoman Bay was above the DIP SAV
restoration goal.

‘Mean concentrations of particulate nitrogen,

carbon, and phosphorus were significantly higher
in Assawoman Bay than in the other three major
subsystems (Table 4-2). Levels were lowest in
Chincoteague Bay, where they were about three
times lower than in Assawoman Bay.

4.2.5 SAV Restoration Goals

Less than 25% of the area in the coastal bays
met all of the SAV restoration goals (Figure
4-7). This percentage was significantly higher in
Chincoteague Bay, which is the only major
subsystem with substantial SAV currently
growing (Orth et al. 1994, Orth and Moore
1988), than any of the other coastal bays
systems (Figure 4-8). The percentage was
lowest in Assawoman Bay, where none of the
sampled locations met all of the SAV restoration
goals.

Two of the SAV restoration goal'parameters,
TSS and light attenuation coefficient, are
strongly influenced by physical mixing
characteristics of the system and are not easily
controlled by management action. The action of
the wind and waves combined with the average
shallow depth and poor flushing characteristics

- of the coastal bays cause the bays to retain and

resuspend fine sediments, making the water
turbid. Because of this, the amount of area in
the system meeting SAV goals was reassessed
considering only the parameters that are most
controllable by management actions: chlorophyll
a, DIN, and DIP. When examined in this
fashion, almost half the area in the coastal bays

* still fails to meet the goals; however, the
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Figure 4-8. Spatial distribution of non-lagoon sites in the Delaware/Maryland coastal bays study
area which met the SAV restoration goals. Cross-hatched bars represent sites where all goals
attributes were met; clear bars represent sites where a subset of attributes were met, with height of
the bar proportional to the number of attributes failed; and solid bars represent sites where no
attributes were met. :
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proportion-of area in Chincoteague Bay which
meets the goals for the three attributes increases
to more than 80% (Figure 4-9).

43 TARGET AREAS

4.3.1 Measures of Algal Productivity

Mean concentrations of chlorophyll a were
significantly higher in all special target areas
than in the;smdy area as a whole (Table 4-2).
Trappe Creek/Newport Bay had the highest
concentration, four times that of the entire study
area. At least two sites in the upper portion of
Trappe Creek had concentrations of chlorophyll
a exceeding 350 p g/l (Figure 4-10); algal
blooms were evident at both sites. Mean
phaeophytin concentration patterns différed,
however, with average concentrations two to
four times higher in the other systems than in
Trappe Creek/Newport Bay.

More than 70% of the area in upper Indian
River, St. Martin River, and the degd—exid canals
had chlorophyll @ concentrations exceeding 15
g/l (Figure 4-11) ). Almost the entire area of
upper Indian River had levels exceeding 15 p g/l;
more than 50% of the area exceeded 30 u g/l.

Average measured concentrations of benthic
chlorophyll in most of the special target areas
were similar to the average concentration in the
entire study area (Table 4-2). The dead-end
canals were a large exception to the results;
average concentrations of benthic chlorophyll
were more than five times iarger in the canals
than in the remaining study area.

4.3.2 Dissolved Oxygen

Except for the dead-end canals, miean
concentrations of DO in the special target areas
did not vary appreciably from the average DO
concentration in the entire study area (Table
4-2). The canals had a mean dissolved
concentration less than 4 ppm, significantly lower
than the entire study area.

Differences in DO concentrations were more
pronounced when evaluated by proportion of
area. The percentage of area with DO less than
the state standard of 5 ppm was three to seven
times greater in the special target areas than in
the entire study area (Figure 4-12). Dead-end
canals were the most hypoxic systems. More
than 55% of the area in dead-end canals had DO
less than 5 ppm; more than 30% of that area had
concentrations less than 2 ppm.

4.3.3 Measures of Water Clarity

Water clarity and TSS did not differ
significantly between any of the special target
areas and the coastal bays as a whole (Table
4-2). The pattern was similar when looking at
the proportion of area with TSS concentrations

-greater than the SAV restoration goal of 15 mg/

1. The percentages for all special target areas,
except dead-end canals, were slightly higher than
for the entire study area, but the differences
were not statistically significant.

4.3.4 Nutrients

Mean concentrations of nitrate/nitrite varied
considerably among special target areas, ranging
from 0.10 to 9.15 u M (Table 4-2). St. Martin
River had the lowest concentration; upper Indian
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Rehoboth Bay = 1591

F——1 5KM

Maryland State Piane Projection

Indian River

Assawoman Bay

St. Martin River ———— -3 . 42 %

Trappe Creek/
Newport Bay

Figure 4-10. Spatial distribution of chlorophyll a concentrations at non-lagoon sites in the
Delaware/Maryland coastal bays study area. Black-shaded bars represent concentrations which
exceeded the SAV restoration goal for chlorophyll a (15 4g/1.)
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River had the highest concentrations, and both
concentrations were significantly different than
the average for the entire study area. Upper
Indian River also had a significantly higher
average concentration of ammonium than the
entire study area.

Average DIN did not vary appreciably between
three of the four special target areas and the
entire study area, but upper Indian River had

significantly greater levels, more than three © - -
times higher than the entire study area and the ..
other three systems (Table 4-2). The proportion - . -

of area that failed to meet the SAV restoration
goal for DIN was more than 50% in upper
Indian River, almost three times greater than.in
the remaining coastal bays (Figure 4-13). =

All special target areas had mean concentrations
of total dissolved nitrogen greater thanthe . -

average for the entire study area; however, only
Trappe Creek/Newport Bay and upper Indian
River were significantly higher then the entire
study area (Table 4-2). ' -

Mean concentrations of DIP in the upper'indian

River, St. Martin River, and the dead-end canals. - .
were similar to the mean for the entire study =~

area (Table 4-2). The mean concentration in -
Trappe Creek/Newport Bay was twice. as hlgh

as the mean for the entire study area, but the .

difference was not statistically significant. The

pattern was somewhat different when expressed

as areal extent. Both upper Indian River and
Trappe Creek/Newport Bay had- approxnmately
twice the proportion of area with DIP -
concentrations greater than 0.67 u M, compared
to the entire study area (Figure 4-14).

The mean concentration of particulate nitrogen,
phosphorus, and carbon were all significantly .

higher in the special target areas than in the
coastal bays as a whole (Table 4-2). No
significant differences among the special target
areas were found for any of the particulate

~ parameters (Table 4-2).

'4.3.5 SAV Restoration Goals

‘None of the samples collected in the special

target areas met the SAV restoration goals.

‘Even when considering only the nitrogen,
~ phosphorus, and chlorophyll goals, less than
20% of the area in three of the systems met the

goals (Eigure 4-15).

4.4 COMPARISON WITH PREVIOUS
STUDIES

Cons:stent with previous characterizations of the
coastal bays (Weston 1993, Boynton et al.
1993), we found moderate eutrophication in the
system with the highest nutrient/-chlorophyll
concentrations occurring in the tributaries.
Consistent with Weston (1993), we observed a
significant inverse salinity:nutrient correlation,

o Suggesting that the tributaries are a significant
: .‘;nutnent source for the coastal bays. While we
~ found eutrophlcatlon to be widespread in the
.coastal bays, we found that eutrophication has

not translated into a widespread hypoxia

I problem. Oxygen concentrations less than 5 ppm

were observed in only 8% of the area of the
coastal bays, though it was as high as 25% in
upper Indian River and St. Martin River. This is
consistent with previous studies in which
concentrations of dissolved oxygen less than 5
ppm were rarely measured and were spatially
limited to known target areas of management
concern. :
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The amount of hypoxic area in the coastal bays
may be underestimated because our

measurements were limited to daytime hours. A

part of this study, continuously recording
dissolved oxygen meters were deployed for up
to three weeks at 15 sites in the coastal bays.
Detailed analyses of those data will be a future
part of the joint assessment, but initial |
observations are that diurnal oxygen pattems in
the coastal bays, with the exception of Trappe

Creek are small. This is consistent with historic -

diurnal measurements in the coastal bays
(Boynton et al. 1993) and suggests that our

spatial estimate of hypoxia in the coastal bays is '

not a severe underestimate.

The apparent conflict between widespread
eutrophication, as measured by the SAV
Restoration Goals, and the apparent limited
spatial extent of hypoxia may be explained by
the physical characteristics of the system. The
coastal bays are shallow and well mixed, which
serves to reaerate the system quickly. The
presence of hypoxia under these conditions, as
occurs in 25% of the area in St. Martin River
and upper Indian River, is indicative of
substantial eutrophication concern.

While it was not the goal of this report to assess
historical data for trend analysis, both previous
characterizations of the coastal bays (Weston
1993, Boynton et al. 1993) noted that both
chlorophyll and nutrient concentrations have - ,
declined throughout the coastal bays during the

last two decades. Our data are consistent with

that pattern. Summer chlorophyll
concentrations in the Maryland coastal bays
have declined by more than 50% since 1975

(Figure 4-16) and similar declines have occurred

in the Delaware coastal bays (Lacoutre and
Sellner 1988). Nitrogen concentrations in our

study were approximately one-half of the values
reported by Boynton et al. (1993) and Weston
(1993) for historic studies, consistent with
Weston’s suggestion that nitrogen inputs to the
system have declined during the last two
decades. While these temporal patterns are

...-consistent across a number of studies and

parameters, more extensive examination of these

" trends needs to be conducted to ensure that the

concentration differences observed among years
do not result from inconsistencies in sampling
design or measurement methodologies.

" 45 COMPARISONTO

SURROUNDING SYSTEMS

Nutrient concentrations are not measured
typically as part of the EMAP sampling and
comparisons.of these parameters to other
Delaware and Chesapeake data sets is beyond .
the scope of this data summary report. Recent
assessment réports by the Chesapeake Bay
Program (Magnien et al. 1995) have identified
that about 75% of the area in Chesapeake Bay
meets the SAV restoration goals, which is triple
the proportion of area in the coastal bays. In

. Chesapeake Bay, 90% of the area meets four of
“the five SAV goal attributes, whereas only 32%

of the area in the coastal bays meets the same
goals. The Chesapeake Bay estimate is not
based on probability-based sampling and may
include multiple months of data for each site.

" Thus, the estimate may not be directly

comparable to that from this study, but the
magnitude of the difference between estimates
for the systems appears to transcend minor
methodological differences between studies.
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5.0 SEDIMENT CONTAMINANTS

5.1 INTRODUCTION

The scientific and popular presses have identified
the presence of contaminants in estuaries as a
problem contributing to degraded ecological
resources and concerns about the safety of
consuming fish and shellfish (Broutman and
Leonard 1988, NOAA 1990, OTA 1987,
O'Connor 1990). Reducing contaminant inuts
and concentrations, therefore, is often a major
focus of regulatory programs for estuaries.
Contaminants include inorganic (metals) and
organic chemicals originating from many sources
such as atmospheric deposition, freshwater
inputs, land runoff, and point sources. These
sources are poorly characterized except in the
most well-studied estuaries. Most contaminants
that are potentially toxic to biological resources
tend to bind to particles and ultimately are
deposited in the bottom of estuaries (Santschi et
al, 1980, Santschi 1984). This binding removes
contaminants from the water column.
Consequently, contaminants accumulate in
estuarine sediments (Santschi et al. 1984).

Because of the complex nature of sediment
geochemistry, and possible additive, synergistic,
and antagonistic interactions among multiple
pollutants, the ecological impact of elevated
contaminant levels in bottom sediments is not

well understood. Several strategies for .
estimating biological effects from contaminated
sediments include the EPA Sediment Quahty .
Criteria approach (U.S. EPA 1993a-d), the Lohg
and Morgan approach (Long and Morgan 1990,
Long et al. 1995), and the SEM/AVS
(simultaneously extracted metals/acid volatile -
sulfides) approach (DiToro et al. 1989, 1990 and
1992). Because these various techniques result
in different estimates, definitive estimates of '
those areas of the coastal bays with contaminant
concentration high enough to cause ecological
impacts'cannot be provided with confidence .
(Strobel et al. 1995). For this reason, the
analyses presented in this Section are provided .

" for screening purposes only.

The guideline values developed by Long and
Morgan (1990) and recently updated by Long et
al. (1995) were used to screen contaminant
levels in coastal bay sediments with respectto
potential biological effects. These values were
selected because they include values for most of
the chemicals we measured, thus allowing us to

* provide the most complete evaluation of the data.

Two values were identified for each
contaminant: an effects range-low (ER-L) value
corresponding to contaminant concentrations -
below which adverse effects to benthic
organisms "rarely" occur, and an effects rangé-
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Table 5-1. ER-L and ER-M guldelme values for trace metals and organic compounds in
sedlments. Sources: Long and Morgan (1990), Long et al. (1995).
Chemical ER-L ER-M
" Analyte Concentration Concentration
Trace Elements (ppm)
Antimony 2 25 -
Arsenic 8.2 70
Cadmium 1.2 9.6
Chromium 81 370
Copper 34 270
Lead 46.7 218°
Mercury 0.15 0.71
Nickel 20.9 51.6
Silver 1 3.7
Zinc 150 410
Po]ychlormated Biphenyls (ppb)
Total PCBs 227 180
DDT and Metabollt% (ppb)
DDT 1 7
| DDD 2 20 -
DDE 2 15
Total DDT 1.58 46.1
PPDDE 22 27
Other Pesticides (ppb) .
Chlordane 0.5 6
Dieldrin 0.02 8
Endrin - 0.02 45
Polynuclear Aromatic Hydrocarbons (ppb)
Acenaphthene 16 500
Acenaphthylene 44 640
PAH (high mol. wt.) 1700 9600
PAH (low mol. wt.) 552 3160
Anthracene 85.3 1100
Benzo(a)anthracene 261 1600
Benzo(a)pyrene 430 1600
Chrysene 384 2800
Dibenz(a,h)anthracene 63.4 260
Fluoranthene 600 5100
Fluorene 19 540
2-methyinaphthalene 70 670
Naphthalene 160 2100
Phenanthrene 240 1500
Pyrene 665 2600
Total PAH 4022 44792
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L] O’vContamlnanh

Rehoboth Bay l 10 Contaminants
+ Includes one contaminant
- greater than ER-M
f———4 5 KM
. Maryland State Piane Projection
Indian River 4

Assawoman Bay

St. Martin River A WLl

Trappe Creek/
Newport Bay

Chincoteague Bay

Figure 5-1. Spatial distribution of sites (including dead-end canals) for which sediment
contaminants were analyzed. Bar height is directly proportional to number of: sediment -
contaminants which exceeded ER-L threshold concentrations. Asterisk indicates sites where a
contaminant exceeded ER-M concentration.
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Table 5-2. Area-weighted mean concentrations (x 90% C.1.) of sediment contaminants in the
Coastal Bays and Dead-End Canals
Coastal Bays - Dead-end Canals
Metals (ppm)
Silver 0.05 + 0.02 . 01+ <0.1
Arsenic 7.03 + 1.91 106 = 2
Cadmium 0.14 + 0.05 7 02+ <0.1
Chromium 4198 + 10.58 ' 56.1 + 21.7
Copper 9.52 + 2.81 40.6 + 10.3
Lead 24.14 + 5.83 , 344 + 6.6
Nickel 13.93 £ 4.65 211 + 9.2
Zinc 64.53 + 16.35 107.9 = .28.9
Pesticides (ppb)
Chlordane 0.41 + 0.39 ' 1.8+ 0.7
Total DDT 215+ 0.87 i 3.1z 2.9
Lindane | 0.20 + 0.15 0.9: 0.2
Mirex 012 + 0.17 0
Endrin 0.04 + 0.02 ‘ ‘ 0.5+ 0.1
Dieldrin 0.13 + 0.07 N 1.7+ 1.8
Total PAHs (ppb) 232.33 + 92.43 2060.9 + 1099.7
Total PCBs (ppb) 289+ 1.04 | 19.8 + 5.5
median (ER-M) concentration above which ER-Ls and ER-Ms, EPA and others have
adverse effects "frequently” occur (Long et al. suggested follow-up testing such as solid phase
1995). Adverse effects could be expected to toxicity testing to directly measure biological
"occasionally" occur when the measured ‘ effects (Adams et al. 1992, Chapman et al. 1992,
concentration falls between the ER-L and ER-M EPA 1992). Future activities may include these
(Long et al. 1995). According to Long and additional analyses.
Morgan (1990), sites with the greatest number of '
ER-L and ER-M exceedences have the highest Only a subset of the sediment samples collected

were processed for contaminants because of
cost constraints. Consequently, comparisons
were limited to dead-end canals (10 sites) and

potential for cause adverse biological effects. In -
those situations where there is a high potential
for adverse effects based upon exceedences of

CONDITION OF DELAWARE AND MARYLAND BAYS | Page 52




the coastal bays as a whole (24 sites). .

5.2 CONDITION OF THE COASTAL
BAYS |

At least 1 contaminant exceeded its ER-L
concentration at 70% of the 24 sites in the
coastal bays (excluding sites in the dead-end
~ canals) where contaminant samples were
processed. This corresponded to 68% (+ 23%)
of the total area of the system. Only four sites
(representing 4% of the area in the system) had
at least one contaminant that exceeded its ER-M
concentration.

Many sites had more than one contaminant that
exceeded its ER-L concentration. A dead-end
canal on the east side of Assawoman Bay
contained the most contaminants that exceeded
their ER-L concentrations (20). The number of
contaminants that exceeded ER-L in the coastal
bays increased from south to north. Indian River
had the most sites with multiple contaminants
exceeding ER-L and had one site with a
contaminant exceeding ER-M (Figure 5-1). The
majority of sites in Rehoboth Bay with multiple
contaminants were located in dead-end canals.
Five of the seven sites in Rehoboth Bay were
canal sites containing more then five
contaminants exceeding ER-L concentrations.

- The most ubiquitous contaminants (measured as
the estimated area in which the contaminant
exceeded its ER-L concentration), were DDT,
arsenic, and nickel, with each found to exceed
ER-L in more than a quarter of the bottom of the
area of the system (Figure 5-2). DDT and its
principal metabolites were 4 of the top 10
contaminants. The only ER-M concentration
exceedances were for chlordane, dieldrin, DDE,
and benzo(a)anthracene, which were exceeded

at single, separate sites (Figure 5-1).

In this study, Long et al. (1995) and Long and
Morgan (1990) ER-L and ER-M thresholds were
used as a means of estimating the areal extent of
contaminants in the coastal bays; however, other
authors have suggested alternative approaches
for identifying thresholds of biological concern
(DiToro et al. 1990, 1991, 1992; EPA 1993).
Long et al. values were selected because they
included thresholds for most of the chemicals
that we measured, allowing us to provide an
integrated contaminant response, whereas other
approaches for identifying thresholds have been
developed for a relatively small number of
chemicals. These alternative thresholds, when
applied to the coastal bays data set, lead to a
smaller estimate of areal extent (Greene 1995),
suggesting that the ER-L thresholds are more
protective of the environment. Future CBJA
activities may include analyses to relate the
biological responses reported in this chapter with
the sediment contaminant data reported here.

5.3 CONDITION OF DEAD-END
CANALS

Concentrations of contaminants generally were
higher in the sediments of dead-end canals than
in the rest of the coastal bays. Fifteen of the 45
contaminants measured had significantly higher
mean concentrations in the canals. No
contaminants had significantly higher
concentrations in the rest of the coastal bays
than in the canals (Table 5-2). The difference in
concentration between canals and the coastal
bays was greatest for the polynuclear aromatic
hydrocarbons (e.g., chrysene and pyrene); the -
concentrations of many of these contaminants
were 10 times higher in the dead-end canals than
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in the rest of the coastal bays (Appendix C).

The difference between the dead-end canals and
the rest of the coastal bays was also apparent in
the spatial extent of contamination. Of the five
most ubiquitous contaminants in the coastal bays,
none exceeded ER-L concentrations for more
than 42% of the total area of the coastal bays;
however, these contaminants each exceeded their
ER-L concentrations in more than 70% of the
area of the dead-end canals (Figure 5-2).
Seventy-five percent of the area of dead-end
canals had more than six contaminants that
exceeded their ER-L concentrations (Figure 5-3).
In contrast, only 10% of the area in the rest of
coastal bays had more than five contaminants
above ER-L, and 30% had no contaminants that
exceeded ER-L concentrations.

5.4 COMPARISON TO PREVIOUS
STUDIES

The Delaware/Maryland coastal bays study
represents to the best of our knowledge the first
substantive assessment of sediment contaminants
in the coastal bays. Although only a subset of the
sediment samples collected for contaminant
analysis were processed, the data presented in
this report represent a ten-fold increase in
available data over the last 15 years. No data
were reported in the Delaware Inland Bays
Estuary Program’s characterization report
(Weston 1993) because the data found were
insufficient for a status determination. The
Maryland report (Boynton et al. 1993) contained
three years of data for a single site at
Chincoteague Inlet, VA. Three-year average
concentrations were found to be elevated relative
to detection levels but only dieldrin was measured
at concentrations of biological concern (NOAA
1991).

5.5 COMPARISONTO

- SURROUNDING SYSTEMS

Sixty-eight percent of the area in the coastal
bays had at least one sediment contaminant
exceeding the Long et al. (1995) ER-L -
concentration, which is a threshold of biological
concern. This was significantly greater than the
spatial extent which was observed for the same
threshold of concern in either Chesapeake Bay
(46%) or Delaware Bay (34%).

CONDITION OF DELAWARE AND MARYLAND BAYS




"SonfeA Ty POP3IIXI YOIYM SIUBUTIIEIN0D JUIWIPAS JO JIGUINU JO UOHNQLUSIP [8IIY *¢-C danTiy

SIUBUIWEBIUOY O <E
Sjueujweuo) OL-9 M
sjueulLIBUOD) G-|L M
SjueujweUOY ON [I

s[eue) pus-pea(

Pagé 55

CONDITION OF DELAWARE AND MARYLAND BAYS




6.6 BENTHIC MACROINVERTEBRATES

6.1 BACKGROUND

Benthic assemblages have many attributes that
make them reliable and sensitive indicators of
ecological condition (Bilyard 1987). Benthic
macroinvertebrates live in sediments, where
exposure to contaminants and low concentrations
of dissolved oxygen generally is most severe.
Their relative immobility prevents benthic
organisms from avoiding exposure to pollutants
and other environmental disturbances (Gray
1982). Benthic assemblages are composed of a
diverse array of species that display a wide
range of physiological tolerances and respond to
multiple kinds of stress (Pearson and Rosenberg
1978, Rhoads et al. 1978, Boesch and Rosenberg
1981). The life spans of benthic
macroinvertebrates are long enough (a few
months to several years) to enable researchers
to measure population- and community-level
responses to environmental stress (Wass 1967).
This combination of attributes enables benthic
assemblages to integrate environmental
conditions prevalent during the weeks and
months before a sampling event.

Four measures of biological response were used
to evaluate the condition of benthic assemblages

in the coastal bays of Delaware and Maryland:
abundance, biomass, diversity, and the EMAP

‘benthic index. Abundance and biomass are

measures of total biological activity at a location.
The diversity of benthic organisms supported by
the habitat at a location often is considered a
measure of the relative “health” of the
environment. Diversity was evaluated using the
number of species (i.e., species richness) at a

location and the Shannon-Wiener diversity index,

which incorporates both species richness and
evenness components (Shannon and Weaver
1949). The EMAP benthic index integrates
measures of species richness, species
composition, and biomass/abundance ratio into a
single value that distinguishes between sites of
good or poorecological condition (Schimmel et
al. 1994). A value of 0 or less denotes a
degraded site at which the structure of the
benthic community is poor, and the number of

species, abundance of selected indicator species,

and mean biomass are small.
6.2 MAJOR SUBSYSTEMS

6.2.1 Abundance and Biomass

Indian River had significantly more benthic
invertebrates than any of the other three major
subsystems (Table 6-1). Much of this difference -
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was due to a greater number of amphipods.
Amphipods accounted for about 50% of total
abundance in the coastal bays as a whole;
however, in Indian River, amphipods accounted
for more than 75% of total abundance (Figure
6-1). Biomass followed a different pattern than
abundance among the major subsystems.
Biomass was greatest in Chincoteague Bay and
smallest in Indian River (Table 6-1). The very
small ratio of biomass to abundance observed in
Indian River often is associated with degraded
habitat (Wilson and Jeffrey 1994).

6.2.2 Species Richness and Diversity

The average number of species was significantly
higher and about 50% greater in Chincoteague
Bay than in any of the other three major
subsystems (Table 6-1). Species diversity as
measured by the Shannon-Wiener diversity index
was significantly greater in Chincoteague than in
Rehoboth and Indian River, but the difference -
between Chincoteague and Assawoman was not
statistically significant. The presence of several
rare species that did not contribute significantly
to the Shannon-Wiener index for Chincoteague
Bay was responsible for the smaller difference in
diversity than in number of species between
Chincoteague Bay and the other major
subsystems.

6.2.3 EMAP Benthic Index

Based on mean EMAP benthic index values,
benthic communities in Indian River were
degraded and in significantly worse condition
than in any of the other major subsystems.
Benthic communities in Chincoteague Bay were
nondegraded and in significantly better condition
_than in any other system (Table 6-1). The
average index in Rehoboth Bay indicated

significant degradation of benthic communities;
Assawoman Bay was nondegraded.

The estimated proportion of degraded area in the
major subsystems ranged from 77% in Indian
River to'11% in Chincoteague Bay (Figure 6-2).
Indian River had a significantly higher proportion

_of degraded area than any of the other systems.

Chincoteague Bay had a significantly smaller
proportion of degraded area than Rehoboth Bay
(Figures 6-2 and 6-3). The difference in
proportion of degraded area between
Chincoteague and ‘Assawoman was not
statistically s1gmf1cant Although the average

‘index value indicated that Rehoboth Bay was

degraded, the difference in proportion of
nondegraded area between Rehoboth and
Assawoman was not statistically significant.

6.3 TARGET AREAS

6. 3 1 Abundance and Blomass ‘

Abundance and biomass were an order of
magnitude less in dead-end canals than in the
rest of the coastal bays (Table 6-1). The
composition of benthic comniunities in the dead-
end canals differed substantially from the
composition in the rest of the coastal bays.
Amphipods constituted almost 50% of the
benthos throughout the coastal bays; however,
approximately 85% of the benthos collected in
dead-end canals were polychaetes (Figure 6-4),
of which 90% were Streblespio benedicti
(Appendix C), a pollutlon-tolerant species
(Ranasinghe et al. 1994). Bivalves, which are
generally less pollution tolerant, constituted 12%
of the benthos in the rest of the coastal bays as
a whole, but less than 5% of that in each of the
special target areas. Differences in species
composition between the dead-end canals and
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Bars exceeding this height
Rehoboth Bay indicate degraded sites
F———-1 5KM
Maryland State Piane Projection
' Indian River
| 38°45'
Assawoman Bay
St. Martin River
Trappe Creel/
Newport Bay
| 3830
Chlncotéagile Bay— N
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Figure 6-3. Benthic index values at non-lagoon sites in the Delaware/Maryland coastal bays study
area. Bar height is inversely proportional to the index value; black-shaded bars indicate a
degraded condition.
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the rest of the coastal bays are reflected in the
significantly lower biomass in the dead-end
canals. Approximately 81% of the area in dead-
end canals had a mean biomass less than 0.5 g/
m? compared to 4% in the rest of the coastal
bays (Figure 6-5).

6.3.2 SPECIES RICHNESS

The upper Indian River, St. Martin River, and the
dead-end canals all had significantly fewer
species per sample than the rest of the coastal
bays (Table 6-1). The difference was
particularly notable in dead-end canals, where
the number of species was nearly seven times
less than in the entire study area and
approximately five or six times less than in any of
the other special target areas. Whereas, 70% of
the area in the coastal bays had at least 20
species per 440 cm? grab, 78% of the area in the
canals produced less than 5 species per sample
(Figure 6-6).

Similar patterns were observed with the
Shannon-Wiener diversity index; the values for
the upper Indian River, St. Martin River, and the
dead-end canals all were significantly lower than
for the entire study area. The index value for the
dead-end canals was five times lower than for
the entire study area and three to four times
lower than for the other special target areas.
Diversity in Trappe Creek/Newport Bay did not
differ significantly from diversity in the rest of
the coastal bays but was low in the Trappe
Creek portion of this stratum.

of the coastal bays (Table 6-1, Figure 6-3). The
index value for Trappe Creek/ Newport Bay was

* not significantly different than the value for the

rest of the coastal bays, but the Trappe Creek
portion of the straturn, where pollution sources
were most prevalent historically, was degraded.

The extent of degradation was greatest in the
dead-end canals and uppér Indian River. More
than 80% of the area of these two systems had
degraded benthic communities as measured by
the EMAP benthic index (Figures 6-7 and 6-3);
this proportion was significantly greater than in
the rest of the coastal bays.

64 COMPARISON WITH PREVIOUS
STUDIES '

Recent characterizations of the coastal bays
(Boynton et al. 1993, Weston 1993) made little
use of benthic macroinvertebrates in their
assessment. The principal limitations they cited
were that most benthic data for these systems
were collected more than 20 years ago and were
spatially limited. Moreover, the sampling efforts

. were conducted primarily to characterize species

composition and habitat distribution, and did not
focus on using benthos as indicators of ecological
condition. Thus, this report represents the first
ecological assessment of benthic invertebrate
condition in the Maryland/Delaware coastal
bays.

Comparisons to these historical studies is difficult
because of differences in sampling gear and
because original data are no longer available.
The most comprehensive characterization of the
system was conducted by Maurer (1977), but he
used a 1 mm sieve which is not easily
comparable to our 0.5 mm sieve, DP&L (1976)
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conducted the most comprehensive historic study
in Indian River, one that used the same sieve size
as the coastal bays study. Mean invertebrate
density in their study was almost an order of.
magnitude less than in our study for both the
upper Indian River and the entire Indian River.
Average species density did not vary appreciably
between the two studies. The 1993 benthic
community in Indian River was dominated by
amphipods, which accounted for 75% of the total
abundance. In the polyhaline stratum of the
DP&L study, percent abundance was equally
divided among polychaetes, amphipods, and
bivalve molluscs. Together, these differences
suggest that the quality of the benthic community
" has changed in the last two decades, but more
substantial analyses based on original, rather than
summarized, historic data are required to better
characterize these changes. ’

6.5 COMPARISONTO
SURROUNDING SYSTEMS

Benthic invertebrate communities may be in
poorer condition in the coastal bays than in
either Chesapeake or Delaware Bays.
Twenty-eight percent of the area in the coastal
bays had degraded benthic communities as
measured by EMAP’s benthic index. Using the
same sampling methods and benthic index, 26%
of the area in Chesapeake Bay and 16% of the
area in Delaware Bay had degraded benthos.
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7.0 CONCLUSIONS

The probability-based sampling design used in
the Delaware/Maryland coastal bays joint
assessment allows for two types of estimates
that were not previously available for these
systems. First, it allows estimation of areal
extent of selected indicators exceeding threshold
levels of concern to managers. Second, it allows
unbiased comparisons among various subsystems
of the coastal bays, since the same sampling
design, sampling methodologies and quality
assurance/quality control procedures were
employed throughout the study area. The results
of the study support the following conclusions:

1. Major portions of the coastal bays have
degraded environmental quality.

Major portions of the coastal bays were found to

have degraded environmental conditions.
Twenty-eight percent of the area in the coastal
bays had degraded benthic communities, as
measured by EMAP's benthic index. More than
75% of the area in the coastal bays failed the
Chesapeake Bay Program's Submersed Aquatic
Vegetation (SAV) restoration goals, which are a
combination of measures that integrate nutrient,
chlorophyll, and water clarity parameters. Most
areas failed numerous SAV goal attributes.
About 40% of the area failed the nutrient and
chlorophyll components of the SAV Restoration

Goals. Sixty-eight percent of the area in the
coastal bays had at least one sediment '
contaminant with concentrations exceeding .
published guidelines for protection of benthic
organisms (Long and Morgan 1990, Long etal.
1995). Further study is needed to assess
whether the biological effects we observed are
the direct result of contamination.

2. Eutrophication threatens recolonization
of SAV in the coastal bays, but is not severe
enough to cause w1despread hypoxia.

Eutrophication, as measured by the SAV
restoration goals, is widespread in the coastal
bays. With the exception of some limited areas
of management concern, eutrophication has not
yet resulted in a severe hypoxia problem that
threatens biota. Oxygen concentrations less than
5 ppm were measured in only 8% of the study
area, though it was as high as 25% of the study
area in Indian River and St. Martin River.
Oxygen concentrations less than 2 ppm were
measured only in dead-end canals. This is
consistent with previous studies, in which
concentrations of dissolved oxygen less than 5
ppm were measured rarely and were spatially
limited to known areas of management concern.
While we measured only 8% of the area as
hypoxic, this amount may be larger during
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nighttime hours and is a significant amount of
area, given the shallow, well-mixed nature of the

system.

3. The sediment contaminants detected in
this study are primarily persistent
chlorinated hydrocarbons and are probably a
remnant of historic inputs.

The sediment contaminants detected in this study
are primarily persistent pesticides, such as DDT,
chlordane, and dieldrin, that are no longer
commercially available or are strongly regulated,
and whose input into the system has undoubtedly

declined. The prevalence of these chemicals in .

the sediments probably result, to a large extent,
from the unique physical characteristics of-the
coastal bays: (1) land use in the coastal bays is
largely agricultural, and a source of non-point
pollution; (2) the system has a large perimeter to
area ratio, enhancing the potential impact of
non-point source inputs; and (3) the low flushing
rate of the system enhances the likelihood that
chemicals entering the system will be'retained in
the system for long periods of time.

4. Chincoteague Bay is in the best condition
of the major subsystems within the coastal
bays Indian River is in the worst condition.

Of the four major subsystems that comprise the
coastal bays, Chincoteague Bay was in the best
condition. Only 11% of the area in -
Chincoteague Bay had degraded benthos.
Almost 45% of the area in Chincoteague Bay
met the Chesapeake Bay Program’s SAV
restoration goals, a figure which increased to
almost 85% when only the nutrient and
chlorophyll components of the goals were

considered. In comparison, 77% of the area in
Indian River had degraded benthos and less than
10% of its area met the SAV restoration goals.

5. The tributaries to the coastal bays are in
poorer condition than the mainstems of the
major subsystems.

Previous studies have suggested that the major
tributaries to the system: upper Indian River, St.

' Martin River, and Trappe Creek are in poorer

condition than the mainstem water bodies. Our
study confirms that finding. The percentage of
area containing degraded benthos was generally -

~ two to three times greater in the tributaries

compared to the other coastal bays. The percent
of area with DO less than the state standard of 5
ppm was three to seven times greater in the
tributaries. More than 70% of the area in upper
Indian River and St. Martin River and in the
dead-end canals had chlorophyll a concentrations .
exceeding the SAV goal of 15 ug/l. None of the
samples collected in the tributaries met the SAV
restoration goals.

Among these systems, Trappe Creek contained

the sites in the worst condition. Two sites in the
upper portion of Trappe Creek had
concentrations of chlorophyll a exceeding 350

ug/l; algal blooms were evident at each site. In
addition, dissolved oxygen levels exceeding 14
ppm were measured at both sites. It appears,
however, that degraded conditions in the Trappe
Creek system are spatially limited to Trappe
Creek and have not spread to Newport Bay.
Undoubtedly, this results from the low
freshwater flow from this tributary compared to
the other tributaries. ‘

6. Dead-end canals are the most severely
degraded areas in the coastal bays.
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Ninety-one percent of the area in dead-end
canals had sediment contaminant concentrations
exceeding published guideline values. Fifty-six
percent of their area had dissolved oxygen
concentrations less than state standards of 5
ppm. Canals were the only locations from all the
coastal bays sites where concentrations less than
2 ppm were measured. These stresses appear
to have biological consequences: more than 85%
of the area in the dead-end canals had degraded
benthic communities. Dead-end canals averaged
fewer than 4 benthic species per sample
compared to 26 species per sample in the
remaining portions of the coastal bays.

7. Based on percent areal extent, the
coastal bays are in as poor or worse
condition than either Chesapeake Bay or
Delaware Bay with respect to sediment
contaminant levels, water quality, and
benthic macroinvertebrate community
condition.

The consistency of the sampling design and
methodologies between our study and EMAP
allows unbiased comparison of conditions in the
coastal bays with that in other major estuarine
systems in EPA Region III that are sampled by
EMAP. Based on comparison to EMAP data
collected between 1990 and 1993, the coastal
bays were found to have a similar or higher
frequency of degraded benthic communities than
surrounding systems. Twenty-eight percent of
the area in the coastal bays had degraded
benthic communities as measured by EMAP's
benthic index, which was significantly greater
than the 16% EMAP estimated for Delaware
Bay using the same methods and same index,
and was statistically indistinguishable from the
26% estimated for Chesapeake Bay. The
coastal bays also had a prevalence of chemical

Pt W e s
% - h

" contammatlon in 1 thie sednments that was hlgher

than in elther Chesapeake Bay or Delaware a
Bay. Slxty elght percent of the area m ‘the

' coastal bays exceeded publlshed gundelme valaes

for at least oné contaminant, compared to 46%
for Chesapeake Bay and 34% for Delaware Bay
(Long and Morgan 1990, Long et al. 1995)..

- While the percent of area having poor benthic

and sediment conditions is hlgher in the coastal
bays, the absolute amount of area havirig these

‘conditions is greater in the Delaware and

Chesapeake Bays, because of their larger size.

Nutrients were not measured by EMAP and
statistically unbiased estimates of average
concentrations are unavailable for either
Chesapeake or Delaware Bays. The
Chesapeake Bay Program, though, recently
estimated that about 75% of the area in
Chesapeake Bay meets SAV Restoration Goals.
This is more than three times the percent of area
meeting SAV Restoration Goals in the coastal
bays. Even when the turbidity and TSS
components of the SAV Restoration Goals,
which are naturally high in shallow systems, are
ignored, almost half of the area in the coastal
bays, or twice that in Chesapeake Bay, still fails
the SAV Restoration Goal estimates for nutrients
and chlorophyll.

8. The fish assemblages in Maryland's
coastal bays have remained relatively
unchanged during the past twenty years,
while those of similar systenis in Delaware
have changed substantially.

- Fish assemblages of the Maryland‘ceastal bays,

as sampled by shallow-water seines, are
dominated by Atlantic silversides, bay anchovy,
Atlantic menhaden, and spot. This assemblage is
similar to that of the Delaware coastal bays 35
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years ago. The fish fauna in Delaware's coastal

bays has shifted toward species of the Family

Cyprinodontidae (e.g., killifish and sheepshead
~minnow) which are more tolerant to low oxygen
' st:ess; and salinity and temperature extremes.

CONDITION OF DELAWARE AND MARYLAND BAYS @ = Page 71




8.0 REFERENCES

Academy of Natural Sciences of Philadelphia (ANSP). 1988. Phytoplankton, nutrients, macroalgae and
submerged aquatic vegetation in Delaware’s inland bays, 1985-1986. Prepared for Delaware
Department of Natural Resources and Environmental Control.

Adams, W.J., R.A. Kimerle, and J.W. Bamett Jr. 1992. Sediment quallty and aquatic life assessment.
Environmental Science and Technology 26 (10).

American Public Health Association. 1981. Standard Methods for the Examination of Water and
Wastewater. 15th ed. o

Andriot, J.C. 1980. Population abstracts of the United States. And;ioi: Associates, McLean, Virginia.

Aspilla, LH. Agemian, and A.S.Y. Chau. 1976. A semi-automated method for the determination of
inorganic, organic and total phosphate in sediments. Analyst101:187-197.

Bartberger, C.E., and R.B. Biggs. 1970. Sedimentation in Chincoteague Bay. In: Natural Resources
Institute, University of Maryland. 1970 October. Assateague ecological studies, Part II:
Environmental threats. Contribution No. 446. Chesapeake Biological Lab, Solomons MD.

Bilyard, G.R. 1987. The value of benthic infauna in marine pollution monitoring studies. Mar: Pollut.
Bull. 18:581-585.

Boesch, D.F., and R. Rosenberg. 1981. Response to stress in marine benthic communities. In:  Stress
Effects on Natural Ecosystems, 179-200. G.W. Barret and R. Rosenberg, eds. New York: John
Wiley and Sons.

Boynton, W.R., L. Murray, W. M. Kemp, J. D. Hagy, C. Stokes, F. Jacobs, J. Bowers, S. Souza, B.
Rinsky, and J. Seibel. 1993. Maryland’s Coastal Bays: An assessment of aquatic ecosystems,
pollutant loadings, and management options. Prepared for Maryland Department of the
Environment. '

CONDITION OF DELAWARE AND MARYLAND BAYS - = Page 72




Brenum, G. 1976. A comparative study of benthic communities of dredged lagoons, tidal creeks, and
areas of open bays in Little Assawoman, Indian Rijver, and Rehoboth Bays, Delaware. M.S. thesis,
“College of Marine Studies, University of Delaware, Newark, DE.

Broutman, M. A., and D. L. Leonard. 1988. National estuarine inventory: The quality of the shellfish
growing waters in the Gulf of Mexico. National Oceanic and Atmospheric Administration, Strategic
Assessment Branch, Rockville, MD. B C

Casey, J.F,, S. B. Doctor, and A.E. Wesche. 1993. Investigation of Maryland’s Atlantic Ocean and
coastal bay finfish stocks. Federal aid project no. F-50-R-3. Maryland Department of Natural
Resources. - B

Chapman, PM., E.A. Power, and G.A. Burton, Jr. 1992. Integrated assessments in aquatic systems";

Chapter in Sediment Toxicity Assessment, edited by G.A. Burton Jr.; Lewis Publishers.

Chrzatowski, M.L. 1986. Statigraphy and geologic'history of a Holocene lagoon; Rehoboth and Indian
River Bay, Delaware. Ph.D. Dissertation, Geology Department, University of Delaware, Newark,
DE. 337 p. ' '

Cochran, W. G. 1977. Sampling Techniques. 3rd ed. New York: John Wiley and Sons.

D’Elia, C.F, P.A. Steudler, and N. Corwing. 1977, Determination of total nitrogen in aqueous samples
- using persulfate digestion. Limnol. Oceanogr. 22:760-764. '

Delmarva Power and Light Company. 1976. Ecological studies in the vicinity of the Indian River power
plant for the period June 1974 through August 1976. A section 316(a) demonstration.

Dénnison, W.C., R.J. Orth, K.A. Moore, J.C. Stevenson, V Carter, S. Kollar, P. Bergstrom, and R.A. -
Batiuk. 1993. Assessing water quality with submerged aquatic vegetation. Bioscience. 43:86-94.

Derickson, W. K. and K. S. Price, Jr. 1973. The fishes of the shore zone of Rehoboth and Indian River
bays, Delaware. Trans. Amer: Fish. Soc. 102:552-562.

DiToro, D. M., J. D. Mahony, D. J. Hansen, K. J. Scott, A. R. Carlson, and G. T. Ankley. 1992. Acid
volatile sulfide predicts the acute toxicity of cadmium and nickel in sediments. Environmental
Science and Technology. 26: 96-101.

DiToro, D M., J. D. Mahony, D. J. Hansen, K. J. Scott, M. B. Hicks, S. M. Mayr, and M. S. Redmond.
1990. Toxicity of cadmium in sediments: The role of acid volatile sulfide. Environmental
Toxicology and Chemistry. 9:1487-1502.

DiToro, D. M;, N A. Thomas, C. E. Herdendorf, R. P. Winfield, and J. P. Connolly. 1987. A post audit
of a Lake Erie eutrophication model. J. Great Lakes Res. 13: 801-825. :

CONDITION OF DELAWARE AND MARYLAND BAYS " Page 73




Efron, B., and G. Gong. 1983. A leisurely look at the bootstrap, the Jackkmfe and cross-valldatlon Am.
Sta, 37:36-48. .

Fang, C. S., A. Rosenbaum, J. P. Jacobson, and P. V. Hyer. 1977. Intenswe hydrographlcal and water, .
quality survey of the Chincoteague/Sinepuxent/Assawoman bays, Vol. I1. ‘Data report: Intensive
hydrographical and water quahty Special Scientific Report No. 82. erglma Instltute of Marine
Science, Gloucester Point, VA. . SRR

Frithsen, J. B., L. C. Scott, and M. Young 1994. Methods for processmg estuarine benthlc o
macroinvertebrate samples from the EMAP Estuarles Vrrglman Provmce Versar, Inc Columbla,
MD. . )

Giesen, W.B.J.T., M. M. van Katwijk, and C. den Hartog. 1990 Eelgrass condmon and turbldrty in the
Dutch Wadden Sea. Aquat. Bot. 37 71-85. :

Gray, J.S. 1982. Effects of pollutants on marine ecosystems. Neth J Sea Res. 16 424-443.

Greene, R. W. 1995. Preliminary assessment of the bioavailability and ecologrcal nsk‘of
sediment-sorbed toxicants in the Delmarva coastal bays. Delaware Department of Natural Resources
and Environmental Control, Division of Water Resources, Watershed Assessment Section, Dover;-.
DE. Draft. co

Heukelem, L. Van, A. J. Lewitus, T. M. Kana, and N. E. Croft. 1992. High-performance liquid
chromatography of phytoplankton pigments using a polymeric reversed phase C,; column. J.
Phycol. 28: 867-872.

Holland, A. F., ed. 1990. Near coastal program plan for 1990: Estuaries. EPA/600/4 90/033 U S
Environmental Protection Agency, Environmental Research Laboratory, Narragansett, RI

Holland, A.F., A.T. Shaughnessy, L.C. Scott, V.A. Dickens, J. Gerritsen, and J.A. Ranasmghe 1989 ‘
Long term benthic monitoring and assessment program for the Maryland portion of Chesapeake )
Bay: Interpretive report. (CBRM-LTB/EST- 2). -Prepared for Maryland Department of Natural
Resources, Annapolis, MD.

Hollander, M., and D. A. Wolfe. 1973. Nonparametrlc Statlstlcal Methods New York John Wlley and
Sons. .

Holt, D., and T. M. F. Smith. 1979. Post stratification. J. R. Statist. Soc. A 142 33 46.

Klemm, D. J., L. B. Lobring, J. W. Eichelberger, A. Alford—Stevens, B. B Porter, R.F. Thomas J M
Lazorchak, G. B. Collins, and R. L. Graves. 1993. Environmental Monitoring and Assessment
Program (EMAP) Laboratory Methods Manual: Estuaries. U.S. Env1ronmental Protectron Agency,.
Environmental Research Laboratory, Cmcmnatr, OH.

CONDITION OF DELAWARE AND MARYLAND BAYS = " 7 " 'Page 74




Lacoutre, P.V,, and K.G. Sellner. 1988 Phytoplankton and nutrients in Delaware’s inland bays. Report to
Delaware Department of Natural Resources and Environmental Control, Dover, DE. 140 p.

‘Leeman Labs, Inc. 1988. The automated and advanced Model 240X-A Elemental Analyzer.

Long, E.R., and L. G. Morgan. 1990. The potential for biological effects of sediment-sorbed
contaminants tested in the National Status and Trends Program. NOAA Technical Memorandum
NOS OMA 52. U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, Natlonal Ocean Service, Rockville, MD.

" Long, E.R.,, D. D. MacDonald S L. Smith, and F D. Calder. .1995. Incidence of adverse bxologlcal
effects within ranges of chemical concentrations in marine and estuarine sediments. Envzronmental
Management 19(1): 81-97. ' :

Magnien, R., D. Boward, and S. Bieber, eds. 1995. The state of the Chesapeake Bay. Prepared by the
Chesapeake Bay and Watershed Management Administration, Maryland Department of the
Env1ronment for the Chesapeake Bay Program.

Maryland Department of the Environment. 1983 St. Martin River phytoplankton. Prepared by the Water
Quality Monitoring Division, Baltimore, MD.

Maurer, D. 1977. Estuarine benthic mvertebrates of Indian River and Rehoboth Bays, Delaware Int.
Revue Ges. Hydrobiol. 62:5, 591-629. :

Menzel D.W., and R.F. Vaccaro. 1964 The measurement of dissolved organic and particulate carbon in
seawater.  Limnol. Oceanogr. 9:138-142.

National Park Service. 1991. Assateague Island National Seashore water quality monitoring, 1987-1990.
Data summary report. Water Resources Division and Assateague Island Seashore. Tech. report
NPS/NRWRD/NRTR 91/06. Washington, DC. pp. 86.

Nixon, S. W., C. D. Hunt, and B. L. Nowicki. 1986. The retention of nutrients (C,N,P), heavy metals
(Mn, Cd, Pb, Cu), and petroleum hydrocarbons in Narragansett Bay. In: Biogeochemical Processes
at the Land-sea Boundary, 99-122. P. Lasserre and J. M. Martin, eds. Elsvier, NY.

NOAA. 1990. Estuaries of the United States: Vital statistics of a national resource base. A special
NOAA 20th Anniversary Report. National Oceanic and Atmospheric Administration, Rockville,
MD. o B

O’Connor, T. P. 1990. Coastal Environmental Quality in the United States, 1990: Chemical
contamination in sediment and tissues. A special NOAA 20th Anniversary Report National
Oceanic and Atmospheric Administration, Rockvnlle, MD.

CONDITION OF DELAWARE AND MARYLAND BAYS . Page 75




Orth, R.J., and K.A. Moore. 1988. Submerged aquatic vegetation in Delaware’s inland bays. In: -
Phytoplankton, nutrients, macroalgae, and submerged aquatic vegetation in Delaware’s inland bays,
96-121. Academy of Natural Sciences in Philadelphia. ‘ ' ‘

Orth, R. J., J. F. Nowak, G. F. Anderson, and J. R. Whiting. 1994, Distribution of submerged aquatic
vegetation in the Chesapeake Bay and tributaries and Chincoteague Bay - 1993. Prepared for U.S.
Environmental Protection Agency. ’

OTA (Office of Teehnology Assessment). 1987. Wastes in Marine Environments. Waehington, DC

Overton, W. S., D. White, and D. L. Stevens. 1990. Design report for EMAP: Environrnenfal '
Monitoring Assessment Program. EPA/600/3-91/053. U.S. Environmental Protection Agency,
Office of Research and Development, Washington, DC. '

Parsons, T. R., Y. Maita, and C. M. Lalli. 1984. A Manual of Chemical and Biological Methods for
Seawater Analysis. Pergamon Press. 4 '

Pearson, T.H., and R. Rosenberg. 1978. Macrobenthic succession in relation to erganic enriehmeni and
pollution of the marine environment. Oceanogr: Mar. Biol. Ann. Rev. 16:22-9-311. o

Plumb, R. H. 1981. Procedure for handling and chemical analysns of sediment and water samples.
Technical Report EPA/CE-81-1. Prepared for the U.S. Environmental Protection Agency/Corps of .
Engineers Technical Committee on Criteria Dredge and Fill Material. Vlcksburg, MS:
Environmental Laboratory, U.S. Army Waterways Experlment Station.

Pritchard, D. W. 1960. Salt balance and exchange rate for Chmcoteague Bay. Ches. Sci.1:48-57.

Quinn, H., J. P. Tolson, C. J. Klein, S. P. Orlando, and C. Alexander. 1989. Strategic assessment of
near coastal waters-susceptibility of east coast estuaries to nutrient dlscharges Passamaquoddy Bay
to Chesapeake Bay, summary report. Strategic Assessment Branch, Ocean Assessments Diyision,
Office of Oceanography and Marine Assessment, National Ocean Servxce, National Oceamc and
Atmospheric Administration. Rockville, MD.

Ranasinghe, J. A., S. B. Weisberg, D. M. Dauer, L. C Schaffner, R.J. Dlaz, and J. B. Frlthsen 1994
Chesapeake Bay benthic community restoration goals. Chesapeake Bay Program, U.S.
Environmental Protection Agency. CBP/TRS 107/94. Annapolis, MD..

Rhoads, D. C. 1974. Organism-sediment relations on the muddy sea floor. Oceanogr: Mar: Biol. Ann.
Rev.12:263-300. ' : o

Rhoads, D.C., P.L. McCall, and J.Y. Yingst. 1978. Dlsturbance and productlon on the estuarme sea ﬂoor
Amer: Sci. 66:577-586.

CONDITION OF DELAWARE AND MARYLAND BAYS " Page 76




Ritter, W.F. 1986. Nutrient budgets for the inland bays. Prepared for Delaware Department of Nétqral
‘Resources and Environmental Control. Dover, DE.

Santschi, P.H. 1984. Particle flux and trace metal residence time in natural waters. Limnol. Oceanogr.
29:1100- 1108

Santschi, PH., Y.H. Li, and S. Carson. 1980. The fate of trace metals in Narragansett Bay, Rhode
Island: Radiotracer experiments in microcosms. Estuar. Coast Mar. Sci. 10:635-654.

Santschi, P. H., S. Nixon, M. Pilson, and C. Hunt. 1984. -Accumulation of sediments, trace metals (Pb,
Cu) and total hydrocarbons in Narragansett Bay, Rhode Island. Estuar Coast. Shelf Sci.
19:427-449.

Schimmel, S.C., B.D. Melzian, D.E. Campbell, C.J. Strobel, S.J. Benyi, J.S. Rosen, and H.W. Buffum.
1994. Statistical summary: EMAP-Estuaries Virginian Province-1991. U.S. Environmental
Protection Agency, Office of Research and Development Environmental Research Laboratory,

- Narragansett, RI. EPA/620/R-94/005.

Seagraves, R. J. 1986. Survey of the sport fishery of Delaware Bay. Delaware Department of Natural
Resources a_nd Enyironmental Control. Doc’ument_No. 40-05/86/04/02.

Shannon, C.E., and W. Weaver. 1949. The Mathematical Theory of Communication. Urbana:
University of Illinois Press.

Snelgrove, P. V. R.,and C. A. Butman. 1994. Animal-sediment relationships revisited: cause versus
effect. Oceanogr. Mar: Biol. Ann. Rev. 32:111-177.

Strobel, C.J., H.W. Buffum, S.J. Benyi, E.A. Petrocelli, D.R. Reifsteck, and D.J. Keith. 1995. Statistical
" Summary - EMAP Estuaries: Virginia Province 1990 to 1993. U.S. Environmental Protection
Agency, National Health and Environmental Effects Research Laboratory, Atlantic Ecology
Division, Narragansett, RI. EPA/620/R-94/026.

Symposium on the classification of brackish waters. 1958. The Venice System for the classification of
marine waters according to salinity. Oikos 9:311-312.

U.S. EPA. 1992. Sediment classification methods compendium. EPA 823-R-92-006. Washington, D.C:
U.S. Environmental Protection Agency, Office of Water.

U.S. EPA. 1993. Guidelines for deriving site-specific sediment quality criteria for the protection of
benthic organisms. EPA /822/R-93/017. Washington, DC: U.S. Environmental Protection Agency,
Office of Science and Technology, Health and Ecological Criteria Division. :

CONDITION OF DELAWARE AND MARYLAND BAYS ~ Page 77




U.S. EPA. 1993a. Proposed sediment quality criteria for the protectlon of benthlc orgamsms
Acenaphthene. Washington, DC: U.S. Environmental Protection Agency, Office of Water, Ofﬁce of
Science and Technology. In Review. .

U.S. EPA. 1993b. Proposed sediment quality criteria for the protection of benthic organisms: |
Phenanthrene. Washington, DC: U.S. Environmental Protection. Agency, Office of Water, Offlce of
Science and Technology. In Review.

U.S. EPA. 1993c. Proposed sediment quality criteria for the protection of benthic organisms:
Fluoranthene. Washington, DC: U.S. Environmental Protection Agency, Office of Water, Office of
Science and Technology. In Review. o '

U.S. EPA. 1993d. Proposed sediment quaiity ctiteria for the protection of benthic organisfns: Dieldrin.
Washington, DC: U.S. Environmental Protection Agency, Office of Water, Office of Science and
Technology. In Review. -

Wass, M.L. 1967. Indicators of pollutlon In Pollutlon and Marme Ecology, 271-283. Olsen, TA and
F.J. Burgess, eds. New York: John Wlley and Sons.

Weisberg, S. B., A. F. Holland, K. J Scott HT. Wilson, D. G Hexmbuch S C. Schlmmel J.B. Frlthsen,
J. F. Paul, J. K. Summers, R. M. Valente, J. Gerritsen, and R. W. Latimer. 1993. EMAP-Estuaries,
Virginian Province 1990: Demonstration Project Report EPA/600/R-92/100 U.S. Environmental
Protection Agency, Washington, DC.

Weston, Inc. 1993. Characterization of the inland bays estuary. Prepared for Delaware Inland Bays
Estuary Program.

Wilson, J. G., and D. W. Jeffrey. 1994. Benthlc biological pollutlon indices in estuaries. In Biomonitoring
of Coastal Waters and Estuaries, 311-327. J. M. Kramer, ed. CRC Press, Boca Raton, FL.

CONDITION OF DELAWARE AND MARYLAND BAYS . Page 78




.- APPENDIX A
1993 Delaware Fish Seine Study and Comparison |
-, to Delaware and Maryland Historical Studies

- Contﬁbuting Adtho’rﬁs‘::_

Kent S. Price and Maryéllén Tin;rhbns : 7
University of Delaware, College of Marine Studies

¥

Cecelia C. Linder, James F. Casey,
Steve Doctor, and Alan Wesche
Maryland De;partmeqt of Natural Resources

' Janis C. Chaillou
Versar, Inc.




DELAWARE COASTAL BAYS

SHORE ZONE FISH COMMUNITY TRENDS

Kent S. Price!, Maryellen Timmons', and Janis C, Chaillou®
January 1996

INTRODUCTION

The general purpose of this study was to examine historical and current shore-zone fish commumty data to
determine whether perceived changes in the fish community could be related to spatial or temporal trends in water
quality in Delaware and Maryland's coastal ‘inland bays. Generally, studies in fresh water have shown that
moderate eutrophication increases fish biomass, but may shift the composition of the fish community from
desirable colder water fish to rough fish such as carp (Lee, et al., 1991). The mechanism underlying the shift in
community structure is poorly understood, but Lee, et al. (1991) suggests that it is related to such factors as
reduced grazing ability of predatory fish brought about by increased turbidity from increased amounts of
phytoplankton. Almost no studies of this type have been conducted for estuarine fish. Price, et al. (1985)
suggested that the depression of striped bass stocks in the Chesapeake Bay may be related to eutrophlcatlon
through (1) loss of habitat for adult fish through reductions in dissolved oxygen in deepér waters and (2) loss of
habitat for juvenile fish through eutrophication mediated reductions in submerged aquatic vegetation. Price (U.S.
EPA, 1983) also proposed that nutrient and toxic enrichment of low-salinity spawning and nursery areas may be
related to declines in anadromous (fresh water) spawning estuarine species such as- stnped bass, white perch
yellow perch, herring, and others. :

' University of Delaware, College of Marine Studies, Lewes, DE "

2 Versar, Inc., Columbia, MD




THE SETTING IN DELAWARE

Delaware's inland bays (Fig. 1) consist of three
interconnected water bodies--Rehoboth, Indian
River, and Little Assawomarn bays. The inland -
bays have a drainage area of about 300 square
miles, a water surface area of 32 square miles, a
marsh area of 9 square miles, a mean-low-water
volume of 4 billion cubic feet, and a freshwater

, dlscharge of 300 cubic feet per second. Almost
30 square miles of the inland bays are classified as
shellfish waters, of which 19 square miles ‘
presently are approved for shellfishing. There are
about 126 people per square mile of the inland
bays watershed, and the land is about 10 percent
urban, 44 percent forested, and 46 percent
,agrlculture The inland bays are tidally flushed,
with estimates typically converging on 90- 100
days for Indian River Bay and 80 days for
Rehoboth Bay. No flushing estimates are
available for Little Assawoman Bay (Weston,
1993)."

The inland bays are suffering from plant nutrient
enrichment (eutrophication) that causes unwanted
phytoplankton blooms with resulting declines in
light penetration and oxygen levels. These
changes in environmental quality have led to
eradication of submerged aquatic vegetation (sea
grasses) and to declines in desirable finfish and
shellfish. Major sources of these nutrients are
land runoff from intensive agribusiness
operations, intrusion of nutrient-contaminated
groundwater from agricultural and domestic
sources, and sewage treatment plant effluents.

Overall, the inland bays are highly nutrient
enriched (eutrophic), especially in the tidal creeks.
Characterization efforts in the Chesapeake Bay
yielded a classification system for bay waters
based upon total nitrogen and total phosphorous
concentrations. Under that classification system,
the inland bays' combination of ambient total
nitrogen concentrations, generally in excess of

1 part per million (ppm), and total phosphorous
concentrations, generally in the range of-0.1 to
0.2 ppm, would rank the inland bays among the

most enriched of the 32 sub-estuarine systems of
the Chesapeake Bay. Based upon the Chesapeake
classification system, the middle and upper
segments of the Indian River estuary are more
enriched than any segment of the Chesapeake Bay.
Significant increases in tidal flushing rates over
the past 20 years may have mediated the
progression of advancing eutrophic conditions, .
especially in the lower, higher salinity reaches of
the system (Weston, 1993).

For Rehoboth Bay, agriculture is the principal
source of nitrogen, but point sources are the major
source of phosphorus, almost all of which
originates from the Rehoboth wastewater
treatment plant (Cerco, et al., 1994). For Indian
River and Assawoman bays, the principal source
of both nitrogen and phosphorus is agriculture,
through the application of inorganic fertilizers and
manures. These practices, applied to the sandy,
permeable soils of the watershed, have resulted in
widespread contamination of the groundwater by
nitrates (Andres, 1994)

Groundwater is a highly significant component of
freshwater flow into the bays. About 70 to

80 percent of total freshwater stream flow is
composed of groundwater discharge.

Groundwater also flows under the bay shores and
discharges directly into the bays. Nearly all of this
groundwater originates as precipitation in the
inland bays watershed (Andres, 1992).
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METHODOLOGY

Field Collection

During the CBJA, a beach seine sui'vey of juvenile '

fish in the Delaware coastal bays was conducted °
monthly from July to September 1993 at 26 of 29
. sites corresponding to those sampled in historical
studies. Three sites could not be sampled due to
lack of beach (Fig. 1). Two kinds of sampling
gear were used to be consistent with the historical
studies. Sites corresponding to those sampled by
Edmunds and Jensen (1974) or Ecological

Analysts (1976) were sampled with a 50-ft., nylon

haul seine of 0.25-in mesh with a 6-ft. by 6-ft.
center bag. Sites corresponding to those sampled
by Derickson and Price (1973) were sampled with
a 60-ft., nylon haul seine of 1-in stretch mesh with
a 6-ft. by 6-ft. center bag. Two sites that were
common to the studies by Derickson and Price
(1973) and Ecological Analysts (1976) were

sampled with the 60-ft gear only. At allsites, - -

bays, percent abundances for each species were
calculated based on the two summer months'
collections that most closely approximated the
CBJA 1993 collecting times and the Maryland
coastal bays' finfish investigations (Casey, et al.,
1994) in either June/July or August/September.
Because of possible differences in sampling gear
and intensity, no special attempt was made to
analyze differences in total abundance. Fish
species were ranked by percent abundance for the
summer season by aggregating two sampling

_ periods (June/July or August/September) for each
body of water sampled. . -

seines were deployed by holding one end on shore, i o

towing the other end perpendicularly away from
shore, walking parallel to shore for 50 yards, then
sweeping the seine in a semicircular path towards
the shore. All fish collected were identified, and
up to 25 individuals of each species were
measured to the nearest millimeter.

Data Analysis

Data sets for shore-zone fish were assembled from
original data sets where possible. Otherwise, data
summaries from reports, technical papers, and the
Delaware inland bays characterization document
(Weston, 1993) were utilized in the analysis. The
principal studies used in this analysis are shown in

Table 1. Original data sets were available only for o

the Coastal Bays Joint Assessment (CBJA) for
1993 and Edmunds and Jensen for 1971.

In an effort to determme how shore-zone fish
community structure may have changed with time
and allow comparisons to Maryland's coastal




RESULTS

Indian River Bay and Rehoboth Bay

Results from Derickson and Price (1973) are
shown in Figure 2 and indicate that for the
summer of 1968 the five most dominant fish -
species in order of percent abundance were
Menidia menidia (30.6%), Fundulus majalis
(29.2%), Fundulus heteroclitus (20.2%),
Pseudopleuronectes americanus (7.6%), and
Anchoa mitchilli (4.6%) representing a total of
92.2% of the total shore-zone fish community.
The same authors (Derickson and Price, 1973)
report for the summer of 1969 (Fig. 3) that the
most dominant fish species were Fundulus
majalis (35.8%), Menidia menidia (22.0%),
Fundulus heteroclitus (21.3%), Bairdiella
chrysoura (9.1%), and Pseudopleuronectes
americanus (3.5%) for a total of 91.7% of the
shore-zone fish community. In 1992, Timmons
(1995) captured shore-zone fishes reporting
Menidia menidia (34.8%), Fundulus heteroclitus
(16.4%), Fundulus majalis (16.3%),
Pseudopleuronectes americanus (5.2%), and
Anchoa mitchilli (4.6%) for a total of 77.3% of
the shore-zone fish community (Fig. 4). In 1993,
the CBJA duplicated the Derickson and Price
(1973) and Timmons (1995) studies and reported
dominance in order of percent abundance to be
Fundulus majalis (49.4%), Fundulus heteroclitus
(31.2%), Cyprinodon variegatus (3.1%), Mugil
curema (2.9%), and Leiostomus xanthurus
(1.9%) for a total of 88.5% of the shore-zone fish
community. In this case, the two Fundulus sp.
accounted for over 80% of the total (Fig. 5).
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‘Square Mesh
Rehoboth--8 Stations
Timmons & 20'x 3'; 0.25" Str. ,
Price 1992 Indian River-- ‘ Mesh ~100 Jurle, August
7 Stations )
Price & 1991 Little Assawoman Bay--5 33' x 4' Seine; ~100" Single Event--
Schneider Stations 0.25" Str. Mesh June
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The rank and relative abundance of the top ten (2), Menidia menidia (3), Pseudopleuronectes
shore-zone fish collected by seine in the above americanus (4), and Cyprinodon variegatus (5)
‘studies are shown in Table 2. The average rank of which allows members of the Cyprinodon family
the five most abundant shore-zone fish in order to comprise

are Fundulus majalis (1), Fundulus heteroclitus
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three of the top five rankmgs for Rehoboth Bay
and Indian River Bay.

Edmunds and Jensen (1974) collected shore-zone
fish at 9 stations from the base of the Millsboro
dam on upper Indian River to the mouth of Island
Creek near the DP&L Indian River power plant.
In 1971, they found the dominant fish species to
be Brevoortia tyrannus (69.6%), Fundulus .
heteroclitus (8.5%), Pomoxis nigromaculatus .
(6.8%), Menidia menidia (4.7%), and Leiostomus
xanthurus (3.3%) for a total of 92.9% of the fish
community (Fig..6). In 1993, the CBJA = .
duplicated this study and reported dominance in
abundance by percent to be Menidia menidia
(60.9%), Fundulus heteroclitus (21.7%), - -
Fundulus majalis (8.9%), Morone saxatilis'
(2.2%), and Leiostomus xanthurus (1.4%) for a
total of 95.1% of the shore-zone fish community
(Fig. 7). The 1971 study reported a number of -
primarily freshwater species including
Notemigonus crysoleucas, Fundulus dzaphanus,
Pomoxis nigromaculatus, and Esox niger.
Lepomis macrochirus and Lepomzs gibbosus
were reported both in 1971 and 1993 but in larger
numbers in 1971. . .

t i Da

Station 1 from the 1971 study by Edmunds and
Jensen (1974) was the most up-river station in
Indian River and, therefore, should experience the
lowest salinities. In 1971, the most dominant
species by percent abundance were Pomoxis
nigromaculatus (45.2%), Menidia beryllina
(19.29), Fundulus diaphanus (10.7%),
Notemigonus crysoleucas (9.5%), and
Leiostomus xanthurus (7.4%) for a total of 92. 0%
of the shore-zone fish community (Fig, 8. In
1993 (Versar, 1995), the dominant species at that
station were Fundulus heteroclitus (48.1%),
Morone saxatilis (16.9%), Fundulus majalis
(13.5%), Menidia menidia (9.9%), and Menidia
beryllina (5.2%) for a total of 93.6% of the total

.. three of the top five species were freshwater flsh ‘

shore-zone flSh populatlon (Fig. 9) In 1971

with Fundulus sp. comprising only 10.7%, while 8

in 1993 all were brackish/estuarine forms with the
two Fundulus sp. comprising a total of 61.6% of
the total assemblage. .

White Creek

In 1957, Pecheco and Grant (1965) conducted a B

shore-zone fish survey of White Creek (Fig: 10)

and reported that the dominant species in order of :

percent abundance were Brevoortia tyrannus .
(32.5%), Menidia beryllina (19.5%), Memdza
menidia (18.2%), Fundulus heteroclitus (13.5%),

and Anchoa mitchilli (5.9%) for a total of 89.6% -

of the shore-zone fish community (Fig. 11).

Campbell (1975) duplicated the study 16 years

later and showed that the dominant species
captured in White Creek included Menidia -

- menidia (39.7%), Fundulus heteroclitus (13. 6%)

- 1973, that had’ mcreased to 22.4% of the total -

A2

Leiostomus xanthurus (13.0%), Menidia
beryllina (11.6%), and Fundulus majalis (8.8%)
for a total of 86.7% of the shore-zone fish

community (Fig: 12). In 1957, the two Fundulus ",'

i

sp. comprised 15.6% of the total assemblage, By -

assemblage




Atlantic 1 30.6 2 22.0 1 348 8 08| 3
Silversides : .

Striped Killifish 29.2 35.8 3 163] 1 494 1

Murimichog 37 02| 3 1 213 2 16.4 31.2 2

Winter flounder | 4 | 7.6 | 3.5 4 5.2 0.8 4

Menhaden 6 45 9

Bay Anchovy 46| 5 4.6 6%
Sheepshead ' 6 25 7 1.2 3 "3.1 5

Minnow™ ' : ‘

Spot - ‘ 6 1.6 5 1.9 8

Silver Perch . 9 0.7 . 9.1 8 2.8, 6+
Atlantic Croaker . 6 1.8 ,
White Multet | " 10 06| 10 0.5 : 4 i 29| 10

Rainwater Fish | 8 1.2

Striped Mullet | - .. 9 0.8 7 1.6

Weakfish | 10 1.5

NorthernPuffer | 7 (' 15| '8 1.1 B

Atlantic Herring B ' 3.2

Striped Anchovy 9 2.3

Indian River Bay

The only additional data for Indian River Bay are
from a study conducted by Ecological Analysts for
Delmarva Power and Light (Ecological Analysts,
1976). The study included seven shore-zone
stations spaced approximately equidistantly from
Millsboro Dam to Indian River Inlet (Fig. 1).
Original data were not available for this study.
The semi-monthly (74-75) data or monthly (76)
data were aggregated by year (74-75, 75-76, 76)
and, therefore, are not directly comparable to the
two monthly summer collections selected from the
other studies. However, these data do provide

A-13

some msxght into the shore-zone fish community
and are included in Table 3 for completeness. The
rankings of dominant species for White Creek
(1957 and 1973) and Indian River (1974-1976) .
are strikingly similar (Table 3) and show that the
dominant species in order are Menidia menidia
(1), Fundulus heteroclztus @), Brevoortta
tyrannus (3), Memdza beryl[ma (4) and '
Leiostomus xanthurus (5)
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Figure 10. White Creek, Delaware, with the eight sampling stations indicated. Inserts shows location
of White Creek relative to the Atlantic coast.
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Atlantic Silversides | 3 182 1 i1397] 2 148 | 2 260 3 6.5 1
Striped Killifish 8 2.1 88| 7 131 4 44| 8 0.7 7
Mummichog 4 135 2 {136] 3 122 | 1 276 | 4 6.5 2
Menhaden 1 32.5 1 5861 5 i 33| 1 70.9 3
Bay Anchovy 5 5.9 1.6 4 2.9 7 2.3 5 1.3 6
Sheepshead 9 1.1 20| 10 0.6 ’ ‘ 9
Minnow : .
Spot 3 i128) 6 26| 3 2561 2 10.3 5
Silver Perch 7 2.5 ]
Bluefish .9 0.7
Golden Shiner ' 8 1.4
Gizzard Shaci 9 1.2
White Perch | o 0.5
Croaker 8 1.0 ' '
. White Mullet 10 1.0 ' 0.5 10
Tidewater 2. i 195| 4 i1ne| s 29| 6 | 32 0.8 4
_Silversides
Rainwater Fiéh 6 3.3
‘Striped Mullet 8.0
Banded Killifish 0.4 10 11| 6 1.0 8
“Top Minnow 10 i 03 '
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DISCUSSION

One way of attempting to examine trends in fish
populations over time in the Delaware's inland
coastal bays is to compare the composition for the
earliest records in the area with current
compositions. For White Creek, the earliest
record (1957) and three representative studies .
conducted in 1968, 1973, and 1993, there seems
to be a significant shift in the fish faunal
dominance as shown in Tables 2 and 3. These

shifts are summarized below:

During the past 36 years, it appears that
dominance has shifted from juvenile menhaden,
tidewater silversides, and bay anchovy to
Fundulus sp. and sheepshead minnow. Basically,
the general impression is that the Family
Cyprinodontidae, which includes the killifish and
sheepshead minnow, are becoming progressively
more dominant with time, while menhaden, bay
anchovy, and tidewater silversides are declining in
dominance. Of these, the killifishes and
silversides are year-round residents, while the
anchovy and menhaden are warm-water migrants
(Weston, 1993). Thomton (1975) reported that
the killifish and sheepshead minnow have strong
tolerances to low oxygen while menhaden and bay
anchovy are quite sensitive to low oxygen. Based
on the literature and his own research, Thornton
(1975) constructed a classification of estuarine
fish based on their sensitivity to low oxygen. For

Renk | . . 1957 CUUAges i 11993
1 Menhaden Atlantic Silversides Atlantic Silversides Striped Killifish
2 Tidewater Silversides Striped Killifish Mummichog Mummichog
3 | Atlantic Silversides Mummichog Spot. Sheepshead Minnow
4 Mummichog Winter Flounder Tidewater Silversides White Mullet
5 Bay Anchovy Bay Anchovy Striped Killifish Spot6
6 | Rainwater Fish Sheepshead Minnow Striped Mullet Atlantic Croaker
7 | Silver Perch Northern Puffer Sheepshead Minnow Striped Mullet
8 Striped Killifish Rainwater Fish Bay Anchovy- Atlantic Silversides
9 Sheepshead Minnow Silver Perch Banded Killifish Winter Flounder ‘ '

10 White Mullet " White Mullet “Top Minnow Kingfish ;
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the dominant fishes encountered in this study, they
are listed below in order of sensitivity:




Most Sensitive Brevoortia tyrannus Atlantic Menhaden
Menidia menidia Atlantic Silversides
Anchoa mitchilli Bay Anchovy
Mugil cephalus Striped Mullet
Bairdiella chrysoura Silver Perch
Leiostomus xanthurus v Spot

‘ Cyprinodon variegatus Sheepshead Minnow
K Fundulus heteroclitus Mummichog
Least Sensitive Fundulus majalis Striped K.illifiSh

Although Anchoa mitchilli, the bay anchovy, was
not included in the original list by Thornton
(1975), he mentions that it is extremely sensitive
to being held in captivity and dies within a few
minutes in tanks or buckets, suggesting a very low
tolerance to hypoxic stress; i.e., it would probably
rank with the Atlantic menhaden and Atlantic
silversides as being very sensitive. Thornton
updated the ranking to include the bay anchovy as
shown above and as reported in Daiber, et al.
(1976).

Water Quality Considerations

The nutrient inputs to the inland bays affect the
abundance and distribution of bay lifé. The
microscopic floating plants (phytoplankton) are
most prolific (as measured by chlorophyll
concentrations) in the portions of the estuary
closest to nutrient sources (e.g., in the upper.and
middle portions of Indian River Bay), while
Rehoboth Bay generally represents an inter-
mediate level of ambient nutrients and chlorophyll
concentration, while the area nearest Indian River
Inlet has the lowest concentrations of both. The
same relationship is seen in the clarity (turbidity)
of the water, with the upper portions of the
tributaries having the most turbid water and the
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areas flushed near Indian River Inlet having the
least turbid water. Turbidity also changes
seasonally, with clarity of the water generally
improving after Labor Day and lasting until about
Memorial Day. The most turbid water in all three
bays is seen during the summer season and
probably results from a combination of biological
effects (increased phytoplankton and microbial
growth) and physical effects (boat traffic)
(Ullman, et al., 1993).

Secchi depths in upper Indian River now average
about 50 cm year-round, but may be as low as .
10 cm during summer months when extremely
high chlorophyll concentrations (in excess of

~100pg/L™) occur in the mesohaline and tidal creek

portions of the river (Ullman, et al., 1993). Based
upon the EPA Chesapeake Bay classification
system, the middle and upper segments of Indian
River estuary are more enriched than any segment
of the Chesapeake Bay (Weston, 1993) and very
likely any portion of the Maryland coastal bays.

Submerged Aquatic Vegetatioh

A major worldwide decline of seagrass beds
occurred in the 1930s and affected the Chesapeake
Bay and the Delmarva Peninsula (Delaware,




Maryland, and Virginia). While many areas
revived from the decline, the inland bays of -. .
Delaware never recovered. -Eelgrass, Zostera -
marina, once present in the inland bays in the
1920s has been seen sporadically in small
quantities, but has not been verified since 1970.
Transplanting of seagrasses has been unsuccessful
in Delaware, probably due to high levels of -
suspended chlorophyll, increased turbidity, and .
high levels of nutrients (Orth and Moore, 1988). :

The combination of excessive nutrient levels and
high turbidity appears to eliminate the growth of .
submerged aquatic vegetation (SAV) such as eel.
grass (Zostera marina) in the inland bays. This:
probably has significant ecological effects,
because SAV is desirable habitat for-a variety of -
finfish and shellfish and is food for certain types

., early 1§=7OS'When the inlet depth eroded from _
< .20 feet to depths in excess-of-90 feet. The

resulting increase in the volume of highly saline’
ocean that was allowed to pass with each tidal |
cycle and the accompanying increase in tidal range
have had a profound impact on the habitats and
living resources of the inland bays (Weston,
1993).

‘Of particular importance is the reduction (almost'

total loss) of the tidal freshwater portion of the -

_ inland bays. The estabhshment of dammed mill

g ponds and the dredgmg of the upper portions of
 tidal tributaries, thus allowing the extended

upstream progression of the saline tidal vv.vedge, o

“coupled with the increased salinity of the bays, has

' v1rtually eliminated breeding and nursery habltat

of waterfowl, although the habitat function may be .

provided, to some extent, by attached benthic -
algae (seaweeds) (Timmons, 1995). The
seaweeds probably also play a role in sequestering
excess nutrients during the summer, but we have
evidence that extremely high levels of nutrients
and turbidity have a degrading effect on the
seaweeds as well, especially in the upper portion
of Indian River Bay (Timmons, 1995). -

Orth and Heck (1980) found that the dominant
fish species in Chesapeake Bay eelgrass meadows
were Leiostomus xanthurus (1), Sygnathus fuscus
(2), Anchoa mitchilli (3), Bairdiella chrysoura
(4), and Menidia menidia (5). By contrast,
Fundulus heteroclitus and F. majalis ranked 9th
and 43rd in eelgrass meadows, respectively.

Habitat Loss through Salinity Changes

The aquatic habitats of the inland bays have been
significantly modified during the last few
hundreds years. The most significant impacts
have occurred as a result of the stabilization and
deepening of Indian River Inlet, which resulted in
a dramatic change in the bays' complexion. Since
the early 1930s, the bays have progressed from an
almost totally freshwater, landlocked system to a
marine-dominated estuary--all within 60 years.
The most dramatic change has occurred since the

for anadromous fish once common to the mland
bays Striped bass, shad, and various hemng, to
name a few, were once common to the bays and ~

have now virtually disappeared due to major ' -

losses of this high-value habitat. Many of those

“few upper tributary areas that could still function

as spawning and nursery fisheries habitat have
been channeled through coarse, woody habitat for
the purpose of water drainage and small-boat -

" navigation, yielding streams sterile of habitat

structure necessary for protectlve cover (Weston,
1993). -

“Table 4 shows the increases in salinities that have
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occurred since the late 60s and early 70s at the
uppermost stations in Indlan River based on '~
Edmunds and Jensen's 1971 data compared to the
1993 CBJA. A companson of the dominant. fish
captured in 1971 in upper Indian River (Fig. 6)
and at the base of the MllleOl‘O dam (Fig. 8) with
fish captured in 1993 at the same locations (Figs.
7'and 9) shows a distirict shift froma =
predommantly freshwater assemblage in 1971 to a
more brackish fauna in 1993 dommated pnmanly
by two Fundulus sp.




SR S T RS I R E 78 | 107 | 141
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3 75 | 17 | 135 12 | 16 |19 | 154 | 217
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o | 11 [ 24 25 | 25 24 - 2;2:.8  260 | 248
| 15 | 25 | 255 | 24 25 | 245 | 263 | 263

Data taken from line graphs in Jensen repon for EPRI (Edmunds and Jensen, 1974) :

54 Coe 2 ' 30-3‘1 . i 10

49 - 1 3

0 5

Markers are mid-channel.

Of special note is the appearance in 1993 of a
strong'yéar class of young-of-the-year striped bass
(Morone saxatilis) not reported in these bays in
significant numbers in any previous study .
(Pacheco and Grant, 1965; Derickson and Price, '
1973; Edmunds and Jensen, 1974; Campbelli,
1975). The only interpretation that is offered is
that the great recent success of the striped bass
‘population in the Chesapeake Bay is allowing an
expansion of the spawning stock into Delaware's
inland coastal bays. As evidence for a one-time
recent occurrence of striped bass, Timmons
(1995) surveyed the shore-zone fish of Indian.. - . - ..~ . .
River and Rehoboth Bay in 1992 duphcatmg the o e e
1969-70 study of Derickson and Price (1973) and T e e
found no striped bass (Morone saxatilis).
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MARYLAND S COASTAL BAYS

e

Cecella C Lmder J' ames F Casey, Steve Doctor, Alan Wesche
Maryland Department of Natural Resources
S J anuary 1996 '

INTRODUCTION

The Shallow waters of Maryland's coastal bays have hlstoncally supported large populations of juvenile
finfish and shellfish; adults of many specnes of fish are also seasonally common. Atlantic croaker, bluefish,
spot, summer flounder, weakfish, shiark, blue crab and hard clam are important both recreational and
commercial species which use habitats’ of the coastal bays Over 115 species of finfish, 17 species of
mollusks, 23 species of crustaceans and countless foraging/grazing organisms frequent these bays (Casey et
al., 1991, 1992, 1993). Since 1972, Maryland's Departmerit of Natural Resources has sampled the coastal
bays, supplying data for environmental reviews and resource management Current data on fishery stocks in
Maryland's coastal bays are important for several reasons: (1) Many. species which use this habitat (bluefish,
butterfish, croaker, spot, American eel, summer flounder, scup, sea bass, weakfish, spotted sea trout, red and
black drum, white perch, blue crab and horseshoe crab) are the subjécts of interstate and/or state management
plans, (2) development is increasing, and (3) important fisheries are dependent on production from this area.

Human population growth and watershed development are encroaching on the coastal bay system. Over the
next 20 years, local human population levels are expected to increase by 28%, and most of the development
will be along the shoreline. Survey data can be used in evaluating impacts of specific developments and
tracking ecosystem health over the long term (Citizen's Agenda, 1990). The value of the local commercial
and recreational fisheries is quite significant. In 1992, 15.8 million pounds of finfish and shellfish worth 7.7
million dollars were landed in Ocean City. This catch represented 28% of the weight and 21% of the value of
Maryland landings. Most of the region's commercial and recreational fishery landings were composed of
estuarine-dependent species (Citizen's Agenda 1990) such as summer flounder, weakfish, croaker, and sea
bass. During 1985, the last survey year where coastal recreational catch data could be separated from total
state recreational catch data, approximately 378,000 recreational fishing trips caught 1.1 million fish in
Maryland's coastal waters (NOAA/NMFS, 1986). Trip related expendltures of these fishing trips was $19.1
million (U.S.F.&W.S.,1989). ,

Information from annual catch data and analysis have been of considerable value to a number of
organizations and agencies. Among those requestmg data are the ASMFC Spot and Atlantic Croaker
Workshop, ASMFC Weakfish Technical Commxttee, ASMFC Summer Flounder Technical Committee, Mid-
Atlantic Fisheries Management Council, MDNR Water Resources, Tidal Wetlands Division, U.S. Fish and
Wildlife Service, Environmental Protection. Agency, Natronal Park Service, U.S. Corps of Engineers, Versar .
Inc., Virginia Institute of Marine Sclences, Umvers:ty of Maryland CEES, Delaware DNREC, offices of
Maryland state delegates, U.S. Congressmen and Baltimore Sun and Washmgton Post newspapers.
Educational seminars were also conducted thh Umver51ty and Elementary school students




THE SETTING IN MARYLAND

Maryland's coastal bays (F ig. 13) are contamed

within a single Maryland county and consist of srx -
interconnected water bodies- St. Martin River and * -

Assawoman, Isle of Wight, Sinepuxent, Newport

and Chincoteague Bays- as well as'a number of
smaller tributaries. Combined they have a total
water surface area of 140.6 square mileés. The-

watershed however, is only about 205 square ‘

miles in size, primarily due to the proxrrmty of the L

Pocomoke River to the west. The total léngth of
the bays and watershed between the- ergrma and

Delaware lines is about 35 miles. The land is low, ,

sandy, and generally poorly drained. Extensive

Type 17 wetlands (Spartina) border much of the -

coastal bays. The coastal bays have been
estimated to contain 92% of the state's inventory
of this wetland type.

Geomorphology

The coastal bays and watershed are underlain by
three distinct geologic formations:

1 Sinepuxent formation- dark, poorly
sorted, silty, fine to medium sand with
thin beds of peaty sand and black clay.

2. Ironshire formation- pale yellow to white
sand and gravelly sand.

3. Beaverdam formation- pale coarse
gravelly sand with thin local beds of dark
gray clay containing peaty material.

Soils of the watershed are predominately of the
Fallsington-Woodstown-Sassafras association.
‘These are level to steep and poorly drained to well
drained with a dominant sandy clay-loam subsoil.
Smaller regions of other soil types exist here,
characterized by poor drainage and a silty clay-
loam subsoil. There are ten known aquifers that
may impact the watershed with the Quatemary
aquifer being the most important source of fresh -
water. Itis recharged by precrpltatron overa -

‘broad area. Some of these aquifers contain salt

water. Contamination of existing aquifers with
salt water has taken place in limited areas due to
dredging or excessive fresh water withdrawal.
The water table is generally within 25 feet of the
surface with basement rock formations found in
excess of 7,500 feet deep.

" Hydrography

Seven notable streams are tributaries to the
coastal bays, with the St. Martin River, accounting
for 62% of the total drainage area for the upper
two bays, being the primary one. The coastal bays

- - are connected to the Atlantic Ocean by an inlet at
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Ocean City and an inlet at the southern terminus
of Chincoteague Bay in Virginia. The bays are
shallow, generally less than six feet in depth, with
the greatest depths in the marked navigation
channels. Shoaling is common in many areas of
the bays, reducing depths to only one to three feet.
Mean salinities for the areas sampled by Maryland
DNR vary from 25 ppt to 30 ppt during the
summer. However, in Chincoteague Bay, the slow
water exchange rate can cause evaporation to
increase salinity to as much as 35 ppt. Circulation
patterns and tidal ranges are dependent on wind
conditions and proximity to the inlet. Currents
near the inlet can reach five knots with tidal
amplitudes of three to four feet. The currents

rapidly drop off with distance from the inlet.

Historically, the barrier island is susceptible to
interdiction by severe storms. Since the 17th
century, more than fifty hurricanes and heavy -
storms have hit Maryland's coast leaving more
than eleven inlets in their wakes.
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Figure 13. Historical finfish seine sites for Maryland’s inland bays.

A-28




Sediments

Coastal bay sediments consist primarily of clay-
silts along the western edge, grading through -
sand-silts in mid-bay to sand along the eastern
edge. Numerous lenses of varying size of the clay-
silts occur within the east side sands. In most
upper coastal bay sediments, carbon, nitrogen and
sulfur are generally within expected ranges for
marine sediments. Metals are also generally within
expected ranges although copper and zinc levels
are slightly elevated. S

Habitat

The area is biologically diverse. Many of the
marshes are classified as Type 17 wetlands with
additional species dominating the drier ecotones.
Over 11,000 acres of low and high salt marsh
have been estimated for the coastal bays. "
Submerged aquatic vegetation (SAV) is common
and gradually increasing along the eastern sides of

the lower two bays but somewhat uncommon and

static in the upper two bays. The lack of SAV's in
the upper bays can be due in part to over 25 years
of dredge-and-fill activity and resultant changes
along the bayside of Ocean City. In 1981, over
157 species of benthic invertebrates representing
five phyla were sampled in the bay sediments
(Casey and Wesche, 1982). Species richness and
abundance varied both temporally and spatially.
Diversity and density declined towards late
summer and with proximity to the inlet. Generally,
diversity and density were higher along the
western edges of the bays with clay-silts being the
preferred substrate. However, stressed habitat
severely limited or eliminated these benthics.
Over 115 species of finfish have been identified.
Most of these are estuarine-dependent,
particularly juvenile game fish such as flounder,
sea trout, spot, croaker, bluefish, stnped bass, eel
and sea bass (Casey et al., 1991, 1992, 1993).
The coastal bays are recognized as a valuable -
breeding and nursery habitat for game species as
well as the forager/grazers (Figs. 14 and 15).

The bays are an important area for more than 200
species of birds. More than 11 species actively
feed on emergent shoals while many more use the
area for breeding, feeding, staging and wintering.

Several are listed as threatened or endangered

(Citizen's Agenda 1990). Diamondback terrapin,
which have never fully recovered from excessive
harvest in the early 1900's, use small, protected
sandy beaches within the wetlands to deposit eggs,
spending the balance of the year foraging around

the more isolated wetlands. Protected turtles such

as the Atlantic Loggerhead and Leatherback have
been observed in the upper two bays. A variety of

‘'mammals including raccoon, muskrat, otter and

harbor seals use the bays for feeding and/or
breeding.

Lend se in the Watershed
The western side of the bays are primarily rural

but with rapidly accelerating housing and strip
development on the upper two bays. The eastern

~ side represents extremes, with 25 miles of

Assateague Island maintained in its natural state
by the National and Maryland statepark systems
and to the north, ten miles of Fenwick Island as
Ocean City, a heavily developed resort, holding as
many as 240,000 visitors on a summer weekend.
In 1990, it was estimated that 43 developments of
various kinds were under construction or
completed (Citizen's Agenda, 1990). Currently, at
least eight more are in the planning stages or
under construction. Much of this development and
construction is taking place on land recognized
since 1977 as a flood hazard area. The rural areas

~of the watershed are devoted to lumber

production, agriculture, and the chicken industry.
Two wildlife management areas are within the
watershed as are six sewage treatment plants of
varying capacity; five of which empty into the
coastal bays. ;
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Bay Anchovies (3")
Anchoa mitchilll Siiversides (3*)

Menldla sp.

Halfbeak (7°)
Hyporhamphus unifasclatus

Allantlc Needlefish (9)
Sirongylura marina

Striped Killifish (fo 8%)
Fundulus majalls

Sheopshead Minnow (fo 4%
Cyprinodon varlegatus

Banded Killifish (fo 4'4")
Fundulus daphanus

Mummichog (fo 5%)
Fundulus heteroclitus

Figure 14. Common shallow water species present in the Delaware and Maryland inland bays
(Lippson and Lippson, 1984).




W EETS
et ety

Figure 15. Common benthic species in Maryland’s inland bays: a) oyster toadfish, Opsanus tau; b)
skilletfish, Gobiesox strumosus; c) striped blenny, Chasmodes bosquianus; d) naked goby, Gobiasoma
bosci; ) northern puffer, Sphoeroides maculatus; f) northern searobin, Prinotus carolinus; g summer
flounder, Paralichthys dentatus; h) hogchoker, Tinectes maculatu (White, 1989). '
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Perceived Stressors on the System

Rapid growth of housing and strip developments

and the resultant associated problems of sewage, '

stormwater runoff, boat traffic and dockage
demands, and service and solid waste demands are
the primary stresses on much of the coastal
waters. Bulkheading eliminates wetlands and
shallow water habitats and creates unstable
bottom conditions. Dredging and dead-end canal
developments create unusable or detrimental
habitat. Discharge of untreated and treated sewage
from five sewage treatment systems, landfill

leachate, poultry plant and agricultural runoff, and

aging septic systems add to the problem.
Currently, Turville/Herring Creeks and the St.
Martin River have been closed to shellfishing
from coliform contamination since 1975 and
Johnson Bay since 1966. Generally, it is

acknowledged that seasonal patterns for dissolved

nutrients, chlorophyll-a and dissolved oxygen are
similar to other healthy high saline coastal bays.
However, current water quality data is distinctly
inadequate at detecting short and long term trends
in toxic contaminants and water degradation.

Commercial and recreational fishing contribute
considerably to the local economy, bringing in an
estimated total of 427 million dollars annually to
their respective industries. Currently however,
over 18 species of finfish and shellfish are
undergoing state and/or federally mandated
management measures because their populations
are near, at, or below sustainable harvest levels.
Contributing to this problem have been the
alteration, degradation, and/or elimination of
quality habitat. :

METHODOLOGY

Field Collecti

Fishes were sampled with a 4.9 m (16 ft.) semi-

balloon otter trawl in areas over 1.0 m deepand a -
305mX1.8mX64cm (100t X6t X.25in) .

bag seine in areas less than 1.0 m in depth. Single

six-minute trawls were made at 20 fixed sifes each
month between April and October, 1989-1994.
Single quarter-circle seine hauls were made at 19

- fixed sites around the perimeter of the coastal

bays in tributaries in June and September, 1989-
1994. Between 1972 and 1988, both seine and
trawl were made at the same sites in various

~ degrees of frequency in this time period (Table 5).

Finfish data collected at each site included specxes,

" number, total length (TL, mm), sahmty,
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temperature, wind and weather conditions and t1de
state. :
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Total effort and number of species collected
annually were tested for linear or curvilinear
(quadratic) relationships with regression analysis.
Residuals of regression of number of species and
effort were tested against time for trends. Effect of
sampling effort on number of species collected
was allowed for by using the residuals of the
linear regression of sampling effort against
number of species. Studentized residuals and
Cook's D were examined to diagnose outliers or
highly influential observations. Plots of residuals
against predicted values and residuals against year
were examined for the need for additional terms or
sequential trends, respectively.

In order to make comparisons with the fish
community structure of Delaware, the data from
the Maryland trawl effort was dropped from
analysis. Also, seine site 19, which is located in
Ayers Creek, a tributary of Newport Bay, was
dropped from analysis due to the great difference
in salinity at this station (0 ppt) compared to the
rest of the sampling sites (25-35 ppt). From the
resultant 18 seine sites (Figure 13), percent
abundances for each species were calculated for
each year over the entire system and ranks were
assigned. Mean rank and mean percent abundance
were also calculated for each species for five-year
increments aggregated over the Assawoman/Isle
of Wight/St. Martin River complex (seine sites 1-
7) and Chincoteague Bay (seine sites 13-18) in
order to compare the fish community structure
within these two subsystems.

RESULTS

From within the coastal bays, a total of 101,291
individuals representing 107 species of fish and
invertebrates was collected in trawl and seine
samples between April and October, 1993
(Attachment). Some of the important shallow
water and benthic species are illustrated in Figures
14 and 15, respectively. Sampling effort was the
same in both 1992 and 1993; however, there was
a significant increase of 93% in numbers caught
and a 21% increase in the number of species from

1992 to 1993. Abundance of the 14 major species
of foragers and grazers (Table 6) showed a 63%
increase over 1991 levels and comprised 90% of
the total 1993 finfish catch. Virtually all major
game fish were below 1991 levels.

The linear regression of total number of species
collected against sampling effort was significant
(r? = 0.60, p=< 0.001). The time trend of the
residuals of the previous regression was
significant (r = 0.32, p =< 0.006), indicating that
the number of species has been increasing slightly
in the coastal bays during 1972-1993.

Northern bays versus Chincoteague Bay

The fish community structure for the northern -

" bays (represented as mean rank and mean percent
_ abundance) for Assawoman/Isle of Wight/St.
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Martin River complex (seine sites 1-7) and for
Chincoteague Bay (seine sites 13-18) are shown in
Table 7. For the years 1972 to 1976, the five
species with the highest mean ranks (with mean -
percent abundance over the same time frame to
give an impression of the strength of their
presence) for the northern bays were (1)
Leiostomus xanthurus (25%), (2) Menidia
menidia (35%), (3) Brevoortia tyrannus (26%),
(4) Fundulus heteroclitus (1.7%), and (5) ' -
Fundulus majalis (3.6%). By the 1989 to 1993
time frame, the picture changed such that the
ranking was (1) Menidia menidia (32%), (2)
Anchoa mitchilli (11%), (3) Bairdiella chrysoura
(8%), (4) Mugil curema (11%), and (5)
Leiostomus xanthurus (11%). Over the same two

- time frames, the Chincoteague Bay went from a

species ranking of (1) Brevoortia tyrannus
(33%), (2) Menidia menidia (33%); (3) Anchoa
mitchilli (15%), (4) Leiostomus xanthurus (9%),
and (5) Strongylura marina (0.6%) to (1)
Menidia menidia (25%), (2) Anchoa mitchilli
(20%), (3) Brevoortia tyrannus (33%), (4)
Bairdiella chrysoura (6.5%), (5) Leiostomus
xanthurus (5.1%). Over the entire twenty years,
the four most dominant species were Menidia
menidia, Anchoa mitchilli, Leiostomus
xanthurus, and Brevoortia tyrannus with the fifth
most dominant species being F. heteroclitus in




Chincoteague Bay and F. majalis in the northern
bays. The mean number of species and the mean
total catch over the five year increments were
always significantly larger for the northern bays
than the Chincoteague Bay although the effort is
comparable. ’ ' '
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Table 6. Species of foragers and grazers comprising 90% of the total 1993 finfishvcatc'h.
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SPECIES " - | SER
BAY ANCHOVY
ATLANTIC
SILVERSIDE
SPOT
ATLANTIC 894 23 917
MENHADEN , » S
ATLANTIC 1 1,893 1894 .
HERRING o
WHITE MULLET 2,132 1 . 2133
SILVER PERCH 1,056 184 1240
STRIPED 380 0 380
KILLIFISH | .
MUMMICHOG 693 8 701
NORTHERN 88 : 141 229
PIPEFISH . -
SMALLMOUTH 10 20 .30
FLOUNDER ' :
RAINWATER 378 55 433
KILLIFISE
NAKED GOBY 109 60 169
STRIPED © 69 15 84
ANCHOVY ‘
SUBTOTAL 22343 . 23,794




Table 7. Mean rank and abundance for the top ten species of each year for the Assawoman/Isle of
Wight/St. Martin River complex (seine sites 1-7) and Chincoteague Bay (seine sites 13-18).

1976-1981 - |7 19820088 17|  1989-1993

MEAN RANK _MEAN RANK
(%OF TOTAL) [ ¢ (%OF TOTAL)

Species
A/TW/S CHINC ATW/S

Atlanticsilverside ~ [£2850 7L 233 141 | 400 F25GH 1(32)

Atlantic menhaden 3) , 1(43) g :; L4028 6(16)
Spot L e g 3(12)

Bay anchovy 6.1 15) 2(31)

Striped killifish

Mummichog A LLTE L7 7(L.5)

Striped mullet

Atlantic needlefish. L o0s 5(0.2)

Summer flounder 0.1 1 6(0.3)

Bluefish - lise b 9 (0.1)

Oyster toadfish

Northern pipefish

American eel ' , o 10 (0.1) { 10(0.1)

Silver perch

Inshore lizardfish

White mullet

Atlantic croaker

Striped anchovy

Weakfish

Sheepshead minnow

Southern stingray
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- 1972-1976 |  1976-1981 1989-1993
~ MEANRANK® MEAN RANK MEAN RANK

~(®OFTOTAL) (%0F TOTAL) (%OF TOTAL)

Species - T

‘ . A/IWIS 't CHINC A/TW/S CHINC A/TWIS CHINC

Winter flounder R (1.4)

Mean # of Species : 22 13, 18 16

Mean Total Catch ‘ 8635 2941

Entire Maryland Coastal Bays rank of the top five dominant species is Menidia

In 1972, the predominant species collected were
Brevoortia tyrannus (39.0%), Menidia menidia
(28.2%), Leiostomus xanthurus (25.3%),
Fundulus heteroclitus (4.6%), and Paralichthys
dentatus (1.4%) for a total of 98.5 percent of the
fish community (Fig. 16). By 1977, the dominant
species were Brevoortia tyrannus (35.7%),
Menidia menidia (30.2%), Leiostomus xanthurus
(18.19%), Anchoa mitchilli (12.2%), Mugil
cephalus (1.4%) for a total of 97.6 percent of the
fish community (Fig. 17). In 1982, the dominants
were the same except that F. majalis was the fifth
most dominant species replacing Mugil cephalus
at 1.2 percent of the total fish community (Fig.
18). By 1987, the dominant species were Menidia
menidia (87.5%), Anchoa mitchilli (3.6%), Mugil
cephalus (2.4%), Brevoortia tyrannus (2.3%),
and Bairdiella chrysoura (1.0%) for a total of
96.8 percent of the fish community (Fig. 19). In
1992, the dominant species were Brevoortia
tyrannus (37.4%), Menidia menidia (34.2%),
Bairdiella chrysoura (13.5%), Anchoa mitchilli
(2.99%), and Mugil curema (2.4%) for a total of
90.4 percent of the fish community (Fig. 20). In
1993, the dominant species were Menidia
menidia (48.5%), Anchoa mitchilli (19.1%),
Mugil curema (9.5%), Leiostomus xanthurus
(5.0%), and Bairdiella chrysoura (4.3%) for a
total of 86.4 percent of the shore-zone fish
population (Fig. 21). Since 1989, the average

menidia (1), Anchoa mitchilli (2), Brevoortia
tyrannus (3), Leiostomus xanthurus (4), and
Fundulus majalis (5). The ranking of the top five
dominants has essentially included the same five’
species for the past 20 years.

Using five year means of ranks of species
determined by percent abundance, the same six
species are ranked in the top seven for the four
time periods calculated. In descending order of
their twenty year mean rank, these six species are -
Atlantic silverside (Menidia menidia), Atlantic
menhaden (Brevoortia tyrannus), spot
(Leiostomus xanthurus), bay anchovy (Anchoa
mitchilli), striped killifish (Fundulus majalis),
and mummichog (Fundulus heteroclitus) (Tables
8-11). Striped mullet (Mugil cephalus), whose
average rank from 1972 to 1988 was between 6
and 7, dropped in average rank to 12 in the 1989
to 1993 time period. For the same time periods,
atlantic menhaden dropped from an average rank
of 1 to 3, summer flounder (Paralichthys
dentatus) dropped from 7.5 to 11, and northern
pipefish (Sygnathus fuscus) rose from 12 to 9
(Table 8-11). '
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DISCUSSION:

In general, the fish community structure of the:
Maryland inland bays is quite stable over the
years. The Maryland inland bays might be seen as
an example of what type of structure there might
have been in Delaware's system before more
intensive development and nutrient enrichment
took place. In fact there is evidence of a slight
increase in species richness in the Maryland inland
bays over the past 20 years as proven by three
different investigators using three different v
techniques (Casey et al., 1992, 1994; Linder, pers.
comm.). Moderate disturbances in some systems
have actually promoted species diversity; and
hypothetically, the increase in species richness for
the Maryland bays might be attributable to '
changing physical conditions such as increases in
land development, bottom currents, and nutrient
enrichment. As with the Delaware data, the shifts
in the community composition of the entire
Maryland system are summarized below:

Menhaden

Menhaden

Atlantic Silversides

Atlantic Silversides

Atlantic Silversides Atlantic Silversides

Bay anchovy

Spot Spot

Striped mullet

Bay Anchovy
White mullet

- Mummichog Bay anchovy

Menhaden

Spot

Summer flounder Striped mullet

Silver perch

Silyer perch

Bluefish Winter flounder

Mummichog

Murhmichog

Striped killifish Mummichog

Striped killifish

Bay anchovy Summer flounder

Spot
Striped killifish

" Rainwater killiﬁshv

American eel Atlantic needlefish

" Atlantic needlefish

Rough silverside

Atlantic needlefish Striped Killifish

Summer flounder

anchovy,. and Mugil spp. Unlike the Delaware
coastal bays system, Maryland has not seen the -
degree of increase in cyprinodontids to a position

During the past 20 years, the dominance has
shifted from Atlantic menhaden, Atlantic
silversides, and spot to Atlantic silversides, bay
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within the top four ranks. However, in 1993 three
cyprinodontids are representing ranks 6 to 8,

which might indicate an early warning sign forthe - - '

future. The 1994 data (not shown in this report)
also represent a higher abundance of combined
Fundulus spp. than the average amount’ for thlS

sytem. However, attempting to make a conclusxon ‘

might be premature without more sampling;

Important game species, such as summer flounder,

bluefish, Atlantic croaker, and American eel, have
dropped from ranking in the top ten to record low
levels in the past 23 years of data collection. It
appears at this time that more planktivorous
species such as Mugil spp. and bottom feeders
such as silver perch have replaced them in the
rankings. In attempting to glean an idea of what is
happening within the system, it is important to
take into account the scope of the effort and the
natural variability in fish populations, as well as
the positive effects that nutrients might be playing
on the living resources. One might expect the
Chincoteague Bay, in its pristine state with an
abundance of wetlands, to have a more diverse
and abundant assemblage of fish. This hypothesis
does not hold true. In fact, it is the northern bays
and Newport Bay, both of which are affected by a
greater nutrient load, that have the more diverse
sites with large complements of fish species
(Table 8-11). In general, the Maryland system
does not appear to be under the degree the stress
as the Delaware system, which might indicate why
the Fundulus spp dre not as dominant in the
Maryland system.

One of the more detrimental forces acting upon
the fish community in Maryland is the degree of
over-utilization of fisheries resources. The
population of summer flounder crashed in the

Habitat loss is a concern in the upper bays of

(Maryland with the degree of development planned
. . forthis area. It appears that the fish communities
L of this system tend to. aggregate at spots that

prov1de a good three drmensronal structure and
have marsh areas within a close dlstance (<50
feet). With development comes a loss in the
surface area of healthy shallow water habitat with
dredge operations and canalization. Moderate

levels of nutrients might have a positive impact on H

the faunal assemblage, but loss of habitat and

refuge has no positive effect.

' CONCLUSIONS

Therefore, one can conclude that generally
speaking the Maryland coastal bays are dominated
primarily by Atlantic silverside, bay anchovy,
Atlantic menhaden, and spot, and not by Fundulus
majalis and Fundulus heteroclitus which is the
case in the Delaware coastal bays today. Indeed,
if one compares the earliest available Delaware
record for shore-zone fishes in Delaware Bay
(1959) with the Maryland coastal bays fish fauna,
they are strikingly similar. deSylva et al. (1962)
reported that the dominant shore-zone fish species
for the Delaware Bay were Menidia menidia
(53.0%), Bairdiella chrysoura (17.9%), Anchoa

 mitchilli (15.1%), Brevoortia tyrannus (2.3%),

early 1990s and is showing some signs of a come- -

back since restrictions have been placed on the ..

amount and size of their catch. Bluefish have

crashed all over the Atlantic Coast fishery and the .

impacts of that can be seen in the Maryland .
coastal bays data. Weakfish have declined over
the years as well, as have American eel which

itself is in jeopardy from encroaching development

in the northern bays in areas of elver concentratlon o

up the smaller creeks.

- A-50

and Fundulus ma]alts (2.2%) for a total of

90.5 percent of the shore-zone fish community
(Fig. 22). Likewise, in 1957, the dominant
species in White Creek, a tributary of Indian River

Bay were Brevoortia tyrannus (32.5%), Menidia
beryllina (19.5%), Menidia menidia (18.2%),

Fundulus heteroclitus (13.5%), and Anchoa

vmit'chillz' (5.9%) for a total of 89.6% of
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the shore-zone fish community (Table 3; Pacheco
and Grant, 1965). Therefore, if one goes back in
history some 35 years, at least in Delaware's bays,
the shore-zone fish community strongly resembles
that of the less impacted Maryland coastal bays of
today.

The fish community dominance in Delaware's
coastal bays has shifted toward those species that
are more tolerant to low oxygen stress [Thornton
(1975) in Daiber, et al. (1976)] and which are also
more tolerant to salinity and temperature
extremes. There is also a strong possibility that
Fundulus sp. and Cyprinodon sp. are more
adaptable to eutrophication mediated shifts in the
food chain with its attendant increase in turbidity;
i.e., under eutrophied conditions there would be a
selective advantage for species that are
omnivorous (Bigelow and Schroeder, 1953) and
which do not feed primarily by sight. Grecay
(1990) showed that weakfish juveniles (which are
sight-feeding predators) were more successful at
obtaining prey when light was not severely limited
by turbidity. Vaas and Jordan (1991) also noticed
a steady increase in Fundulus spp. in the
Chesapeake Bay over the last 32 years, which they
attributed to the effects of eutrophication. There
might be some slight indication of an increase in
Fundulus spp. in the Maryland system as well, but
it might be too early to judge if this is truly
representing an impact of eutrophication. It is
important to recall the great difference in
watershed area and resulting nutrient impact on
the two systems. The Delaware inland bays have
a watershed to water ratio of 10 to 1, while the
ratio for the Maryland bays are close to 1 to 1;
which might go a long way in explaining the
differences in species dominance.

Therefore, we are reporting here for the first time
that dominance of shore-zone fish communities by
species from the Family Cyprinodontidae is an
apparent indicator of eutrophication in certain
estuarine systems.
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Table 1. List of species collected in Maryland’s coastal bays between April and October, 1993 FlSh crustaceans, and other
species are listed separately. Total trawl sites = 140, total seine sites = 38.

Species Total Number Collected ‘Mean CPUE
Trawl = Seine Total Trawl Seine
n=140  n=38 g ‘
A. Fish , . |
Bay Anchovy 20,249 - 4,331 24,580 - - 144.6 114.0
(dnchoa mitchilli) SR : : g :
Atlantic silverside 27 10947 10,974 C02 - 2881
(Menidia menidia) o , o
Spot 1,118 1,155 2,273 80 30.4
(Leiostomus xanthurus) ‘ o
Atlantic menhaden 23 894 917 - 0.2 23.5
(Brevoortia tyrannus) s : '
White mullet 1 2132 2133 ©0.01 - 56.11
(Mugil curema)
Golden shiner 0 959 959 0.0 25.2
(Notemigonus crysoleucas) :
Atlantic croaker 894 3 897 6.4 0.1
(Micropogon undulatus)
Silver perch 184 1,056 1,240 1.3 27.8
(Bairdiella chrysoura) '
Weakfish 217 1 . 218 1.6 0.03
(Cynoscion regalis) ’ '
Summer flounder ) 222 30 252 1.6 0.8
(Paralichthys dentatus)
Inshore lizardfish 148 90 238 1.1 2.4
(Synodus foetens)
Hogchoker 81 6 87 - 0.6 0.2
(Trinectes maculatus)
Striped killifish 0 380 380 0.0 10.0
(Fundulus majalis) ) ‘
Northern puffer 78 72 150 ' 0.6 1.9
(Sphoeroides maculatus) ‘
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Species . ' ' o Total Number Collected Mean CPUE

Trawl Seine Total Trawl Seine

. _ n=140 n=38
Striped anchovy - 15 69 84 0.1 1.8
(Anchoa hepsetus) ' ' '
Atlantic neédlefish T | 0. 69 69 0.0 1.8
(Strongylura marina)
Black‘seka bass : 10 1 11 0.1 *0.03
(Centropristis striata) ‘
Northern pipefish : - i41 88 229 1.0 2.32
(Syngnathus fuscus)
Bluefish o ﬂ 3. 28 - 31 | 0.02 0.7
(Pomatomus saltatrix) — ' ' ’ :
Blackcheek ‘tong’uefiéh . . . 4 6 10 0.03 0.2
(Symphurus plagiusa) _ L :
Opyster toadfish . : ‘ 7 . 97 104 0.1 2.6
(Opsanus tau) =~ - - o ' ‘
Spotted hake E 20 0 20 0.1 0.0
(Urophycis regius) ' : : ‘
Northern searobin . ' ' 16 ‘ 2. 18 0.1 : 0.1
(Prionotus carolinus) '
Butterfish o 13 o 13 0.1 0.0
(Peprilus triacanthus) ‘
Rough silverside - 0 361 361 0.0 9.5
(Membras martinica)
Northern kingfish o 7 17 24 0.1 0.5
(Menticirrhus saxatilis) :
Smallmouth flounder | 20 10 30 o1 0.3
(Etropus microstomus) :
Spotfin mojarra | o 17 17 0.0 0.4
(Eucinostomus argenteus) ‘
Gag ' - 0: 1 1 0.0 0.03

(Mycterbperca microlepis)
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Species o ' ‘- Total'Number Collected -. : Mean CPUE' TR |

Trawl . Seine o i‘To‘tal . Trawl Seine

n=140 =38
Rainwater killifish | 55 378 433 04, 100
(Luciana parva) ‘ o . o ' L
Fourspine stickleback : 74 39 13 05 BRI X
(dpeltes quadracus) z : , | o T s
American eel .31 . 119 150 02 . .31
(Anguilla rostrata) ST . N
Spotted seatrout 6 10 .16 0.04 03
(Cynoscion nebulosus) g Ce e
Winter flounder : 15 26 41 01 . .0
(Pseudopleuronectes americanus) o : . 4 .
Windowpane flounder - 6 1 LT 0.04- . .. -0.03
(Scophthalmus aquosus) =~ = - : o 3 :
Blueback herring ‘ 1 0. t- . 001 - .00
(dlosa aestivalis) ' - L «
Atlantic herring - 1,803 0 1 - 1,804 135 003
(Clupea harengus) ‘ S L e
Lookdown o 2. 0 2 S 001 - 00
(Selene vomer) . AT . : s s
Brownbullhead | o 2z 2 - 00 01
(Ameiurus nebulosus) . : . ' o . o
Striped cusk eel | 1. 1 17 01 .. . o1
(Ophidion marginatum) ' : T
Crevalle jack 10 29 39 0.1 08
(Caranx hippos) : y
Feather blenny 11 5 26 0.1 0.4
(Hypsoblennius hentzi) ‘ ‘ » r .
Tautog 3 -3 .6 : 002 .- 01
(Tautoga onitis) , L
Naked goby = = 60 109 169 04 29

(Gobiosoma bosci)
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Species - - Total Number Collected Mean CPUE

Trawl Seine =~ - Total E Trawl Seine

n=140  n=38
Lined seahorse - o 1 1 0.0 0.03
(Hyppocampus erectus) : '
Red snapper : k 4 9 - 13 . 0.03 0.2
(Lutjanus campechanus) : ' ? ' ‘
Sheepshead minnow - - 1 34 35 0.01 0.9
(Cyprinodon variegatus)
Scup o . 133 13 0.1 0.1
(Stenotomus chrysops) :
Striped burrfish - : 5 6 C 11 0.04 0.2
(Chilomycterus schoepfi) : ’ .
Banded killifish ‘ -0 131 131 0.0 3.4
(Fundulus diaphanus) :

' Black Crappie 0 2 2 00 0.1
(Pomoxis nigromaculatus) ‘

- Halfbeak - o 0 1 1 0.0 10.03
(Hyporhamphus unifasciatus) : ‘ : ‘
Pumpkinseed | 0 . 53 53 0.0 1.4
(Lepomis gibbosus) 7 , '
Bluegill - 0o 8 8 0.0 0.2
(Lepomis macrochirus)

Gizzard shad ' 2. 12 14 0.01 0.3
(Dorosoma cepedianum) ' ‘

Striped searobin ' 9 - 8 17 0.1 0.2
(Prionotus evolans) » ‘

Congereel - k 1. -0 1 0.01 0.0
(Conger oceanicus) A ‘ '

Spotfin butterflyfish | 1 0 1 0.01 0.0
(Chaetodon ocellatus) : : :

Red drum 2. 0o 2 . 0.01 0.0
(Sciaenops ocellata)

Skilletfish 1 3 4 0.01 0.1
(Gobiesox strumosus) ‘ :
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Species Total Number Collected : Mean CPUE

Trawl Seine Total . Trawl , Seine

n=140 =38 :
Tidewater silverside 0 .15 15 . ‘- 0.0 : - 0.4
(Menidia beryllina) o o
Mosquitofish 0 2 2 ' 0.0 0.1
(Gambusia holbrooki) - S v
Common trunkfish 0 1 1 - 0.0 0.03
(Lactophrys trigonus) : ; o o
Crabeater 0 4 4 00 - 01
(Rachycentron canadus) - o
Bluespotted sunfish ' 0 2 2 . 0.0 .01
(Enneacanthus gloriosus) .
Bluenose ray 0 4 4 0.0 0.1
(Myliobatis freminvillei) S ~ S
Pigfish 0 1 1 0 . 003
(Orthopristis chrysoptera) o
Alewife 0 15 15 00 04
(4losa pseudoharengus) ‘ I .
White perch 0 44 4 0.0 . 1.2
(Morone americana) C -
Smooth butterfly ray 1 0 1 0.01 0.0/
(Gymnura micrura) . o
Green goby 24 10 34 ' 0.2 03
(Microgobius thallassinus) S
Atlantic spadefish 2 0 , 2 001 - - 00
(Chaetodipterus faber) ' : : o
Spanish mackeral 1 0 1 001 -~ : 0.0 .
(Scomberomorus cavalla) : ‘ : S
Rough scad 1 1 2 0.01 0.03
(Trachurus trachurus) ,
Dwarf Goatfish 1 v 1 0.0 0.02
(Upenus parvus) ,
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Total Number Collected Mean CPUE

Species
Trawl Seine . Total Trawl Seine
n=140 n=38
Blue crab 7,640 5,064 : 12,704 54.6 133.3
(Callinectes sapidus)
Sand shrimp 9,801 123 9,924 70.0 3.2
(Crangon septemspinosa)
Grass shrimp 3,136 17,776 ' 20,912 22.4 467.8
(Palaemonetes sp.) ~
Brown shrimp 104 22 126 | 0.7 0.6
(Penaeus aztecus)
Lady crab 106 146 252 0.8 3.8
(Ovalipes ocellatus) : :
Mud crab 35 1 36 0.2 0.03
(Neopanope texana sayi)
Hermit crab 55 30 85 0.4 0.8
(Pagurus longicarpus) :
Mantis shrimp 36 0 36 0.3 0.0
(Squilla empusa)
Spider crab 36 -0 36 0.3 0.0
(Libinia emarginata)
Mud crab 10 ‘ 0 N 10 0.1 : 0.0
(Panopeus sp.) :
Hermit crab 6 1 7 0.04 0.3
(Pagurus pollicaris) ' '
Rock crab 58 0 58 0.4 0.0
(Cancer irroratus)
Mud shrimp : 7 1 : 8 0.05 0.03

(Callianassa atlantica
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Species Total Number Collected Mean CPUE

Trawl Seine Total - Trawl _ Seine
n=140 ‘n=38

Long-finned squid 39 -0 39 0.3 0.0
(Loligo pealei) :

Forbes asterias star 21 0 21 0.2 0.0
(dsterias forbesi)

Oyster drill 2 0 2 001 0.0
(Urosalpinx cinereus) ' . e o

Horseshoe crab 16 1 17 0.1 0.03
(Limulus polyphemus) S : -
Diamondback terrapin 55 12 67 0.4 0.3
(Malaclemys centrata concentrica) ‘ ' v C _ :

Mud snail ‘ S 43 1 44 0.3 0.03
(Nassarius vibex) ‘

snail 8 - 1,014 1,022 0.1 26.7
(Nassariidae) ‘
Hard shell clam 98 2 100 0.7 0.1
(Mercenaria mercenaria)

Lobed moon snail 1 0 1 0.01 0.0
(Polinices duplicatus)

Mulinia lateralis 8 0 8 0.1 0.0
Haminoea solitaria 5,310 0 5,310 379 0.0
Tellina agilis 4 0 4 - 0.03 0.0
Ensis sp. 3 0 3 0.02 0.0
Solen sp. 5 2 7 0.04 0.1
Eupleura caudata 7 1 8 0.1 0.03

CATEGORY TOTAL NUMBERS | ECIE

A. Fish | . s0444 19
B. Crustaceans o 44,194 L ‘ 13

C. Other o . 6683 . .. 15

101,291 - 107
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l; Appendix Table B-1. Mean concentrations (90% confidence intervals) of sediment contammants in
the Delaware/Maryland Coastal Bays and Artificial Lagoons
Coastal Bays Artificial Lagoons
Metals (ppm) L , IR
Aluminum 44,103 £ 7,421 49,605 + 15,371
Antimony 0.23 £ 0.09 0.29 +0.07 -
Arsenic 7.03 £ 1.91 10.64 £ 2.09
Cadmium 0.14 £ 0.05 0.20+0.05 "
Chromium 41.98 + 10.58 : 56.11 + 20.71
Copper 9.52 + 2.81 40.64 = 10.38
Iron 20,588 + 4,519 24,146 + 7,826
Lead ' . 24.14 £5.83 34.35 +6.60 -
Manganese . 283 £ 40 : - 217 + 54. 68 :
Mercury 0.04 £ 0.01. . 0
Nickel 13.93 + 4.65 211129, 26'
Selenium . © 0.33+0.17 : 0.42+0.10
Silver - 0.05+0.02 : 0.12+0.03
Tin 1.82 + 0.41 244 +130
Zinc 64.53 + 16.35 ‘ 107.9£28.94
SEM-Cadmium © +0.18 £0.13 : 0.13+0.31
SEM-Copper t 1.39+1.12 : 3.27 £ 2.29
SEM-Nickel . 1.71+£1.03 3.16+1.15
SEM-Lead 7.69 £ 4.66 7.79 £1.45
SEM-Zinc 26.50 + 13.58 ‘ 27.68 + 5.41
Pesticides (ppb) j
DDT and its metabolites - o
Total DDD 0.64 £ 0.42 1.71 £2.17
Total DDE 1.31 £0.72 1.06 £ 0.28
Total DDT parent . 0.20+0.15 t 0.37 £ 0.92
Total DDT 2,156+ 1.09 3.14 £ 2.91
o,p'-DDD 0.09 +0.09 ' 0.82 + 0.99
p,p-DDD 0.55 + 0.35 0.89 + 1.20
o,p'-DDE 0.19+0.14 1.06 + 0. 28‘
p,p-DDE 1.12 £ 0.60 0
o,p-DDT 0.02 £-0.02 0.18 O.'44 v
p,p'-DDT ; -0.18 £ 0.15 0.19 £ 0.49
Total OPDDT 0.31 £ 0.20 2.06 £1.27
Total PPDDT - 1.85+0.93 1.08 + 1.68 .

B-2




|| Appendix Table B-1. antihuea

Coastal Bays

Artificial Lagoons

| Chlorinated Pesticides
1! other than DDT

0.03 + 0.08

Aldrin - 0.156 £ 0.17
Alpha-Chlordane 0.15+0.18 1.21 £0.39
Dieldrin ‘ 0.13+0.07 1.66 + 1.83
Endosulfan | 0.40 £ 0.37 -0.57 £0.13
Endosulfan Hi 0.17 £0.14 0.06 £0.16
Endosulfan Sulfate 0.54 + 0.09 517 +1.12
Endrin . . 0.04 + 0.02 0.65+0.16
Endrin Aldehyde 0.01 £0.02 0.01 +0.03
Endrin Ketone 0.14 £ 0.17 0.55 + 0.16
Heptachior 0.13+0.12 0.03 £ 0.07
Heptachlor Epoxide 0.04 £ 0.05 0
Hexachlorobenzene 0.05 £ 0.04 0.63+0.41 -
Lindane 0.20£0.15 0.94 +0.20
Mirex 0.12 +0.17 0.01£0.03 -
Total Chlordane 0.41 £0.39 1.85+0.74
Trans-Nonachlor 0.12+0.11. 0.61 +£0.33
PCB Cogeners (ppb)
No. 8 0.21 £0.18 0.03 £ 0.10
No. 18 © 0.23+0.18 0.54 £ 0.38
No. 28 0.37 £ 0.20 7.32 +5.15
No. 44 0.07 £ 0.05 2.06 £ 2.96
No.52 0.13 £ 0.09 4.23 + 1.48
No. 66 0.23+£0.13 0.28 £ 0.69
No. 101 0.23 £0.14 0.18 £ 0.46
No. 105 0.10 £ 0.05 1.12+0.84
No. 118 0.24 +0.12 0.19+0.46
No. 128 0.01 £ 0.01 0.27 £ 0.72
No. 138 0.21 £ 0.13 0.46 £ 0.28
No. 153 - 0.32+£0.13 '0.68 + 0.89
No. 170 - 0.12+£0.12 0.565+0.25
No. 180 0.07 £ 0.06 0.14+0.36
No. 187 0.13+£0.07 0.95 + 0.59
No. 195 - 0.07 £0.07 0.81+0.99
No. 206 - 0.05+0.04 0.01 £0.16
No. 209 - 0.10+0.07 ' o
2.89+1.04 19.81 + -5.51

| Totat PCBs
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| Appendix Table B-1. Continued

Coastal Bays -

Artificial Lagoons

Polycyclic Aromatic Hydrocarbons

(ppb)
Acenapthene 1.38 £ 1.06 2.13+5.35
Acenapthylene 0.27 £ 0.23 0.72 £ 2.07
Anthracene 3.87 £ 2.34 59.92 + 63.81
Benzolalanthracene ~ 8.82+4.38 210292
Benzo[a]pyrene . 6.60 £ 4.23 79.46 + 31.60
Benzole]pyrene 8.27 £ 4.26 94.32 + 752.49
Benzolb,klfluoranthene 25.31 £ 12.30 268.8 £ 90.39
Benzolg,h,ilperylene 10.14 £ 5.17 60.00 £ 21.15
Biphenyl 2.11 £1.51 0.19 £ 0.54
Chrysene 1142 15,06 385.04 + 213.14
Dibenz[a,h,lanthracene © 0.65 £0.69 17.96 £ 10.18
2,6-Dimethylnaphthalene . | =~ .6.33%31Q . . . 16.11 £ 3.09
Flouranthene L 731.00£12.69 315.50 + 265.59
Fluorene T420+261 19.28 + 13.77
Inden[1,2,3-cd]pyrene 9.73+5.77 74.19 + 26.86
1-methylnaphthalene 4.23 £ 2.46 2.02+5.18
2-methylnaphthalene 11.61 +5.27 19.05 £ 4.19
1-methylphenanthrene 0.57£0.74 . 6.72 £ 18.87
Naphthalene 13.49 + 5.66 18.36 + 5.46
Perylene 26.01 £ 13.87 73.83 + 33.82
Phenanthrene 24.80 £ 11.82 85.57 + 33.84
Pyrene 20.48 £8.50 250.87 + 157.48
Total 2-Ring PAHs 40.74 £ 17.13 59.65 + 17.47
Total 3-Ring PAHs 33.45 £ 15.62 171.50 £ 129.03
Total 4-Ring PAHs 60.30 £ 24.98 776.20 + 713.85
Total 5-Ring PAHs 87.70 £ 43.90 993.59 + 352.82
Total 6-Ring PAHs 10.14 £ 5.17 59.97 + 21.16
1,6,7-trimethylnaphthalene 1.42 £ 0.94 1.07 £ 2.80°

Total High Mol. Wt. PAHs 158 + 71 1,829 + 964

Total Low Mol. Wt. PAHs 74 + 30 231 £ 143

Total PAHs 232 £+ 92 2,061 £ 1,103

Other Measurements
Acid Volatile Sulfide (ppm) 231 £137 1,271 £ 753
Dibutyltin (ppb) - 556 £5.15 v 0
Monobutyitin (ppb) -.4.38 + 4.09 0
Tributyltin (ppb) 15.48 + 14.23 0

Total Butyl Tins (ppb) 25.42 + 18.25 0

Total Organic Carbon (ppm) 14,415 + 3,844 21,083 + 3,726
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Minimum, Maximum, Median and Quartile Values
for All Measured Attributes




06T L ML 00°L 001I€°L "8t 0sT L 09000° L unuiniM
00€9°L - L ‘YE°L 0089°L | T 8 oLs’tL R 73 1 ] 8 nist L34
SLeL°L 9L - $$°L ooLL L -t oLt 00SEL" L sviaam
00000 06° L 06°L 0098°L 66°L 114 B 4 00S26°L HISL 104
({14 24 ] (9 O J ) Lo°s SLEY 6 s 00E" 9 0SL6%° 6 NORIXVH

vanuuu-: o-s-uon .coouqa‘ »unuuob:o- .uo’q- uo»u- :o«una:aon -cuwuudso
Buyuyemey Bujuywmey IvY2313333V Ree1d> eddeal UIJaeN “3I§ ueypul (2R %) 1
. . - o 3eddpn

{ud) §d wojljogmequiavs

9609°0 9509°0 oroL o oTeL D 92609°0 0I9L"0 9609°0 HWOWININ
[{ 2T wie-o »Wieo ov28°% SR 1 1) O ¢ Teu°Y 14128 ] BiGZ ZO&
[ 124 - TSTL°TX. orzs°t [ X4 3 ¢ i -6 T or2s°y 051 sYiasu
(124 B SRS 1[4 2 & L] 14 A O (£ 24 M oyzs° 1 ( 112 B R L 14 A ! RISL 104
12 1% A 4 {149 S [ 14124 1 S 114 O 4 seze’l 9"Eey'E L X1 D NANIXIVR

puwtdaen - saeawieq Z-uoeurd Kug 3a0dnen 30a18 ) PLYN S uoxjwindod soy tyvend
buiujyemey buyuivmey Te¥DI3132V  yeead esddery Qy3INH °3IS usypuy ®133u3
' 3eddn

(w) yydep Wo3OP=eIqeIINA

0000° 12 08T 61 91° 61 Toov-1t 0t ’ Te"0l 09T 61 HONIBIN
STTL LT OEE" T 14 2 £ 4 L4 3 11 1494 14 s6°9 .. (14 3 44 HLST 208
0S6L°52 S10° 92 WLz 99°8T . or-Lt PELL $9€°97 K/VI0AN
0068° 92 1 28 14 80°8Z - - 2 S X 4 A 1 A A L {3 14 0P LY - RLSL 304
000L" 1€ 008° 6T (4 2 14 | 2 S 14 - oL 3¢ 0y LE 00%°LE NANIXYE

punghaey eJenwieqg sucoben Keg jaodnen uorus uo»qu aouuuulneu seyyuend
fuyuyemey buyuiswey ~ TEIDTIFIN yee1d eddeaxr  UTIIWH ‘IS uejpug ®333u)
: 3eddp

(D) sanjwiedmel mojzjog=SIqETaEA

0006° 92 09°1I [ 2 14 | 2 4 L' €T s : 08t HWANINIMN
000¢€ 62 or-st (D 14 3 14 §°9 1°n 00°Le
STOL 1L st ot € 6 9L L N 14 st 11 2 14
2009°€¢ -1 Al § 7 Lot [ 38 14 s:ot 65t 0E"1E
°008° St 06°T¢ gt 6°0¢ 9 1€ A 1 00°§¢C HANIXYN

pustXawy siwneyeg suoobwg] KXeg 330dney Y YN 4 ETYS ¢ uoyjeindeg seyyINNnd
fuyuyemey buyuzewex IVIDFITIAVY Aee3d »ddeay ug3del °as uripux ea3jul
aeddpn

{3dd) X3Turivs woljogmerqeiivy

wnuIUEH PUW ‘STTIUEDISY H§ISZ ‘UEIPSN ‘OTIIUSDISE HIAIGL ‘WANFXWH
" s2p3sfISIDRINYS pwsisiyd ~ sien Tvaswod puwiliwi/sivavyeq




608€° 1 0fEQ"T | 414 A 4 8605°2 TeEL Y £906°¢ 608¢C°T
oL9S "9 oLt s LSOB"LE Ee6L" 6Y 1 1118811 1EZ8° 0 L9981
10€0° 02 Lyze e $ILE° 9L 1144 Ml 73 6181°69 £Ee9°6L 9Z9°0Y
TLSE"TD $6ET1°9¢L SEIT €8 1144 2 ' SIsL LL Tive‘Le Tes6° 09
TTLe 66 DPYPL 66 8001° 06 0ERS°S6 STLE 16 MNES 66 TLe° &6
puviiaey sisneteqg suoobw KAwg 30dnep a0a7TYy Jeaty voyzvindog
buruyemey fujtuyemey TeI913T3aY Reeay edduay UTIIEN 3§ ueTpul [PA&] [ ]
30ddn

D-3

HANIRIN
RAST D4

nYIQ3N
wise 324
HONIXVN

seyyuend

(%) 3uesjuo)d AeTD-3TIS=eiquiavy

ENEIUTH PU® ‘STYIVSDINI RIGZ ‘UTTPON ‘OTTIIVUSDINA YIGL ‘SAMYAWN
SOF3IETINIORIBTYD Twd¥siyd - siwg jvyIswo) puwjiavg/eamasyeg




61°% - 000" ¢ . ot's I€°} , 0o ¢t 1 3 oot'o HONIRIN
LLs 0588°S ] Sl 4 w's - SE'S LI A 000°S HIST 304
o1’y 5119 00°$ Ly's 4 i t0°Y £9%0°)9 aviaam
999 008°9 039 Ls°9. 61°9 it 114 ] RISL 304
”wos oos 01 190 06°LY [4 98 09°¢ 006°LY . HANIXVH

poeihawy elennieq sucobey Kvg 330dnen Jeayy 3eayu eruucuaaon seyFavend
futugesey buyujemen JOIOFIVIAV yooi) ¢ddmay QE3IWN 18 ueypug .93 FIuUg .
‘ : 3eddpn . .

{udd) uebixp v.>uo-«n louotclo~a-«u¢>

007K Y] 0t°1 00°1 0s° 0 HONININ

06y §6°6T T3 °5°¢ sH¢ BIST 304

se 1 sy oL $6°1 s0°9 shL VG

: L9t - T s6°0 06°0% 08°LY nisL 304
Toee (TRE4 o8- 99 oL°SE 08°2§ Lo oL $I% HANIXYN

puuihaey - sawavieg suoobwy} Keg 3330dney 3eatze 1784 ¢ goyjegndog serrINENnd
buguyruey buyuyvasy TeIOEITIAY xoe3)d eddway BIIIOH I8 usypul ®ag3ul
aeddp

poyaen syijeworontd’ (6/bn) v 4> oFqIvegeeIqeIIvA

oy'e €T L°S bs°o T2 01°0- HANININ
or-1 s €9 oLt £°S S0°E ) RIST 304
SE° € v 6°LT S$E°S 1°8 c9°L neiean
0s8°9 6 $°1§ oe’or ET $0°SY HISL 304
oozt T 8-t L°E6 06" »? €°LY or-zty NANIXVN

punilaey eyenvieq suooben Awg j3odnen ur»n- F1 T8¢ uoyyerndog segijuend
buyuywwey bfujyuyemey TeF2¥ITIAVY yeead »ddeay UFIIGH "3 asypuy 033303
’ aeddp

poyyes >1am ‘(6/bn) v 142 sYyIVegme TqYEIw,

00°0 00°0 $1°¢0 . 0870 T o 01°0 0000 NOANININ
Lo ] Rl | Lo €6°0 €0°T 1 A 4 0s6°C NIST XOd
16°7% 81t 13 A 4 €€t 61°2 $9°S ss°t nYIaIN
LL°s t4 M ] LY € 14 Al 4 oy°t1 $T6°S BISL 304
(-] g 14 [ 1 14 DI° 0t oLttt (19 A 4 0r-ze oor°'ts HONIXVR

puwyXawy sawavyeq suoobey Awg 330dnen I9ATE 20A%Y _usyjeyndod seyyynend
tuyuyeeey buyujvmen IRFOFITIAE yoe1) sddeay uy3IeN ‘3§ uwypul 317303
3edan

{ToUN) PRE BWNIRONWY=STQRIIVA

WRAMININ PUR ‘STIIUEDIGL YIST ‘URIPOM ‘STITIUNDIGL HISL ‘unmyxen
g2sqenuvang K3T1908 Jejen - sieg Tv3ceod puwilimi/eswnwieq




025°0 $8°0 1380 or-1- Lre s (YAR & MANININ
oLé" 1t (4 M eSS oyt L1 a8 T1°6 [ 4 44 1 NIST 204
$S5°T S$t°S L ) O | 09°S - L L st et 09°S . BviQsH
oLe ¢ T L oL o1 96°9 te-ot st ot 116 RISL 1O¢
(1298 £€S°LY (2 A% ¢ £€6°21 [X 48 % 4 e Lo’y NOMIXYH
pueiiien sasAvIeq suoobug Awg Jaodneyg Jeayy leatTH lo«ucuaaon se13uend
butuyvuey burutemey IVEDTITIIY ¥o01d eddesy UTIION 38 uwypux ®3j3un -
3eddp
t1/bn) a«uuanor.dnn.un-«n-> e
oLo 0. vo'o 80°0 s0°0 o1°0 o vo'o HOMININ
0s1°0 "no s$T°0 61°0 £1°0 s$t°0 st1°0 NIST 204
(1244 ) 160 1 J 3 | t€°o no ot'o 6T°0 BV103N
1.1 ] A ] 89°0 (18 ] Ly'o 0 19°0 s$°0 BLSL XO4
0%6° 0 $8°1 LSt oLty | 28 | Lyt oLty NONIXYNH
puwidaey - ouracdoo suoobey Awg 330dney I0A%E Jeaxy uogjeindog ¢0nq&¢-=o
buyuyvaey Buyuyemey TeyO§373aY ¥oea1) eddeiay uyIIEN °3I§ ueypulr e133u3 :
. zeddp
(10Mn) yod e3wudsoydoy3a0=eTqUyIvA
00’0 0006°0 00°0 00°0 00°0 €0°0 0o00°0 NANININ
“ot°e ottt o 20°0 0°0 I0°0 610 $80°0 H1sT 304
-1 st o ’t1°0 ’%°0 »0°0 mwt oLt O I
Ts°0 o1v'0 st'o oz°o %0 €8°L ‘58P0 RISL 2O4d
61°¢ ove“L oT €% oz ts . ro 06°5 006°SS NANIXVYN
puwiiawy Omc:-on suoobuey Awg 330dnen 18A¥Y 20A%Y wogjeindog uonquauaa.
bujuyewey pugujenmen TeIDTITIAV yee1d eddeay UfIIWN 35 weypux ®axjugy
: 3eddp
(TOMR) EOR4TON=®IqRYI®A .
0ET°0 69°1 e 14 A4 " LT €3 06°01 €10 HANININ
000 ¢ ST L [ 290 | 86° 6 Ly'st 89°81 6tL HIST 304
"818°¢ 05" 11T -1 S ¢4 §S°€1 00°'9% 96° 1€ [ 1 2t A ¢ nviam
096" 11 T 70" € RE A 4 4 LTt 143 4 sL°tT HASL XO&
008 ¢ 11769 10°91%Y ST ILE oY Tt nm.ma ST ILE NOANIXYH
punihiey simavieq suoobeq Awg 330dney 20818 INALR uorjvindog [ 138+1 141
buyuremey Suyuyemey 1912%¥373a¥ %oe1) eddwiy ulIICY °3IS urIpuUL e113uU3
30ddpn

(1/6n) w préydozoTud=eyqeisea

WANTUTN Pu® ‘s1IIVNesied Yigz ‘usypey .cuwucouuvn YasL ‘mnerixey

siejswrivg A311end aeyen — sdvg (wiswod puriiivN/eawawTeq

D-5




L ovieny . 06 ¥TY - 9 ITH - (32 TN 9 sssz . L ¥9NN 912N HONININ
08998 0y " 99¢€1 Loyest . TTEVET. - yoLSSE 0 - TIeml 9°TST BIST 2O&
§€° 9921 oL 99312 0-veth 9°£862 8°10¢Y L ElYE oLt aviase
0T ZEVT ({9 1511 ¥ s108 8269y 8°£60S B AF 111 R A 114 A HISL o1
.ewﬂnuo- 00°1006 ool L otest 0°69401 | A 73 1 L9186 - ANIXVN

puvilaeg eaeavieg vmmwov-a h-,Uuol:ol T aeavd uo»wn emmumuvno- uonwuarao

-buyuyemey buyujremey TeYITIFIN Noe1d oddniy vy3IER ‘3§ veypul _®3§3u3 e

: v ’ . T A co asddp
{1/bn) ©vog3awd #IVINOFI2NG TEIOI=eTQUIIEp

. .9570. s 0 Lo . €870 L0 #5°0 oLy o HANININ

L9 0 ¥w'o L0 . 9Lt 0- ts°o 06°0 17842 KISt 208
Lo 06°0 L6°0 14 M s0°1 66°0 §06°0 /103N
»6°0 B ¥ 4 LA O & (4 2 S 1 ¢4 & - TN [ 12 0 ¢ BISL 104
%1 £€S°T - SL°T ‘00" 31 §9°% 88y 000° 1Y - HONIXVYH

puetiaiel IVRNTeQ suoobuwy h-avuwon:OI uo»wu  30A18 =o~u-w=uen -ou«uscao

bujujemen buyujveey TeEITITIAV xee3d eddeay uyIIEN "3IAS ueypul s3y30U3 s

2eddp
(1oNn) snioydsoyd: POATOBSIG: [#IOLI=0IqUIIeA
e 0§ $0°8 - £ 9% N 14 B A 4 S ,~rwa 20°" MANININ
9ET - oE° 91 st B 2 { TR [ A 14 t 4 1 - D6 8T RIST AD4
"L s5°2L | A 4 1 9°rE 9°0¢ 6°S¢ 06" 6 nvIG
| 2 3 3 0T 1E L Le 6°LE T et -6° 9 oL HLSL 228
1°09 orLs toL 0°t0Y -8 .8°69 oo0°to1l HAKIXVE
pusifawy (P37 R (L] suoobwny Xuvg 330dnen mo»uc 30A%8 -o«U¢n=ueu -onwuursu
bujyujeney buyujvaey TOIDTF¥IAN yeez) eddeay UY3IeN °3IS ueypuy 33Ul -
aeddpn
(ToNn) usBoIIIN -POATOSSTQ TEIOL=STIQGEYIVA
oy-0 6£°0 . ov°0- Iz°0 pE°o0 ('] 10 WANIRIN
§9°0 8%°0 Pe°0 8%°0 0§°0 0s°0 16°0 NIST XO4
08°0 99°0 L9°0 0%°0 143 6§°0 $3°0 ne1aIm
[ O § 16°0 sL°0 sL°0 14 M ] §L°0 im0 nISL IOd
681 L9t §6°1 Lo°I 14 M4 86°0 L9t HARIXN
pueikaey sxwnvyeq suoobuy Xwg 3230dney a0A¥X IeATY uoyaeyndog se1tauend
bujuyvuey Buyuyensy 1e¥2¥31IY yee1d sddeay uy3IINH IS usypul s1g3uy
30d4p

{w) yadep Tyo>egeeIqUIaEA

RREYHIN PUV ‘el}IUesI8d YISZ ‘URTPSN ‘SITIUDOINE NHIGL ‘EAmiXEH
gasyemvivg X3y1end 3s3wn -~ ciwg Teasvod purilivk/eieavieq

D-6




09°¢

Ty 09°2 oLt LA I 3 N ty unuIs1W

0°S 00°9 oSt 0zt [ 4 § €1t € nlgt 104

1°6 $9°01 sT°0Y st ETeY, L A4 ¢ s 1 nviaIN

A 4 ¢ oLy 11 M8 ¢ 8 T B A4 ¢ L " RASL X4

. n.ﬁv_ ] 00°¢t¢e o000l soy R 3 | 21 4 ) L0 1  MORIXVH-

pusidaey - slwavwyeg -coew-d Kvg. 330dn0n uobwn N yovwn. soyavIndod seyyIvEND
bujuyesey - -bugutemew - TYIITIFIIV oo 1D .oddeay: ‘AYIION . * 3 ‘Ueypulr s17343 : o

aeddn
” = (nam) KI3¥pIqangmerquires:

- R AL R 08T .- EE - S 00T - - B 1Y TR [ S - 08T HANININ
et ot ey $°JT 6T - 9Ly . | 4 [ 15841 RIST 104
PR A ) SURENUNY 1 B4 ¥ 28 - 96T -6°0L. PR 18 ¢ Y 52 L TR 1 31 I B .o -MVIGEN. .

6°9¢C 00°¢y E M 14 | 2l £ 4 T°Ls - s 1t 11 08 1 o8 NAGL XO& .-
v E6 oL seT. . €88 9:°2LT e LTLEX R Bt 13 P N ) 04 14 BN HONIXWN - =
: . puvikiwn . eiwavjeq (. swoobeg.. - Awg 3rcdney ABATW [ JGATN ' WoyjmTndod - seyjauend .. - -
buyuywuey:  buguyveey TPI2¥3¥33V 3ee1d eddwig wyIWN 3§ weypuy eayjus - . ‘ .
; ) ‘ . 3eddp. .
{1/6w) spyros pepuedsns: [eioz=erquiiea ;

. 00TT0C0 A,naeeuw ) uvneeo. I O T EE90°D £THO° O L6000 HAMININ
059%0°0 tego o’ 1€90° 0 16£0°0 68L0°0 L9980 (414 M MXIST 104
1314 MK $650°0 97800 £S60° 0 L9600 ozes o 29590 nigam
05500 §$L0°0 v860° 6 v880°0 (288 84 L60T°0 T9s0°0 NISL 304
09500°'0 ysI1T0 - oret°e €189°0 - 990L° 0 - 1691°0 “ET99°0 NANIXVM

o vsnaawul. ‘elunmyeq-. ncorv-d - . Aug 330dnen .. ..30a%M T aeaty. woy3eindog. .-ouwwnrsd.

Bbujujeney buyuyswen 1*I2¥3 133V %oe1> edduxy UyIIeN °3¢ L1211 }] eayjuy . :
.. S . . . aedd8n .
(1/bm) sniogdsoyg eIRTNOYTIINL [9J0I=e[qeTiIvA
FITRYT) 2 & 1 SE° S L g0t 0°9TY v stz L NONININ
00t 6t e LT 80° 95V [ 11 1 T ues T 19 (354 1138 BIST 304
09T LtY (3 A8 149 LYY (] A 14 4 ”LeY 9°9LS 00" Aviem
00¥ L0V Sy°6LS [ 18 X j LT 0ty X Al 0°tee 08°TIL RISL 304
00% " 6SL ST SINT 0T° €911 00°9TSH [ M 4341 ¥ Le01 00°91%Y NARIXVH
pusthaey sienvieg sucoben Avg 330dney asavy “zeaty "woyyr{ndog serTIuend
buyuyemey buyuyewey IPYIEITIY neexd eddvay uyIel °3s ueypulx °o313u3 - -

SLe

S (1/6n) uveboijzig ejeTNITIING asuohlnma-uucb,

SDEYTUTH PUT ‘STTIUSDIES YIST ‘UNEPON ‘e1FIUSIINg YHIGL ‘ENNTXNH
s2ejemwiwg A3TTend aejen - sivg Ivasvo) puwyiavi/elvavieg




80 00 .0 0 14 0°0 HANINIM
0 o0 $' T 0 (404 S0 [ D R1sT 04
[ 28 ‘0 B D ) ¢ ] 01°92 B A% 4 SO uwviasn
9Ll 611 | D 2 4 ) (1 o 14 - 0tet R3SL 108
[ 98 2 4 LY ) r°te o 09° ¢S $° 9 HARIZVHM
pueiiawy . ezeavyea sucobwl © aealm 20a7Y - woyjywindog seyyIvend
buyuyeusy Burujsumen 19E2¥3 133V UlIIeN ‘3§ seypul e233u3
3eddp
(q8d) eustwyindvuriyiewya-9‘r=eIquyiea
| A ] 00°0 ] o 08°0 o NONIRIN
80 00°0 0 ] 00°0 [} RIST 104
0°0 7 - 00°0 0 [} . 00°0 o . AViaN
o0 00°0 0 R - 00°0 o nisL 204
Ty 99°¢ tos o -18°r tol NANIXVH
vncuyucl v sawARYeq suoobey I0ATE -J0aty. . uoyywyndog se1y3vend
- buyugsuey buyuyemey IVEIFITIIV agyIIey 3§ ueypul e3y3uy :
asddp
. . ; . ; - L 0
{qdd) sunexygjuvenendiigasy-Iaoiquyivs . D.
00 00 A A [ ] - 00°0 00 : HONINIY
0°0 0°0 [ 2 ] ] 14 A4 0°0 niST 04
6’0 - 0°0 - 070 - 0 (1 244 B A8 sviaam
£°01 Lo 6°01 0 ot vy $°01 HisSL ID&
T I T ot - [ 224 § 0 - 0L SV LSy MNANIXYN
.puetlawy . eawavieq. suooben . 2AGATN .. IeAYM . woyawyndog setyauend
bujuyvusy buyupemey IvIOFITIIV aIIAGN 38 usyipug s31y3u3
. . o RELLLT
{qdd) eueywylydvuriyIeN-T=eIqurav)
ce°0 . ‘0070 oo ° ) "~ 00°0 HANININ
_eo°e oo 00 0 a0 00°0 RIS 3104
00°0 - 0070 o0 0 ¢°0 00°0 | ENxam
os°o0 16°9 0°1% [ " 03 14 M nisL 304
s0°y 3 3 ) 4 $°LY 0 | B 44 08" £2 HAMIZYN ‘
postXany sawanyieq suocobeq T TN 3 aea¥y uog3eIndog sefi3uend B
Bujujemey bujuyemey IVISTI¥IAY uy33ey *as uweypur eag3ul
3eddpn

(qad) eusTay3ydeuTiIenIIL~L '’ J=e1qeTIvL

WNMTUIN PUE ‘STTINEDISY WIGT 'UTTPOR ‘eTIINeDIeq 4YISL ‘manyxel
setqeraes X23siusn) jJusxipes — sARg [eIsvod puviiam/edenvieg




———

{qdd) euersgiydeuiiqren-z=eyqerana

(141

0000 I8t ’” 0°0L 0'¢ HANIRIN
000°0 0°981 L9 [14 [ M 844 LV HLST 3O4
£99° 0 [ 38 141 098l L4131 [ 3 114 0° 100 aviaaw
[1: 7 4 0-ov1t oTéT . 14 ] ¢ S S0 o-ory NISL 304
000° LY 0°0982 00Ty 11 )¢ [ M 1841 0°001Y NANIXVH
pueyiiey s3envyeg suoobey 30478 ey voxavindog seTyIveNnd
buyuyemey Bujuyumey 19¥213%33Y ST3IeN °3g ueypul s133uy
2eddp
(wd@) ep1JIns eTFIVYOA PIoV=eIqQuTIRs
60°0 oo o°0 [ 0 0°0 NANIRIN
00°0 000 00 ] ] [ M ] BIST 24
08°0 000 00 ] -] 0°0 mNIoan
T0°% 00°0 00 ? ] 0°e NISL 2D¢
$0°t 91 611 (] (] 6" 1Y NONIXYH
puntiawy sxsnveg suoobeg P T4 aeaty uwog3eyndog seyyIvend
bururemey Buyuyvaey te¥d2¥3¥3ay uyIaeny "3§ veIpulx #ay3u3
Jeddp
(qdd) suetdyiydwuesyserqeyiea
00" 0 00° 0 0°0 0 0°0 80°0 NOMININ
00°0 00°0 0°0 ° 0°0 00°0 BLIET IOd
00°0 00°0 0°0 ° 0°0 00°0 fvigaN
| 2 O € | A 4 § o 00 ({3} B3SL 3O4
ST [ 13444 [ 4 § [ ] €0t ot°¢ct HANIXN
puwiiaey eawavjeqg sucobuy asayy ur-u- uweyyerndog - seTFIuend
Buyuyssey buyuyseey 193273133y UFIINH . ° IS usypuyx e1y3uy .
aeddp
- - - — ({qdd) sueyiydwueoyseriquiama
“o0'0 09’ - 00°0. 0 14 M1 [ ] NANININ
0°0 0°0 | 19 0 oy 11 o°0 H3ST 204
69 £ 09°61 o (|1 41 el avioaM
| DA ¢ | 2 4 20 oy et ) [ [ 483+ [ 2 1 4 NASL 3D4
0°8Z 6°€2 09°Le 0 08° 6S , 8°6S HANIXVH
pustiaey sieneyeqg - suoobwn 203y lsaty uoyywvindod . seryIuEnd
bujuyemey buyuysmen 19YD¥J 133V GIJAEW IS - uwypul ®ay3uz
3eddp

WNMTUIN PUR ‘OTF3uSDIEI YHIGZ ‘URIPON ‘eTI3UNDINg YIGL ‘wnmINEN
serqesava Ax3stuesy) juemypes - sivg Teisvod povTiaeN/eaveneteg

D-9




070 000°0 .. oD 0. - 0:0. - .- HANININ
070 000°0 L 2 4 & ) 0. . - HiST 304
L g ] 13 1 A 4 $ Lt ® T°6 sYIow
I°6: 00931 9°08 0. e - RiSL 204 -
$° It 00LE°€ET. 224 1 -0 0-¢9Y HONIXVH
pusyhivy e3wasyed suoobeq 20ATE uwbqu,. wogavindog -onnumauu;
bujuyvaey Swiniemey T0IO¥ITIAY B¥IIWH °3IS§ - WeYpUY . 33303 Co ;z
aeddp
{qéd) susovInIUN=ETQRIISA
000¢Y [ [ 1£39¢ “e08TY "~ : ' -00ELl a0sst - 008ZI -NANININ
009sC. 111413 00952 o 00ELY . 0000¢ - [ 1.]4%4 HIST 304
0066 [ 112 1/ 0006&Y 1117113 00%LS 0006Y RVYIOIN
8009% o0to9 00695 ([ 1111 00£6S 0oves NiGL 32d
oon.n. 0oL 80958 00%0) 0080y 00958 HARIXVYM .
pustiisy e3uAvYe] onomu-a IOATY- 30A1Y goyyeIndog -oqumncsa
bujyuyeney bujuyvesy IWEITIFINY UyIIACH "3 swypul 8133ul .-
aeddpn
{udd) linulsullonn-«nub
ool 000°0- 0 000°0 - 0070 HANIRIN
-0 1$9°0 [ oLe'o 00°0 - HEST 204
0 oLE"1 0 »6¥°0 00°0 NYIGIN
-0 [} 4k 4 .0 144 M eT° 1. . HISL 324
0 066°T 0 [ 112 14 Al MANIXVH
pusyXaen o3snwieg ‘suoobuq 30ATY aoaty uoy3yeyndog setpuend
Hbujuyvaey bujugvuey 193213132V UyIAMR I8 usypul e373u3
aeddp
{qdd) suspaoIyYo-<eydIY=S[qUIILA"
000°0 00°0 000°0 0 000°0 00°0 HAMININ
000°'0 o0‘0 000°0 0 °00°0 00°0 BICT 202
000°0 (1.0 000°0 [ (.11 M ] 00°0 BYIQIN
000" 0 o0°c o8 0 0 Lz 00°0 NISL 204
0€°0 I8°) g56°0 [} oLT"1 18°) HOARIXVN
pustiawy e3vAwTed swoobe] 20A7X PIYS uoyseindog seryuend
Sujuyrmey Bujugjensy 1912713733 UYIAWH °3S Qwypuyx ®x33uy
2eddp
{gdd) uwiapIy=s(qQeyin]
ENRIRTH PUV ‘eTTINEDIEL YISZ ‘uUIPEN ‘STTIuedIed WIGL ‘mnmyAeH

seqquyaes Kajsymeyd Jjuswipes ~ ¢

Xeg Teisvod puwiliel/ezenwieq

D-10




0°0 080°0 | A 14 (] 00°0 : [ B ] NAN1ISIN
o0 0060 8°6¢ [ 00’0 *0 B3ST ID4
0 £66° ¢ | B 31 (] L £ A 4 LY AY1aaN
LY 000°2 €°68 L] 0T ¢k [ 8 3 RaSL X04
LY (-1 1 4 ] 0°9%&¢ 0 0y s¢ [ 3 241 NAKIXEN
pueidawn e3waunyeg suwoobuy asaly aeatly uoy3vrndog seTrIUERD
fujuysmey Sujyuyvuey TO¥O¥3T731V TyIAECN 3§ seypur - e373uy
2eddpn
{qdd) eusiid[wjosuegesiqeyans
0°0 80°0 9 1¢ o' 91 L1t 0°0 : HANININ
00 [ 1 0 ' (3 oyt 0" 0o RIST 204
0°e 1 A | 8°TIY sL LY LT T1°6% aeiaan
$°0% - 0T Le (2 } 14 . O0%°8% T°18 Lot HISL 304
z°n 06° €6 0° 0981 : 03°s% A T3 0° 0981 HONIXYN
puetiaey L sleAwyeq suooben asatye 30a3N uvoy3undog -Oawusolo
buynjwuey buyuyemen -  YEFIYITIIV L 32F] "ERET ueypug - s3j3ux .
1eddpn
i
{qdd) esweomanjuw[w]jozusg=eiqQeyavy - Ay
_ A
oov-2 1071 00°0 . - T o5z € p0'0 - NANININ
oLt 1 4 M B 1 2 4 O 1 4 4 $9S°L ¢ BIST 204
S6E’Y 86° Y 08°1% €5°€ osT 1Y 09's nyigan
oot o1 , s$6°L 08°¢C1 “ILE 000" €1 06" 11 HiSL D4
1) B 4§ [ 3 A 1 08°9% i ¥ A 1 009°£1 08" 9% RONIXYN
vtcuhu-l. -ur:-oa suocobeg aeaty aeaxy woyyeyndog sefyuend
bujuywsey = bujuyrwey T93O¥FT3AY QYIIEN 3§ usypul 21733
3eddp
(wdd) oyuesiymeiquises -
, -0000°0 0000 000°0 © 60E°0 - 0000°0 000’0 NONININ
o , 0881’0 000°'0 008" 0 o $0€°0 SEST1°0 © 000°0 - AiSt 202
, (1424 ] 000°'0 TLE"O sLc'o [ 19§ ] [4 } 44 ) - Wi
11 A ] vet‘o ots'o 14428 ] (114 M} - 9090 RASL 304
112494 ] 42 X L0 I9°0 1430 9L 0 - HORIZVE
,vnruhuclv eJvAvieg . msuoobwq 30ATy . AeAYYg - woy3vindog noqunouo
buraremey bujwjswey - TEIDIFVIAVY gy3aey 3§ c-wﬂgu °113u3 .
Jeddpn

{udd) Xuomijuy=erquiivy

FUNETUIN PUV ‘OYIIUEDIIeE WIGT “‘STIPON ‘OTTIVEIIN] GYISL ‘wnwinen
seYqerIvs Ai3simeyd Iuenypes - sieg [easvod puvikivi/eawavieq




0e- 0 . 00’0 00 . 000 o e uAMININ
00°0 ‘ o8*d o°e ’ -0 : 18 : . 0070 ) 8367 2048
00°0 00°0 e - 06°6¢ 00°0 avioam:
st ¢ 6S°E 00 09°€1 . - | SU°E HisL 324
0878 s’y R Ak 00" %01 00°%0T: - HOARIZWYN..
puviiaey sawvasyeq suoobvy 3018 30X uoyjeindog - seryUND
fujuiveey buyjuresey IPFSIIIIAY °  UYIIAWH 38 ueypul . e3g3el -
- ) o . aeddn

(qdd) . (Auendigme(quyivs

‘0 : * o 0°0 ot 1Y 0°0 ‘0 - NOMININ
L . ; -0 ] : ot°2t 0°0 ‘0 - H3ST 304
. * 0°s¢t . £9°17 -2 £ 4 A #Y10AN
“61 i ‘T L°€9 ot- ¢l 9 80 [ 13 nisL 204
[ A 8 4 °8S o-ott 0T ¢% 1°0S LM 144 ' HARXIXVYN

pretiaen s39nvyeQ -coow-d uo»«l ~o>ul u0a0-950~ -Q—uunnsc
bujoyswey fuyujemen 1T¥23IFIAY UFIICH ‘IS ueypul sayuy T
2eddpn

{qdd) euetiied{1’y‘b)osusg=eyquyavy

0 006°0 T°LT e°0 (] NANIRIN
0 , 000° 0 L°tE T 1 e NigT IOd
-0 §6¢°€ $° 18 0"yt LA 3 S BVIGIN
T°st 00s°¢CZ 0° 101 { Al 3 3 (9 ] HiSL 304
Tt 009°SS 0° 662 ot L B ] 14 HNANIEVH

puviiaey sawnwyeq . -uoow-a aeasu aeaty uoyaeindod seyy3usnd
bujuyemex fuyuyemey YeFOTITIAVY QAN "IS veypul e133us
3eddn

(qdd) suesXdje]osusgmeyquiica

0* ] 1L 00°91 00°o 00°0 HANIRIN
e 00°0 Lo 00°91 to°L to°L RiST IO
[N 58°62 €T $L°9% o819 09°0% aNIaaN
$° ce°9d 16t 0§ LY 06° 10 08°06 RISL 394
92° 08 00°9%1 141 os°Lt 00°£0¢ 00°¥98 NANIEVM

pustiaey eiwavyeqn swoobuegy 20ATE PY TN S uoy3zendog setyuEnd
Sujuysmex buruyumey TeY21IFIAY UIIIEN IS B-wwcn [F 4100
aeddpn

{qdd) susyyusionijly‘qlosusgue(quiivs

waRyeiM puw ‘eyyiuedisy HIGT TgwypeM ‘eryIued3es YIGL ‘wnmyxwy
saiqupass L13sywend Juemipes -~ sXeg u3yswo) pusiiisn/savneieq




80°0 009°0 [: 1% Rl o hw.v 00°9 - HARININ
(8 B 4 099°2 [ 14 R 3 Lé°L te's - RIS 204
Mot s08°8 STL Y or-ze [ TR 4 | BY1QN
889 009671 [ 14 B 1 Sl ¥ 4 0982 RiSL 104
oL" ST oer-tt ote°s (-1 A 14 0T 88 HOMIXVN
puerdaey eavaryeg suocbyg 203N aeayy uogzerndog seyy3uend
burnyeney buyuiemey IP¥2I3 IV UTIIGN °3§ usypux ®333u3 .
seddp
{udd) zeddod=ejqeiava
0"e 00°0 [ 44 [ 3 ¢ RAAS 00" 0 NAMIRIN
00 00°0 1 3 12 2°61 ot ey $0°% NIST 208
00 $9°01 | I 4 14 ?°Te o0 ®y 1] 2K 14 nviaan
T°Ly 0L 0¢ 0° s ¥°st (1 0 1 00° 10T HISL 204
£°61 ] A {3 [ 2 14 ¢4 A1 4 00" 10Y 0D DETT - NANIXVN
puviiaey s3vARTeq suooben 30aFY EYTN 1 uwop3vindog se1yNeND
bujuyesey buyuysmey IVESEI¥IIN ulJIEN °3§ avypeul sxX¥I0Ny ’
1eddp
(qdd) suesiiydr=merqeyamy
S 1 2 se°T. sL™Y €03 $°st 1] Ak 4 NAMIRIN
0§° 6T (1 &4 09°82 €001 LT [ 7808 § 4 HIST 104
08° s s$§ ¢ 0TS M 14 8°€9 08° €S aviasu
06° 09 06° 09 00°?9 L3t §°Ly 06°09 NISL LOd
00°19 A oL SL L3t t I 1 (1 M8 /2 NONIXYN
pustiaen s3wnnyeqg suoobueg 30atY 2ea3W Bo«vndtno- ,-o~uurc=c
Bujuyvwey bujyujvmey O FRETL uy3aey °3is usypul sxy3uy
3eddp
(udd) snimoagd=ejqeyivy
000" 0 0000°0 26%0°0 (11184 ] 6IT°0 , 000°0 NOMININ
000°D 07600 08S1°0 osot°o " gfoto téo'o RIST 204
€Lo" 0 sTLTO 09810 stLyo 09Z°0 L1284 nviam
T S81°0 [ 134 M ] 09620 - 009Z°0 | 7X A ] 11144 M3ISL XOd
144 ] (1.1 T4 ] oror o oort o0 "o T 09L"0 NOANIXYN
pueyiivy a3wneteg suoobwq aearn 2ea7y uoj3endog serr3uend
buyuyweey buyujemey IVIOEITIIY QyjaeN 3§ ueypul *3173u32 R
: ‘ .2eddg

{(wdd) snymped=eTgRyae)

SRETUIN PUY ‘OTIIUSIISE YIST ‘UVIPEN ‘eTTausdied YI5L ‘wUnmyxwy
seiqeyivs Ax3simey) juesmypes ~ siwg tw3yseo) puviiavn/eiwnvieq

"D-13




WORFUIM PUC ‘eyyiusdasg YIGZ ‘URFPIN ‘eYTIus038Z YISL ‘wnmIXEN

s{qdd) weseayjue{g’ejrusqigusIquiavs

0009°0 00°0 oee°e 000" - 008070 uOMINIM
0000'0 000 [-1.] M -1 1M 9008°0 000070 BIST 304
syes-o 00°0 LES°o L /2 o ] SIS*°0 STIC° O nviasm
0£65°0 (2 2% 4 “666° 0 21 §99%°0 (111 28 J RISL 304"
LIS o Lt 0zl "%E"e oot 1 ooLT-t HORIXVE:
punylaen Ounstucn stocobe] uobuw u.»«l lQua-ula@- seryIveRd
Sujuyemey puyugvEey 19213733V QYIAGN "38 oejpul e3g3uy
20d8pn
- {qdd) I U IRSOPUI=PIQEIICA
; [ - 00°0 0880 {1 000°0 HONININ
[ ] T 00°0 "0e o zog°e s6€°0 N3ST 304
] 000 oLe°y S9°0 . ost°t aviaam
¢ 000 .. LYY L 24 M ] 006° uasSL 204
L | 2 B oreé | 14 M ] oLL' ¢ NANIIVK
pweyhaey eawnviea suoobuen 20A3% 3eatd uogyeindeg se1t3vend
Suyuysmen Bujuyeney 11913132y uy3Iaey *Is ue§pul e333w)
2e84pn
- {qdd) ujapreja=eTqeiiea
o°s ) . . e NOMININ
00 L] * * { M ) NIET 204
[ M) ° . . ”e 10N
LN - (B * ‘ 00 NiSL X204
[ 2K 14 ] * * { 14 RONITYN
pueyiaey oaenwyeg ‘suoobeq EIIY11 FT YN uogyeindoa seyjIuend
Sujuyjsmey bujuyveuen TeIS¥IFIN UjIZEN 3§ seIpul " e3FINE
seddn
{qdd) uwy3yiIngig=eiqeiiva
oo°o0 00°9 0°0 ° 0°e 00°0 HANININ
00°0 080 [ M 0 o°0 00°0 nIST 324
oo‘0 00°0 00 e 0°0 90°0 NEIAIN
00°0 00°0 [ A {4 ° 8°0 L 5 4 BISL 3O
14 M 81°$S 0°9 0 L°0o% 00°99 HANIXYN
puvikawy [ 317100 T] sncobeg J0A%8 T Y8 | uoyyeindog soyt3uend
Suyuyemey bujuyemey TRF2¥ITIIV TyIIEN °3IS usypulx *1§3uz
aeddn

serquraws A13sjusyy uamipes — sied (e3svod puwiiivi/sisarieq

D-14




(qdd) 11 usjinsopuzssiqeyies

D-15

‘o 0 00070 0 090" 90 00°0 NONININ
-0 B 0000 0. “000°0 ) 00°0 " HIGT XD&
° ° 000°0 0 0000 00°0 nviosu
o 0 000" 0 ] sit o 90" e .lhwh 28
MW B 89€°0 ,. et E¥° NORIXYN
puerXawy savavieq -nrmv-a‘ aeaty Jeazy soyavindog seryaIvend
‘buruyosey Buguyemey I¥31373IY uyIseN usypur 0333u3 , :
aeddp
(qdd) spiyepyv upIpuzasyqEyIR)’ -
o . ° © 0000°0 o ouLeto 000°0 . NOMININ
‘0 L] orzE" " 0 06890 o000 HIST 308
o 0 (1413} [ SELY° T TLE o LS Lt L]
-] . 8 0069°0 ] [ 1149 ¢ b 14 s RISL D4
.o e 00z "3 0 . 00S9°T 089" Y " NANIXWM
pusiiaey sawnwyeg suocobuny FTYN &) oAy uoi3vindog ‘#8iy3uend
bujuyeaey buyuyenen TOEOYITIAV arIIen uvjpul ‘*3§3uy R
3sddpn
“{qdd) uyipuz=oiqeiisa -
e . e 0070 L9y Testy , - MOMININ
-9 ’ L R4 3 J 9%y T g18te o 7 RS 304
° ° 99 €L 0ST°6 NI
0 9" st 06t $95°6 . MaSL 304
o ° I LETE N T3 00L" 6 © ROMIZVM
puviiawy samawyeq sucobuwy] T aeary 3eayy nowu-nsnea ‘seTyIuNnd
busuyvuey buyuyemey Ie¥5T3133V uylaen °3s usypuz s1y3u3 LR dulti
3eddp
: - '(qdd) e3eJIns U¥zInsopuUyEeIqUTiIvA e .
1 0008 - 000" T eere’ Tt 000" 0 000°0 S HOMIRIN
© 0000 poo-o 900 ) = B 000°0 T 000°0 Cr B3ST D8
060°0 LLI18°0 00°0 0 99170 -000°0 . #viaam
€910 "010°% 6T 0 0 Ive'o [ 14 28 ] ‘RASL 3Dd
. TE°D 010°Y i A A e tge°o ,‘mp-vsﬁ HARIXVH
puetXaey e3wnvTea sucoben .uora- 1eA7Y eoﬁnnuaaeu, - seTyIvIND
Butuyweey fujyujemey 1°I2%¥3¥32Y uyIIEN "3 - clwwau Teaxava R
1eddp

SNETUTH PUP ‘OTTIUSIIGG YIST ‘URTIPON ‘OTIUSDISI YIGL ‘ENETXEN
sefquyava A33s¥mey) juswmtpes - sieg ywiswvod puwilien/saeavieq




0000 ..Bo.uo 900°0 9 ,Qfome 000°0 HANINIM
- 00070 . o080 000" ) © 980°0 000°¢ . BEST 104
000" 0 000°0° 0080 0 000" _ooe-o . mNiaaN
00°0 1144 ) SLt°o 0 | 24 9 2 114 N magL 304
€697 0 [ 12 2 4 . 9880 0 e’ 0 [ 11 A% 2 NONIXVE
“punilaen vuc’cw a suoobuy . uQr«-. BITS: & uoyawyndog sery3usnd
. buyuiemsey - -Bujuyswey I9F213TIV - UFIISN "I uvipwl ©T e3yus E .
30ddp
- 1 (q8d) 307Y>uIdsHnITqETIEL :
ob°e 000°0 09°0 ) 0°0 s0°0 . NOMIRIN
06°0 . 980°0 st L (] 00 00°0 T ST 204
00°0 s6L'Y 08°91 o $° sy sT°L #YI0AN
Té°L 081" 21 ot st ° Lttty oy L ‘RiSL 304
[ 44 .een..u 00°60T 4 9 ‘00" 60T NOMNXXVH
punyiaey ‘sIRARTeQ suoobe] JoATY aeaty voy3eyndog ‘seryIUvend
bujuysuey Suguyemen Ie¥O¥ITIAV 3431 "Iad-1 seypul T e33us
aeddn
- {qdd) eusionijissyqeyiss -- ;
0" 0 00 s"9y (3813 s-t1 00 HARININ
0°0 0°0 0°¥91 [ 3 14 [ 1 4 61T HiIST 204
T st T 8t 0°6ST | A4 4 8°959 £° 1% BYIaaN
0°tE oL 0°IvS [ 1 0°3%0X [ B 414 NagL 204
| e 4] 0°SEY 0°0L9Y "y 0°8LY 0°0oL9Y HANIXVH
pustXaey samnwyeq suoobwy - J0ATR 30ATN mouacuznoa seyyivend
Bujuyemey bujuyvuey TVEOTF¥IIY UJIIGN ° 3§ uejpul 17383
aeddpn
(qad) susyIURIONTI=STAVTIVA
0000° 0 ] 000°0 0 o9s8° 0 0000°0 HANININ
0000° 6 ] 000°'0 0 $695°0 0000°0 NIST I
0000°0 ] T66°0 0 oTEL" 0 (12198 nIaan
114248 | » [ 44 M) (] 1173 A0 | SLE9°O NISL 204
0695°0 ; ® i1 2 4 ] 00ET"2 [ .11 2 4 HONIXVM
puntiawy sawaRyeq suocobuy aeats 3eAYR nog3syndod seryuEND
bugnyumey fuyuyensy 19¥27¥313a¥ uj3IIEN °3I§ ueypul ®3§343
3eddpn

(qdd) euo3sy RYIPUA=ITQUTIWA

WOMIuy pus ‘STFIUSSI3eL YIGZ ‘UNIpeN ‘pry3uUeDI8E YigL ‘mAnTXEN
seYqeiavs A13STEeND 3IUENIPSS ~ siwg [w3IsEOD puviiasy/eauneieq

D-16




ovsy - ossy N Y T  onre ovse ostr NANININ :

00011 , 06¢L 00€01 osre 00061 00£01 uigz 334
{1448 0069% [ 11134 ostorx oosze 000€E2 sviazM .
(11214 0010¢ ooTLt ooott 0009¢€ 00062 HiIGL 208 :
00S6Z = - opoOSEE : oosze - [ 1.1144 o0sst - o088t : NONIXYN -
pueiiaey T 'ezwanleq - - suoofwy - 10a%8 . AeaTg -'worjerndog  seyyjuend CT
buyuyvmey fuyujvaen TPId¥ITIANY QYIIGH °3$ usipui - e3y3uy C
seoddp

(wdd) conulowncwmtp

0o 00 , (231 00 0°0 . HOMININ
L ’ 0 0°0 [ A ) ¢ 00 g0 T RAST D&
00 A 2 1 86t 3t 9°6¢ [ D4 | ., WviasM
LA 4 4 | 2 § 3 . "8l 0°ET LY 068 HAGL 104
[ 2 4 L9 o 6Ll 0-tt 0°6y 0°6LL . HONIXVYN
puviiawi sxeavyea - sucobeq . 3eATX IeATE uoyyviadog -saauarzu
-Ppuyursuey Suyuyemey TOYOIITIAIY UEII®N °3IE uwypul © e3¥3Iwl :
, 2eddp
- - (qdd). suesAd|po~¢ 'z TIusplIne TQrying. —-. - - . . SR 53 .ﬂu
. 4
| | | =)
: _ 00°0 , 000°0  000°0 ) 000°0C 000°0 T . NAMIMIN - o
oo ’ 000 000" 0 '000°0 -] 000°0 000°0 . RIST 104
: o 00°0 09D 0 : TLe o [ 000°0  000°0 BVIGIN
S 00" 0 . 090°0 § 6L°D 0 "SI8°0 - TLE° O . HESL 104
"0wo L0990 L69'D 0 LTG0 . L1860 HANIXIVN
pusyizey ru-lnnoa. sucobwg B I0aM R L1734 ] uoyawindog segiIuend
buruywmey  bujurveey 19I9¥313IY UYIACN °3IS gwypul T e3FINE . -
1eddpn
N o e ——rmm——— (Qdd) eusZUSQOIOTHIERSH=IIqUTINS = )
L T e00"e © 600°0 0" o 000°0  000°0 . MOMININ e
T ) T ’ 600°¢ ~ - -"o00°0 ] o - 00070 00070 - 7 HAST 3Id&a oo .
' 000° ¢ 000°0 0 0 0000 000°0 . AViaIN .
000°0 000°0 I ] .000°0 - 000°0 - RESL DA
: $9T°e - “PEE°O e ° 6EE'0 PESTO L WONIEN -
T e pueaen- sawnvieq © suwoebwy - Ieaty 2eaty - wojjeyndoy seytaoRNd - - -
‘butuyesey .  bujuyvaey IVEIDYIFIAV © UIJIEN 3§ ueypur - *1¥3u3 ‘ -

(qdad) oﬂwuoﬁu JoTyowydep=oTqeyiea

WNANTUIW PUR ‘STTIVSDINI YIEZ ‘Uvypen -‘elTaNedlIed 4Yigi ‘snarfxwy
sejqetavy Aajsimey) juemipes -~ sieg ye3seod puryiiwi/siescieq




{wdd) pwei=eyqeiies

-0800°0 - 00008°0 L N 00000 HONIRIN
1110 0 ooéto°0 i * - 14 ] " IsT10°0 BIST 304
»ISO°O SOLS0°0. ] : - 14 M ‘tTS0° 0 - wviaaw
(129 M 00880°0 0 * 9O - Qnue.a nsL 3o
e 0596070 o g sro'e” | §960°0 NIV

pusyhien - eawavyeg sucobwq - 2eavd aeayy ' uoyawyndog ssTyIwend

Sujuremen . Gujuysmew . ISIOTIFIIV - WIIIEN 3§ weppur e1yiva il

3eddp
: alwn—:husouo[monacwuabr :

oo Y 2 R I T 09Ty iR T T HNMININ
ST - - ) o 14 o°: 65t - S Lee BLST 304
stt E 114 ot £°881 st 1144 . ANIGIN
99¢ - §TE 11 %4 0°L91 (] 14 1414 HESL 204
Tt st ({34 0°L9Y €6 CTLE HONIXWN

puvylaey ezenvieg suocobe 20ATN F{TN ¢ uoyjwyndog serruend

buyuysmey Bujuyewey TeFOTIYIIY . UFIAWH "3IS urypul - e2y3uy S

: . 3eddp
(wdd) ‘sssusbuNEeiqRIINA : e

08°0 “000°0- 0000 '~ 000°0 000°0 . MONENIM

0070 98670 000" 0 885°0 000°0 BIST D&

0c-e 608°0, €6t 0 98”0 000°0 nvIaaN

oo L] < -2uh O 986°0 74 A ¢ t98°0 NIEL 304

Le° e L] O 4 985°0 oze’s -1 4 341 :alwm«l,

puerizey ouminﬁoa suoobuq 30ATM Jeays goyyvIndog lomqyusau

buyuyvmey Bujuseney 1939533 T3V QY3IIGN "3 ueypul e173u3 )
J0ddpn
{qad) ur.ucﬂnle - SUTPUTI=STQRYAVA’ .
. 9879 Le°s e 06°S1 °st 9%°9 HANININ
‘o8°tt B 1 2 s°et 198 ¢ 0 61 [T 2 ¢ RIGT 302
oL 't S0°61 0° 8¢ £9°81 S 1) 00792 NVIGEN
0Z°9¢ 0 OF 9° 0% '] 2t £4 [ 2 0s° 0% nisL 208
0" 1Yy 09° 9% 1 2 ] 4 ] ¢ 4 0°s)» 09°8¢ HANIXWYN
puniiany swoobeg JOATH Ieaty uoy3avindoa seyyuwnd
bujuyemey bujuivsey I¥IS5313aV w§I2eY 3§ ueypur exy3u03
aeddp

MONIUIN PR ‘eTIINE2ISL HIGT ‘ueipsy ‘syyjusdied HIGL ‘wnuyReN
se1quIzes Li3simesd Juskipes — sing (eises) puwilimj/eisanieg

D-18




{qdd) xexypceIquIivA

D-19

070" 00°0 000 1.y ¥6°S 00°0 MONININ
0°¢ 08°0 142 189 $6°8 I - HAST 304
L sT°%t oL ot sttt | T4 14 or'Lt aIaIN
1T o6ttt (-1 a8 % 4 €L 11 B 14 [ 13814 BiSL XOd
1 88 1 4 oL Lt 00° LT 9L 1138 14 oL HONIXVN

vujwuu-l sasneieqg suoobwg u-rqu 30A%Y doyyvindog -o-wuunsa
buyuyemey buyutumey TeT21333ay UEIIVK °3S svypuy | ezy3uy
zeddn
(wdd) pexoIm=erquiava
M (T ) 00 ° ’ee o0 HONIRIN
[ M ] L 1 2 4 ( M ] ) [ 4 4 [ 2 RIST 208
9 s$0°9t 9°6% o [ 1 1 L B ) aviam
LIt 09°1T [ 9 14 K T 6t (M 14 NiSL 202
L A 14 [ 13 11 L 1 0 [ A 43 4 [ 1% ¢ HNANI XN
pevgizey - e3vavyea sucobe : uo»wu aeaty woypyeindog seyyuwnd -
buyuyrwey bujujeney IVEI¥ITIIV SYIIeN IS ‘oXtul
{qdd)’ eueyeqiydenssyqeyava
e o0 . * . °°e NONIRIN -
e 00 (] ¢ * [ M ] NIST 204
o 00 ° * * M neiass
0 L9 0 ° * 0°e BasL XO8
L] € tL 0 * * ) £ €L HANIZVH
pustiaey s3envyeq sucobeqg aeayy ur»w- - aoyyegndog seTyIuEND
Buyuyewey Bbuyujemey - TeFITITIIV UFIINH 36 seypuy eay3uy
. ] aeddp
~au‘. utajAInqouci=eqeyav,
T 00%0 000°0 00°0 0 00070 ‘0070 HOMININ
0070 (1.1 2 ] 00°¢ 0 000°0 00°0 - NAST 204
00°0 po0°e 00°0 0 000°0 00°0 avIasn

-00°0 ‘pog-e 00°0 ] 0000 000 NISL 3O

to°1l oan.' ) LA o “LSE°0 , to°1 HANIXVH
vrnnhuux sasnwieq suooben E1 734 § 30A1Y uoyjzeyndog seyryvend
fusuyewey butuyvwey ILALATAEE) UyIIeH 3§ rueypuy ~'8233UR
aeddp

ENNIUTH PUR ‘eYIIUSDINY YIGZ ‘UNTPON ‘eTruSOiIEd YIGL ‘Wharxey
seTqetava A23symey) juswipes -~ sheg yersvo) puerilien/earenvieg




[ 006°0 o000 00000 00°0 000° 9 NONININ

0 000°® 000°¢ 0000°0 609 0008 HIST 304

0 0009 T9€‘0 $190°0 00°0 000" 9 #v1qan

-0 000° 0 6% 0 [ 144 00 ] 00°0 €T BiSL 108

"0 602°0 (14 28 4 pETIO Lo B 11 2% S NARIXVN

puvikaey elBnNTeQ suocobwy - 30418 E{T%e § uoyjeindog seyruend
buyuywmoy futuyvmey IPFIEIFIAV uyAIeN ‘3§ weypul e1¥3uy ,

aeddp

(qdd) gz1 1susbuo) uU&rouaquub . e e

oo e . 80070 000°0

0 000°0 000° ¢ HANININ
o08°0 000°0 000°0 L] 00%°0 - 0008 NIST 104
obe "¢ 6TE’0 €9E°C o 08s°0 14 1 A RYIQan
143 A Lveo oy¥0'1 ] 966°0 6SL" O H3ISL XD&
I6r°0 [ )t 00L°1T 0 oeL- 1t 0oL 1 HANIXVR
puvyiiaen ezwnvieq suooke] J8ATY aeAlY uoyjeindog seyyuend
bujuyremey fuyuyemeyn TeEOFIFIIV VY3IeH "3S urypuUl sayjuy .
aeddp =)
o '\
(qdd) sTT 3eusbuc) @dA=e1qeTIA A
0bve°0 000°0 000°0 0000°0 000°0 000°0 HONINIK
obo'o 000°0 [1:1 M 0000°0 | 2494 00070 HISL I0d
0000 8000 0%0°1 SLO9T O 060°T rtE*o (Ao CE L
000°0 [ 4404 | [ 11 08¢ 0gEC* 0 0% 1 09%0°'1 RIGL 204
€ET°0 690 oTL'E 13194 oo 1 oL ¢ NANIXIVH
puvyiany sawnvteq sucobuq I0ATH 3eatd uwogjeindogd sery3uend .
buynywuey buyuyvuey TOTIT3 133N UIIICK IS ueypul say3us
aeddp

(qdd) go1 Isusbuoc) gOI=eIqEIIVA

090 000°0 000°0 0 00p°0 000°0 HANININ

oD 0 000°0 000'0 (] L 14 A ] 000°0 nIST I0d

00°0 000" 0 000°0 0 856°0 000°0 WYIQIN

%Ko L9%°0 124 ] 0 [£4 M '] E6V°0 NISL 104

SL'0 0%0°Y 0s6°Y 0 [ TX k4 oLst RORIIVE
puvwiXany (31733 ] suoobvg aealy YN $] wogaeyndog 1 13sx1 111
buyurumey buyuywmey TYE213T3IY- UyIIEN °3S unypul s133u32

1eddp

{qdd) 301 asuebuod gDd=riqriie)

WENEEUEN PUN ‘OTFIUIISY NIGZ ‘usypsN ‘eliatesied Y3IgL ‘mnmyxwy
serqriavs X13siweny jusuypes — sieg yeisvod pusiiaejy/sawnwysg




-,

©-000°0 00070 opo°-0 ] 600 000°0 HAMIRIN
0000 000°0 000°'0 [ 080 000°0 HIST D&
0000 000°0 66L°0 ) 06°0 000°0 AVIQIN
$9¢°0 £€98°0 98°0 [ 00°0 828D RIGL 304
060" 1 869°0 0691 ] Lt oLL Y HONIXVH
puetiien s3wAvieQ suoobeg ISATY aeaty eouutnaao- seTy3uend
fuiuiesey’ buyuyewey IVYS33¥3IY UEIAER °3IF useipul *31313u3
3984
(qda) 31 zeuebuod nwa|o~n-muar
0000 00°0 0000 _w 000°0 000° 0 NANIRIN
000°0 [ 1 M ] 000°'0 - 000°0 000°0 H1GL 104
0000 008 695°0 0 000°0 060" 0 AVIAIN
ops-o 00°0 696°0 0 $05°0 (44 M RISL 304
(44 A 6Tt oes-t ] LA 0 oss°t HWONIXVYN
puwyXauy sxenvyeq suoobey asata aeaty uoyyvindog seyjyvuend
buyutemey fuyuyewmey IPYSFIEIIN utIIey 3§ ueypul [FR&Y ¢ .
. . 2eddpn
{qdd) pL1 Feusbuol gOA=SIqEIaIVA
000°0 0000°0 000°0 0 000°0 000°0 NOMIRIN
000" 0 0000°0 ste'o 0 oo 000°0 RIST X04
[ 24 4 ] stLy'o vES'D 0 1E6°0 tLe'o NYICIN
mwe o 09L8°0 099%°1 0 [ 11 4 1€6°0 BISL 1D4
oS0 00E6" 1 0sT’¢ 0 osL"¥ oSt ¢ NONIXVR
pueiiany saenvyeg sucobey seatn IGAYY uoryeindog selyjvend
buyurewey .. Sujugrewey IP¥OTFTIIV uyjreN ‘3§ uwipuyl e3133u%
) 2eddpn :
(qdd) ¢St euebuo) goaweyIQq®YieA -
000°0 000°0 0000 000°0 000°0 0000 ~ WOHIRIMN
0000 000°'0 "000°0 00070 . 000°'0 6000 . HIST 304
000°0 000°'0 *05°0 €61°0 $98°0 000°8 aviamsw
[ 24 A | e9c°0 061" 98€°0 0€0°Y €080 H3SL 304
16°0 ‘o0T°t 0801 11198 J 0£0° Y 001°¢ HARIXYN
pusiiaey easavieq suoofer 30A18 asaty uoy3erndog seTruENd
buysyewmey fuyuiemey IvIOT3¥3aV GYIIEN 35 uwipul e2t3us o
aeddpn

(qdd) gr1 1ousbuol YOL=STQETINA

WNWIVIMN puv .o:ucoou.om HIET "URIPSH ‘#IYIVEDISL YIGL ‘WhREINEY
sepquyavs Aijsimeyd jusmipes - siwg Tviseod pueidrei/saearyeq

D-21




000°0 - © 000 00070 - E A 000°0 00°0 unMINIM
- 000°0 - 00°0 . 00070 : 090°0 - 00°0 HIST 104
000°0 00°0 0000 LYo 00" 0 sYIOaN
000°0 00°0 0000 : L1lad ] 00°0 H1SL 104
ew0zo z9°0 12234 ] 0. 18€°0 90 HARIXVN

punyKawy sSIVARTSQ .toou-a uorau - Jealy aOaunuﬂnon seTy3uUERd
fayuyewey buyujewex IeY913133Y QEIIEN "3IF ueypul *313u3 -
aedd8pn ,

(qdd) soz 3euebuod goa=eiqetasa

000" o 000" ¢ : 00°0 HANIRIN

000°0 000°8 00°0 HIST X0d

= oreo (14 M ] . 00°0 nviaaw
* (<4 M 069°1 Q0E°0 HLSL 204
st oIzt 0831 ) 691 HWANIXVW

punilawy eiwavyeq suoobuy LTS FT Y8 1] uoyyeyndog -ouuuscsd
bujuywmey  bBujuiswey I®ID¥3133V UTIIWN ‘3§ ueypug e3g3jug i )
aeddpn

{qdd] g7 asuebuod gOA=SIqUIINA

000°0 0000° 0 00°¢ 000°0 o00°0 HARININ
000°0 0000°0 00°¢ 000°0 000°0 HIST 204
000°0 §6£T1°0 0°t Lee'o ISt o wviacau
[ 412 ] [ 24 ] 42 0s°1 . o0 I%L°0 NISL 308
€E6L°0 (14 74 - 81t 099° T -1 ) 9 4 RWANIXVH

puvikiey eawnvyeg suoobeq BLTN: ] aeaty woyzeindog se1yIuend
bujugveey buyuyemey IvIOT1I13aY UFIIEH 2§ n-uwsu . e133u)
aeddp

(qdd) g1 aeusbuo) -Uulo—acqum>

eea.e aoe.o ees.a ee=we lbjmlul.
000°0 600° 9 000°0 0go°0 RAST 208
000°0 00070 IR0 006°0 EVIQIN
€eee "ns-o iLs'o ¥sT°0 NisSL I04
oL 1T 1S Ol ¢ 031°7 o6L" Y HOANIXVN

puntiawy elwavieQ sucobeg 1YY ¢ J0ATE worawindog seyI3umad
buyayemey Sujuivuey 19195313132% uWIIANH °I5 usypuy (X310
3eddp

{qdd} psY Isuebuod EDA=STqUIANA

ERRTUTK PUF ‘PTTIHEDINL HIST ‘UPTPN ‘OTTIUSOISE YIGL ‘sOmEIRN
se1qeiivs Za3simend Jusmypss - sAva (e3swod puviiiey/eaenwyeq




000" 08°0 000°0 000°0

" 0000 NAMININ
000’0 §08°0 ’ 00" 0 000°0 .- 0000 HIST 104
0090 099°1 sL°o §ST°0 esT°0 nviasu
000'0 oLY" Yy 13 ] 189°0 0s9°1 "REGL D4
1€T°0 (1] Ak 86°0 1) & &1 00d St RONIXVYN

pustisey (2D (1] suoobwy uolw- 20A38 nouunwsnou -onwuncsu

Suyujemey Swyujeeey AR PR SR UFIIOH °3IS§ ues ypux eat3u3

. aeddp
...a...: Ts asuebuo) goa=SIqEIIVA’
o 00070 900°0 " oo0°® N 000°0 NONINTN
(] 000°» ) 0000 : " 000°0 [ 000° 0 BLIST 304
. ) 901" D 000°0 (418 0 000°0 nviaIm
-0 LI O I1$9°0 12494 ] [ 24 ) BASL 301
N ] oLs°t ost ¢ 1 249 (] ost°¢ nONIXVN
vc-w»uwt SIUA a suoobey . uornu F{ 781} voyyeIndog seTyIVUEND

buyuyemey bujuyrsey IPFITITIIY WEIION ° IS ueypny exy3u3z T

3eddp

(qdd) yy zousbuoy nw~l-a-uu-u};
000°0 . 0000°0. 000 ° '} 0000 waNININ
000°0 0000°0 00°0 0 0 000°¢C * HEST 308
000°0 SLST°O 80°0. [ ] 0 000°0 “IjWoum
I9°0 (1] 4T 4 [ 12 ] 0 ] LLY° 0 BisL XO4d
LL°o ooLt ¢ : 0£°9% [ [ 00¢°91 BANIXYN
vcnuwu-l slwawyeg -maoaca aeaty ImAYY uoj3vindog -cw«wluav
bujutymoy butujemey IPI2I3T¥IVY UTIIGN "3E swypur e3y3uy - ‘

3eddpn

- S m.ann~;- 3ouebucd .omr1~a-au->;
000°0 00070 e o “ 000°0 000°0 _ MONININ
000°0 000°0 0 - 0 000°0 008°0 RIST 304
000°0 000°0 -0 0 000°0 008°0 ) Iﬁmﬂul
820 08E°D -0 0 K128 000°0 BAGL 2104
[ J A ] £€9S°0 0 /] ¥LT O ' ndn.b ‘JI:nNtz
pueyiaey saenvyeg mﬂoo@-a ETYS I isaje . uojivindog - serjIuend

buyujvmey buruyesen 1e¥213132Y¥ UTIION 3§ - uwypul : 921303 -

xeddp

(qdd) gor 3euebuod gOd=eIqEIINA -

ENEIGIN PUT ‘6ITIVEDI6L WILT ‘UVIPOH ‘e[TIUNIINd NIG. ‘wNmIXEeN
sejquiaes Axysimey)d jussypes — sdimg (viseod puwyliey/exevarieq

D-23




[ 4
£
£°0L

i
"0
.
b ¢

puetiawy
- buyuyveey

sxenvieq
Suyuyvaen

18°2 8°e

06 ET RANA
0y ° 9t 1€
0§99 £ oL
08 TL [ DN 144

0-1e L
"M 13 R 473 |
€ cL oLt
0°eT1 s 01

. 0°ezt $ 0T

30A%Y
uyaey °as

nowu-nsueu
e1gjuy

sucobe}
19¥2¥3133V

30A%Y
swipuy
3eddpn

puniiavy
Buyuyemey

. 00°®
00°0
se°¢c1
0s°0S
00°LTT

saeavyIea
bujuyewen

HANININ
" BIST X4
NVIGEN
nisL 324
" NANIZVH

segy3uvENd

' {qdd) ‘susayjuvieyi=ejquravy -

] oo . .8°0
00 961 . 0°0
L's sz 1's
»Ly 0°611
Lt o-Lrs

€
1°99
(24

suocobey
10213 132Y

Jealn
BYJAGN 3§

3eayM
usypuy
aeddpn

uog3eindog
eayjul

000°0
0000
000" 0
€990
69670

pustXiey
butujewey

0070
e o0
200°0
L09°0
98T°T

sxwnwyed
buyuteney

 MAMINIR

| masy 3¢
aviasu
nISL 3D
NOAMIXVR

seTywwnd

.awuv susjizedseiquiava

00°0
00°0
00°0
000
st

00°0
00°0
00°0
00°0
20°2

suocoben
Ie¥2¥3¥32¥

aeayy
uyIaIeN ‘3S

20ATE
usypug
30ddp

uvoyysrndod
®333us

000°0
000°0
000°0
IIs°o
855°0

puwyXawy
bujuyemeyg

0000°D
0000°0
$TS1°0
o6kr-0
00L0°T

sawavieq
buyuyeney

({qdd) g aeusbuo)d FIEA=OTqERIIA

HOMININ
BIST 204

neICIU
NISL 324
HONIXVN

sefyauend

009°0
000°0
€IL°0
06’1
0¥E" ¢

000°0
000°0
ITE"O
Lo
-1 § 4

000°0
000°0
0000
£IL°0
oree

suoobe]
19301313 3Y

asayy
GE3I3ER °3IS

aearn
weypul
anddp

uoy3windog
®a13ulz

(qdd) 95 Jeusbuo) gog=eyquisEp

HONININ
nIST 324

NYIaW
nISL I
HANIZVN

seTyanend

WMNMYEMIN PUR ‘STYINEDINE HIGZ "UVIPSN ‘STIIWEDIN] YIGL ‘momyyeM
sejqetans Aajnymeqd juswypes -~ sivg (93IsN0D pustiivi/eawnvieq




6°0 : 00°0 , 000° ¢ 111 2 4 000°0 HANINIM
S0L9°0 0°0 (9L 000" ¢ §$0€°S ooL"t H3IST 304 .
SOLY & [ ] 1 B s$80°1 S00°6 $00°6 sviass
oooL" 11 L°€L oL ot oLty oLL e 009°01% RISL 204
000k ¢ L €T [ 1 3 § oLL Y 00$°01 00L" €T NONIXVE
pueiiaey cawnwieg svwooben ucrq- aeaty vojawindog sefrIumnd
fuyujemey Buyuyvuey IPY2E3FIIV ufIIeN -3 geYIpuUl (23¢1 I
20ddg
(wdd) pwey — NIS=OIQUYIR)
opod°o 0 o0°¢ [ $0¥%°0 000°0 NANINIMN
$660°0 0 00°0 0°0 00t oco'e NIET XO4
869¢°1Y 0 ] 2 4 L A ] 1 14 Al $06° 1 NYIGIN
osSIE°E o 14 M L A 3 009°S (14 2 3 NISL 304
0069°¢ () oL 9 t°1 0ST’L 0oL " 91 NARIXYN
pusyliioy s3eavyieqQ suoobwy oAty aeats uot3yvyndog seTyuSnNd
butuyremey buyuysmey 123233133V uyIIeN ‘s uwypul e1y3usz
3e0ddpn Yo
B
(wdd) szeddod - HEGweIqUIIGA [
] 00°0 .000°0 00°0 oeeu.n 0000°0 vtaxmnul
° 0o o0 000°0 00°0 ~ StITTO 0000°0 RIS 204
(] ET°1 £€6€°0 o 1114 (114 & BVIGIN
[] L ) Gl ¢ 61s°0 Lo 0189°0 1121 A4 ] HISL XO8 .
0 ) B § €1L°0 70 090S°0 00813 NANIXYR
puvyizey - sawavyeq suoobey 3ea%% oAy uoy3vindod seyyIuSnd
butuyemey Suguysmey (R¥IFITIIV ugI3el IS ueypul e113u%
: 1eddp
(udd) mnjwpe) - NIS=OIqUEIvA
0°0 00°0 T 88 [ 1 R4 2 (2 41 0°0 HANININ
0°0 00°0 [ M 24 ¢ (] 2 A4 T (341 BIST 304
$ 1y L1 2 £ 4 o° 100 ST CL 9°0S . 1 8¢ miasn
[ i 74 01°19 0°8¢¢E 08° 1t *o6L 0S8 RIGL XD4
L9t 00°SST e-oxtt 0S°1¢ [ M 14 ¢ 0-0121 HONIXVE
puetiowy [ 31712171 sucobeq IS J0ATR comwjusaon soyyuend
buyuyvaey furujemen TeIOTIEIIY [ 3&% 1 BT uwyIpul 11363

1eddpn

{qdd) sueala=siqeiivs

SNEIUTH PUT ‘eTYIVEDIed HIGZ ‘UNIPON ‘STIIUEDIed HIGL ‘wnmIXEy
se1geIan, Aa3stmey) juewrpes - sieg teiswod puetlavi/erwnvieq




TghLo*e - 000070

06000 T ‘ . 000DS0 .. .. MOMIRIW - - . ..
gozo' o ¥I80°0 sy¥eo'o §590°0 [ BAST 304
£9€0°0 otri'o (141 2} oLET O _.MVIQ3IN
€990°0 osL1 0 B 141 bt 0861°0 RISL %04
oIt 0 oxLe o 11412 ] osoz-0 . lﬁ:ﬂNIl
vctmﬁuct suoobeq . vluum .mf»w- woyivindog uonmul-{a
buyutemey 1eE3¥3T1I3V YA "I uegpur e3y3u3y -~
. " 3eddp ’ .
,~lﬁu. Mo>uan|on0rwu-b
000°0 00070 _oop°0 o 0000°0 00000 ‘MAMIRIN
000°0 . 0BT 0 0080 0 $0S1°0 0000 ¢ RXST 108
9T 0 - 11 M ] oo 0 s60¢c°0 (14194 : © - HVIGAN
Lsy°0 £86°0 133 M} 0 SLYE'O oLsy' e BASL 2Oe
’89°0 0511 (14 ] 0 oLLE O 00ST 1 RANEXVN
pusiXavy e3eantea suoobuqg 30AFX aeaty. Bowu-wsnos -rmwunusa
burujvwey Bbuyuysweu TIS¥2¥F ¥V URIACH °3IE uetper e333u3 )
: asddp
(wdd) wnyuyres=erquiiva S
1
R , a
15" 9 1 0Es° 9 ve'L 0561 HONININ
(59 1 A% 14 0ES°Y (4 B 9 S6T°9 HIST 104
18 1 (140 1 4 STy oY sttt 00L "6 RYIQaN
00°911 (19414 [ 1198 A 0T° 1% 0§1°6¢C HISL 3O¥
00°¥IY ] 4+ 00E° Y1 00° 8¢ 000°FTY NANIXVN
pusilaey s3eneteg suooben JeATYH uo>«n uoy3yeindog seYjavend
buyuyemey bujvisuen 19¥9¥3¥3a¥ uylaey °3s uwrypux s1y3uy
asddp
{wdd) >urz - Nasmeyqeiaws
000°0 000 00" 0 Té 1 009°1 000°0 HAMIRIN
000°0 00°0 /] 9 4 t 4l ¢ so0°t 0L 1 HIST 104
SIL°O 9y Me 80z $T6°L seL°t nviass
o681 9L (4 A% et 1119 4 oLty NISL XDd
(112 4 9L 0T 81 e 0sL°¢t 00T 91 HANIXVSN
pustiaeyg eawawyeq suocobuen 20A7% JeATY uoy3yerndod seyyauend
bujuyvmey buyuywuex 1e¥933133V UFIIWH °3S ueipuy say3ul
1eddp

{mdd) Tex>YH —~ NAS=eIqeyamp

ERNIUTN POV ‘STTINEDISL YIGT ‘UVIPEN ‘eITIuesIed YISL ‘MNEYIEN
wsiqeraws Ax3sTaey) Juemypes —~ kAwg Twiswod puryliwyi/eswavieg




oo 00 o9y 1°€6 vy 00 MANIRIN
0°0 0°0 rort T°€ES S'LS 0o HIST 104
L°9¢ L9 AR 211 € 0L T°Let 0°00% aviaau
1°1L [ 3 13 0°€ES0T $'S6 9°9¢l 6 ERY BLSL 104
$°86 [ 384 1) 0°0kLY $°66 L’'yeg 0°0¥LY HANIXVN
puviiaoy saenvyeg sucobwy aeAyn ulra- uvoyyvindog -mnuuuutv
Bututsmey buyutveey IP¥212¥33V UyIIEN 3§ uveypul e1y3ug
) 10ddp
(qdd) spva Buyy-y Twroi=eiquiava
00" 0 000° 0 06" 0€ SR} ¥zt 00°0 WOMIRIR
20°0 ooL €% LSS 1°tt [ I3l 4 4 ot L1 H1ET IDd
[ 1 M |4 [1 12011 SLITIY Ly 06°LL 14 A 2 28 AYI1aam
T°LY 00L°TL 09°1¢l N 0L E1T ot E1x BISL 104
0T 68 por eIt 00°£00Y -9 00°62Y 00°£001 HNARIXVYN
pueyiaen sawavten sucabeq ﬁrruu, asaty uogzeindoa serTauend
butuyemey bujciemey 1P¥21313a¢ UYIIWN °3IS ueypul safuy I
3eddpn
1qdd) suva bugu-¢ (wiorseyqeiiea
0070 vo0°0 00°0 oo sz TE .00°0 HOMIRIN
‘0070 (112t 4 8T LY 0 06°0L ye-t H1ST ID&
oL" %Y (12 28 11 (1 9411 1 00° %11 06°€S - AVIQ3N
e Ly 00§ %L 081t o (122141 [ 88 1 J HiGL 2Dd
[ 1t 4 088°06 01 °9¢X ] (124 11 ] (-1 4d 14 ] HANIZIVYH
puvikaen siensTeq suvobeg 210ATE 1eajy.  uopaeindog seTrIUSRD
bujuyemey Buyutvusy IVEOEITIIY UIIACH ‘3§ oeypul [ F8¢1}1 :
- 2eddpn
. {qdd) swva BufE-g TvIoi=e1qUIIEA
€69°0 ,mnm.ﬁ.... 00°0 osy8°0 "L D - 00°0 PAMININ
[T 4 Sl ¢ $IL° 0 Tt 0s%8° 0 80X IT°1 NIST 104
gro°t 006° 7Y BE°L SLL6"0 $09°1 16°3 RYIQ3N
1% A 4 (.14 A&t 4 (X 4 00I1° 1 [ 1} XS Le°t fa3sL 304
oyt 08s° ¢ %1 S 001T°Y 09Tt ..m.n l@!ml‘t
vc-uwu-z siwavTeq - suoobwy u.:@t. F{783 & uoyyeyndog se1TIUEND
Sujuyemey bujuyewsy 1PE252 T3¢ urIIER 3§ usypuy e213u3
3eddpn

(wdd) uil=siqulaes

ENRYUIM -PUR ‘@TTIUGIIEE YISY ‘uURIpON ‘etrIUEdINE YIGL ‘wnmyzeN
serquravs Ai3siweyd eemipes - sAvg feaseo) puvikimy/erwavieq

D-27




8000

oLE o

000°0 . 000°0 osor 0 000°0 HANIBIN
0000 000°0 - 098”1 (1114 143 M 000" 0 BISZ 104
000" 0 (14 & ] 3% 2 4 SLYF°O tot° v €6’ 0 EVIaIN
000°0 14 M ] 0T ¢ 0065°0 L 1] 2 ¢ ey BISL X4
t6r-o ot1 11 SLS"S 00630 (113 2 4 otT 11 HANIXYN
puvtiawy sienwleg susobeq 2eaty JeaFy uoyjeyndog ssrjIuEnd
buyurvmey bSuguzensy 191933533y UTIIWR "3IS useypuy e1y3ul
Jeddp
.nnn.‘oecluouao TvIoI=0IqUEIR,
X 9970 9. . . 069  MONIRIR
o°e e0°0 ° * * (-] M ] NIST 204
o0 069 [ * * 069 KVIoIN
o°LE (1981 ] A ° * [ A 44 NISL 308
9°CEL - " Lt ° * * [ 1A% ) ¢ NOANIXYN
puetiany elsnwyed suoobuen aeayy ,uo»a. loqwcnsneu seyj3uend
bugujwmey buguyumey T91213TIIY Wi3I3WH °38 L1215 3330y o
sed4n
(q4d) supy 1hIng Te3oI=erqeyiva
0°0 o°e ¢ 0 [ 2884 0°0 g'0 HANININ
0°0 0-0 [ o121 0o°e o0 RIST 304
0°0 o0 st 1 1 244 $° 1T L9 mNIcEIN
9°61 R S | 4 L° €Y oT-¢1 00 0°6¢E RESL 304
| A ¢4 L 2 1] [ 2 144 or-¢x 1°08 L 114 HANIXVH
puvihawy s3vnvTeQ seoobey asayn 30438 wogjuindog seyyyuwnd
Buyuyemey bujuyemey TISFI¥IAY UyIINN °3IS asypex 17340y
3eddpn
(qdd) suva Buty-y (wyogseyquyiawa
00°0 0000 08° 8¢l ou»on os°z¢ 00" HAMININ
00°0 000°0 00°10¢ [ 2o 11 $6°18% 61°9¢E NIST 2Od
$0°t S6E°WL LS LLs $T°09 ot o6t 0T ° 061 svIgAN
L 6L oy 98l oL 966 L 148 1/ 06°68¢ 06°68¢ NISL XO4
DE"TS6Y 006°00S 00°T0IY o’z oL ESY 00°TOIV RONIXEN
puwilawy saenvisq ssoobug aeaty 20a3d uoyawindog segy3uend
bujurumey Suyuiensy TeID13732Y uy3IIey *3s anwvcn e133u3
3eddpn

(qdd) suyq Buiy-¢ (violmeIqerava

WNARIHUIN PuR ‘elpiusiied YIGE ‘wRIpsy ‘sTyjuedied igL ‘anmyxwy
se1quyavs Xiysiwend Juexipes - sieg reyusod pueiliy/eswarysg

D-28




00°'0 . 000°0 o80° 0 [ ] 000°'0 000°0 HANIRIN
600 000°0 e [ ] 000°0 000°0 HiST 204
00°0 000°0 LS’ 0 1] ToL°0 000°0 aiain
00°0 Zy6°0 06§°1 0 0991 (12 S § BiSL 204
ﬁh.e 06T°C [4 1 A8 1 (] Lot M ¢t HAHIXNE
puryiavy easnuieq suoobeg 10a7Y . seatu soyjwrndog seypIuNnd
Suyuyssey  bujuysmew  [PFSTIIIIN  UFIIEN 3§ ueTpul e3y3uy
seddpn
(934} jusaed 3an TvIoLeeTqRIIEA
000" 0 - 0000°0 suse. ° ovo'T 000°0 HAMINIW
0000 0000°0 [ 14 2 4 [ ] [1 784 [ JX ] HIET 204
S¥0° ¥ [ 74 13 4 09e°s. ] 661 € [ 14 9 4 L gt t )]
991 - LS8 OEL°L -@ (A1 08 4 "< RISL 304 .
(-1 12 4 QQFCJnN oL6" YT 0. I¥0°S (TR Ak 34 HNANIXVR
pusyiIwy sienvieq -uoowra , 30ATY asAty uoyyvindog -onmunlso
buyuyswey  bujuywEey  [UISYFTIIV  UFIIEN IS5 URIPNI e1y3u3 o
) 3eddn
(qdd) xacq uuutﬁn.u:raucbd
000°0 . 0000°0. 0009 ° 0000 00°0- MORININ
000°0 0000°0 oL 1] 0%0°1 00°0 HIST 204
L9570 [174 20 ¢ vt t 1] 061°T [ £ )0 NI
ory°I [ 11 AX 1 0re°} )] Let"t ¥$°T RISL D4
oLe"y 0068 LY [ 11 2t 4 0 (1% M 4 6N°LY WARIXVH
pwetdany sivneyeq suooben PYYSY PTYY )] voawIndog -cwuwmcao
bujureney buyuysmey TeE2TITAIV uyIIeN "3§ usypuy ®273ug
) 3eddn
" (q84) 3qa TvioiserqEyiva
000°0 $00°0 NS0 0 000°0 00070 NOHININ
009° 0 000°0 1921 (] (4 1 2] 000°0 %AIET 2Od
061°0 LsSt’0 068"t 0 tA S A & 9"Me°0 N1aIN
(-1 & LTI0°¢ 1194 0 {188 068°L BiEL 304
| 3R ] 0T1€"1X oyL" 01 [} 0997 0I€° 11 ROMIXYH
puetiavy sienwyieq uaorv-a ea¥Y PTYS: uoyyvindog seitIuend
bujursuey bujuyemey TRIDTIEIIN uy3AWR "I§ ueipul e313uy
3eddp

(344) aaa yvaoiseyqerava

WRNIUIN PUW ‘eTTINe338g YIGZ °UVIPAN ‘eITjuedied YisL ‘anwIxen
ssiquisws A23symeyd juswypes - sieg TeISTOD pueiiien/eienseq

D-29




1120
oLy
000%T
0018y
[ 11421

pustiawp
bujonyesey

(1,14 4
oLy
0099Y
11844
o0yts

sawavTeQ
fujuysmey

‘000°0
0080
000°0
0000
LLe°o

povriawy
bujuywmey

°009° 0
0000°0
1128 8 J
05SP°0
00%0°$§

szenwyeqg
burugsseyg

(1311
[ 1T12¢
[ 1 13¢-
oovit
0008y

suoobuey

1eI213133¢

000° 0
Lt
EvS° T
orL’'y
005’8

scoobuy

TRES1ITIIY

000
00°@
0916
Mo
$6° LYY

puethaey
fujuyemey

-z
oL €Y
66°69
ST 9T
6T 181

sxvnwieg
Suyuyewey

00°0
0c°0
SL°LE
s Lt
os°01¢

pustiawy
bujuyemey

(] )
00°0
w-Zel
wTIY
6T 0v0:

siwnwieg
fujuyemey

6° 0t
(3 1)
S°int
T Ve
9°SETIT

suoobwq

Te¥213 1V

(20 14
00°288
Ls Tty
(1 2 4914
00° 1906

suoobwg

IP¥2IIFIIV

ossé
00S6
0¥s1Y
00LEY
00LET

30aTy

ugIIeH "3I8

30472

ujlaey 3%

{qdd) ‘10080 TeIOI=OTQEIIEA

T°Lt
I°Ls
Ly
s$°al
st

Jeayx

QI3aeN °"3I%

§'2ET
$°ZET
T°LYY
L I91
L 191

Jeaje

uplaen 3§

os6y

oot
00607
00£T2
ool

aeaty
weypuy
zeddpn

{udd) uoqawd ospuvbip Twioi=eyqeETawy

000" 0
(st°o
ot
mweL' e
oL0"»

Y784
ueypul
3eddpn

00z

09SL
oooLY
-] 2844
ooyl

votjerndog
133Ul

NAKININ
NIST 104

nYIa3N
RISL 304
HONIZVH

Be1IIUTRD

000°0
000°0
LEv"D
068°2
0099

uwoyzwgndeg
e1yuy

HONININ
RIST 104

nviogn
BISL 304
HANIZVR

soyyyuend

(M1
v

6161
e 127
$* 758

2eaYY
ueypul
Jeddn

{qdd) smYd IyDIem IWINOSION AOT TEIOT=STQPTIWA

06" YL
SH° 60T
08°86¢
09° 9L
0oLy

A0A%N
ueipul
aeddpn

{qdd) spva IyBTeM 2¥[AseTOH YBTM YwIolmsTquyIwy

0
§°0¢
I
s Lot
9°SETT

uoyjeyndog
SIFJ83

HONIRIN
nice 1od

sviasn
misL 104
" NONIXVR

seti3uend

"o
s
y-ote
o L8
0" 1906

uotjwyndog

»173u3

NOMININ
NIGT 204

NYICIN
niSL 204
NOMIZVH

seTEIMNNd

SnMIWIN pu® ‘eyf3uedied HIST ‘UVIPAN ‘eTIIWEdIed YIGL 'snmyxwy
se1qwyavs A23ETesyd JWeNYpes — sAvg [93IswW0D puryhawi/eienvieq




0 00°0 800°0 ) oS0t "0 000°0 000°0 HANIEIN

0 [ 1: 2 ] |44 M psor-e 000°0 000° 0 ' BIST 204

.0 009 [ 14 A : SLY¥Y' O TZL°o s0T" 0 awIaIN

0 £€°0 [ 119 ¢ ’ 006970 tss°0 [ 12 M ] H3LL 104

[] {3 I 0S99 0069°0 ortY orE°¢ RAHIXVH
puviiawy siwnsyeq suocobwy Ieayy aealn uoyyerndoag 17330111
bujuyeney Suyuysuey T9E213 %33V uRIIeN "3 uwypuy e1y3uy v

2eddpn

(qdd) Io0TyosuOR-SUTIIBTQUTILA - T

00" 0 000°0 {10 0 BLL"O opo°0 HOMINIR
090°0 000°0 LES'OD 0 (1424 ] zovcQ HIST 304
c00°t €9€°2 [ 4.1 M 4 0 [ 1 £ M § $80°1 aviaan
§99°1 otr's oto‘¢t ] oL’ [ 14 Do ¢ HISL XO4
0%0°7 (1) A 14 oLE"9 ] Too°t oy o HORI XYM
puniiaey eaeavieq suoofeq Ay 30618 voyjeindog setr3uend
buyuyemey = bujujveey TRFOFITIAV U¥IIWH 3§ usipur *17302 o
seddpn —
. . ™
(qdd) 30a4d TvIox=eiquyivs - : a
T 000°0 000°0 stL°o 1 249 o®e°0 © 0000 i HANININ
000°0 000°0 £€ST°6 *ZE°0 sgo°t [ 14 24 : HIST XOd
[ A1 2 vEe 'S (1198 1 SIL T €E0°6 100°§° . AVICIN :
L96°¢ L 13 &f €L1°IT [ 24 O 4 LS ET LIR30 4 ¢ BASL X104
100°6 - 0S€E-11 LSZ Ly (25 O 1 ESU°ST LSt Ly NAMIXVYN
puviiaey s3envyeq swooben aeaty " aeald uoy3eindog se1TIUENd
buyujvasy buyuyswmey TeID¥3TIaY UTIIEN IS vefpur e1y3u3
aeddn

{qdd) (wn§) sg2a [vIol=siqEyIvA

po' o vo°2 09°009 9°6v1 SETVST 00'0 NOMININ

bo‘o or°69 0T 'S1y 9°6¥1 C 0L 6ST (18 111 NIST LO4
oL S8} (2 A8 11 ¥$ 90€T 6°991 , 05050 [ TAR4:14 WV1GEN
96°18¢ IL°WLS 00°6VEL T°081 0€ " 166 [ QR T} NIiSL 104
oz-toy - [ 1A 1144 09° %6101 - rTost ¢ 0¥ SETT 09°96101 HANIXYN
pusiiawy (317137 ] suosobey ety aealy uoyjeyndog seTy3uend
bujuiemey buyuyvwey IPIDIZTIIV UY3IIeN °3I8 seypur LER R L
30ddn

{qdd) spva TeIoL=eTqWYINs

WONYUTH PUR ‘eITIUeO3ed YIST ‘UPIPOH ‘elriuvesied YigL ‘wnuixen
seyqetiwy Aijsymey) jusmipes - sdeR twasvod puwiliaen/sieneyeqg




000°0
0000
00090
00090
tee-o

puvtiaey
butuyveey

000° 0.
000°0
000°0
Lot-e
068z

easnvgieq
buyuienex

o800
¥eL'0
0¥t 1
o1s' T
orst

suoobwy

TeI2¥3¥33v

puviixeny
buyuyeney

-1-1-b8
o00° 0
0000
11 )3
01§°2

ou-:-noa
buturemey

000°0
¥zo'0
0c0"T
ooz ¢
COLE" Y

-corwnd

TeIDFI¥IIV

61°9
00°Zt
06° 9L
- 06°99
L] ] 4

puwiXawy
buyuyewey

99°6

oL It
§9°59
00°301
00°9¢€1

sawnrTeq
fuyuysmey

[ 2 4 8
9°1»
o°ns
[ Dl 1
0°SrY

suoobwn

IRIS¥IFIIV

§°95

pustiny
buruyemey

00°0
00°D
68°§6
00°§5T
DO EST

(1LY L
buyuyermey

suoobuy
I1eYDT3131Y

aeaty
UYIIWN “3I§

- {(qdd) 3ag ‘d’omsyqeyies

3eaty
UYIIGH ‘IS

(4d8) qaq ‘d‘om=eyqeysea

[: 1 S 41
oT°t¢
se° ¢t
oo°te
00°¢CE

leavy
- UYIIEN 35

{(udd) ouyzwesiquyaws

aealy
UIIINWH °3S

{qdd) uyjtianqgrazceyqueiavs

00°0
00°0
(280
61°1
€9°1

aeatn

usypul

2eddp

0000
000°0
Lo
0611
.11 A4
uoyjeyndog
02130y

“MAMININ
HiISZ 1D¢

#viasw
BISL D4
NOKIIVM

seyIIREND

00°0
00°0
[ 4 O §
2 B §
L3 A0

aeat

ueypuy

aeddp

00°0
00°0
00°0
Ty
LE'y.

uorzeindog
ay3uy

WNRIRINW
HIST 134

AVIGIN
BisL 304
NAMIIVH

se[yausnd

6 6T
| A 41
0°9ty
0°9ft
ooy

aenyy

uvypuy

aeddp

61"

or°te
L1 ]
00911
co°ert

uoyjeindog
say3u32

WANININ
u3sy 204

Nvioam
NiSe 104
HANIXVN

sefy3uYnd

20ATY

asipul

30ddp

000°0
0000
000’0
110 4
D00 £ST

uvoyjeyndog
#333u3

HONININ
RIST &04

e (1Y
BISL 104
HOMIXVN

se1y3uend

MARTUIM PUF ‘OTIIVEIANE YIGZ ‘UPIPAN ‘eTlaued3ed HIGL ‘enmyixwn
serqrizes K33simen) Juemypes ~ siwg yw3iswo)d puvilawvi/eswarisg




00°0 800°0 0o0° 0 (] " 00°0 ~ 0070 MANININ
00°0 000°¢ - 00070 0 o0°0 080 BXSY 104
00°0 000°0 o00°0 0 60°0 o0°0 . aviaan
6o'o0 (4 7 2] 14 1 A ] 0 00°0 050 RiSL &Dd
o p61°2 [ 14 2 0 sy 61°¢ HOWIXVN
pueyiaey e3enwyea suoobheq 3eatn 1038 uoj3rindod seryiuend
Sujuyvwey buruyswmey 19213 73a¥ BEIIWH °3I§ awypul say3uy
3e0ddpn
{qdd)} zaa ‘d’d=eyquyava -
00¢°0 000° ¢ 0 0 000°0 000°0 HNORININ
000°0 0000 0 0 o000 000°0 NI 2O
Lys-o T9s°1 ] 0 0o0°0 000°0 miass
[ 12 B ¢ os¥ € o 0 Lez°o £89°0 N1SL X0k
oLe 1t 000°S% 0 0 0y0°1 - 080°ST NANXXVH
puvyizey saenvyeq suocobw) " aeayy I0AlR uoy3yvindog se1y3uend
busujewey bujujvwey TeY213¥33Y uyIIBR °3IS ueypul eaj3uy
- 1eddg
'(qdd) 13ga ‘d‘d=eiqeiawy
000" 0 0000 rov'o 0 000°0 ) 000°0 HONININ
000°0 000°0 LE®°0 (] ter-o 000°0 NIST 204
061°0 sIT 0 I86°0 0 T69°0 *i6°0 NYIoaM
084°0 -] {9 4 ore-t o Lo oLty NiSL 304
gES°® o088 oLE"S 0 oL’ (1.1 388 | NOARIXVME
puetlaen sasavyieq suoobuy : 204878 aeave woyysgndog seTyIUENd
butujwmey buyuyvesy 1eY2¥3¥I2Y uyIeN "3§ usypul e1y3ul
aeddp
{qdd) aaq ‘4‘d=syqeiaes
° 0 0000 0 000°0 000°0 HARININ
° [ ] 006°0 0 000°0 000°0 RIS 304
] 0 1ee°0 0 10L°0 000" 0 nVioam
’ 0 066°1 0 LeL'o 1€E°0 NXSL 204
® ] oLs°? [ 099°1 oLs°t HANIXWR
v:-wuuqz sawAeieq v suoobeg T aeatd . 30A1E tog3yeindog seyyjuend
fuyurenex buyuyemey 1®1513333V UYIION °3S awipul ®1¥3u3
. aeddp

(qdd) raq ‘d’o=eiquyawp

SANTUTH PuUT ‘eT¥ILED183 WISZ ‘URIPeN ‘eryuedied YIS ‘snmyxey
se1qeIivs L31syWeys juemipess - sieg Te3Isvod puwiiiel/eaenvieg

D-33




L4

€t T 0 ] 1 ) NAMININ
44 [ 3 4 4 4 4 st . ST €7 BIST 202
”7 [ ] 4 € St 81 [-14 114 NviqaN
1t [ £4 01 o 14 [ 44 [ 14 WisL Ida
ts [ 49 L3 s¢ L L 14 (4 - HARIXVH
puwiiaey sieavieg svoobe &vg 330dneny ‘uovu- 20ATY uog3eyndog seoyyuend
buyuysmey bujuyseey 19§233¥3aV goe3) »ddwiy TyIIEY °3§ uwypuy ®32%3032 :
. v aeddp
{eydmes 20d) wiel [RUNRIUL JO °ON UVGH=STQPIiIv,
SEINT" 5 STLYE° 9 ETHLT T~ SLS89° T~ LSTY T1- . LSOT 81~ LSOY 81~ HONININ
LEYIOS O €1589° 0~ cPI6L O~ - 0692T° 0~ L9SY" S~ I9E° - 0%08° 0~ . NIST 204
T606C° 1 (3813 M 1y *8189° 0~ TLOEP° O ¥080° 0~ so8L" T~ 1114 M ] avI0EM
66T6L T £980S5°0 6LLITY O T6SL0° Y (] 14 88 4 . 9809 ° 0~ ZET" 1 HiSL 304
- PLELYE sozeL"T €9TSs9°0 $9990°2 6910°€ O86L° 0 LELY HARIZVYH
g pusiiaey oIvARIeg suoobey Awvg 330dnen »opu- P14} . uogyeindog setTyuend
fuyuyemey butuyvmey TYEIDEITIAY Neo1d sddeway UEIIEN IS URIPNI (2 &1}
‘ aeddp
T XOPUI DYQINSY JYNI=OIQPIIVA
0£0°Y 100°0 00000°0 Ly00°0 8200°0 E8LO°O 000°0 HARININ
SI16° ¢ so0°t 69%00°0 1131 A Y 610€°2 808T°Y 60%°1T RXIET 304
£Eve-s ter-z 1134 284 ] 65559 ossL° € SSTIT°S 09%0°'"% neiazn
SL8°OY 114 4d (41124 M ] ({1384 CS61°S orov°ox LT'L HISL 2D4
€ T1T TES PLY LSTIE"S 1908°'0Y syoL"tS oLeZ" ot TE8°MLY NONIXVYN
vuetiaey (31732 ¢ suochen Xug j30dnen aealy JeAlN vogyeindog seTyuveNnd
buyuyemey Bujujemey IvIOE3¥3aY xsexd sdduay UyIION 3§ ueypugr 3y3uy
30ddp
(Zss®/3n X3g 5) ssemorg=sIquiiea
90°00SY EL°TT 00" 0 113 £ Te° 181 00° 00§ g0° 0 NAMIRIM
SE°PS6S 60° 6065 8T8 T16° 0989 s syoL 00°00SST €L°LYVIS NIST IOd
T6°OFETY 1606521 ¥9°ETNT 60° 60611 Sy séLel (12 2174 00°00S1Y wNIaIW
16°065¢€2 EL°TTOEL 60° 6065 LI 14414 60° 60065 [ 08 p4%41 00°006S52 RiSL 104
LT LLESS EL°TTOLS L 288 } 1144 LT LLYOS 9T 890917 T TEYIRT Lo IENIT HARIXVH
puniiawy a3lwanyeg suoobey Kug 3a0dnen 3eA%X aeATE uoyjeIndog seygIUNEAND
fayuyemey fujuyswen TEITITIAY yoo1d eddwiy afIav “3§ ueypux s1y3u3
2eddp

(ZeeW/§) ®OUTPURQU=OTqETITA

WRNFMIK PUT ‘SIIINSDOIGL WACT ‘UTIPSN ‘eTiIUSOIeS WIGL ‘wamyxwy
sIe0MEING SIRIQEIISAUTOIOWY OFIusE ~ siug [easeo) pueyiiwi/eivavieq

D-34




D-35

(11208 (11 4 2 4 1 {34 A 4 060S8°T ZRELY €908° ¢ [ 1.1 ] 3 ¢ UANININ
0L9S" Y oLTT’S LSO °LE EO6L° 6V SO SE 1344 28 1) LT99°ST HIST 308
1080° 02 LTt BILE OL L 124 g ] A 6181°6% €ES9° 6L (124 A1) . ENIaaN
TLSE" TS 86€T° 9L - SEIT €N £ 144 A1 MISLLL 1841 MYA T956° 08 . NISL 204

1L 66 oML 66 000T°06 0£89°G6 STLE TS [ 244 M 1 ITLS 66 HWANIXYN
puvthaey [ FRTY 3¢ 1] sucobeq Leog Jaodnen I0ATM FTYN ¢ vorjwindog seyyatend
buystvasy bujuyeney IPYITITIAN yee3d edduway UIIICY ‘2§ uspul eayiuy

Jeddpn

(8) 3us3zvo) AwyD-3ITIS=eIqEyle]

thoTL 00000°0 000600°0 SLISE"Y 00000°0 T9STY" Y 00000°0C HAMINIM
LIS6S T $5096°1 Irsy0° o fL986°T Leest-t LEOLS'T (1145 0 HIST 204
66LE66°T (111 1 4 09%0EL" 0 t6SIv'T rIs1°2 $91S0°3Y [ 1117 O 4 avioaw
6919 ¢ (11 14 284 06291 vEPED'E ptoc-t sTISTL €982 NISL XOd
oLOTIZT Y 60LSL ¢ 9109 ¢ 9€069°¢ SLPET" Y SeLIS € oLotty HARIXYH
purtiaey [ 2173 3¢ T suooben vy 330dnen I0AYR aesals uoyazeindog seyyzuend
bujutwmey Sujuyemen 193213 ¥33¥ yeoxd eddeway uTIIEN IS veipuy *2¥3U3
aesddp

{z6501) xepuy A318310A7q IGAYSR-UOUURYS=SIGUIIEA

lvlucu: PUS ‘eITjUedIeF YIS ‘UWIPOR ‘eTT1IVedIed YISL ‘SRETXVH
$1930WTIRY 03VIQEIILAUTOIDWN dTHIUSE ~ skeg Teaswod puvyiawi/esearisq







APPENDIX E

Benthic Macroinvertebrate Survey
of Turville Creek, Maryland

E-1




One of the benefits of the coastal bays project was
the identification of baseline conditions which
were established using consistent methods across
the entire system. This baseline allows for a
rigorous, statistically-based evaluation of local
issues, based upon comparison to a broader
reference condition than can be achieved with the
resources typically allocated to evaluation of local
issues.

EPA Region III recently availed itself of that
benefit to evaluate current benthic
macroinvertebrate conditions in Turville Creek, a
small tributary to Assawoman Bay. Residential
development, including construction of artificial
lagoons, has been proposed for that area. On 14
September 1994, 25 benthic invertebrate samples
were collected in Turville Creek by W. Muir of
EPA Region III using the same sampling design,
field methods, and laboratory methods that were
used in the coastal bays joint assessment. A
summary of those sample results are presented
here.

Turville Creek was found to be in poorer condition
than the coastal bays as a whole, but in better
condition than artificial lagoons that have already
been constructed in the coastal bays. The average
number of species collected per grab in Turville
Creek was almost two-thirds less than in the
remaining coastal bays, but was more than twice
that in artificial lagoons (Table E-1). Invertebrate
abundance was about one-sixth that in the
remaining coastal bays, but twice that of artificial
lagoons. Biomass was 50 times lower than in the
coastal bays, but not significantly different from
the artificial lagoons (Table E-1).

Based on EMAP's benthic index (Schimmel et al.
1994), 60% (+ 9) of the area in Turville Creek
was estimated to have degraded benthic
invertebrate communities. This was twice the
percent of area containing degraded benthos in the
rest of the coastal bays (28% = 8), but
significantly less than that for artificial lagoons
(85% = 16).
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